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ABSTRACT
This study investigated the role of phonological memory (PM) in second language (L2) speech
production by English-speaking adults who were learning Spanish. PM, operationalized as serial
nonword recognition, and L2 lexical, narrative, and grammatical abilities from speech samples were
assessed 13 weeks apart. After controlling for the amount of speech output, PM contributed significantly
to the development of L2 narrative skills for less proficient participants (17.5% of variance explained)
and to gains in correct use of function words for more proficient participants (15.7% of variance
explained). These findings suggest that PM plays an important role in narrative development at earlier
stages of L2 learning and in the acquisition of grammatical competence at later stages.

The role of phonological memory (PM) in first language (L1) vocabulary learning
has been well established (see Baddeley, Gathercole, & Papagno, 1998, for a
review). For vocabulary acquisition to be successful, the learner needs to be able
to hold and operate upon phonological sequences in working memory to process
input correctly and thereby add vocabulary to his or her repertoire. There has been
considerably less research, however, into the role of PM in the development of
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speech production, and to our knowledge, none that has looked at second language
(L2) speech production in adults. Nevertheless, many of the same issues that link
PM to vocabulary acquisition may also link it to the development of speech
production abilities. In particular, it may be useful to investigate the role of PM in
the development of grammatical abilities, as they manifest themselves in real-time
speech. The purpose of this research was to investigate such a relationship in the
L2 speech production of adults in the process of learning an L2.
By way of background, PM is a component of Baddeley and Hitch’s (1974,
and as revised by Baddeley, 1986, 2000) working memory model. This model
contains a multifunctional system called the central executive and three subsidiary
systems: the visuospatial sketchpad, the phonological loop (also called PM), and
the episodic buffer. The central executive is responsible for complex processing
operations, such as focusing, switching, and dividing attention, not attributed to
the three subsidiary systems (Baddeley & Hitch, 1974; Baddeley, 1986, 2000). The
visuospatial sketchpad is responsible for the short-term storage and processing of
visual and spatial information. The PM component of the working memory system
has two subcomponents: the phonological store is responsible for storing verbal
information for short periods of time (~2 s), and is represented in a sound-based
(phonological) code. The articulatory rehearsal system refreshes the contents of
the phonological store so that information can be held in PM for longer than 2 s.
PM capacity varies among individuals (Gathercole, Pickering, Hall, & Peaker,
2001; Karakas, Yalin, Irak, & Erzengin, 2002), increases throughout childhood
and adolescence (Gathercole, 1998; Hulme, Thomson, Muir, & Lawrence, 1984;
Karakas et al., 2002), and decreases slightly (but significantly) throughout adulthood (Karakas et al., 2002). The episodic buffer, a more recent addition to the
model, combines information from long-term memory and the specialized subsidiary storage systems to create integrated episodes.
There is abundant evidence that PM is related to children’s L1 vocabulary
knowledge, even as late as 14 years of age, and to their ability to learn new
words (see Baddeley et al., 1998, for a review). With regard to speech production,
however, there have been only a few investigations into the role of PM in L1 speech.
Studies examining L1 speech corpora in normally developing preschool children
have found that children with better PM skills produce longer, more grammatically
complex, and lexically richer utterances than children with less well-developed
PM abilities (Adams & Gathercole, 1995, 2000). PM predicts the mean length
of utterance better than does chronological age or mental age, and utterance
length is correlated with sentence complexity such that children who produce
longer utterances, and hence have better PM skills, show greater grammatical and
semantic complexity (Blake, Austin, Cannon, Lisus, & Vaughan, 1994). Finally,
PM predicts both the amount of story information recalled and the sentence length
that children use in their narration (Adams & Gathercole, 1996). These studies
suggest that PM is implicated in certain aspects of L1 speech production, namely
in utterance length, and grammatical and semantic complexity.
Another line of evidence suggesting that PM may be related to L1 grammatical
abilities comes from sentence repetition studies. Sentence repetition ability has
been used as a measure of the acquisition of grammatical skill because it requires understanding relationships between words (Blake et al., 1994). Willis and

Applied Psycholinguistics 27:3
O’Brien et al.: PM and L2 oral skills

379

Gathercole (2001) found that children with better PM skills were more accurate at
repeating complex, but not simple, sentences in their L1 than children with weaker
PM abilities (see also Blake et al., 1994). The role of PM in L2 speech production
has not been investigated directly. However, other L2 studies have shown that PM
is correlated with children’s L2 vocabulary (Masoura & Gathercole, 1999, 2005)
and predicts the ability of both children (Cheung, 1996) and adults to learn new L2
vocabulary (Atkins & Baddeley, 1998; Gupta, 2003; Speciale, Ellis, & Bywater,
2004). With regard to L2 grammar acquisition, PM is implicated in the ability
of children (Daneman & Case, 1981) and adults (Williams & Lovatt, 2003) to
learn and generalize novel grammar learned in the laboratory. Ellis and Sinclair
(1996), although they did not specifically measure PM, showed that requiring
adults to maintain L2 utterances in PM through repetition (rehearsal) resulted in
better production performance and metalinguistic knowledge about a morphological mutation rule compared to that of a group required to engage in articulatory
suppression. French (2004a) found that, in elementary Francophone children enrolled in an intensive English program, PM measured at Time 1 correlated with
specific tasks assessing knowledge of grammar at Time 2, but that this relationship
was mediated by English vocabulary knowledge. In a new sample of participants,
French (2004b) controlled for lexical content and again found that PM at Time 1
was significantly correlated with the grammar measures at Time 2. However, this
association was not mediated by English vocabulary knowledge. Service (1992)
and Service and Kohonen (1995) provide additional indirect evidence that PM
may be related to L2 grammatical development. They showed that PM predicted
Finnish elementary school children’s scores on a variety of English tests, including
reproduction of structures and written production (requiring some knowledge of
English grammar). However, this relationship was also explained by English vocabulary knowledge. Finally, there are a number of case studies showing that PM
is particularly involved in memory for function words and word order (Romani,
1994; Speidel, 1993).
From the review above, it appears that PM may be related to the development of
grammatical skill. The research in this area, however, is far from conclusive, and
suggests that the relationship between PM and grammatical abilities may be driven
by vocabulary skills. Furthermore, very few of these studies have investigated
speech production directly and, to our knowledge, none has explored the role of
PM in L2 speech production by adults.
The present study investigates the association between PM and L2 speech
production by adults. Specifically, the research reported here investigates the
relationship between PM and the development of certain aspects of lexical, narrative, and grammar abilities obtained from speech samples collected from native
English-speaking adults learning Spanish as an L2 over the course of a semester
at university.
VARIABLES

PM was measured at the beginning (Time 1) and end (Time 2) of the semester using
a serial nonword recognition task. This task required participants to judge whether
the presentation order of two strings of nonwords was the same or different. The
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task was chosen for several reasons. First, unlike serial nonword recall and nonword repetition (the two most frequently used measures of PM), serial nonword
recognition is less susceptible to long-term memory effects, such as lexicality
(Gathercole et al., 2001; Hulme, Maughan, & Brown, 1991), language of testing
(Thorn, Gathercole, & Frankish, 2002), syllable frequency (Nimmo & Roodenrys,
2002), phonotactic knowledge (Gathercole & Pickering, 1999), and so forth.
Second, serial nonword recognition may be a relatively pure measure of phonological storage uncontaminated by articulatory output demands (Baddeley, 2003).
Gathercole and Pickering estimated that the basic capacity of the phonological
store (which they called the intact parameter) could be measured in a serial recall
task by using low probability nonwords. The phonotactic parameter, reflecting the
contribution of phonotactic knowledge, was computed as the difference between
the serial recall of high probability and low probability nonwords. The lexical
parameter, reflecting the contribution of long-term lexical knowledge, was computed as the difference between the serial recall of words and high probability
nonwords. They found that only the intact parameter (phonological store) best
distinguished high from low vocabulary children, and that the serial recognition
of both words and nonwords was highly correlated with the intact parameter, but
not the phonotactic or lexical parameters.
The nonwords used in the serial nonword recognition task were taken from
Gathercole et al. (2001) and followed English phonotactic rules (see Appendix
A for a complete list of nonwords). English rather than Spanish nonwords were
used to minimize the influence of the participants’ familiarity with Spanish. All of
the participants were native English speakers, and all were university students at
English-speaking institutions. Therefore, it was reasonable to assume that they all
possessed good English language skills. By using English nonwords, the participants were equated on the long-term knowledge of the phonotactic properties of
the nonword stimuli used in the task. Thus, individual differences in performance
on this task should reflect differences in the ability of participants to hold the items
in PM rather than to differences in long-term phonological knowledge of Spanish.
Samples of Spanish speech production were obtained from recordings of participants’ oral proficiency interviews (OPIs) at Time 1 and Time 2. Four-minute
extracts from the interviews were selected at both times and analyzed for a number
of measures: productive vocabulary, narrative abilities, accuracy (i.e., correct use)
of 15 elements of inflectional morphology, and use of two complex grammatical
structures (see Collentine, 2004, for details). Productive vocabulary was operationalized as the number of unique lexical items produced in each (Time 1 and
Time 2) speech segment. Fourteen of the 15 elements of inflectional morphology
(subjunctive accuracy was not retained, as it was seldom, if ever, used by the
participants) were grouped into two broad categories: accuracy of free and bound
morphemes. In grouping the elements of inflectional morphology into free and
bound morphemes, cues were taken from the child development literature that,
in constructing language, children tend to prefer free morphemes to bound morphemes (Slobin, 1985). The free morphemes were further grouped into function
words and pronouns, based on evidence from single case studies that PM is important for remembering function words (Romani, 1994; Speidel, 1993). Subordinate
clause use and coordinate clause use were the two grammatical structures that
were retained (see the Method section for details).
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Narrative abilities included five elements (past tense verbs, third person morphology, past participles, present participles, and public verbs, e.g., verbs of communication such as admit, say) identified by Biber (1988) in a factor analysis
study of 481 written and spoken texts as occurring most frequently in narrative
discourse. “Narrative abilities,” as identified by Biber and used in the present
study, is a lexicogrammatical measure such that when these features coexist in
a given segment of discourse they have been found to be reliable predictors of
narrative discourse. This measure is not meant to reflect grammatical competence
but rather storytelling ability, and is thought to be consistent across languages. For
example, Biber (1988) found that these same elements co-occurred in a sample
of narratives in Somali. The following is a typical example of narrative discourse
produced by one of the participants containing many events, past tense verbs, and
public verbs. As reported in Collentine (2004, pp. 241–242), words in all capital
letters reflect the student’s omissions. Each break comprises a new turn:
En Granada el Alhambra fue muy bonito. Es un jardı́n que los moros construyeron
y ahora es libre para la pública. Me gusta Granada. Es muy bonito . . . más que
Alicante y fui a UN BAILE DE flamenco con los gitanos. Me gusta pero no fui a
los bares y discotecas porque no me gusta y en Madrid fui a EL Prado y la reina
Sofı́a y nada más porque nosotros estuvamos afuera DE Madrid en una ciudad muy
pequeña y es muy caro para ir a Madrid. Es como de Estados Unidos a Nueva York
pero no vi mucho porque no tengo tiempo y gastó mucho tiempo en el grado y cuando
salı́ no camino sobre el ciudad porque no tengo tiempo pero no sé.
In Granada the Alhambra was very pretty. It’s a garden that the Moors built and now
it is free to the public. I like Granada. It’s very pretty . . . more than Alicante and I
went to A flamenco DANCE with the gypsies. I like it but I didn’t go to the bars
and discos because I don’t like {that/them} and in Madrid I went to THE Prado and
Queen Sofia and nothing else because we were outside OF Madrid in a small city
and it is expensive to go to Madrid. It’s like from the United States to New York
because I didn’t see much because I do not have time and I spend/spent a lot of time
on the grade [sic: on my grades] and when I left I do not walk over the city because
I do not have time but I don’t know.

As mentioned above, there is some evidence that the relationship between PM
and grammatical development is mediated by vocabulary growth. Consequently,
people may use more grammatical elements simply because they produce more
words. Thus, it is possible that those who gained in oral competence between
Time 1 and Time 2 may merely have used more words at Time 2 than at Time 1,
thereby obscuring a true gain. In order not to overstate the role of PM in such oral
gains, and to assess the amount of oral gain that was due to an increase in the total
number of words produced, the gain in the total number of words spoken in the
extracts was entered into the analyses.
It is also possible that the gain in speech production measures may have been at
least partly due to the number of courses in Spanish in which the participants were
enrolled (between one and five). Consequently, again in order to not overstate the
role of PM, the number of courses was entered into the analyses.
There is evidence that in children PM is more important at earlier stages of
L1 (Gathercole, Willis, Emslie, & Baddeley, 1992) and L2 learning (Cheung,
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1996; French, 2004a). More recently, O’Brien, Segalowitz, Freed, and Collentine
(2006) extended this finding to adults, demonstrating that PM was more strongly
associated with L2 oral fluency development in the less proficient adult L2 learners
than in the more proficient learners. We wished to look at whether this pattern of
results would extend to other measures of adult L2 speech production. Specifically, we wished to see whether the relationship between PM and Spanish speech
production, as measured by productive vocabulary, narrative abilities, and grammatical skill, was different for the less proficient participants compared to the more
proficient participants. The SAT II Spanish Test (The College Board, 2000), a test
of reading ability in Spanish that measures knowledge of vocabulary, structure,
and idiomatic expressions, was used to assess participants’ levels of Spanish
competence on entry into the study and to distinguish low ability from high ability
learners of Spanish.
In summary, the present study asked two questions. Is PM implicated in the
development of specific aspects of L2 speech production, namely, productive
vocabulary, narrative abilities, and specific grammatical abilities? Is the relationship between PM and the above measures stronger for participants with initially
lower levels of ability than for those with initially higher levels of ability? It was
hypothesized that PM would be positively related to the development of L2 speech
production (i.e., productive vocabulary, narrative abilities, and specific grammatical abilities) in the earlier phases of language learning, that is, in the initially less
proficient participants as opposed to the initially more proficient participants.
METHOD

Participants

Participants were 43 (M = 21.84 years of age, SD = 7.00; 33 females) native
speakers of English studying Spanish as an L2. The participants all had at least
two prior semesters of formal study of Spanish; they had not previously studied
Spanish abroad, Spanish was not a heritage language, and Spanish was not spoken
at home. Their SAT II Spanish scores at the start of the semester varied between
310 (equivalent to first year of study) and 720 (equivalent to third year of study;
M = 470, SD = 101). Eighteen participants were enrolled in one Spanish course at
the University of Colorado in the United States and the remaining 25 participants,
also from the United States, spent a semester in Spain at the Universidad de
Alicante in a study abroad program and took between three and five courses.
Procedure

The students were tested on PM and participated in a 20- to 30-min, tape-recorded
OPI in Spanish at the beginning of the semester (Time 1). At this time, to assess
their initial level of Spanish knowledge, they completed the SAT II Spanish Test
(excluding the listening portion). At the end of the semester (Time 2), they were
tested again on PM and participated in another OPI.
PM. Participants were tested on the serial order recognition of lists of nonwords at

both Time 1 and Time 2. The test of serial recognition required participants to judge
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whether the second presentation of a list of items was the same (same trials) or
different (different trials) from the first presentation. The stimulus set consisted of
one-syllable consonant–vowel–consonant nonwords taken from Gathercole et al.
(2001). There were eight lists of nonwords at each of three list lengths: five, six,
and seven. The lists were constructed in such a manner that, within each list length,
all vowel sounds were different and consonants were as phonologically distinct as
possible. Within each list, the items were ordered randomly across participants.
Four of the lists at each list length were same trials (the second presentation was
identical to the first presentation) and four were different trials. On different trials,
although the list items were identical, in the second presentation, one pair of items
was transposed, with the restraint that the first and last pair of items were never
transposed. This restraint was included to encourage the participants to process the
complete stimulus list by reducing the salience of transposed items. The location
of the transposed pair was varied randomly across list lengths and participants. A
short pause was inserted between the first and second presentation of each list.
A four-item practice list was also constructed, consisting of two same and two
different trials. The following is an example of a same trial “charn, nig, kom, jeel,
gadge, lerb, mun . . . charn, nig, kom, jeel, gadge, lerb, mun” and a different trial
“chig, nam, peb, gop, jooch, lart, teed . . . chig, nam, gop, peb, jooch, lart, teed.”
Participants were tested individually starting with the practice trials. If they
made an error on the practice trials, the task was explained again and they proceeded to do the practice trials a second time. After completing the practice trials
without error, participants were presented with the eight five-item lists, followed
by the eight six-item lists, and then the eight seven-item lists. The nonwords were
presented auditorily through earphones on a Macintosh computer using the builtin “Victoria, high quality” computer-generated voice that read the nonwords from
a text file at the rate of approximately one item every 750 ms. There was a delay
of approximately 1.5 s between the first and second presentation of each list that
made up a given trial. After the second presentation of each list on a given trial, the
participants indicated by pressing a key whether both lists in the trials were in the
same or in a different order. The total number of correct responses was recorded
for each participant.
OPI. At both Time 1 and Time 2, each student took part in a 20- to 30-min OPI in
Spanish given by testers trained by the American Council of Teachers of Foreign
Languages (Breiner-Sanders, Lowe, Miles, & Swender, 2000).1 The interviews
were tape-recorded and two 2-min extracts from each interview were retained, the
first extract beginning at approximately 7 min and the second extract beginning
at approximately 12 min. This yielded a 4-min Time 1 oral extract and a 4-min
Time 2 oral extract for each student (see Segalowitz & Freed, 2004, for full details).
The extracts were analyzed for the following Time 1 and Time 2 speech production
measures.
Productive vocabulary. Each unique word produced by the participant in the

extract at each test time was recorded and summed to yield a Time 1 and a
Time 2 productive vocabulary score. Neologisms such as problemo and overlapo,
representing only 0.6% of the total words in the corpus, were scored as unique
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words. This score reflected the number of lexical items accessed by the participant
at each test time.
Narrative abilities. The number of occurrences of the five elements identified

by Biber (1988) as being indicative of narrative discourse was recorded: past
tense verbs, third person morphology, past participles, present participles, and
public verbs (i.e., verbs of communication such as admit and say). The sum across
these occurrences at each test time yielded a Time 1 and a Time 2 narrative
score. Occurrences of the Spanish imperfect and the preterit were included in this
measure. Consistent with the finding that L2 learners do not substitute marked
forms where unmarked forms are required (Lafford & Collentine, 1987, 1989),
participants were credited with an item whether or not it was used correctly. An
examination of the corpus showed that substitutions that employed a past tense
form when a present tense form would have been more appropriate comprised less
than 1% of the past tense instances.
Inflectional morphology. The number of accurate uses of 14 elements of inflec-

tional morphology at each test time was recorded (subjunctive accuracy was not
retained in this study because it was rarely, if ever, produced by participants; see
Collentine, 2004, for details). These elements were then standardized across Times
1 and 2 as follows. One composite z score was computed across Times 1 and 2 for
each element resulting in a combined (Time 1 + Time 2) mean score of zero and
separate Time 1 and Time 2 z scores that were different from zero. In this manner,
the relationship between Time 1 and Time 2 scores was maintained.
The z scores were then grouped into free and bound grammatical morphemes.
The measure of free grammatical morphemes at Time 1 consisted of the mean
of Time 1 z scores for accurate use of prepositions, object pronouns, coordinate
conjunctions, subordinate conjunctions, plural pronouns, and feminine pronouns.
The measure of Time 2 free grammatical morphemes reflected the mean of the
Time 2 z scores for the same items. Similarly, measures of Time 1 and Time 2
bound grammatical morpheme use were calculated using the mean of Time 1
and Time 2 z scores, respectively, for correct use of copulas, present tense verbs,
past tense verbs, indicatives, person, plural adjectives, plural verbs, and feminine
adjectives.
Because PM seems to be especially important for remembering function words
(Romani, 1994; Speidel, 1993), the free grammatical morphemes were further
divided into function words (accurate use of prepositions, and coordinate and
subordinate conjunctions) and pronouns (accurate use of object pronouns, plural
pronouns, and feminine pronouns).
Clauses. Time 1 and Time 2 measures of subordinate and coordinate clause use

were obtained based on the frequency with which these structures occurred.
Total words. Because participants produced more words in the Time 2 extracts

than in the Time 1 extracts, it was conceivable that a gain in the speech production
measures could be due to an increase in the number of words that participants
produced. To control for this possibility, the gain in the total number of words
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spoken between Time 1 and Time 2 was entered into the analyses. The gain
was computed by residualizing total words produced at Time 2 against total words
produced at Time 1, yielding a residualized gain score. This residualized gain score
reflected participants’ improvement in the total number of words they produced
between Time 1 and Time 2, after equating them on Time 1 for total words
produced.
SAT II Spanish Test. The SAT II Spanish test (The College Board, 2000) is
used to place high school students into universities in the United States. For
purposes of the present study, this test was used to evaluate the participants’
overall Spanish language knowledge on entry into the study. The test contains 85
questions divided into three parts, each weighted equally: vocabulary and structure,
paragraph completion, and reading comprehension. For this test, the students’ raw
scores are scaled on a range of 200–800 according to a linear function derived
from norming techniques. The US mean (i.e., those around the 50th percentile)
scaled score is 596 (N = 25,155, SD = 30). The means obtained in the present
study are reported in Table 1.
RESULTS

This study asked whether PM was implicated in the development of specific measures of L2 speech production, namely productive vocabulary, narrative abilities,
and specific grammatical abilities. It further asked whether this relationship was
greater for the participants with initially lower levels of L2 ability than for those
with initially higher levels of L2 ability.
The data were first inspected for outliers. For each variable, scores greater than 2
SD from the group mean for that variable were assigned the next highest score plus
one. Scores more than 2 SD below the mean were assigned the next lowest score
minus one. Unless otherwise indicated, the alpha level selected for significance
was .05 (two tailed).
Entire cohort

The first question addressed was whether, over the entire cohort, PM was implicated in the development of L2 productive vocabulary, narrative abilities, and
grammatical competence. Means and standard errors of all 10 variables (SAT II
Spanish, total words, number of Spanish courses, PM, and six oral measures)
for Time 1 and Time 2 are presented in Table 1, except for SAT II Spanish and
number of Spanish courses, for which only a Time 1 value is available. To test
whether the participants improved on PM and Spanish oral measures between
Time 1 and Time 2, a series of a priori paired t tests was performed comparing
performance on the measures at Time 1 and Time 2. The results of the t tests
showed that, between Time 1 and Time 2, the participants gained in total words,
t (42) = 5.26, p < .001, productive vocabulary, t (42) = 5.98, p < .001, correct
use of free grammatical morphemes, t (42) = 4.57, p < .001, correct use of
bound grammatical morphemes, t (42) = 7.92, p < .001, subordinate clause use,

Table 1. Means (standard errors) for SAT II Spanish, total words, number of Spanish courses, phonological memory, and oral production measures
at Time 1 and Time 2

a

Free grammatical morphemes and bound grammatical morphemes are expressed as z scores.
*p < .05. **p < .01. ***p < .001.
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t (42) = 2.57, p = .014, and coordinate clause use, t (42) = 2.51, p = .016.
The participants did not improve in PM, t (42) = 0.00, ns, or narrative abilities,
t (42) = 0.97, ns, between Time 1 and Time 2. Given that PM did not change over
time, the remaining analyses use PM at Time 1.
Table 2 shows the Pearson intercorrelation coefficients for PM and the six
Spanish oral measures across Times 1 and 2, except for PM for which only the
Time 1 measure is reported (SAT II Spanish, total words, and number of courses
were not included in this analysis). Time 1 PM was significantly correlated with
Time 1 and Time 2 productive vocabulary (Time 1: p = .021; Time 2: p =
.048), narrative abilities (Time 1: p = .022; Time 2: p = .043), free grammatical
morphemes (Time 1: p = .049; Time 2: p = .008), and subordinate clause use
(Time 1: p = .006; Time 2: p = .001). PM did not correlate with bound grammatical
morphemes or coordinate clause use at either Time 1 or Time 2.
To test whether PM was related to the development of oral abilities between
Time 1 and Time 2, residualized change scores were computed by regressing
Time 2 oral performance on Time 1 oral performance. The resulting oral development measures reflect the amount that participants’ scores changed between
Time 1 and Time 2, equated on Time 1 scores. The Pearson correlation coefficients among the residualized change scores and PM are presented in Table 3. PM
was significantly correlated with three out of the six oral development measures:
narrative abilities, free grammatical morphemes, and subordinate clause use (all
ps < .014). PM did not correlate with change in productive vocabulary, bound
grammatical morphemes, or coordinate clause use.
To summarize, the above analyses revealed that, over the entire cohort, PM
was related to development of narrative abilities, correct use of free morphemes,
and subordinate clause use, such that those with better PM skills made more
gains on these measures. Although PM was related to productive vocabulary at
both Times 1 and 2, it did not predict change in vocabulary production over the
semester.
The above analyses show that PM is implicated in a number of oral development
measures. However, it is possible that the oral development was due, at least in part,
to the greater number of words that participants used at Time 2 compared to Time 1
(i.e., participants who produced more speech may have used proportionately more
lexical, narrative, and grammatical elements). To test whether the gains in oral
measures may have been due to the increase in the total number of words used
between Times 1 and 2, a series of hierarchical regressions was performed. A
residualized change score was computed for total words used (Time 2 residualized
against Time 1) and entered in Step 1 of the regression. We also wished to see
whether in-class Spanish contact contributed to oral development. Consequently,
the number of Spanish courses that participants’ were enrolled in was entered in
Step 2. So as not to overstate its effect, PM was entered in the last step, after the
other control variables had been entered. At this point, given the evidence that
PM may be important for remembering function words (Romani, 1994; Speidel,
1993), it was decided to divide the free grammatical morphemes into function
words (containing prepositions, and subordinate and coordinate conjunctions) and
pronouns. Separate hierarchical regressions were also performed on these two
variables.

Table 2. Simple intercorrelations among phonological memory and oral production measures at Time 1 and Time 2
Entire Cohort (n = 43)
Variable

1

1. Phonological
memory (1)
—
2. Vocabulary (1)
.351*
3. Narrative abilities (1)
.348*
4. Free morphemes (1)
.303*
5. Bound morphemes (1)
.074
6. Subordinate clauses (1) .416**
7. Coordinate clauses (1) −.030
8. Vocabulary (2)
.304*
9. Narrative abilities (2)
.310*
10. Free morphemes (2)
.402**
11. Bound morphemes (2)
.241
12. Subordinate clauses (2) .497**
13. Coordinate clauses (2)
.125

2

3

4

5

6

7

8

—
.446**
.607***
.543***
.620***
.534***
.468**
.220
.430**
.432**
.523***
.287

—
.660***
.599***
.433**
.568***
.262
.319*
.284
.442**
.461**
.302*

—
.492**
.516***
.541***
.227
.231
.311*
.410**
.386*
.320*

—
.427**
.544**
.273
.328*
.372*
.628***
.353*
.384*

—
.300*
.318*
.075
.254
.290
.358*
.132

—
.107
.269
.249
.377*
.335*
.337*

—
.596***
.779***
.679***
.590***
.699***

—
.254

—

Low Ability (n = 23)
1. Phonological
memory (1)
—
2. Vocabulary (1)
.296
3. Narrative abilities (1)
.016
4. Free morphemes (1)
.278
5. Bound morphemes (1) −.012
6. Subordinate clauses (1) .381
7. Coordinate clauses (1) −.025
8. Vocabulary (2)
.423*

—
.534**
.610***
.662***
.639***
.626**
.489*

—
.740***
.701***
.384
.751***
.385

—
.651***
—
.655*** .465*
.510*
.586**
.351
.446*

—
.371
.124

9

10

11

12

13

—
.760***
—
.665*** .804***
—
.552*** .571*** .503***
—
.612*** .809*** .762*** .513*** —

9. Narrative abilities (2)
10. Free morphemes (2)
11. Bound morphemes (2)
12. Subordinate clauses (2)
13. Coordinate clauses (2)

.435*
.483*
.238
.471*
.291

.157
.376
.450*
.367
.356

.268
.214
.477*
.348
.481*

.327
.296
.445*
.320
.488*

.271
.351
.765***
.325
.480*

.029
.139
.219
.187
.164

.100
.100
.264
.310
.259

.781***
.855***
.787***
.693***
.714***

—
.831***
—
.705*** .748***
—
.677*** .682*** .643***
—
.797*** .832*** .766*** .732*** —

—
.286
.600**
.523*
.361
.467*

—
.691**
.695**
.480*
.552*

High Ability (n = 20)
1. Phonological
memory (1)
—
2. Vocabulary (1)
.411
3. Narrative abilities (1)
.684**
4. Free morphemes (1)
.279
5. Bound morphemes (1)
.165
6. Subordinate clauses (1) .394
7. Coordinate clauses (1) −.008
8. Vocabulary (2)
.175
9. Narrative abilities (2)
.194
10. Free morphemes (2)
.317
11. Bound morphemes (2)
.206
12. Subordinate clauses (2) .532*
13. Coordinate clauses (2) −.041

—
.359
.616**
.419
.633**
.449*
.453*
.317
.515*
.415
.695**
.215

—
.566**
.478*
.437
.413
.119
.450*
.407
.374
.599**
.118

Note: The numbers after the variables denote testing time.
*p < .05. **p < .01. ***p < .001.

—
.342
.362
.618**
.116
.175
.361
.352
.457*
.192

—
.403
.482*
.028
.431
.410
.437*
.385
.267

—
.294
—
.591** −.083
.194
.496*
.435
.459*
.320
.544*
.542*
.372
.147
.421

—
.918***
—
.411
.330
—
.784*** .793*** .245

—
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Table 3. Zero-order intercorrelations among phonological memory and oral
production residualized change scores
Entire Cohort (n = 43)
Variable

1

1. Phonological memory
2. Vocabulary
3. Narrative abilities
4. Free morphemes
5. Bound morphemes
6. Subordinate clauses
7. Coordinate clauses

—
.158
.457**
.324*
.251
.372*
.144

2
—
.415**
.686***
.656***
.361*
.632***

3

4

5

6

7

—
.604***
.499**
.345*
.453**

—
.729***
.470**
.762***

—
.377*
.690***

—
.443**

—

—
.823***
.644***
.776***

—
.706***
.778***

—
.646***

—

—
.723***
.153
.743***

—
.083
.661**

—
.123

—

Low Ability (n = 23)
1. Phonological memory
2. Vocabulary
3. Narrative abilities
4. Free morphemes
5. Bound morphemes
6. Subordinate clauses
7. Coordinate clauses

—
.3410
.651***
.432*
.374
.355
.309

—
.612**
.804***
.854***
.674***
.670***

—
.797***
.690***
.518**
.657**

High Ability (n = 20)
1. Phonological memory
2. Vocabulary
3. Narrative abilities
4. Free morphemes
5. Bound morphemes
6. Subordinate clauses
7. Coordinate clauses

—
−.050
.192
.225
.115
.445*
−.042

—
.124
.487*
.519*
−.141
.575*

—
.293
.323
.079
.156

*p < .05. **p < .01. ***p < .001.

The results of the hierarchical regressions (see Table 4) showed that, although
changes in the total number of words that were used accounted for a large, significant amount of variance for all oral development measures (R 2 between 13
and 77%), after Spanish courses were partialed out, PM still accounted for a
further significant amount of variance for two variables: narrative abilities and
subordinate clause use. With respect to free grammatical morphemes, after total
words and number of Spanish courses were partialed out, the variance accounted
for by PM showed a trend toward significance. This variance was accounted for
by function words. PM did not account for a significant amount of variance for
productive vocabulary, bound grammatical morphemes, coordinate clause use, or
pronouns.
In summary, although change in total words used accounted for large amounts
of variance in the oral development scores, PM still accounted for significant
amounts of variance in narrative abilities and subordinate clause use, and showed
a trend toward significance in free grammatical morphemes, which was explained
by change in the correct use of function words.
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Table 4. Summary of hierarchical multiple regression analyses for variables
predicting Spanish oral development for the entire cohort
Variable
 Narrative abilities
 Total words
No. of Spanish courses
Phonological memory
 Vocabulary
 Total words
No. of Spanish courses
Phonological memory
 Free grammatical morphemes
 Total words
No. of Spanish courses
Phonological memory
 Bound grammatical morphemes
 Total words
No. of Spanish courses
Phonological memory
 Subordinate clause use
 Total words
No. of Spanish courses
Phonological memory
 Coordinate clause use
 Total words
No. of Spanish courses
Phonological memory
 Function words
 Total words
No. of Spanish courses
Phonological memory
 Pronouns
 Total words
No. of Spanish courses
Phonological memory

Adj. R 2

R2

.569 .323
.610 .372
.666 .484

.307
.341
.444

.323
.049
.112

19.595 1, 41 .000
3.091 1, 40 .086
8.455 1, 39 .006

.880 .774
.880 .775
.880 .775

.768
.764
.758

.774
.001
.000

140.397 1, 41 .000
0.141 1, 40 .710
0.061 1, 39 .806

.761 .580
.774 .598
.791 .626

.569
.578
.597

.580
.019
.028

56.517 1, 41 .000
1.881 1, 40 .178
2.870 1, 39 .098

.699 .488
.699 .489
.709 .502

.476
.463
.464

.488
.000
.014

39.139 1, 41 .000
0.028 1, 40 .867
1.068 1, 39 .308

.402 .161
.403 .162
.501 .251

.141
.120
.193

.161
.001
.089

7.855 1, 41 .008
0.037 1, 40 .848
4.606 1, 39 .038

.731 .534
.732 .536
.732 .536

.522
.512
.500

.534
.002
.000

46.922 1, 41 .000
0.157 1, 40 .694
0.001 1, 39 .979

.824 .679
.834 .695
.866 .749

.671
.680
.730

.679
.016
.054

86.776 1, 41 .000
2.134 1, 40 .152
8.422 1, 39 .006

.363 .131
.374 .140
.393 .155

.110
.097
.090

.131
.009
.015

6.206 1, 41 .017
0.409 1, 40 .526
0.670 1, 39 .418

R

R2

F

df

p

Low ability and high ability participants

The second question addressed was whether the relationship between PM and oral
production measures observed over the entire cohort was greater for participants
with initially lower levels of L2 ability than for those with initially higher levels
of L2 ability. Previously reported research has suggested that PM is implicated in
language learning for those at earlier rather than later stages of learning (Cheung,
1996; French, 2004a). To test for differences in the role of PM in learners at
earlier rather than later stages of L2 learning, the entire cohort was divided into
low and high ability participants based on their Spanish SAT II scaled scores. A
median split could only be approximated, with 23 participants included in the low
ability group (<460; M = 20.43 years of age, SD = 1.50; 18 females) and 20
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participants included in the high ability group (≥460; M = 23.45 years of age,
SD = 10.02; 15 females). Means and standard errors of all 10 variables (SAT II
Spanish, total words, number of Spanish courses, PM, and six oral measures) at
Times 1 and 2 for the low and high ability participants are shown in Table 1,
except for SAT II Spanish and number of Spanish courses for which only a Time 1
value is available. A priori t tests used to test for differences between the groups
at Time 1 revealed that on entry into the study, as expected given the selection
procedure, the low ability participants had lower SAT II Spanish scores than the
high ability participants, low ability: M = 399, SE = 11; high ability: M = 552,
SE = 18; t (41) = 7.63, p < .001. The groups did not differ on total words,
the number of Spanish courses they took, or on oral measures. However, the
high ability participants showed a trend toward greater subordinate clause use
(p = .095) than low ability participants.
The eight variables (PM, total words, and six oral measures) measured at Time 1
and Time 2 were then submitted to separate 2 × 2 mixed analyses of variance
with time (1, 2) as the within factor and group (low ability, high ability) as the
between factor. There was a main effect of time, but no main effect of group
and no interaction effects, for total words, F (1, 41) = 26.70, MSE = 1610.15,
p < .001, partial η2 = .394; productive vocabulary, F (1, 41) = 34.52, MSE =
268.24, p < .001, partial η2 = .457; free grammatical morphemes, F (1, 41) =
20.11, MSE = 0.16, p < .001, partial η2 = .329; bound grammatical morphemes,
F (1, 41) = 62.79, MSE = 0.11, p < .001, partial η2 = .605; subordinate clause
use, F (1, 41) = 6.23, MSE = 5.64, p = .017, partial η2 = .132; and coordinate
clause use, F (1, 41) = 6.11, MSE = 4.73, p = .018, partial η2 = .130, indicating
that both groups gained on these measures between Time 1 and Time 2. There were
no significant main or interaction effects for PM or narrative abilities, indicating
no difference on these measures between Time 1 and Time 2 or between groups.
Pearson intercorrelations among PM and oral measures at Times 1 and 2 are
shown in Table 2, and among PM and residualized change scores, in Table 3,
separately for the low and high ability groups. For the low ability group, PM
did not predict any Time 1 measures, but predicted Time 2 productive vocabulary
(p = .04), narrative abilities (p = .04), correct use of free morphemes (p = .02), and
subordinate clause use (p = .02; see Table 2). For this group also, PM predicted
change in narrative abilities (p = .001), and correct use of free morphemes
(p = .04; see Table 3). For the high ability group, PM predicted narrative abilities
at Time 1 (p = .001), and subordinate clause use at Time 2 (p = .02; see Table 2),
together with change in subordinate clause use (p = .05; see Table 3).
To summarize, for the low ability group, PM was correlated with development
of narrative abilities and correct use of free grammatical morphemes, such that
those with better PM abilities made more gains in these measures. For this group
also, although PM was significantly correlated with productive vocabulary and
subordinate clause use at Time 2, it did not predict gains in these measures.
For the high ability participants, PM predicted subordinate clause use at Time 2
together with gains in its use, such that those with better PM abilities produced
proportionately more subordinate clauses at Time 2.
Separate hierarchical regression analyses were then computed for each ability
group (low, high) and for each residualized oral measure (see above): productive
vocabulary, narrative abilities, correct use of free grammatical morphemes, correct
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use of bound grammatical morphemes, subordinate clause use, coordinate clause
use, correct use of function words, and correct use of pronouns (see Table 5).
For the low ability group, change in the total number of words used accounted
for significant, large amounts of variance for all the oral measures (R 2 between
.24 and .91). After total words were partialed out, the number of Spanish courses
accounted for a further significant amount of variance for subordinate clause
use only (R 2 = .15). PM explained a final significant amount of variance for
narrative abilities only (R 2 = .18). For the high ability group, once total words
(R 2 between .04, ns, and .74), and number of Spanish courses (all R 2 ns) were
partialed out, PM explained a significant amount of variance only for accurate use
of function words (R 2 = .16). The variance explained by PM for subordinate
clause use showed a trend toward significance (R 2 = .14).
In summary, the low and high ability groups showed different patterns of results.
For the low ability participants, PM was a significant predictor only of gains
in narrative abilities after controlling for change in total words and number of
Spanish courses. For the high ability participants, after change in total words and
number of Spanish courses were partialed out, PM predicted gains in the correct
use of function words. The relationship between PM and change in subordinate
clause use showed a trend toward significance for this group. The groups also
showed a different pattern of results with respect to change in total words. For the
low ability participants, total words accounted for a large, significant amount of
variance for all oral development measures. For the high ability participants, total
words accounted for a smaller, significant amount of variance for only five oral
development measures.
DISCUSSION

This study investigated the role of PM in adult L2 speech production. Specifically,
it was asked whether, over the course of a semester, PM was implicated in gains
made by adults studying Spanish as a L2 in productive vocabulary, narrative
abilities, and a number of grammatical abilities. It was further asked whether these
relationships would be different for participants who initially were categorized as
low versus high ability in the language.
PM and productive vocabulary

The results indicated that, over the entire cohort, PM was related to vocabulary use.
Specifically, those with better PM abilities produced a larger repertoire of words
at both test times than those with weaker PM skills. The correlations reported in
the present study are comparable to the correlations between PM and vocabulary
use obtained in analyses of children’s L1 speech samples (Adams & Gathercole,
1995, r = .41; Adams & Gathercole, 2000, rs = .48–.62).
In the study reported here, whereas PM was related overall to vocabulary use,
it was not related to the gain in unique vocabulary items produced for the entire
cohort or for the low and high ability groups. This result was somewhat unexpected,
given that PM has been shown to predict the rate at which children acquire
L1 (Gathercole et al., 1992) and L2 vocabulary (French, 2004a). Our results
may have been obtained for several reasons. First, the vocabulary measure used
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Table 5. Summary of hierarchical multiple regression analyses for variables predicting
Spanish oral development for the low ability and high ability groups
Variable

R

R2

Adj. R 2 R 2

F

df

p

Low Ability (n = 23)
 Narrative abilities
 Total words
No. of Spanish courses
Phonological memory
 Vocabulary
 Total words
No. of Spanish courses
Phonological memory
 Free grammatical morphemes
 Total words
No. of Spanish courses
Phonological memory
 Bound grammatical morphemes
 Total words
No. of Spanish courses
Phonological memory
 Subordinate clause use
 Total words
No. of Spanish courses
Phonological memory
 Coordinate clause use
 Total words
No. of Spanish courses
Phonological memory
 Function words
 Total words
No. of Spanish courses
Phonological memory
 Pronouns
 Total words
No. of Spanish courses
Phonological memory

.730 .532
.739 .547
.850 .722

.510
.502
.678

.532
.015
.175

23.902 1, 21 .000
0.641 1, 20 .433
11.199 1, 19 .003

.895 .801
.898 .806
.898 .806

.792
.786
.776

.801
.004
.000

84.789 1, 21 .000
0.454 1, 20 .508
0.043 1, 19 .839

.866 .749
.872 .761
.880 .775

.737
.737
.739

.749
.012
.014

62.716 1, 21 .000
1.008 1, 20 .327
1.166 1, 19 .294

.903 .816
.911 .829
.911 .829

.807
.812
.802

.816
.013
.000

92.956 1, 21 .000
1.556 1, 20 .227
0.002 1, 19 .962

.725 .526
.823 .678
.824 .678

.503
.646
.628

.526
.152
.000

23.276 1, 21 .000
9.465 1, 20 .006
0.022 1, 19 .885

.847 .717
.852 .725
.853 .727

.703
.698
.684

.717
.009
.002

53.127 1, 21 .000
0.635 1, 20 .435
0.107 1, 19 .747

.955 .911
.955 .912
.956 .914

.907
.903
.901

.911 215.241 1, 21 .000
.000
0.100 1, 20 .755
.003
0.621 1, 19 .441

.490 .240
.520 .270
.525 .275

.204
.197
.161

.240
.030
.005

6.621 1, 21 .018
0.827 1, 20 .374
0.139 1, 19 .713

High Ability (n = 20)
 Narrative abilities
 Total words
No. of Spanish courses
Phonological memory
 Vocabulary
 Total words
No. of Spanish courses
Phonological memory

.302 .091
.388 .150
.421 .177

.040
.050
.023

.091
.059
.027

1.802 1, 18 .196
1.185 1, 17 .291
0.521 1, 16 .481

.857 .735
.879 .772
.880 .774

.721
.745
.732

.735
.037
.002

50.002 1, 18 .000
2.760 1, 17 .115
0.123 1, 16 .730
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Table 5 (cont.)
Variable

R

R2

Adj. R 2

R 2

F

df

p

High Ability (n = 20)
 Free grammatical morphemes
 Total words
No. of Spanish courses
Phonological memory
 Bound grammatical morphemes
 Total words
No. of Spanish courses
Phonological memory
 Subordinate clause use
 Total words
No. of Spanish courses
Phonological memory
 Coordinate clause use
 Total words
No. of Spanish courses
Phonological memory
 Function words
 Total words
No. of Spanish courses
Phonological memory
 Pronouns
 Total words
No. of Spanish courses
Phonological memory

.558
.566
.616

.311
.321
.379

.273
.241
.262

.311
.010
.058

8.124
0.240
1.503

1, 18
1, 17
1, 16

.011
.630
.238

.557
.560
.576

.310
.313
.332

.272
.233
.207

.310
.003
.019

8.087
0.082
0.449

1, 18
1, 17
1, 16

.011
.778
.512

.187
.393
.543

.035
.155
.295

−.018
.055
.163

.035
.120
.140

0.656
2.407
3.185

1, 18
1, 17
1, 16

.429
.139
.093

.538
.540
.540

.289
.291
.291

.250
.208
.158

.289
.002
.000

7.319
0.051
0.000

1, 18
1, 17
1, 16

.014
.824
.988

.540
.580
.703

.291
.337
.494

.252
.259
.399

.291
.045
.157

7.405
1.157
4.979

1, 18
1, 17
1, 16

.014
.297
.040

.157
.173
.296

.025
.030
.087

−.030
−.084
−.084

.025
.005
.057

0.455
0.092
1.007

1, 18
1, 17
1, 16

.509
.765
.331

by Gathercole et al. and French was vocabulary knowledge, whereas our study
measured development of vocabulary use, suggesting that, perhaps, PM is not
related to the development of productive vocabulary but, rather, to the development
of vocabulary knowledge. Unlike young children who would use all or most of
their vocabulary knowledge in speech, the productive vocabulary of adults in a
given sample of speech most probably understates their vocabulary knowledge.
Second, the difference in results may be due to the PM measure used. Most
studies, and certainly the studies cited above, have used nonword repetition as
the measure of PM. Serial nonword recognition, the task used in the present
study, is thought to primarily involve phonological storage (Baddeley, 2003),
whereas nonword repetition involves at the very least both phonological storage and an articulatory component (Baddeley, 2003; see also Bowey, 2001, and
Snowling, Chiat, & Hulme, 1991). Perhaps vocabulary acquisition is more closely
related to the articulatory component of PM than to the nonarticulatory storage
component measured by serial nonword recognition. The present data, however,
do not permit us to differentiate between these two possibilities. Whether serial nonword recognition and nonword repetition make different predictions in
vocabulary development should be investigated in future studies.
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PM and narrative abilities

The present study found that PM was related to development of narrative abilities
in the low ability participants such that those with better PM skills demonstrated
greater narrative gains than those with weaker PM skills. Interestingly, PM did not
predict development of narrative abilities in the high ability group, even though
the groups did not differ on this measure either at Time 1 or Time 2. By definition
(Biber, 1988), narrative abilities as measured here required the use of more complex grammar (past tense verbs, third-person morphology, past participles, present
participles, and public verbs). The association between PM and narrative gains
obtained for the low ability participants was consistent with developmental studies
showing that preschool children with better PM skills produce more grammatically complex utterances (Adams & Gathercole, 1995, rs = .35 and .36; Adams
& Gathercole, 2000, rs = .39–.51) and are better at repeating complex sentences
(Blake et al., 1994; Willis & Gathercole, 2001) than children with poorer PM skills.
The verbs used in the narrative discourse constructions were also lexical items.
Unlike the other grammatical elements investigated in the present study, the participants were credited with a narrative item regardless of whether it was used
correctly. In his processing theory of L2 learning, VanPatten (2004) posits that
early L2 learners process content words (lexical items) before they process noncontent words (nonreferential grammatical forms; principle 1a, p. 8). Thus, the
narrative gains made by the low ability participants may have reflected essentially
vocabulary development rather than or in addition to grammatical development.
PM is known to relate to vocabulary acquisition (see Baddeley et al., 1998), and this
finding is consistent with previous research looking at vocabulary development.
The failure to find a relationship between PM and narrative gains in participants
demonstrating relatively high ability at the beginning of the study (those with
higher SAT II Spanish scores) may be due to having a larger store of complex
grammatical templates (e.g., high-frequency formulaic expressions such as me
dijo que, no sé si), and hence, essentially lexical abilities that afford the generation
of more complex utterances. Speidel (1989, 1993) proposed that children acquire
syntactic complexity in their L1 by imitating adult models. The heard phrases are
held initially in PM and subsequently transferred into long-term memory. Children
eventually construct correct syntactic speech from the corpus of templates stored
in long-term memory. Good PM skills are required to imitate adult utterances,
especially if they are longer or more complex.
This model of grammar and syntax acquisition may well apply to adults learning an L2. Under this model, those with good PM skills would be able to hold
longer and more complex utterances in PM, which would then be transferred to
long-term memory. The stored representations would provide the basis for constructing grammatically correct speech. Those with poorer PM skills who would
be able to hold only shorter and less complex utterances in PM would fail to build
an adequate store of complex templates.
Good grammar skills reduce dependence on PM (see Romani, 1994; see also
Blake et al., 1994). The high ability participants, presumably having greater knowledge of the L2 grammar, would place less reliance on PM. If grammatical ability
is inefficient, as in young children learning their L1 or adults in the earlier phases
of learning an L2, more reliance needs to be placed on PM. Consequently, for the
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low ability participants who possessed less well-developed grammatical skill, PM
played a more important role in narrative discourse.
PM and grammatical morphemes

This study showed that, after controlling for change in total number of words used,
PM was related to the gain in the correct use of function words for the high but
not for the low ability participants. This result was unexpected given the evidence
that PM is implicated primarily at earlier stages of language learning. However,
according to VanPatten’s (2004) primacy of content words principle (principle
1a), and similar to children learning their L1 (Slobin, 1985), L2 learners process
content words first and tend to pass over function words. This primary focus on
meaning consumes working memory capacity. As proficiency increases, however,
lexical retrieval becomes easier, freeing up working memory capacity to process
nonmeaningful grammatical forms, such as function words and inflections. Hence,
we should expect to see a relationship between PM and function words for the
high ability participants, for whom lexical access would be easier.2
The finding that PM was associated with gains in the correct use of function
words for the high but not the low ability participants is also consistent with
VanPatten’s (2004) sentence location principle (principle 1f). According to this
principle, L2 learners process items in initial positions in a sentence, then the items
in final positions, and last, those items in medial positions. Because function words
usually appear in medial positions, such words would tend to be processed more
by the more proficient (high ability) rather than the less proficient (low ability)
learners. Of course, this relationship should be tested in a further study.
PM and clause use

PM was found to relate to the gain in subordinate clause use for high but not
low ability participants. Once total words were partialed out, PM accounted for a
further 14% of variance that showed a trend toward significance (p = .093), most
probably due to a ceiling effect in the number of subordinate clauses produced
by the high ability participants (see Table 1). Again, this result was unexpected.
However, because of its inherent complexity, subordinate clause production is a
grammatical skill that would emerge later in language (L1 and L2) development.
For the more advanced learners (here the high ability participants), good PM
skills would be required to create an adequate store of templates from which to
construct utterances containing subordinate clauses. Use of subordinate clauses is
highly related to the use of function words. It follows, then, that if PM is implicated
in the correct use of function words for high ability participants, it should also be
related to subordinate clause use for the same participants.
PM did not account for a significant amount of variance in coordinate clause
use for either group. The reason that there was no relationship between PM and
coordinate clause use may be because increased use of coordinate clauses does
not mean increased sentence complexity. In effect, coordinate clauses are simply
two sentences connected by a conjunction. The present results are consistent with
the failure of Willis and Gathercole (2001) to find PM group differences for the
repetition of easy sentences.
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The role of vocabulary in the relationship between PM
and grammatical production

Some research has suggested that gains in L2 skills are mediated by vocabulary
knowledge (French, 2004a; Service & Kohonen, 1995). Our data, reflecting the
number of unique vocabulary items produced rather than vocabulary knowledge,
did not permit us to address this question directly. However, we did have a measure
for the total number of words participants produced in their speech samples.
There was a clear dissociation between the low and high ability participants
in terms of the amount of variance that was explained by total words. For the
low ability participants, the gain in total words explained between 24 and 91%
of the variance in grammatical gains, whereas for the high ability participants,
the variance explained by total words was only between 3 and 31% (mostly,
nonsignificant) for grammatical measures. For the low but not the high ability
participants, grammatical production was highly driven by the amount of speech
they produced. For the high ability participants, grammatical production appeared
to be less reliant on the amount of speech produced. That is, they were able to
increase their use of grammatical elements without a corresponding increase in
speech output. The results of the present study suggest that L2 skills are mediated
by the volume of speech output primarily at early stages of learning.
PM as a mediator of grammar acquisition

In addition to learning individual words, PM appears to be important in learning
the sentence order of words. Both Romani (1994) and Speidel (1993) describe
individuals with impaired PM skills whose syntactic deficits primarily involved
misplacement or omission of function words and word order problems. The correct
use of function words requires not only learning the word itself, but that it be placed
in the correct order in the sentence. Ellis and Sinclair (1996) propose that learning
of syntax is similar to learning words. When learning words, the phonemes must
be placed in the correct order. In learning syntax, the words must be placed in
correct sequence. Such sequences, be they phonemes or words, are initially held
in PM. They suggest that grammar acquisition is simply the generalization of such
sequences.
CONCLUSION

This study demonstrated that PM is implicated in the development of narrative
abilities for learners whose initial ability with the language is relatively low (as
evidenced by the 17.5% of unique variance explained by PM for gain in narrative abilities for the low ability group) and in the development of accurate use
of function words in learners with higher initial ability (as evidenced by the
15.7% of unique variance explained by PM for gain in the correct use of function
words for the high ability group). This study also showed that at lower levels of
achievement, narrative abilities and grammatical competence is heavily driven by
the volume of speech output. At higher levels of ability, learners are able to use
more complex grammatical elements without a corresponding increase in speech
output. Although some previous research has suggested that PM is important in the
language development of younger learners, the present study extends this finding
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by demonstrating that PM is implicated in the language development of adult L2
learners, at stages when language learning becomes more demanding (effortful).
It is suggested that at early stages of language learning, when grammatical
knowledge is weak, the learner concentrates on learning content words. For these
learners, grammar acquisition is heavily driven by vocabulary acquisition for
which PM is important. At this stage, vocabulary learning consumes all or most
of the learner’s PM capacity. At later stages of language learning when lexical
access is easier, PM capacity is redeployed for learning more complex grammar.
At even later stages, fluent speakers, whether they are L1 or L2 speakers, should
minimize their dependence on PM, as language production would have become
virtually automatic.
In conclusion, the results presented herein demonstrate that PM is implicated in
the development of oral L2 skill in adults. The present study represents an initial
investigation into the relationship between PM and L2 speech production in adults,
and the failure to find a relationship between PM and some of the measures may
have been due to a lack of power. Thus, these results need to be extended in future
investigations using a larger number of participants.
APPENDIX A
The nonwords used in the serial recognition task
Four-item lists (practice)

Five-item lists

Six-item lists

Seven-item lists

bAôtS tiě n2p ěUk
kıb dÄn p2tS ěid
mAt tSEn pEd kıě
mÄd ěAôp tæm pıb
tEk kæm mıtS bAn dÄp
tSum kÄp lOôk n2ě ěAôn
pim tAôě ěæb bAk tSEl
ěUt bAôě mÄn n2k tEp
lUě dZAl ditS kÄm mEb
kitS dZAôn mEp tÄě bık
kum tOôd mAdZ dZ2p ěık
lAd t2dZ dZık nOôb ěAôm
bOôdZ tS2d niě dæk kEb lAôm
tÄdZ dZup lEk nOôě tSım pib
pAôn mæb dOôdZ nAě tSim dZıt
kÄn budZ t2d lıě pæb dOôt
tıdZ m2p tSEn ěÄb nUě dit
tOôm pæě jEk dÄb cAl b2p
kOôp tib nul dZAôk pım ěÄtS
pædZ nAôp mAn tS2t ěub ěEd
tuk tSæd lıdZ dZÄě dAp nAôt ě2b
kAôk nÄtS mOôd tSæm bul l2b tip
tSAôn nıě kAm dZil ěædZ lÄb m2n
tAb ěæn dAôtS tSul dZ2k nOôd pEm
ěEl nÄě l2d pAk mitS dub dZæt
lim k2ě tSOôdZ dZÄt kEd dAôp
´ ěAk
tSıě næm pEb ěAp dZutS lAôt tid
dZAôm nEb ěÄp tSOôě mæl tutS lAn
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part by the Fonds de Recherche en Santé du Québec to the first author (I.O.). The authors
thank Manuel Dı́az-Campos, Barbara Lafford, and Nicole Lazar, who were members of a
research team involved in a larger project of which this was one part. The authors also thank
Peter Scherzer and Leif French for their helpful comments on this paper. Finally, the authors
are grateful to Conchita Bueno, Hazel Casas, Elizabeth Gatbonton, Randall Halter, Guy
Lacroix, Anne-Marie Linnen, Magnolia Negrete, Laura Renteria-Dı́az, Marlene TaubeSchiff, Pavel Trofimovich, and Naomi Yamasaki, who helped during various phases of this
project.

NOTES
1.
2.

The OPI is a standardized means for evaluating overall speaking ability. In this study,
it was used as a method for collecting speech corpora.
This study was part of a larger project looking into differences between Study Abroad
and At Home regular classroom (in the students’ home country) learning contexts
(Segalowitz & Freed, 2004; see also Collentine, 2004; Dı́az-Campos, 2004; Lafford,
2004; Lazar, 2004). Interestingly, among the tasks reported in these papers was a
Spanish lexical access task using well-known concrete nouns (see Segalowitz & Freed,
2004, for details). The high ability group (Time 1: M = 14.30, SE = 1.17; Time 2:
M = 10.95, SE = 0.79) made significantly fewer errors on this task than the low
ability group, Time 1: M = 17.91, SE = 0.87; Time 2: M = 17.17, SE = 1.02;
F (1, 41) = 18.10, MSE = 28.58, p < .001, confirming that lexical retrieval was easier
for this group than for the low ability group.
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