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Working memory capacity and L2 speech production

Mailce B. Mota Fortkamp
Universidade Federal de Santa Catarina

Abstract '

This study examines whether working memory capacity, a construct of current information processing
theory, correlates with fluent foreign language (L2) speech production. It is based on Daneman’ (1991),
who found a significant correlation between individuals’ working memory capacity and the Sluency with
which they can speak in their first language (L1). Adapting Daneman’s (1991) methodology, a set of seven
experiments was applied to 16 advanced speakers of English as a Joreign language. Working memory was
assessed by means of the Speaking Span Test (Daneman & Green, 1986; Daneman, 1991) and the Reading
Span Test (Daneman & Carpenter, 1980 and 1983), both in Portuguese and English. L2 fluency was
assessed by means of the Speech Generation Task, the Oral Reading Task, and the Oral Slip Task (Motley
and Baars, 1976). Working memory capacity, as measured by the Speaking -Span Test in English,
correlated significantly only with the Speech Generation Task, which was aimed at assessing fluency at the
discourse level. Working memory capacity, as measured by the Reading Span Test, both in Portuguese and
English, correlated significantly only with the reading-related task, the Oral Reading Task, aimed at
assessing fluency at the articulatory level. The results of the present study support the task-specific view of
working memory capacity (see Cantor and Engle, 1993), which posits that this capacity is Sfunctional,
varying according to the individual’s efficiency in the processes specific to the cognitive task with which it
is being correlated.

In the past few years cognitive processes involved in second/foreign language (L2)
acquisition and use have gained increased importance in L2 acquisition/use research. To gain
insights into the relationship between cognition and L2 acquisition/use, researchers in the L2
acquisition/use area have drawn on studies developed in the cognitive sciences, which seek to
understand and explain the mental processes involved in a number of tasks such as perceiving,
remembering, understanding, leaming, and reasoning (Ashcraft, 1994, 'Stillings, Feinstein,
Garfield, Rissland, Rosenbaum, Weisler, & Baker-Ward, 1987).

The integration of cognitive models within L2 studies has been limited to certain aspects
of the L2, with research accumulating in the area of language comprehension--mainly reading--
and only a few studies in language production. Among the latter, the focus has been mainly on
the phonological aspect of the L2 and the literature mentions only a few attempts at describing,
from the cognitive perspective, the process of L2 ‘speech production (e.g., Faerch & Kasper,
1983; Dechert & Raupach, 1980; Dechert and Raupach, 1987, de Bot, 1992).

The objective of the present article is to examine the relationship between working
memory capacity, a construct of current information processing theory, and fluent L2 speech
production at the discourse level and the articulatory level. As Miyake and Friedman (1998) point
out, the concept of working memory may be- useful in explaining individual differences in the
acquisition and use of an L2. By better understanding variation in L2 performance, researchers in

the area may refine theories of L2 acquisition/use and optimize the outcome of L2 instruction.
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This article is organized in 4 sections. In the first section, the concept of working memory
is discussed and a review of the psychometric correlational approach —focusing mainly on the
relationship between working memory capacity and L1 processing- is presented. In the second
section, relevant studies on L2 speech production are reviewed. In the third section, the method,
materials, and tasks used in this study are presented, followed by the analysis and discussion of
the results obtained. Finally, in section 4, the limitations of the study are outlined and suggestions

for further research are made.

I Working memory

Working memory is the human limited capacity cognitive system responsible for the
temporary storage and processing of information retrieved from long-term memory in the
performance of complex cognitive tasks (Baddeley, 1990, 1999; Daneman, 1991; Engle, 1996,
Logie, 1996; Richardson, 1996).

As Baddeley (1992) suggests, research on working memory has been developed along
two different but complementary approaches. The first one, the dual-task neuropsychological
approach, focuses on the analysis of the structure of the three-component working memory model
proposed by Baddeley and Hitch (1974) and Hitch and Baddeley (1976). This model consists ofa
general-purpose central control architecture —the central executive- and two slave subsystems —
the phonological loop and the visuo-spatial sketchpad. The methodology of the dual-task
approach consists of the application of dual tasks--for instance, remembering a list of digits while
reasoning (Baddeley, 1990:68)-- and the study of neuropsychological evidence to explain,
mainly, the slave subsystems.

The second approach, the psychometric correlational, is concerned with the correlations
existing between working memory capacity —conceptualized as a single unitary device- and the
performance of complex cognitive tasks. Within this approach, the two functions of working
memory--storage and processing--compete for its capacity during the performance of complex
cognitive tasks (Daneman and Carpenter, 1980, 1983). The methodology generally consists of
devising laboratory tasks in which both storage and processing of information are necessary, and
subsequently using the individual's results of performance on these tasks to predict his/her skills
in demanding cognitive tasks, such as reading comprehension. The present study was carried out

within the psychometric correlational approach and focuses on L2 speech production.



The psychometric correlational approach to working memory capacity

Under the assumption that working memory has the dual function of storing and
processing information and that traditional digit or word span tasks do not reflect the processing
function efficiently, Daneman and Carpenter (1980) devised a complex measure of working
memory span which they termed the Reading Span Test. In their view, there is a trade-off
between storage and processing in working memory, which is likely to be a source of individual
differences in reading comprehension. They propose (Daneman and Carpenter, 1980, 1983), then,
that the processing and storage functions of working memory compete for its limited capacity.

The Reading Span Test, as it was first devised by Daneman and Carpenter (1980),
requires subjects to use both functions of working memory: the processing component requires
sentence comprehension while the storage component consists of maintaining and retrieving the
final word of each sentence of a presented set. A subject’s reading span is the maximum number
of sentence-final words recalled in the order they were presented and is taken as an index of
his/her working memory capacity.

The Reading Span Test has been the basis for most of the research on individual
differences in working memory and reading comprehension, and has been extensively used as a
predictor of performance on various other aspects of reading: (1) the ability to detect
inconsistencies in sentences with homonyms (Daneman & Carpenter, 1983); (2) the ability
subjects have to make inferences of ideas not explicitly mentioned in the text (Masson & Miller,
© 1983); (3) the ability to make use of contextual cues to infer the meaning of new words in the text
(Daneman & Green, 1986); (4) the resolution of lexical ambiguity in reading (Miyake, Just &
Carpenter, 1994); and (5) the perception of text structure (Tomitch, 1995). Various researchers
(e.g. Daneman & Carpenter, 1980; Masson & Miller, 1983; Tumer & Engle, 1989) have also
found strong correlations between the Reading Span Test and standardized measures of reading
ability such as the Verbal Scholastic Aptitude Test and the Nelson-Denny reading test.!

Claiming that individuals differ considerably in the fluency with which they speak,
Daneman (1991)--on which the present study is based--verified whether differences in working
memory capacity could account for this variation in L1 speech production. Considering that
speaking is a complex cognitive task which requires coordination of storage and processing of
information in the various stages of the speech production process, Daneman hypothesized that
individuals with larger working memory capacities would perform better on tasks measuring

fluency.

1 For an extensive review of the literature on individual differences in working memory capacity and
reading comprehension, see Tomitch 1995.



Subjects” working memory capacity was assessed by means of the Speaking Span Test
(Daneman & Green, 1986), aimed at measuring working memory capacity during speech
production. The test consisted of presenting subjects with increasingly longer sets of unrelated
words, which they had to read silently. At the end of a set, subjects were required to produce
aloud a sentence for each individual word presented, in their original order and form of
presentation. A subject’s speaking span was operationalized in terms of his/her total capacity--the
total number of words for which he/she was able to produce a grammatical sentence. This total
capacity was expressed in two speaking span scores: speaking span strict, counting only those
sentences with the exact form of the word presented, and the speaking span lenient, counting also
sentences containing the word in a different form.

Subjects’ oral fluency was assessed by means of the Speech Generation Task, the Oral
Reading Task and the Oral Slip Task. The Speech Generation Task aimed at eliciting fluency at
the discourse level and consisted of the description of a picture for 1 minute and 30 seconds.
Measures of fluency in this task were number of words completely articulated--the main measure-
-and richness and originality of context. The Oral Reading Task and the Oral Slip Task both
aimed at eliciting fluency in terms of speed and accuracy in the articulation of words. In the Oral
Reading Task subjects were required to read a passage aloud and the main measure of fluency
was reading time. In the Oral Slip Task, which aimed at eliciting spoonerisms, subjects were
required to say cued pairs of words shown on a computer screen. The measures of fluency used
were number and types of errors made. In addition, Daneman applied a Reading Span Test, which
she hypothesized would correlate with the reading related task.

The study was carried out with 29 English L1 university students and results show that
the Speaking Span Test correlated significantly with the Speech Generation Task, The Oral
Reading Task, and the Oral Slip Task--that is, subjects with larger working memory capacity
performed better on the picture description task, took less time reading the passage aloud, and
were less prone to producing spoonerisms. Also, as predicted, the Reading Span Test correlated
significantly only with the reading-related task--the Oral Reading Task. The Speaking Span Test
yielded two types of scores--one strict and one lenient--and, as hypothesized, the two speaking
span scores differed in the aspects of fluency they predicted. Speaking span strict correlated better
with the Oral Reading Task and the Oral Slip Task, while speaking span lenient correlated more
significantly with the Speech Generation Task.

These results are explained by the claim that the Speaking Span Test is a complex
measure of working memory span for language production, which taxes both the storage and

processing functions of this limited system during the production of speech. While the storage



component of the test is to recall the words presented, the processing component consists of
generating grammatical sentences containing these words. Both functions compete for the limited
capacity of the system.

Daneman argues that the ability with which an individual coordinates storage and
processing in this task is related to his/her ability to produce fluent speech, which also requires
efficient coordination of storage and processing of information. It is important to note that the
Speaking Span and Reading Span tests are recall tests which were devised to measure working
memory span under language production or comprehension processing demands. The tests do not
measure processing efficiency per se. Rather, they are assumed to reflect the storage capacity an
individual has left as a result of his/her processing efficiency while producing or comprehending
language. Thus, as claimed by Daneman and colleagues, good readers have a larger working
memory capacity for storing products of the reading comprehension process--such as facts,
pronoun referents, and propositions (Tumer & Engle, 1989)--because their reading
comprehension processing is more efficient and thus they use less of their capacity. By the same
token, more fluent speakers have a larger working memory capacity, as measured by the
Speaking Span Test, because they are more efficient in executing the processes required during
speech production, leaving greater resources available for the storage and subsequent integration
of the intermediate products of this processing (Daneman, 1991). The present study examines

whether this claim can be made in the case of L2 oral fluency.
II L2 Oral Fluency

We all have an intuitive concept of what it is to be fluent and upon hearing someone talk,
we immediately judge him as more (+) or less (-) fluent, although we might not be aware of what
makes us consider the speaker as such. Fillmore (1979), one of the first researchers to point out
individual differences in fluency, suggests we may judge speakers to be fluent in their L1 in four
main ways. In his view, ﬂuency is related to (1) the ability to fill time with fast talk, (2) the ability
to produce semantically dense speech, (3) the ability to perform in several pragmatic aspects of
language, and (4) the ébility to speak with creativity and imagination, building metaphors,
punning and making jokes with the meanings and sounds of words, on line.

Highlighting the multidimensional nature of the phenomenon in each of these aspects of
fluency, Fillmore proposes that different types of knowledge and skills are involved in the
production of fluent speech, mentioning that speakers vary in their vocabulary size, in their

knowledge of linguistic forms and formulaic expressions, in their ability to create new
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expressions as well as to access and use syntactic constructions of their L1 in the various
conversational settings and discourse pattems, varying also in their knowledge of appropriateness
of language.

While these four kinds of fluency might well be considered true also for second
languages, L2 fluency has been judged and defined in a rather different fashion. As Riggenbach
(1991) points out, the notion of fluency has played a much more central role in L2 research than it
has in L1, since fluency has been considered an important factor in assessing L2 proficiency.

Most studies dealing with L2 fluency have described the phenomenon at isolated levels
of occurrence, from the utterance to the discourse level (Ejzenberg, 1995). As a result, fluency
has been defined in a number of different ways. Traditional definitions of fluent speech are
"speech that lacks unnatural pauses" or "speech that exhibits smoothness, continuity, and
naturalness" (Riggenbach, 1991: 423-24).

In an attempt to organize the ways in which L2 fluency has been understood, Lennon
(1990) concludes that the term fluency is generally used in two senses. In its broader sense, it is
equated to oral proficiency: a fluent speaker would be the one whose oral production is native-
like in all aspects--vocabulary range, grammatical correctness, pronunciation, idiomaticness,
appropriateness, and relevance. In its narrower sense, Lennon argues, fluency in an L2 is one
component of oral proficiency and is basically related to speech rapidity, to the flow of speech
without this being impeded by hesitations. In this narrower sense, fluency is opposed to other
components of oral proficiency such as lexical range, grammatical correctness, pronunciation,
idiomaticness, appropriateness, and relevance.

This narrower sense is related to the definition Lennon (ibid.) gives for fluency as the
perception we have, when hearing someone talk, that the speaker's psycholinguistic processes
involved in speech planning and production are working easily and efficiently (p. 391). In line
with this view, Schmidt (1992) defines fluency as an aufomatic procedural skill (cf. Carlson,
Sullivan, & Schneider, 1989). For him, "fluent speech is automatic, not requiring much attention
or effort" (p. 358), in contrast to nonfluent speech, which is effortful and which demands focused
attention on a number of processes involved in the various stages of speech production.

Early studies of L2 oral fluency emphasized mainly the temporal variables of speech
production. Méhle (1984) compared speech samples of advanced L2 leamers of German and
French performing a description task and a free discourse task. She was able to identify a number
of measures of fluency, among which, speech rate, length and position of unfilled pauses, number

and distribution of filled pauses, and length of speech runs between pauses.



Rehbein (1987) analyzed the pauses produced by leamers of German as an L2 and
developed a set of hypotheses concemning L2 fluency. He posits that fluency is dependent on the
activity of planning, which requires the L2 speaker to create a global scheme for his/her
utterance. Planning and uttering take place in part simultaneously causing the speaker to pause.
Rehbein also points out that fluent speech depends on the type of task the speaker is required to
perform, the type of event he/she is involved in, the type of discourse being carried out, and the
expectations of the hearer.

Lennon (1990) attempted to quantify the components of fluency by analyzing speech
samples of four adult German university students of English as a second language on two
occasions--before and after the subjects’ study visits to England. Based on the subjects’ narration
of a sequence of pictures, Lennon devised a wide range of measures of fluency encompassing
both temporal variables and disfluency markers, many of them in the tradition of Goldman-Eisler
(1968). By comparing each subject’s first and last narratives, Lennon found that there had been
improvements in their fluency mainly in terms of speech rate and number of filled pauses. He
reports that subjects’ speech was faster, with fewer repetitions and filled pauses per T-units, less
time occupied by unfilled pauses, longer fluent runs between pauses and T-units, and a reduction
of pause time at T-unit boundaries.

Riggenbach (1991) is one of the first studies to use conversational data and to include
interactive features of speech production in the evaluation of L2 oral fluency. Riggenbach (1991)
analyzed the speech of 6 Chinese students of English as an L2, three rated as very fluent, and
three as very nonfluent. Her primary goal was to identify which features of the speech of highly
fluent nonnative speakers differed from the ones of those considered to be highly nonfluent.
Riggenbach asked her subjects to record a dialogue and the quantitative analysis of the speech
samples included specific fluency-related items such as hesitation phenomena, repair phenomena,
rate and quantity of speech, interactive phenomena, and tum change types. Each of these
categories contained a set of sub-items, summing up 19 variables. The results obtained showed
few significant differences in features between fluent and nonfluent subjects. However,
Riggenbach was able to verify that fluent and nonfluent subjects differed in terms of speech rate
and number of filled pauses, supporting Lennon’s (1990) findings. Subjects judged as very fluent
speakers also showed more ability to make appropriate topic changes and to anticipate the end of
turns.

Ejzenberg (1995) investigated the effect of task structure--dialogue vs. monologue--on
the display of L2 oral fluency of 50 subjects. In addition, she verified whether there were
quantitative and qualitative differences in the speech produced by the very fluent and the very



disfluent subjects. By manipulating the structure of the tasks used in the study, Ejzenberg was
able to show that “interactivity” is an important variable affecting speakers’ display of fluency
(1995, p. 17). Thus, her subjects appeared to be more fluent in dialogues than in monologues,
with subjects’ fluency varying according to the degree of interactivity present in the context of
speech production. The qualitative analysis of four features of speech of three high- and tree low-
fluency subjects across tasks showed that high-fluency speakers tend to speak more and faster
than their low-fluency counterparts. High-fluency speakers also produce longer talk units and
longer fluent units (Ejzenberg, 1995, p. 34 and 36; Postma, Kolk, & Pole, 1990; Pawley & Syder,
1983), displaying, in addition, a number of discourse strategies during speech production in order
to maintain an “air of fluency” (Ejzenberg, 1995, p. 38).

Freed (1995) investigated whether native speaker judges’ global perceptions of fluency
would distinguish between two groups of L2 leamers--one with experience in studying in the
country of the target language and the other with formal classroom instruction only. Freed also
attempted to identify features of fluency that distinguished the two groups. The speech samples of
30 subjects were first subjectively analyzed by a group of 6 native speaker judges on a 7-point
scale. Subsequently, linguistic analyses of 8 subjects’ speech samples were performed in order to
identify attributes of fluency that would help determine those subjects who had been abroad from
those who had not. For this linguistic analysis, Freed chose mainly temporal variables and a
number of disfluency markers. The analyses performed by native speaker judges’ revealed a
small difference in the perceived global fluency between the two groups, with a modest increase
for the less advanced students (Freed, 1995, p. 134). The linguistic analyses, however, showed
that subjects who had lived abroad tended to speak more and faster, with fewer silent and non-
lexical pauses, longer speech runs, and a greater number of reformulations and false starts.

The studies relviewed above all focused on L2 fluency as a product of the speech process
and attempt to identify the features of L2 fluent speech production. The present study focuses on
fluency from a cognitive perspective, thus being primarily concerned with the cognitive processes
involved in the production of L2 speech--more precisely, with the ability the speaker has to
coordinate the various mental processes involved in this production. For the purposes of the
present study, and following Lennon (1990) and Ejzenberg (1995), fluency is here restricted to
the oral mode and is considered as a component of language proficiency, being operationalized as
the observable speed, accuracy, and fluidity with which speech is delivered (Segalowitz,
Segalowitz & Wood, 1998).



III Method

Research hypotheses

The objective of the present study was to verify whether there was a correlation between
individuals’ working memory capacity and their oral fluency in English as a foreign language
(L2)at the discourse level and the articulatory level. A set of experiments was applied in order to
assess subjects’ working memory capacity and L2 fluency: the Speaking Span Test, in Portuguese
and in English, aimed at assessing subjects’ working memory capacity; and three tasks aimed at
assessing their L2 fluency: a Speech Generation Task, an Oral Reading Task, and an Oral Slip
Task. Because oral reading requires, in addition to speech articulation and print decoding, a
certain amount of comprehension, the Reading Span Test, in both Portuguese and English, was
also included.

Based on Daneman (1991), the present study investigated the following set of
hypotheses:
Hypothesis 1: Individuals with a larger working memory capacity as measured by the Speaking
Span Test, in Portuguese and in English, would be more fluent at generating speech, more fluent
at reading aloud, and less prone to making spoonerisms in the L2.
Hypothesis 2. Speaking Span strict and lenient are sensitive to different aspects of L2 oral
fluency: the former would correlate better with fluency in articulation of words, as measured by
the Oral Reading Task and the Oral Slip Task, and the latter would correlate better with fluency
in producing smooth, continuous, coherent and adequate speech, as assessed by the Speech
Generation Task.
Hypothesis 3: The Reading Span Test, like the Speaking Span Test would correlate with fluency
in oral reading, but would not correlate with the other two nonreading-related tasks.

Subjects

Subjects for the study were 16 graduate students taking their MA in English language or literature
at a major Brazilian university. Of the 16 subjects, 12 were women and 4 were men, ages ranging
from 22 to 39 with a mean of 27.5, thus a predominantly young adult sample. At the time of data
collection, all of the subjects were working either on their research proposal or on their thesis, and
thus had gone through a number of courses which required them to perform in English at a high
standard in both the oral and written modes. All of the subjects had previously dealt with English
professionally, mainly teaching. Except for three of the subjects, all of them held undergraduate
degree in Portuguese/English Languages and Literatures. Subjects’ experience in an English-
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speaking country varied from short study visits to longer periods of residence, again with the
exception of three subjects--not the same three--who had never been abroad. For the purposes of
the present study, these subjects are considered to form a relatively homogeneous group in terms
of L2 proficiency, sufficient to allow them to use it successfully at least for academic purposes,
including speaking. Furthermore, the subjects selected characterize the type of subjects who
generally participate in the studies developed in the psychometric correlational approach to
working memory, predominantly university students who presumably have more highly

developed cognitive skills.

Materials and tasks

Measures of working memory capacity during language production: Subjects working
memory capacity for language production was assessed by means of the Speaking Span Test
(SST) in Portuguese (SSTP) and in English (SSTE).

Speaking Span Test in English (SSTE): The SSTE was constructed with 40 unrelated one-syllable
words, arranged in two sets each of two, three, four, five, and six words. Each word was
presented on the middle line of a XT computer video screen for 1 second and was accompanied
by a beep. Subjects were instructed to read the words silently. Ten milliseconds after the word
had been removed, the next word in the set would appear beside the place the previous word had
been presented, on the same line. This procedure was followed, each word slightly to the right,
until a blank screen signaled that a set had ended. Subjects were then required to produce orally a
sentence for each word in the set, in the order they had appeared and in the exact form they were

presented. Thus, for instance, after being presented with the set:

duck pen gas
a subject generated the sentences:
“The duck is in the pond.”
“The pen is mine.”
“I need some gas.”

Subjects were told that there were no restrictions as to the length of the sentences, but
they were required to make them grammatical as regards syntax and semantics. After each subject
finished generating the sentences for a given set, the next set would be presented and this
procedure was followed until all sets had been presented. The two-word sets were presented first,
followed by the three-word sets, the four-word sets, and so on. Following Daneman (1991) and
Daneman and Green (1986), the measure applied to a subject’s speaking span in English in the
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present study was his/her total performance in the test, that is, the total number of words for
which a grammatical sentence was produced--in this case, the maximum being 40.

Subjects’ responses were tape-recorded and, from the analysis of their responses, two
types of scores were obtained, as in Daneman (1991): a speaking span strict, when all the
grammatical sentences the subject produced contained the target word in its exact form of
presentation, and a speaking span lenient, when credit was given for grammatical sentences that
contained the target word in a form other than that of presentation (e.g., target word being “dog”
and the word in the sentence produced being “dogs”). The main measure of individuals’ working
memory capacity was the speaking span strict.

There were a few cases in which subjects recalled words out of their order of presentation
or in which they inserted or repeated words of previous sets. In these cases, no credit was given
for the sentences produced. No subjects produced ungrammatical sentences in terms of syntax
and semantics.

The words constituting the SSTE were taken from the word span test used by Harrington
and Sawyer (1993) and from the fan test used by Cantor and Engle (1993). The words were
randomly organized in the sets, but an effort was made to avoid phonologically similar words in
the same set. In order to minimize processing constraints in sentence production and to avoid a
possible word-length effect (Baddeley, 1990), this test was constructed only with monosyllabic
words, of three to five letters. Despite the fact that this test did not aim at measuring L2 linguistic
knowledge, at the end of the test subjects were shown the list of words presented and asked
whether there were any words that they did not know or remember the meaning of, in which case
the word would be taken out of the subject’s responses during the analysis. There were no cases
in which a word was unknown to subjects.

Speaking Span Test in Portuguese (SSTP): The SSTP was devised and applied as the SSTE. The
only difference between the SSTP and SSTE was that all words in the former were seven letters
in length, in replication of Daneman (1991). Daneman’s seven-length specification was
maintained in order to keep as close as possible to the design of her tests, although number of
syllables or spoken duration might have been more adequate criteria, if we assume that what is

maintained in memory is acoustic rather than a visual image of the word.

Measures of working memory during language comprehension: Subjects’ working memory
capacity for language comprehension was assessed by means of the Reading Span Test--RST--
(Daneman & Carpenter, 1980, 1983), which was also carried out both in English (RSTE) and in
Portuguese (RSTP). According to Daneman (1991), oral reading (one of the tasks aimed at
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assessing oral fluency) involves, in addition to fluency of articulation, comprehension processes
that are better captured by the RST. Again, as in Daneman (1991), the hypothesis was that the
RSTE would correlate to subjects’ oral reading fluency in English, as measured by their oral
reading time.

Reading Span Test in English (RSTE): The RSTE was constructed with 40 unrelated sentences
arranged in two sets each of two, three, four, five, and six sentences. The sentences were adapted
from Harrington and Sawyer (1993). Some of them were slightly modified in order to avoid that
words contained in the SSTE were repeated as target-words in the RSTE. The sentences were
made syntactically simpler and 3 to 4 words shorter than the ones used in Daneman (e.g., 1991),
and each one ended in a different word.

Each sentence was presented one at a time on a XT computer screen, and subjects were
asked to read them aloud, trying to comprehend them. At the end of a set, when a blank screen
appeared, subjects had to recall the last word of each sentence in the set in the order and form
they were presented. Instructions were given orally and subjects were explicitly told that this was
also a memory test and that they were thus encouraged to recall as many sentence-final words as
they could. The time of presentation in this test was not controlled, but depended on the speed of
the subjects. The subjects would read each sentence aloud, and as soon as they finished, the
experimenter would press the "enter" key on the computer keyboard, causing the next sentence in
the set to be presented. This procedure was followed until the 40 sentences had been presented.
As in the SSTE, the two-sentence sets were presented first, followed by the three-sentence sets,
the four-sentence sets, and so on. Subjects were told that the sets would be increasingly longer.

In order to make sure that subjects were attending to the meaning of sentences and were
indeed applying comprehension processes, a grammaticality judgment was included in the test, as
in Harrington and Sawyer (1993). This consisted of incorporating one or two ungrammatical
sentences in the sets, in initial, middle or final position. The procedures for making sentences
ungrammatical in this test were even simpler than the ones suggested by Harrington and Sawyer
(ibid.): ungrammatical sentences did not make any sense and had unacceptable subject-verb
agreement, unacceptable sequences of nouns and unacceptable verb tenses, thus being
ungrammatical both syntactically and semantically.

Subjects were explicitly told that they would find such ungrammatical sentences and
were instructed to tell the experimenter when this was the case. They were also told to ignore the
ungrammatical sentences during recall of the sentence-final words. For example, in the following

set of three sentences, the fourth and ungrammatical sentence was included, which should be
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recognized as ungrammatical and its final word not included during recall, which would include,

then, only dog, church, and nut2:
The young woman and her boyfriend thought they saw a dog.
Suddenly the taxi opened its door in front of the church.
All that remained in the lunch box was one salted nut.
*Car go break stars don't see the house.

< blank screen>

In case they did not recognize a sentence as ungrammatical, the experimenter would tell them so
before the next sentence was presented.

Again, as in Daneman (1991), a subject's working memory span for language
comprehension was his total performance on the test, that is, the maximum number of sentence-
final words he/she could recall in the exact order they were presented --in this case 40. There
were a few cases in which subjects gave 'a word out of order word or repeated words from
previous sets. In these cases, no credit was given. In the RSTE there was no lenient score, since
no subject recalled forms of words other than that in which the word was actually presented.
Reading Span Test in Portuguese (RSTP): The RSTP was applied in the same manner as the
RSTE. The test was constructed with 40 unrelated sentences, of 12 to 17 words in length (as in
Daneman, 1991), taken from current magazines and newspapers. Each sentence ended with a
different word. Similar to the RSTE, to ensure that subjects were attending to sentence meaning,
an obstacle to comprehension, rather than a grammatical judgment, was incorporated. This
consisted of omitting the Portuguese diacritical marks which disﬁnguish one word from another--
the verb ¢ (is) from the conjunction e (and)--or which facilitate recognition and pronunciation of
the word (the cedilla in agougue, for instance). Thus, in order to recognize the words and
pronounce them correctly, subjects had to make judgments based on comprehension of the rest of
the sentence.

Unlike the RSTE, subjects were not told that there would be such sentences in this test
and were expected to notice the absence of the diacritics, especially when the meaning was not
clear. Instructions were given orally and training was given only to those subjects who found it
necessary. Subjects were instructed to recall all sentence-final words of each set presented, in
their original form and order of presentation, which would be in increasingly longer sets. The

span tests in English--SSTE and RSTE--were included in the present study in order to answer a

2During the test, to-be-remembered words did nor%)ear in bold and ungrammatical sentences were not
preceded by an asterisk.
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secondary question: whether working memory capacity, as measured by the speaking span and

the reading span tests, remained the same across languages.

Measures of L2 fluency: Subjects' L2 fluency was assessed by means of a Speech Generation
Task (SGT), an Oral Reading Task (ORT), and an Oral Slip Task (OST).

Speech Generation Task (SGT): In the SGT subjects were presented with a picture and required to
describe it as well as make comments about it for the duration of 1m and 30s. The picture,
adapted from an L2 textbook and painted in watercolors on a 20 x 25-cm card, portrayed a
detailed scene of a middle-class family at home. In the living room, there were five members of
the family, each one doing a different activity. In the kitchen, the family maid was involved with
the housework.

Although picture description is generally considered a highly pre-structured task because
of the number of cues the speaker has available to organize his/her speech (Ejzenberg, 1995), the
scene portrayed in this particular picture left it open to subjects to decide on the gender of one
adult character, purposefully not clearly defined in the picture, and on the hierarchical position of
a female character, who could either be a mother or a daughter. It was believed that these two
aspects of the picture would make the task more demanding.

Subjects were explicitly instructed to give as much information as they could about the
picture in their descriptions as well as in their comments. Their speech samples were tape-
recorded and then transcribed so that they could be scored. The main measure of fluency was that
used by Daneman in her 1991 study, the total number of words produced during the time allotted,
or their speech rate.

Subjects' tape-recorded protocols were also submitted to the evaluation of two
independent judges, native speakers of American English. These judges, who were also L2
teachers, were asked to rate subjects' fluency in terms of their richness of content, this aspect
being subjectively defined by the two judges themselves, on a scale of 1 (repetitious, semantically
empty) to 5 (creative, semantically rich).

Since the two independent judges did not receive any training to experimentally assess
fluency or detailed instructions about this study, their ratings were given solely on their subjective
impression of richness of content as native speakers and as EFL teachers. For this reason, the
average rating of the two independent judges was used to correlate with individuals' working
memory capacity. It is noteworthy, however, that the main measure of L2 fluency, for the
purposes of this study, is the total number of words subjects produced in the time allotted. This

second subjective measure provided by the two judges was correlated with subjects' working
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memory capacity for L2 fluent speech production in order to answer another secondary question
of this research: whether the SST was a good predictor of fluency as directly measured by the
listener's subjective impression.

Oral Reading Task (ORT): the ORT consisted of requiring subjects to read aloud a 320 word
passage extracted from The Great Gatsby, by Scott Fitzgerald. Subjects were told that the
emphasis was on reading speed and were explicitly instructed to read the passage as quickly as
possible, but not as to slur words. They were also given extra time to read the passage silently
first, in order to check for vocabulary and pronunciation problems. Reading time, the measure of
fluency, was measured in seconds (s) with a stop watch. Subjects' protocols were tape-recorded.
Oral Slip Task (OST): the OST aimed at eliciting spoonerisms in the laboratory. In her original
study Daneman adapted this task from Baars, Motley, and MacKay (1975). The task devised for
the present study is different from Daneman's as regards (1) the number of word pairs with which
the test was constructed -- 84 in total -- and (2) the word pairs themselves, some of which were
collected from Fromkin's (1971) Appendices as well as others devised by the experimenter, since
Daneman does not provide Appendices for the items constituting her experiments. In all other
aspects, this task was devised as Daneman describes it.

Subjects were presented with the 86 pairs of words on the middle line of a computer
video screen, one pair at a time at a rate of 1s each--900 milliseconds (ms) of exposure and 100
ms of interval- and were required to read them silently (Appendix F). Upon hearing a beep,
subjects were to speak aloud the pair which immediately preceded the beep. There were 24 cued
(via the beep) word pairs. From these, 8 were target word pairs aimed at eliciting the spoonerism
errors, and 16 were filler pairs aimed at disguising the targets. Subjects were expected to speak
aloud 24 pairs of words, making 8 spoonerism errors and pronouncing correctly the remaining 16
pairs of words. The measure of fluency in this task was the total number of spoonerism errors the
subject made.

Spoonerism errors were induced by provoking a predisposition toward it. This was done
by presenting three phonological interference word-pairs immediately before the target word pair.
The phonological interference word pairs were similar to the spoonerism expected, therefore
biasing the pronunciation of the target word pair. Thus, for instance, subjects were presented with
the following pairs of words (one at a time):

sea ships

seck sheeps

see shears

she sees <becp>
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On hearing the beep subjects were expected to say "sea shees" instead of "she sees", as the s/sh
phoneme pattern in the beginning of words was established by the three phonological interference
pairs.

To ensure that subjects would attend to all word pairs, the beep only sounded 500ms after
the removal of the to-be-spoken pair from the computer screen, entering 400ms into the 900ms
presentation of the next pair. This procedure did not allow subjects to perform the task by
ignoring noncued pairs since they did not know when the beep would sound nor which pairs
would be beeped.

Subjects were explicitly instructed to attend to each word pair and were also told that the
beep would sound after the removal of the to-be-spoken pair. All subjects' protocols were tape-

recorded.

Procedures

The data for this study were collected individually with each subject in a room at the
university, in two sessions which took place on different days for each subject. There were a
computer, a tape recorder and a few chairs in the room. In the first session, subjects’ working
memory capacity was assessed through the application of the four span tests. In the second
session, subjects’ L2 fluency was assessed through the other three tasks. Subjects were contacted
beforehand to schedule the first session. At the end of the first session of each subject, the second
one was scheduled. The interval between one session and the other varied among subjects and
depended on the time they had available. Instructions were given orally and in Portuguese--all
subjects’ L1-- in all of the tests carried out. Subjects were explicitly told that the span tests were
memory tests and that it was necessary to focus their attention on the stimuli. Likewise, they were
explicitly told what the measures of fluency would be. For the memory tests and the Oral Slip
Task, the experimenter first gave sample items. Then, actual previous training was given only if
subjects required it and would last until they decided to stop. Instructions were given before the

beginning of each experiment and these were applied in the order described above.

Results and discussion

The results obtained from the application of the set of seven experiments were complex
and non-systematic across tests. Presentation and discussion of the results will be organized as
follows: (1) the span tests; (2) working memory capacity and the Speech Generation Task; (3)
working memory capacity and the Oral Reading Task; (4) working memory capacity and the Oral
Slip Task.
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(1) The span tests: As Table I shows, the Means (M) and Standard Deviations (SD) of the span
tests tended to be similar within tests, that is, within the speaking span tests and the reading span

tests, irrespective of language.

Table I - Mean Performance and Standard Deviations for Measures of Working

Memory Capacity
Mean SD
Speaking Span Test in Portuguese (SSTP)- 215 2.7
strict
Speaking Span Test in Portuguese (SSTP)- 233 2.1
lenient
Speaking Span Test in English (SSTE)-strict 214 2.8
Speaking Span Test in English (SSTE)- 234 3.5
lenient
Reading Span Test in Portuguese (RSTP) 27 4.7
Reading Span Test in English (RSTE) 24.1 5.1

However, as the results of Pearson Product Moment Correlations show in Table II, only the RS in
Portuguese and in English reached significant correlations--[ r (16) = 0.78, p = 0.0003]. No
significant correlations were found between the SSTP and the SSTE or between the speaking and
the reading span tests in either language.

Table II - Correlations among Measures of Working Memory Capacity

SSTE SSTE RSTE RSTP
strict lenient
SSTP strict 0.20 0.16 0.16 0.09
SSTP lenient 0.11 0.27 0.36 0.27
RSTP 0.13 0.17 0.78* —
RSTE 0.33 035 | @ - 0.78*
*p<0.01

As already observed, the speaking span (Daneman & Green, 1986) and the reading span

(Daneman & Carpenter, 1980) tests are complex measures of working memory which require that
the individual carry out a processing task while trying to maintain the to-be-remembered
stimulus, thus taxing both the processing and storage functions of the system. There are currently
three main theories that account for individual differences in working memory capacity: the task-
specific view, the processing efficiency view and the activation view (Cantor & Engle, 1993).
The task-specific view posits that the greater an individual’s efficiency in processing

information, the greater the capacity left available for storage of the products of this processing
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and of material retrieved from long-term memory (Cantor &Engle, 1993). This more efficient
processing is highly task-specific (Daneman & Green, 1986): an individual’s working memory
capacity will vary according to his/her efficiency in the processes specific to the task with which
working memory capacity is being correlated. Thus, for instance, good readers will have a
functionally larger working memory capacity in reading-related tasks, but not necessarily in
language production tasks. Within this view, the processing component of the span test must
require the same processes present in the cognitive task whose performance is being predicted.

Further elaborations of the task-specific view have led to the processing efficiency view,
which claims that there are general skills which are employed in any task demanding the
manipulation of language. For instance, Daneman & Tardiff (1987) argue that individual
differences in working memory capacity can be measured through processing efficiency alone,
without including a simultaneous storage component in the task.

Daneman & Tardiff (1987) examined the relationship between three span tasks (verbal
span, math span, and spatial span) and comprehension. The span tasks had both a processing and
a storage component. The verbal and math span tasks correlated with verbal abilities. However, to
show that the crucial variable in individual differences in working memory is processing
efficiency, Daneman and Tardiff added three storage-free span tasks in which only processing
was tested. They also found a correlation between these tasks and comprehension which led them
to conclude that it is individual differences in processing that explain differences in verbal
abilities. Thus, the emphasis is on the efficient processing skills individuals have while
performing language-related tasks. The difference between the task-specific and the processing
efficiency views is that in the latter the processing component of the span task need not
specifically require the same processes of the task being predicted.

The activation view defines working memory as information in long-term memory that is
temporarily activated to a level that makes it available for cognitive activity (Cantor & Engle,
1993; Engle, Cantor & Carullo, 1992). The capacity of this system is the total amount of
activation an individual has available to retrieve information from long-term memory in order to
carry out a cognitive task. Individuals with higher or lower spans, as measured by the span test,
differ in their limits of activation. This limited capacity, in the activation view, is independent of
the nature of the task, being, thus, a single unitary resource.

It seems reasonable to argue that the results of the span tests carried out in the present
study reflect the functional capacity of working memory in relation to the processing
requirements made by the background task. Obviously, the background tasks of the speaking and

reading span tests involve qualitatively different processes, the former demanding processing
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efficiency in language production, and the latter in language comprehension. Furthermore, the
lack of a correlation between the SSTP and the SSTE might indicate that speaking in L1 and L2
require somewhat different processing, thus leading to a variation in subjects' working memory
capacity in language production, as illustrated by Figures 1 and 2. In fact, the bilingual models of
speech production proposed in the L2 literature (e.g., de Bot, 1992; Faerch & Kasper, 1983) differ
in some aspects from a unilingual model like Levelt's (1989).

Figure 1-Subjects’ performance on the SSTP and SSTE (strict scores)
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Figure 2-Subjects' performance on the SSTP and SSTE (lenient scores)
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The idea that language production in L1 is qualitatively different from that in L2 is also
supported by Krashen's (e.g., 1982) well-known acquisition/leamning distinction.3  While
speaking in our L1 is a product of the acquisition process, speaking in an L2 is, to a great extent,
an outcome of leamning, a quite different process. Although the acquisition/leamning distinction
has been severely criticized, it seems to be in line with the procedural/declarative dichotomy
sustained by neuropsychologists (e.g., Paradis, 1994). The type of knowledge that results from
the leamning processes would be declarative, a conscious, explicit knowledge. It seems reasonable
to speculate that, due to the characteristics of L2 leaming processes, speaking in the L2 for the
subjects who took part in the present study is, at least partially, a leamned, rather than acquired,
skill. This distinction also seems useful to explain the significant correlation between the RSTP
and the RSTE. Reading, unlike speaking, is a product of learning, be it in L1 or L2.

3 Except where explicitly mentioned that it is Krashen's terminology that is being adopted, as is the case in
this section, the terms acquisition/learning have been used interchangeably in the present study.
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Figure 3-Subjects’ performance on the RSTP and RSTE
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Unlike language production, models of reading generally assume that there are no qualitative
differences in reading in L1 and L2, which means that, in principle, the processes are the same.
The significant correlation found between the RSTP and the RSTE corroborate the similar
correlation obtained by Harrington and Sawyer (1993). Figure 3 illustrates, subject by subject,

this high positive correlation, and shows that performance on the RSTP was better.

(2) Working memory capacity and the Speech Generation Task: The results of the correlation
between working memory capacity, as measured by the Speaking Span Tests (SST), in
Portuguese (SSTP) and in English (SSTE), and the Speech Generation Task (SGT), in which
fluency was measured in terms of number of words produced, stand as the most important
findings of the present study. As hypothesized, the SST correlated significantly with this L2
fluency task, but only the English version of the SST (see Table III). From the scores obtained,
the SSTE strict correlated better with L2 fluency in the SGT, although the expectation was that
the SSTE lenient would correlate better with fluency in this task [ r (16) = 0.64, p = 0.0073, for
the SSTE strict and the SGT; and r (16) = 0.61, p = 0.0114 for the SSTE lenient and the SGT].

Table III - Correlations among the Speaking Span Tests and the Speech Generation Task

SSTP SSTP SSTE SSTE
strict lenient strict lenient
SGT -0.08 -0.19 0.64* 0.61**
*p <0.01
*¥p < 0.05
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The SGT, following Daneman (1991), was included as a global measure of oral fluency
because, to be performed, it requires skillful coordination of the processes involved in the
planning and execution of fluent speech. This coordination of the speech production processes is
assumed to be carried out in working memory. As Daneman argues, the larger a subject’s
working memory capacity, as measured by the SST, the more fluent his/her speech will be, since
his/her coordination of the speech production processes will also be more efficient. The
significant correlation found between the SSTE strict and the SGT corroborates the results of
Daneman's study, in which she found a significant correlation between individuals' working
memory capacity and L1 oral fluency. However, as already noted, in Daneman's study SST
lenient was a more powerful predictor of fluency in the SGT than SST strict.

In all theories of working memory capacity adopted within the psychometric correlational
approach, and thus in the present study, working memory is conceptualized as a single central
system (Daneman 1991; Daneman & Green, 1986) in charge of the processing and temporary
storage of information during complex cognitive tasks. Researchers in the psychometric
correlational approach are primarily concerned with what Baddeley (1990) calls the central
executive and assume no other processing components within this system. Thus, in relating the
processes of speech production as Levelt (1989) conceptualizes them to this theory of working
memory, it seems reasonable to suggest that the whole process takes place within this single
central system, with no particular peripheral components being responsible for specific processes.

Daneman & Carpenter (1980, 1983) proposed that the two functions of working memory,
the storage and processing functions, compete for the limited capacity of the system, which acts
as an arena for the execution of processes and for the storage of the intermediate products of these
processes. Hence, when the individual is engaged in a complex task such as speaking, the
capacity of the system is being shared by both conceptual and linguistic processing demands as
well as by storage demands. For each of the processes of speech production there is an
intermediate outcome that must be temporarily stored.

Working memory is in charge of all the mental processes involved in speaking--from
intention to the construction of intemal speech. The system resources are shared between the
execution of processes--establishment of a communicative intention, conceptualization of the
message, formulation of the message through grammatical and phonological encoding--and the
storage of the products of these processes--the preverbal message (or conceptual structure), the
surface structure (result of grammatical encoding), the phonetic plan of the message (or internal
speech). The two speech production processes which are assumed to make the greatest demands

on working memory are the establishment of a communicative intention and the
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conceptualization of the message (Levelt, 1989), for these two processes, which can hardly be
separated, require that the speaker consider aspects of the context in which he/she is involved as
being determinant of the kind of talk he/she will produce. Another extremely demanding process
is the monitoring of one's own speech, whether as a phonetic plan or as overt speech (Levelt,
1989).

In addition to these higher-level conceptual processes, there are specific linguistic
processes, which also compete for working memory processing and storage capacity. These are
assumed to be highly automatic in L1, and, for this reason, do not make great demands on the
system and thus occur in parallel. Fluent speech requires skillful coordination of all these
processing and storage requirements. Daneman (1991) claims that the correlation between
subjects’ working memory capacity and their fluency in L1 can be accounted for by the fact that
individuals with a larger working memory capacity have more efficient processing skills in the
task in question--speech production--thus leaving more of their working memory capacity for the
storage of intermediate products of this processing and subsequent integration of information
processed. Daneman & Carpenter (1983), Daneman & Green (1986) and Daneman (1991) have
argued that working memory capacity is task-specific. The results of the present study, with
respect to the correlation between the speaking span tests and the Speech Generation Task, tend
to corroborate the task-specific view.

In the present study, each subject's working memory capacity measures varied from one
span test to another. It seems reasonable to suggest that, at least for speaking, the factor
determining different results in two similar tests was the language--speaking different languages
imposes different processing and storage demands on the system. The assumption that speaking
in different languages involves somewhat different processing and storage requirements is
supported by the literature on fluent L2 speech production (see, e.g., de Bot, 1992).

It can be assumed that Levelt's model was proposed primarily for the unilingual speaker
since the author makes only modest references to bilinguals. Nevertheless, 'in view of the
tremendous explanatory power of the model, de Bot (1992) has proposed an adaptation of the
model for the bilingual speaker, which is useful in explaining how L2 speech production might
take place. In the case of the present research, it casts some light on how working memory
capacity might be involved in this production.

The first modification de Bot (1992) makes in Levelt's original model in order to adapt it

to L2 speech production concemns the Conceptualizer, which Levelt assumes is completely

4 For the purpose of this study, ‘bilingual’ means the speaker of an L2 independent of the context of
acquisition and use of this L2 and level of proficiency.
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language-specific. De Bot proposes, instead of considering the Conceptualizer to be completely
language-specific, to consider macroplanning--establishing goals and subgoals--to be language-
independent, and microplanning--giving structure to the content of goal and subgoals--to be
language-specific. This modification seems reasonable, since it is in the microplanning stage that
the speaker might be faced with conceptual decisions such as spatial and temporal reference,
where the options are different for different languages. Thus, one of the main differences
between speaking in L1 or in L2 is that when speaking in the latter, if the individual has
organized his thoughts according to the way concepts are expressed in L1, he might have
problems in expressing a particular concept for which the L2 does not have the lexical items or
whose lexical items the speaker can not access. A native speaker is not normally faced with this
difficulty. Problems in the conceptualization of the message in L2 will lead to problems in the
formulator when the speaker gets involved in grammatical encoding, whose first step is accessing
the specific lexical items to realize the message.

With regard to the formulator, de Bot’s proposal is similar to Levelt's in including a
séparate component for each language. One of the crucial aspects of Levelt's model is the
connection between meaning and syntactic information. For Levelt, the speaker first accesses
meaning and, based on his/her lexical choices, applies syntactic procedures which are defined by
the grammatical specifications of the lexical item in the lemma. Such an assumption poses a
relevant question within L2 studies related to the form in which our L2 mental lexicon is
organized. _

Based on neurolinguistic research, Paradis (1985) claims that bilinguals have one
conceptual store and two distinct semantic stores which are differentially connected to the
conceptual store. This store, which corresponds to our experiential and conceptual information,
contains mental representations of things, events, properties and qualities of objects, and our
knowledge of the world. The lexical items representing these concepts are stored separately for
each language. Many theoreticians (Grosjean, 1982; Poulisse, 1993; de Bot, Cox, Ralston,
Schaufeli, & Weltens, 1995) seem to side with the view that bilinguals have one conceptual store
and separate lexical stores for each language.

Having separate lexical stores implies having separate formulators as well. As already
noted, it is in the formulator that both grammatical and phonological encoding takes place. De
Bot proposes that the bilingual speaker might have separate storages for those language-specific
sounds. The articulator, in turn, is assumed to be one and the same for both languages.

The point in giving an outline of how speech production in L1 and L2 occurs is that

speaking seems to differ in terms of processing when languages differ. If speaking in different
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languages entails different processing, then it seems reasonable to assume that an individual's
working memory capacity will vary according to the language being spoken. As Tumer & Engle
(1989) point out, Daneman and colleagues argue that the working memory capacity span
measure--the span test--is dependent on the background task carried out while the span is being
measured. This background task must include the processing of the task whose performance the
span measure will predict. In other words, if the span measure predicts performance in speaking
in English as an L2, the background task (the processing part of the test) must be an activity
involving speaking in English. Thus, in principle there seems to be no reason why individuals'
working memory capacity as measured by the SSTP (strict or lenient) should be related to their
fluency in English, since this test is taxing working memory storage capacity under Portuguese
language production processing constraints, a process different from the production of language
in English.

As stated above, it was hypothesized, based on Daneman's (1991) L1 findings, that the
lenient score of the SST would correlate better with fluency in the SGT, since this task allowed
subjects to produce speech in a creative, semantically rich way. This prediction was not born out
for the L2. As Table III shows (p. ), the magnitude of the correlation for the SSTE strict was
higher than that for the SSTE lenient.

Daneman's finding that the lenient score was a better predictor of L1 fluency seems to
reflect the assumption that, when presented with the to-be-remembered word, subjects are more
inclined to think of the meaning of this word and of the semantic context in which this word may
appear in a sentence than to think of the form of this word. Thus, it is possible that, when
performing the SST in their native language, subjects are more concerned with making a sentence
in which content is the most important aspect and, to conform to this, the word might be slightly
modified so that meaning can be better expressed. On the other hand, in the L2, especially if it
was learned in the classroom, where they are likely to have been trained in manipulating
language, subjects may be inclined to think first of the form in which the word was presented--
which restricts its grammatical environment--and then of a possible sentence in which that word
could appear. While thinking of the form in which the word was presented, it is possible that
subjects become engaged in some type of rehearsal, which would enable them to keep an exact
representation of that word in working memory.

In summary, the significant correlations found between the SSTE and the SGT were
explained in terms of the task-specific view. In the case of the present study, some individuals
have more efficient processing skills for L2 production than others, thus leaving a greater part of
their working memory capacity for storage and integration of material. Their L2 speech
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production processing efficiency is evident in their performance on the SGT--they were more
able to coordinate the planning and execution processes involved in L2 production, which
resulted in L2 speech characterized as smooth, continuous, with few perceptible pauses and
hesitations, and adequate to the context, as shown by the measure of fluency--number of words
produced in the allotted time. Subjects with inefficient processes allocate more of their available
capacity to processing, thus leaving less for storage of the to-be-remembered words in their exact
form of presentation.

One possible reason subjects with a larger working memory capacity have efficient
processing skills in the L2 might be the degree of automaticity of their L2 production processes.
In his proposed blueprint for the speech production process, Levelt (1989) assumes that most of
the processes involved in speech production take place in parallel incremental fashion, which
requires that certain processes be automatic. It is well accepted in the cognitive literature that,
because humans are limited-capacity processors, some aspects of the cognitive tasks they are
involved in have to be highly automatized so that they can attend to those more complex aspects
of the task (McLaughlin, 1987, 1990). The limited capacity of our working memory requires that
only some aspects of the task we are engaged in be attended to at a time. These aspects are
carried out by means of controlled processes.

The dichotomy between controlled and automatic processes--a classical one within
cognitive psychology--is fundamental to the understanding of human cognitive behavior. Shiffrin
and Dumais (1981) state that all complex skills involve a mixture of controlled and automatic
processes. Automatic processes do not demand processing resources, thus freeing the cognitive
system to the more complex, higher-level processing of the task. Because they do not share
cognitive resources, automatic processes are highly efficient and can be carried out in parallel.
Controlled processes, on the other hand, are assumed to make great demands on the capacity of
the system (e.g., Shiffrin & Schneider, 1977).

Levelt proposes that the aspects of speaking that require the most attention are the
establishment of a communicative intention and the conceptualization of the message. In other
words, when we speak, our attentional resources are focusing on what we want to say. Everytime
we speak, we first have to conceive of a message, and it is unlikely that we have a package of
intentions stored in our long-term memory. Thus speaking involves an activity of genesis: we
create a communicative intention, and, to realize this intention, we have to find an effective

- means of expression, bearing in mind that we have to be coherent, that we have to develop a
chain of thought, that we have to give relevant information, and that the context requires certain

social procedures which affect the whole message construction. Another aspect that requires our
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attentional resource is monitoring, which happens only if the speaker is aware of what he/she is
saying and how he/she is saying it.

Levelt is careful to say, however, that even within conceptualization some aspects are
automatized. The adult speaker has such an extensive experience with speaking that many
conversational skills are automatized: i.e. packages of ready-made messages or formulaic
language are available. The other components of the model proposed by Levelt are assumed to
require mostly automatic processing. Formulating the message and articulating it demand very
few, if any, controlled processes.

Researchers (e.g., Gatbonton & Segalowitz, 1988; Crookes, 1990; Schmidt, 1992 &
1994; de Bot, 1992; McLaughlin, 1987 & 1990, Paradis, 1985 & 1994, among others) agree that
L2 fluency, like fluency in L1, requires a great degree of automaticity, especially in the
grammatical and phonological aspects. Such automaticity is necessary in order to free the
attentional resources to focus on those more demanding aspects of the task, which Levelt (1989)
considers to be the establishment of a communicative intention and the conceptualization of the
message. De Bot (1992) argues that it is in the formulator, where the grammatical and
phonological encoding takes place, that L2 speakers might face the greatest difficulties, ranging
from access of the appropriate lexical items to the application of syntactic and
morphophonological rules. A consequence of the lack of automaticity in L2 speech production is
slower speech rate and, probably, less creative speech, as they cannot pay as much attention to
conceptualization.

It could be argued that it is degree of proficiency, and not necessarily system capacity
problems, that is causing individuals' less fluent production. Indeed, one of the most important
questions the research within the psychometric correlational approach has not yet answered is
whether working memory capacity is dependent on the degree of proficiency the individual has in
the task in which this capacity is predicting performance. This problem is even more serious
when the complex cognitive task is performed in an L2. Despite all the effort made to diminish
differences in subjects' level of proficiency in this study, it is not possible to deny the fact that
degree of proficiency is an intervening variable in the results of the present study.

The significant correlation found between working memory capacity as measured by the
SSTE and the SGT validates the speaking span test as an instrument to assess working memory
during speech production and corroborates the findings of research in L2 fluency at the same
time. Lennon (1990), Riggenbach (1991) and Ejzenberg (1995) all reported finding speech rate as
measured by words or morphemes produced per minute to be a significant distinctive variable

between more and less fluent nonnative speakers. In the present study the main measure of L2
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fluency was the number of words produced in the time allotted --1m30s. As observed, more
fluent speakers produced more words than less fluent speakers.

In order to check whether working memory capacity would correlate with subjective
measures of fluency, subjects' speech samples were submitted to two independent judges to rate
their fluency in terms of richness and originality of content on a 5-point scale (1 for repetitious,
semantically empty speech and 5 for creative, semantically rich speech). Since these measures
are subjective, the average rating of the two judges was used to enter subjects' results. Working
memory capacity, as measured by the SSTE, did not reach significant correlations with the SGT
as measured by subjective ratings [ r (16) = 0.42, p= 0.1018, for the SSTE strict and the
subjective measures, and r (16) = 0.35, p = 0.1895, for the SSTE lenient and the subjective
measures]. However, there was a significant correlation between number of words produced in
the SGT--the main measure of L2 fluency--and the subjective ratings r (16) = 0.54, p = 0.0305].
This result might indicate that number of words produced seems to be taken into consideration
when non-trained listeners evaluate L2 fluency on the basis of intuition. Thus, once again,

number of words stands as a significant variable in the evaluation of nonnative fluency.

Working memory capacity and the Oral Reading Task: Following Daneman (1991), the oral
reading task (ORT) was included in this study primarily in order to assess fluency in articulation
of words. The objective of the task was not to evaluate L2 reading comprehension. Nevertheless,
it is likely that an individual, when engaged in an oral reading task, is also carrying out reading
comprehension processes of the content of the reading passage. For this reason, an index of
working memory capacity during language comprehension was also included, that is, the Reading
Span Test (RST), which was applied both in Portuguese (RSTP) and in English (RSTE).

It was hypothesized that individuals with a larger working memory capacity would be
more fluent in the ORT, thus taking less time to read the whole passage. The prediction was that
both the reading and speaking spans, in both languages, would be related to fluency in L2 oral
reading, as measured by the time (in milliseconds) each individual took to read the passage, but
that the measures of working memory during language production--the SSTP and the SSTE--
would be better predictors of fluency in this task, since reading aloud requires the involvement of
the speech production processes. It was also expected that the RST would not correlate with the
non-reading-related tasks. '

The hypothesis was not confirmed. As already noted, the SST in Portuguese did not
correlate with any L2 fluency task. The SST in English correlated significantly only with the
SGT. Individuals' working memory capacity as measured by the SSTE did not correlate with
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fluency as measured by the ORT. Nevertheless, individuals' working memory capacity as
measured by the RSTE and the RSTP correlated significantly with the ORT [r (16) =-0.51,p =

0.0455, for the RSTE and ORT, and r (16) = -0.55, p = 0.0263, for the RSTP and the ORT].5

There has been a massive amount of research accumulating in the psychometric
correlational approach providing evidence that the RST is a good predictor of performance on
reading comprehension tasks. However, in such studies the results of subjects' performance on
the RST are correlated with measures of specific subskills of reading comprehension, such as
making inferences (Mason & Miller, 1983), perceiving inconsistencies in sentences with
homonyms (Daneman & Carpenter, 1983), using contextual cues to infer the meaning of new
words in a text (Daneman & Green, 1986), to mention only a few.

In the present study, no measures of reading comprehension were applied, but it seems
reasonable to suggest that these particular subjects were applying comprehension processes to
which the RST was sensitive. If that is true, then it seems also reasonable to suggest that the
speed of their oral reading was constrained by reading comprehension processes. In the case of
the present results, it seems that subjects were attempting to comprehend in order to read aloud.
In fact, it is necessary to have some comprehension of the passage in order to make appropriate
pauses and use appropriate intonation while reading aloud. The only reason I see for these
subjects to have had their reading time constrained by their reading comprehension processes to
such a degree that the SSTE was not sensitive to their L2 oral fluency is the fact that the reading
passage chosen for the experiment was not an appropriate one. The passage is decontextualized in
the sense that it was taken from the middle of a chapter, it does not have the pattern of a common
reading passage, i.e., beginning, middle and end, and the vocabulary is characteristic of literary
prose. The strangeness of the passage might have activated higher-level reading comprehension
processes in subjects which could be captured by the RST.

An interesting aspect of the results of the correlation between working memory capacity
and the ORT was that the RST both in Portuguese and English correlated significantly with this
task. These results are in line with previous findings of significant correlations between working
memory capacity for reading in L1 and for reading in L2 (Harrington & Sawyer, 1993; Osaka &
Osaka, 1992; Osaka, Osaka, & Groner, 1993). As is well known, models of reading generally
assume that there are no qualitative differences in reading in L1 and L2. That is not true for
language production, since researchers have argued for bilingual models of speech production,

emphasizing that the processes are qualitatively different.

SShorter reading times in the ORT mean more fluent oral reading, thus the negative correlations.
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Working Memory Capacity and The Oral Slip Task: Finally, the last set of experiments in the
present study consisted of correlating working memory capacity with L2 speech errors, assessing
fluency at the articulatory level. Following Daneman (1991), the Oral Slip Task was used in this
study to elicit spoonerisms in an artificial context. A spoonerism is a type of speech error which
consists of the exchange of phonemes in adjacent or near-adjacent syllables or words (Motley,
Baars, and Camden, 1983). The OST assesses fluency in the articulation of individual words.
The hypothesis was that individuals with a larger working memory capacity, as measured by the
SST, would be less prone to making spoonerisms in the L2.

No significant correlations were found between individuals' working memory capacity
and L2 spoonerisms in either form of the SST. These results will be explained in terms of a
methodological failure.

The OST utilized by Daneman (1991) was an adaptation of a technique provided by
Baars et al. (1975) to elicit speech errors in the laboratory, the SLIP (Spoonerisms of Laboratory
Induced Predisposition) paradigm. Baars and colleagues have extensively used the SLIP
technique to evaluate frequency and type of spoonerisms, and the consistency of their findings
has led them to classify the SLIP technique as "robust" (Motley, Baars, & Camdem, 1983).
However, Sinsabaugh & Fox (1986) point out that in reviewing relevant literature on
spoonerisms, they found no published replication of the SLIP paradigm, with the exception of the
one produced by Baars and colleagues themselves. Sinsabaugh and Fox (1986) utilized the
Baars et al. paradigm in an attempt to elicit spoonerisms in the laboratory and found that the kinds
of error that occur are a result of memory confusions rather than the elicitation of real
spoonerisms.

The design of the OST task used in the present study is basically the same as that used by
Daneman (1991) and by Sinsabaugh and Fox (1986), which in tum are similar to the original
SLIP paradigm. The differences between the OST of the present study and the others is that the
word pairs of the test are in the L2 and the total number of word-pairs included was smaller. The
results of the present study are in line with the L1 results obtained by Sinsabaugh and Fox (1986),
who report that spoonerisms were only a small fraction of the errors their subjects made. Much
more common were errors involving no spoken responses, responses that were phonetically
unrelated to any beeped word pairs, and responses that were phonetically unrelated to the target-
word pairs, among others. In the present study the most common type of error made was no
spoken response.

Interestingly, when all types of errors, including spoonerisms, other speech errors, and no

spoken responses, are indistinctly entered for statistical computation, a significant correlation
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between the SSTE strict and the OST is obtained [ r (16) =-0.58, p= 0.0182]. That is, individuals
with a larger working memory capacity, as measured by the SSTE strict perform better on the
OST. It is not possible to say from these results, though, that these individuals are less prone to
making spoonerisms. Indeed, individuals with larger working memory spans tended to respond
to all beeped word pairs, without a miss, in addition to producing the word pairs correctly.
Individuals with smaller spans, although often making no spoonerism errors either, tended to give
no spoken responses for some of the beeped pairs or give other words as responses. Thus, it
seems that working memory capacity is playing a role in the performance of the task--which may
somehow measure English articulation ability--although it is not possible to comment on the role

of this system in the production of spoonerisms, due to the methodological problem described.

IV Limitations of the Study and Suggestions for Further Research

Given its complex multidimensional nature, L2 oral fluency has been approached from
various perspectives, which resulted in a fragmented view of what it means to be fluent in an L2.
Most studies have assessed L2 fluency at a single level of occurrence (Ejzenberg, 1995) and have
concentrated on the comparison of high-fluency and low-fluency speakers or on the comparison
of native and nonnative fluency. These studies have, in general, examined temporal and linguistic
aspects of L2 speech production, with a few attempts to add to these two categories the functional
importance of pragmatic features (Riggenbach, 1990), the effect of context on the display of
fluency (Ejzenberg, 1995) and the effect of the study abroad context on oral fluency development
(Freed, 1995). The present study examined fluency from the perspective of information
processing theory by claiming that individual differences in working memory capacity might be
related to the production of fluent L2 speech at the discourse and articulatory levels. However,
being tentative and exploratory in nature, a number of difficulties were encountered throughout
the research in both the theoretical and practical aspects.

First, the assessment of fluency was limited to one speech generation task--in which only
one quantitative measure was used--and two other tasks eliciting fluency at the articulatory level.
In all three tasks, the point in focus was speed and accuracy of speech production. Further
research might investigate the correlation between working memory capacity and L2 fluent
speech production as measured by temporal and linguistic variables, in a qualitative, rather than
purely quantitative, approach. Second, the sample size used in the present study does not make it
possible to generalize the results obtained to other populations of L2 learners. Further research
might investigate the relationship between working memory capacity and L2 speech production

in larger, more representative samples of L2 leamners. Third, although the results of the present
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study seem to support the task-specific view of working memory capacity, it is important to point
out that the nature of individual differences in working memory capacity is still an unresolved
issue. A greater effort is necessary to determine whether this is a functional task-specific capacity
or a general capacity underlying performance across tasks. Future research might address this
issue and, through the use of various methods to measure working memory capacity and the
assessment of various L2 skills, shed some light on processing efficiency, storage capacity, and

variation in performance.
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