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Abstract

The present study aimed to investigate to what extent advanced L2 learners with
low and high working memory (WM) capacity differ with respect to their L2 speak-
ing. 52 English for Academic Purposes (EAP) students enrolled in a freshmen
course with a focus on academic speaking skills participated in this study. In order
to assess participants’ working memory (WM) capacity, Daneman’s (1991) speak-
ing span test was used. Speech samples collected through an oral argumentation
task were analyzed in terms of acoustic measures of oral fluency, accuracy, and
lexical and structural complexity. Multivariate tests showed that L2 WM capacity
can explain variances in lexical complexity; but, WM was not significantly associ-
ated with any of the oral fluency, accuracy or syntactic complexity measures. The-
oretical implications of the findings were discussed.

Keywords: working memory; oral fluency; complexity; speaking in L2; speaking span

1. Introduction

L2 speaking as a complex concept is associated with many performance-related
phenomena (such as temporal fluency, articulation rate, grammatical accuracy,
grammatical, lexical and syntactic complexity) and cognitive factors (e.g., work-
ing memory, attention, L1 speaking style) and recently has gained a wider recog-
nition in SLA research. It is widely recognized that L2 speakers, especially those
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with limited proficiency, have difficulties in allocating their attention on both form
and meaning of linguistic items. This situation forces them to make a choice be-
tween these two dimensions while speaking: they either focus on meaning or
they focus on form (Anderson, 1995; VanPatten, 1990) and their speech becomes
slower, less accurate or complex. Indeed, L2 speaking is a difficult skill to develop
because there are so many different linguistic components (i.e., grammar rules,
vocabulary knowledge, FS, etc.) and cognitive processing limitations involved (i.e.,
working memory capacity, attention, etc.) during oral performance. Gatbonton
and Segalowitz (2005) and Segalowitz (2010) argued that research on L2 speaking
performance should consider taking the role of abovementioned between-sub-
jects and within-subject effects into consideration. This paper aims to contribute
to our understanding of the effect of learner differences in working memory ca-
pacity on speaking performance in English as a second language.

2. Aspects of L2 oral performance

L2 oral performance is often examined by breaking aspects of speech into three
subcomponents: accuracy, fluency and complexity (Skehan, 1996, 1998; Skehan
& Foster, 1997; Vercellotti, 2017). Skehan (1996, 1998) describes fluency as the
learner’s capacity to produce speech with fewer hesitations, repetitions, self-cor-
rections and pauses. Complex speech is characterized by elaboration within the
limits of the currently possessed linguistic proficiency, a considerable amount of
subordination (embedding) and lexical variety in speech (Yuan & Ellis, 2003), and
accuracy refers to the minimum level of errors that do not impede communica-
tion and correspondence to the target language norms.

These three components of speech have not been consistently defined by
previous researchers. For example, fluency has been highly associated with accu-
racy of speech (Ahmadian & Tavakoli, 2011), easy and smooth flow of speech, and
a minimum amount of pauses and hesitations in speech (Mizera, 2006). Some re-
searchers even associated fluency with good command of a language and overall
L2 proficiency (Fulcher, 2003; Wood, 2012). According to Brumfit (1984) and Ur
(1981) language teachers have an intuitive understanding of these terms and tend
to classify classroom activities as “fluency” or “accuracy.” Fulcher (2003) further
argues that in terms of language testing, accuracy and fluency are related to, but
not dependent on each other in that they are seen as being at opposite ends of a
continuum where in one end there is accurate and dysfluent speech and in the
other end is the inaccurate but fluent speech. However, together they constitute
the construct definition of L2 speaking (Fulcher, 2003, p. 27).

EAP teachers aim to improve oral accuracy in their classrooms, but they
are also aware that their students occasionally make errors when speaking. Some
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of these errors are ignored if they do not interfere with the communicative mes-
sage. But even in EAP classrooms, where students are widely accepted as ad-
vanced L2 learners, some serious errors can impede the intended message. Ful-
cher (2003) listed the common types of errors that are penalized or ignored in
testing situations according to their gravity (the degree of interference with
communication). According to Fulcher (2003), the most serious error that L2
speakers make while speaking in English is word order and omission of words.
This type of errors decrease rapidly as the learner improves beyond the stage of
beginner. The second type of errors is the misuse of pronouns and relative
clauses. This information is conducive to the operational definition of accuracy
of speech. In previous studies, accuracy has been associated with correct use of
certain structures in speech. For example, Yuan and Ellis (2003) measured accu-
racy as the percentage of accurately used verb forms and the percentage of
clauses that did not contain any error. Ahmadian and Tavakoli (2011) operation-
alized accuracy of speech as the number of error-free clauses and correct verb
forms in speech. These measures seem as appropriate to be used with advanced
speakers of English because they include correct use of complex structures.

Researchers associate complexity of speech with the existence of subor-
dination in utterances and a variety of vocabulary used in speech. Previous stud-
ies mostly dealt with the relationship between task planning conditions and
complexity of speech. According to Foster and Skehan (1996), pre-task planning
results in greater complexity of language production. Mehnert (1998) found that
complexity in speech is observed only when planning time is longer than 10
minutes. In the one-minute planning condition, the participants produced accu-
rate speech which was less complex than 10-minute planning condition. Yuan
and Ellis (2003) argue that accuracy and complexity of speech is enhanced in
online planning conditions. In online planning conditions, the participants have
to allocate their attentional resources into the ongoing task and have to priori-
tize form over meaning. However, this results in a decrease in fluency. According
to Ahmadian and Tavakoli (2011), complexity is also enhanced when learners
are given a chance to repeat a task. Previous research operationalized oral com-
plexity in inconsistent ways. For example, Vercellotti (2017) used distinct
measures for grammatical and lexical complexity. Thai and Boers (2016), on the
other hand, used only syntactic complexity measures.

Fluency is considered to be an aspect that is difficult to operationalize by
SLA researchers because it is not directly dependent on vocabulary vault and
there is not a “fluency store” in the speaker’s mind (Lennon, 1990, p. 391).
Segalowitz (2010) suggested that a comprehensive definition of L2 fluency
should also refer to the perspective of cognitive sciences. According to Segalo-
witz (2010), there are three aspects of fluency that can be distinctly observed
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and examined: cognitive fluency, utterance fluency, and perceived fluency. Cog-
nitive fluency refers to the speaker’s ability to control the underlying cognitive
systems that feed into production of utterances, which majorly concerns the
monitoring processes. This aspect includes both lexical retrieval and information
access that will support the message but also tailoring the utterance in accord-
ance with the intended message and articulation processes. All these processes
should be conducted almost simultaneously and with great efficiency to aid
smoothness of speech. Utterance fluency, on the other hand, deals with the fea-
tures of utterances such as the amount of pauses, hesitations, repetitions, and
repairs in speech. However, utterance fluency is not about how the utterance is
perceived by a listener, so it is the actual performance of a speaker as measured
in terms of temporal variables (such as the number of syllables or words uttered
in a minute). Perceived fluency is related to the inferences of listeners about
speakers’ utterances. It refers to the conditions where a listener (who is most of
the time an examiner) is supposed to listen to a person or a recorded speech
sample (in an online or an offline task) and judge the speaker as fluent or dys-
fluent according to impressions he/she draws from the speech sample. L2 oral
fluency, as a temporal quality, has been associated with several different com-
ponents of speech. Although research on L2 oral fluency is scarce, researchers
investigating oral fluency as a performance variable share similar views on the
types of temporal variables to be measured (Wood, 2012, p. 12). Today, it is
commonly agreed that fluent speech is diagnosed by longer fluent runs, in-
creased speech rate, and fewer hesitations and pauses (Kormos, 2006; Lennon,
1990; Segalowitz, 2010; Wood, 2012). In accordance with this perspective on
fluency, Skehan (2003) and Tavakoli and Skehan (2005) proposed that construct
definition of fluency contains these three aspects: speed fluency, repair fluency,
and breakdown fluency. While speed fluency refers to articulation speed, repair
fluency concerns hesitations and corrections, and breakdown fluency deals with
silent (unfilled) pauses and filled pauses such as hmm, uhh.

As can be seen from works cited above, the three aspects of speech are
interrelated, but still need to be distinguished from each other because they
require different type of processing on the learner’s part (Skehan, 1996). As hu-
man beings have a limited capacity to process information, they are unable to
attend to all aspects of a task. This occurs when speakers have difficulty in allo-
cating attentional resources and have to prioritize one aspect over the others
(Anderson, 1995; Skehan, 1996; VanPatten, 1990). This so-called deficiency of
language learners calls for a better understanding of the mechanisms underlying
difficulties they have during oral performance.
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3. Working memory and L2

Working memory (WM) is a central system “responsible for the processing and tem-
porary storage of information in the performance of complex cognitive tasks”
(Daneman, 1991, p. 446). WM has a limited range; in other words, there is a limit
to the number of items that can be maintained during immediate consciousness.
According to Wen (2014), it is widely accepted among SLA researchers that WM
plays an important role in the language learning and processing and its role is com-
parably more important in L2 acquisition. He explains that this is due to the premise
that L1 acquisition occurs automatically in early years of life, while L2 learning
mostly occurs later in life and therefore requires greater controlled language pro-
cessing and cognitive demand on the part of the learner (McLaughlin, 1995).

A myriad of studies examined the interaction between WM and L2 learning.
To summarize some of the key works, McLaughlin (1995) argued that cognitive
demand is much higher in SLA in contrast to L1 acquisition because it requires
more effort and control for processing language. On the other hand, Miyake and
Friedman (1998) put forward that WM, in fact, corresponds to language aptitude.
They reported that for advanced learners L1 and L2, WM relies on similar cogni-
tive resources. O’Brien, Segalowitz, Collentine, and Freed (2006, 2007) investi-
gated the role of WM in L2 proficiency and showed that WM played an important
role in narrative development at earlier stages of L2 learners and in grammatical
competence at later stages of language learning. Juffs and Harrington (2011) also
showed that WM has strong links to L2 processing, vocabulary development, and
L2 proficiency. As for the speaking skill, Daneman (1991) asserts that, in contrast
to what most people think, speaking is not an automatic and inherently effortless
task in that it requires the speaker to temporarily store what to say next while the
person is still in the action of producing speech. She also asserts that WM, in fact,
may be the system that distinguishes skilled and unskilled speakers.

In the recent years, there have been only a few studies looking into the
role of WM in SLA. To summarize some earlier studies, two decades ago, Atkins
and Baddeley (1998) examined the relationship between WM and L2 vocabulary
learning and found that participants’ WM (phonological memory span) was con-
ducive to their L2 lexical development. Wen (2014) emphasizes that this study
is one of the few studies that provided empirical evidence about the relationship
between WM and L2 vocabulary acquisition. Fortkamp (1999) found that L2 WM
capacity was correlated with L2 oral fluency and L1 WM capacity with L1 oral
fluency. He explained that this could be the outcome of cross-linguistic differ-
ence of WM capacity. On the other hand, Mizera (2006) found no correlation
between L2 speaking and WM capacity. He concluded that different groups of
language learners may need different levels of WM use. Kormos and Safar (2008)
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looked into the relationship between working memory capacity and English lan-
guage competence with bilingual students and found that English test scores of
the participants correlated with their WM scores. Gilabert and Munoz (2010) fol-
lowed a different path and compared L1 WM capacity with L2 oral performance
measures and found that with a group of 59 undergraduate students, WM scores
correlated with L2 oral fluency, accuracy, and lexical complexity scores. In a recent
study, Wen (2016) found that Chinese university students’ executive memory
scores highly associated with lexical measures of their L2 oral production, but not
with their L2 oral fluency or accuracy scores. In another study, Georgiadou and
Roehr-Brackin (2017) found that WM and the number of pauses in speech were
in negative correlation, indicating an association between WM and fluency; how-
ever, they did not find any correlation between speed and WM.

As can be seen from works cited above, there have been many attempts
to explore the role of WM in L2 performance; however, there is still much to
discover about their association, at least for advanced learners. In order to ad-
dress this issue, in the present study, the role of working memory capacity for
L2 speech production of advanced EAP students was investigated. Previous re-
search also investigated the role of WM in L2 oral performance; however,
measures used in these studies did not directly address the skill they were in-
vestigating. For example, Cho (2018) investigated the role of WM in L2 oral per-
formance by using a reading span measure. In the same vein, Georgiadou and
Roehr-Brackin (2017) investigated working memory in relation to fluency in L2
speech and used a backward digit span test and a listening span test (LST). Kor-
mos and Safar (2008) also used a backward digit span test to measure working
memory capacity. As Wen (2016) asserted, executive function of WM also plays
amore important role as L2 proficiency increases, suggesting that speaking span
tests that deal with this specific function of WM (such as Daneman’s speaking
span test) give a better estimate of cognitive processes involved in advanced
learners’ L2 production. Therefore, in this study, Daneman’s speaking span test
was used to measure L2 WM capacity.

4. Methodology
4.1. Participants
Fifty two freshmen students enrolled in an academic speaking course in an Eng-
lish-medium university in Istanbul participated in this study. According to the
university exam bureau, the participants met the proficiency level above or near

the minimum requirement of TOEFL IBT 80 or IELTS academic module 6,5. The
age range was 18-24, with an average of 19.2 years and they were from a variety of
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disciplines (Social Sciences, Humanity, Law, Nature Sciences, and Engineering).
The medium of instruction in the university was English; in other words, the con-
text was an English medium instruction (EMI). Students enrolled in this academic
speaking course were prepared for their academic studies in their departments.
In order to pass the course, they completed individual, pair, and group tasks (such
as presentations, discussions, reports, watching videos, or responding to aca-
demic forums via audio recordings of their speech) in and outside the class.

Of the 52 students, 25 were female and 27 were male. The first language of
the participants was Turkish. Students who reported to have a speech impairment
(that could adversely affect the results) or speaking anxiety did not participate in
the study. Participants were informed before data collection that participation was
on voluntary basis and their response would not affect their grades. They signed a
standard consent form prepared by the university’s research and development unit.

4.2. Data collection procedures
4.2.1. Speaking span test

Daneman’s (1991) speaking span test was used to test the participants’ working
memory capacity in English as a second language. It was chosen over other
measures available because it is a measure that directly deals with speaking. The
test includes 100 common English words organized in a set of two to six words,
consisting of five words for each sub-set (see Appendix 2). The number of words
increased progressively from two to six; so the load on working memory also in-
creased during the course of the test. Each word was displayed on a computer
screen for one second. After each set was completed, a blank screen appeared.
Participants generated (by speaking aloud) a grammatically, syntactically, and se-
mantically correct sentence by using the each given word in the displayed set.
Each participant was given 60 seconds to produce sentences for each set. Their
speech was recorded via an audio-recorded for scoring procedures.

In the speaking span test, typically there is no restriction on the sentence
length and complexity. Participants exercised with three practice trials before
conducting the test. To prevent the participants to rely on a fixed syntactic pat-
tern, they were discouraged to repeat the same sentence patterns (such as “I
saw the machine” and “I saw the compass”); since such strategies would tax the
processing component of working memory (Mizera, 2006). All the words in-
cluded in the test were seven letter words with two syllables. The maximum
score of this test was 100 and a participant’s speaking score was the number of
grammatically acceptable sentences they could produce with the given words.
Lenient scoring was used, as opposed to strict scoring which only accepts exact
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form and presentation of the target words. Adopting scoring procedures by
Weissheimer (2007) and Tavares (2008), half credit (0.5) was given to words re-
called in a different order and in slight deviations from the original forms given in
the set (e.g., “machines” instead of “machine™). In this way, individual differences
in performance in terms of working memory were more effectively captured.

After each participant’s WM score was calculated, the median value of
the sample was also calculated to determine low- and high-WM groups. Speak-
ers with WM scores below the median were assigned to the Low-WM Group (N
= 23) and the ones who scores at or above the median were assigned to the
High-WM Group (N = 29).

4.2.2. Oral argumentation task

Oral data were obtained from an argumentation task. According to Hulstijn,
Schoonen, De Jong, Steinel, and Florijn (2012), complex, formal and argumen-
tative speech elicitation tasks are suitable for B2 and above levels of learners.
This type of task was also preferred because in order for individual differences
in working memory capacity to emerge, the task performed has to be rather
complex (Fortkamp, 1999, 2000). Previous research working on similar groups
of learners also used this type of task for data elicitation (e.qg., Zalbidea, 2017).

In this task, participants were given a list of world problems and asked to
evaluate their significance and rank them according to their perceived importance
(see Appendix 1). Participants were familiar with the task type and content as it
was the focus of the content of the EAP course they were enrolled in. Task content
and prompts were also reviewed by a small group of experienced EAP instructors
for the relevance of the task to the sample in terms of their content familiarity
and lexical and grammatical competence to accomplish the task.

Participants were given 30 seconds to plan their speech and 3 minutes to
complete the task. A digital chronometer showing the remaining time was present
in front of them. They first completed the oral argumentation task and then the
speaking span test in a silent room and they were informed that their speech would
be recorded. Both tasks were piloted with similar groups before the experiment.

4.3. Data analysis

All speech data were transcribed by the researcher and then coded by two cod-
ers who were experienced EAP instructors (one coder was a PhD candidate in
ELT and the other held an MA in ELT). Inter-coder reliability analyses for the
acoustic measures were done through calculating Cohen’s kappa (k) for each
measure. Analyses showed high levels of agreement.
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4.3.1. L2 oral fluency

Five acoustic measures were calculated for each speech sample. To automati-
cally calculate the number of syllables, length and the number of pauses and
phonation time in speech, a PRAAT script was used (De Jong & Wempe, 2009).
The cut-off point for pauses was determined as >250 ms as was also used in
previous studies (Bosker Pinget, Quené, Sanders, & De Jong, 2013; De Jong &
Perfetti, 2011; Nergis, 2018).

Speed fluency was represented by speech rate (SR). For breakdown flu-
ency, three measures were used: the number of silent pauses per phonation
time (NSP), the number of filled pauses per phonation time (NFP), and the mean
length of silent pauses (MLSP). For the aspect of repair fluency, one measure
was used: the number of dysfluencies (repetitions and self-corrections) per pho-
nation time (ND). A log transformation was performed on the scores to approx-
imate the data to the normal distribution.

Table 1 Acoustic measures of fluency

Aspects Acoustic measures Calculation
Speed Speech rate (SR) Number of syllables/phonation time
(Kormos & Dénes, 2004)
Breakdown  Number of silent pauses (NSP) Number of silent pauses/phonation
time (Bosker et al., 2013)
Number of filled pauses (NFP) Number of filled pauses/phonation
time (Kang, 2012)
Mean length of silent pauses (MLSP) Sum of length of silent pauses/number
of silent pauses (Bosker et al., 2013)
Repair Number of dysfluencies (ND) Number of self-corrections and repeti-
tions/phonation time (Suzuki & Kor-
mos, 2019)

4.3.2. L2 oral accuracy

Two measures were used for accuracy: Error-free AS-units (EFAS) and Errors per
AS-unit (EAS). According to Foster, Tonkyn, and Wigglesworth (2000), an Analy-
sis-of-Speech unit (AS-unit) is “a speaker’s utterance consisting of an independ-
ent clause, or sub-clausal unit, together with any subordinate clause(s) associ-
ated with either” (p. 365).

Table 2 Acoustic measures of accuracy

Acoustic measures Calculation
Error-free AS-units (EFAS) Percentage of error-free AS-units (Foster et al., 2000)
Errors per AS-unit (EAS) Mean number of errors per AS-unit (Foster et al., 2000)
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4.3.3. L2 oral complexity

Syntactic complexity of the participants’ speech was assessed through two
measures: Mean number of clauses (CAS) and Mean length of AS-unit (MLAS). For
lexical complexity, two measures were used: Guiraud’s index (GI) and Mean seg-
mental type-token ratio (MSTTR). Operational definitions are given in Table 3 below.

Table 3 Acoustic measures of complexity

Aspects Acoustic Measures Calculation
Syntactic Mean number of clauses (CAS) Mean number of clauses per AS-unit (Tavakoli
complexity & Foster, 2008)

Mean Length of AS-unit (MLAS) Mean number of words per AS-unit (Norris &
Ortega, 2009)

Lexical Guiraud’s index (GI) Number of types divided by the square root of
complexity tokens (Gilabert, 2007; Mora, 2012)
Mean segmental type-token ratio  Number of different words divided by the total
(MSTTR) number of words in every 40-words (Yuan &
Ellis, 2003)
5. Findings

In order to determine how low-WM and high-WM groups differ in terms of L2
oral performance, a series of multivariate analysis of variances were conducted
(for fluency, accuracy and complexity measures; see Table 4 for descriptive sta-
tistics). Assumptions of multivariate normality, homogeneity of variances and
multicollinearity were satisfied.

Table 4 Descriptives for dependent variables

Low WM High WM
M SD M SD
Fluency
Speech rate (SR) 1.66 .05 1.68 0.4
Number of silent pauses (NSP) .68 .04 .69 0.3
Number of filled pauses (NFP) .57 .02 .58 .03
Mean length of silent pauses (MLSP) 2.3 .04 2.4 .03
Number of dysfluencies (ND) 0.21 .04 .021 .03
Accuracy
Error-free AS-units (EFAS) 0.85 .08 .086 .09
Errors per AS-unit (EAS) .53 .07 .52 .06
Complexity
Mean number of clauses (CAS) .58 .05 .57 .04
Mean length of AS-unit (MLAS) 8.1 .09 7.9 .07
Guiraud’s index (GI) 6.90 1.21 7.11 1.32
Mean segmental type-token ratio (MSTTR) .82 12 .85 A1
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Table 5 Multivariate effects for the interaction between oral fluency and L2 WM capacity

Effect Value F Hypothesis df Error df p
Wilk's A .096 .486 5 47 .838
Note. *p <.05; **p <.01; ***p <.001 (N = 52)

Table 6 Univariate effects on oral fluency scores

Dependent Variable df SS F p 72
Speech rate (SR) 1 .001 11 741 .003
Number of silent pauses (NSP) 1 .140 1272  .266 .032
Number of filled pauses (NFP) 1 .003 372 546 .010
Mean length of silent pauses (MLSP) 1 .009 421 520 .011
Number of dysfluencies (ND) 1 011 437 512 .011

Note. *p <.05; **p <.01; ***p <.001 (N = 52)

As can be seen in Table 5, the results of the MANOVA showed no signifi-
cant differences in oral fluency scores according to their working memory ca-
pacity (F(1, 51) = .486, p > .05, Wilk’s A = .851, partial n2 = .096). There was not
a statistically significant difference in oral accuracy based on working memory
(F(1,51) =1.751, , p > .05, Wilk’s A = .933, partial n2 = .067).

Table 7 Multivariate effects for the interaction between oral accuracy and L2 WM capacity level

Effect Value F  Hypothesis df Error df p
Wilk’s A .067 1.751 2 49 .184
Note. *p <.05; **p <.01; ***p <.001 (N = 52)

Table 8 Univariate effects on oral accuracy scores

Dependent Variable df SS F p 2
Error-free AS-units (EFAS) 1 .002 .592 .445 .012
Errors per AS-unit (EAS) 1 .011 3.394 .071 .064

Note. *p <.05; **p <.01; ***p <.001 (N = 52)

Table 9 Multivariate effects for the interaction between oral complexity and L2 WM

Effect Value F  Hypothesis df Error df p
Wilk's A .891 1.962 3 48 132
Note. *p <.05; **p <.01; ***p <.001 (N = 52)

Table 10 Univariate effects on oral complexity scores

Dependent Variable df SS F p 2
Mean number of clauses (CAS) .022 3.828  .096 .021
Mean Length of AS-unit (MLAS) .003 .037  .849 .001

Guiraud’s Index (GI)
Mean Segmental TTR (MSTTR)
Note. *p <.05; **p <.01; ***p <.001 (N = 52)

20.199 4.074  .049 .075

1
1
1
1 4491872 4739 .034 .087
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The results of the MANOVA showed that working memory capacity did
not hold a statistically significant difference on oral complexity scores (F (1,51)
=1.962, p >.05, Wilk’s A = .891, partial n2 = .109). However, significant univarite
effects were observed for MSTTR (F(1,51) = 4.739, , p < .05, partial n2 = .087)
and Gl (F(1,51) = 4.074, , p < .05, partial n2 =.075), both of which were lexical
complexity measures. The multivariate partial n2 values indicate that approxi-
mately 9% of multivariate variance of WM level is associated with MSTTR and
7.5% of variance is associated with Gl (see Tables 6-10).

6. Discussion

Advanced L2 learners in EAP and EMI contexts, such as the participants of this
study, are asked to produce fluent and accurate speech with enriched lexical and
structural complexity on daily basis. In order to achieve this, they should possess
cognitive skills that help them to store and retrieve linguistic information effi-
ciently. Therefore, when learners with the same level of linguistic knowledge pos-
sess varying levels of working memory, differences between their performances
are expected. In accordance with this, the current investigation aimed to examine
the role of L2 working memory capacity in L2 oral performance. Temporal quali-
ties of EAP students’ oral performance were compared according to participating
students’ level of WM capacity in L2 which was assessed in a test that directly
dealt with speaking skill (Daneman, 1991). Results showed that there was a sig-
nificant difference in L2 lexical complexity scores of low and high WM groups.
However, no significant differences were observed for accuracy, fluency and syn-
tactic complexity. In other words, participants’ capacity to hold long stretches of
words in short term memory did not help them to produce utterances faster or
more accurately with enhanced level of structural (syntactic complexity); never-
theless, participants who possessed the ability to store and process long stretches
of speech were able to produce lexically enhanced utterances.

These findings are partly in contrast to previous research that found a sig-
nificant association between WM and L2 oral fluency (Fortkamp 2000; Gilabert
& Munoz 2010); but they also confirm previous research that found partial rela-
tionship between WM and oral fluency measures (Georgiadou & Roehr-Brackin,
2017; Kormos & Safar, 2008; Mizera, 2006). These studies used different
measures to assess WM capacity in L2. For instance, Georgiadou and Roehr-
Brackin (2017) used a backward digit span test and a listening span test, while
Mizera (2006) used Daneman’s (1991) speaking span test. Daneman hypothe-
sized that fluent speakers have a larger WM capacity that allowed them to store
linguistic information and efficiently allocate cognitive resources to processes in-
volved in production. She also claimed that WM is a capacity that could distinguish
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skilled and unskilled speakers. All things considered, the current findings are not
surprising in that different measures of WM have so far revealed different asso-
ciations with oral fluency measures which also varied vastly in previous studies.
In the current study, nonconfounding temporal measures were used to assess
fluency. Results showed that for EAP students, having a low or high speaking
span in L2 did not create a difference in pauses, self-corrections or speed of
speech. This finding can be explained by advanced learners’ temptation to use
formulaic language to increase their fluency (Kormos, 2006; Segalowitz, 2010).
Indeed, previous research found that learning formulaic language can increase
oral fluency in EAP and EMI contexts (Nergis, 2018). This finding is also con-
firmed by the current findings of the study that showed having a longer speaking
span in L2 helped EAP students to produce lexically complex utterances, which
will be further discussed below.

Previous research has also produced contradicting results about the rela-
tionship between oral accuracy and complexity and WM capacity. For example,
Zalbidea (2017) found that high WM capacity helped accuracy in writing and
syntactic complexity in speaking. On the other hand, Kormos and Safar (2008)
found low correlation between WM (measured with backward digit span) and
L2 speaking (measured through raters’ assessment). While discussing the results
regarding speaking, they emphasized the role of WM in chunking, meaning that
advanced learners have better ability to store and retrieve longer chains of
speech. They asserted that the relationship between advanced learners’ WM
capacity and lexical complexity of their speech is linked to each other. A similar
idea has been underlined by Kormos (2006), who asserted that the capacity to
store bits of speech before producing an utterance helps L2 speakers plan and
successfully encode their message, increasing the quality of their speech. Simi-
larly, Segalowitz (2010) explained that WM plays a significant role between the
planning and articulation stage of language production. L2 speakers usually find
speaking in an L2 difficult because while they are planning the overall message,
they have to deal with mental lexicon racing in their minds. This cognitive load
that occurs during micro-planning is one of the reasons that make L2 speech less
fluent or faltered. This was not observed in the current study; although high WM
group lagged behind in terms of fluency, accuracy, and syntactic complexity, they
outperformed the low WM group with respect to lexical complexity.

The association with high level of WM and lexical complexity of the par-
ticipants’ speech might be related to the nature of the WM test and the lexical
measures used. Daneman’s speaking test used in this study deals with storing
of lexical units in mind and producing stretches of speech. This level of storage
and processing capacity can be associated with the two lexical complexity scores
of the study (Guiraud’s index and Mean segmental type-token ratio), both of
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which deal with number of different word forms used in speech. This result is
not surprising in that WM test also deals with this capacity. Indeed, enhanced
vocabulary knowledge has been nominated to be a better indicator of lexical
access and retrieval capacity than WM (Gilabert & Munoz, 2010; Mizera, 2006).
Furthermore, higher WM could help L2 speakers to retrieve words for the in-
coming message more efficiently, by allowing them to reach vocabulary store in
their minds with ease and also, possibly, increasing their chance to consider
competing lexical alternatives (Gilabert & Munoz, 2010).

6. Conclusion

L2 speaking is not a monolithic construct; a myriad of subskills and processes are
involved, indicating the need for examining components of speech in relation to
each other. According to Skehan and Foster (1997), all components of speech
compete with each other, probably due to limited human capacity on attention.
For instance, when attention is on speaking faster, grammatical accuracy might be
forfeited even for advanced L2 speakers. This effect can be observed in instruc-
tional settings very often: when a learner is pushed to speak more accurately, con-
trolled processes, rather than automatic processes, are encouraged and students
might speak more accurately, but less fluently (Ahmadian & Tavakoli, 2011). The
present study showed that the role of WM in oral production of advanced L2
learners, as in the case of the participating EAP students in this study, is also some-
thing to think about when lexical richness is taken into consideration. Students
who are at a similar level of proficiency, while completing a typical EAP task such
as the argumentation task used in this study, can differ with respect to lexical com-
plexity based on their speaking span capacity.
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APPENDIX 1
Oral Argumentation Task

In this interview, you will talk about YOUR IDEAS about some problems in the world. Note
that your speech will be recorded.
Here is a list of problems that need attention as determined by world leaders in the year
2000 in a meeting organized by the United Nations:

— Children’s health

— Mothers’ health

— HIV/AIDS and other diseases

— Gender equality issues

—  Extreme poverty and hunger

— Education

— Environmental sustainability

— Developing partnership between the world governments

Examine the list. Is there anything that you do not understand?

Which one of these important problems do you think needs the most immediate attention
and which one needs the least immediate attention and why?

You have thirty seconds to plan your speech and three minutes to complete the task.
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APPENDIX 2
Words Used in the Speaking Span Test (Daneman, 1991)

Trial sets

a) pumpkin, balance
b) fingers, noticed
€) machine, results, compass

2-word sets

a) kitchen, farmers
b) signals, thirsty
perfume, giraffe
healthy, rewards
biscuit, shampoo

RSN

D

3-word sets

a) pencils, observe, journey
b) nervous, quickly, younger
trumpet, windows, believe
earning, dentist, tallest
parking, succeed, whisper

RS RS

D

4-word sets

a) butcher, wrinkle, ceiling, glasses

b) certain, warning, mittens, husband
diapers, special, instant, plastic
explain, stylish, garbage, request
trouble, bending, advance, roasted

RS RN

D

5-word sets

a) teacher, stomach, foreign, cousins, quarter
b) jealous, monthly, arrange, sweater, treated
growing, surfing, ashamed, lettuce, cushion
damaged, respect, private, clearly, witness
useless, helping, passive, buttons, tonight

RURCARE)

6-word sets

a) student, careful, reduced, vandals, orchard, ignored
b) morning, village, traffic, islands, handles, patient
chimney, achieve, cookies, explode, feather, address
knuckle, chicken, working, storage, injured, playful
lawyers, mailbox, freezer, release, lightly, fragile

~

D QO O
— =
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