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Abstract

The present study examines the relationship between individual differences in
Phonological Short-term Memory (PSTM) and L2 vocabulary/collocation learning in
adult L2 learners in a longitudinal classroom-based study at the A2 and B1 level of L2
proficiency. PSTM is one of the four components of the Working Memory model
(Baddeley, 1986; Baddeley, 2000; Baddeley, 2003; Baddeley, 2007; Baddeley & Hitch,
1974). 1t is theorised to comprise two sub-components: the nonarticulatory
phonological store which is responsible for holding phonological information for up to
a few seconds, and the articulatory rehearsal mechanism which refreshes memory
traces held in the phonological store and prevents them from decaying. The Working
Memory model has received a considerable amount of attention from academics
working the area of cognition and language. Even though PSTM is seen as limited in
capacity to a few memory items, it has generated an extensive amount of research over
the last 30 years, particularly in developmental studies on children and laboratory-
based experiments involving adults. PSTM has been shown to be linked significantly
with L1 vocabulary knowledge/learning in children, but studies involving adults carried
out to date present a less conclusive picture.

The organization of the thesis is as follows. Chapter 1 presents a number of
crucial features which have not been assembled in a single study in PSTM research
with respect to SLA in adult learners and that are addressed in the present work. It
outlines our six research questions, along with an account of the relevant research
context.

Chapter 2 discusses developments in the evolving concept of working memory
that contributed to the formulation of the Baddeley and Hitch Working Memory model.
It provides an overview of the current evidence for the existence of PSTM, presenting
the PSTM account (Baddeley, Gathercole & Papagno, 1998) and the linguistic account
(Snowling, Chiat & Hulme, 1991), which propose opposite directions of causality in
the relationship between PSTM and vocabulary knowledge/learning. Since the
Baddeley and Hitch Working Memory model does not directly address the mechanisms
responsible for the interaction between PSTM and LTM, Chapter 2 presents a number
of models that simulate PSTM computationally. This chapter provides a brief account
of functions of PSTM documented by research to date and gives an account of two
PSTM tasks that have been used in the current study, i.e. Serial Nonword Recall and

Serial Nonword Recognition.



Chapter 3 is divided into two main thematic sections. The first thematic section
introduces different approaches to defining a word and to the organization of the
bilingual mental lexicon. Since one of our L2 vocabulary measures was designed with
reference to frequency lists, the frequency factor in vocabulary learning is briefly
discussed. The second thematic section takes a closer look at the relationship between
PSTM and L2 vocabulary knowledge/learning. It focuses on the issue of language
proficiency and strength of relationship between PSTM and vocabulary learning, and
the causal direction of the relationship. It further explores the premises upon which the
PSTM account and the linguistic account are based.

Chapter 4 is also divided into two main thematic sections. The first thematic
section contains an overview of two major approaches to collocations, i.e. the
frequency-based approach and the phraseological approach. It discusses the theoretical
relevance of collocations in language learning, and reviews models of L1 and L2
collocational learning in the context of formula-based approaches to language learning.
It also presents test formats used to tap L2 collocation knowledge and statistical
procedures used to calculate the frequency and strength of collocations. The second
thematic section explores the link between PSTM and L2 collocation learning. It
presents one laboratory-based study (Ellis & Sinclair, 1996) indicating that PSTM may
be linked not only to L2 vocabulary but also L2 collocation learning in adult learners at
the onset of L2 learning. In addition, some indirect classroom-based evidence for
patterns expected at a post-beginning stage of L2 learning is reviewed.

Chapters 5 and 6 contain a detailed description of our research instruments and
our pilot study, while Chapters 7 and 8 present our data analysis and conclusions. The
findings from our study indicate that PSTM is significantly linked with L2 vocabulary
and L2 collocation knowledge at the A2 level of L2 proficiency. At the B1 level the
link between the PSTM and L2 vocabulary becomes insignificant when Exposure is
partialled out, suggesting a diminishing influence of PSTM on L2 vocabulary
knowledge/learning. The relationship between PSTM and L2 collocations at the B1
level is significant, when PSTM is tapped by Serial Nonword Recall. However, when
PSTM is indexed by Serial Nonword Recognition, the link between PSTM and L2
collocations in nonsignificant. Possible causes for that conflicting evidence at the Bl
level are discussed. Additionally, a cross-lagged correlational analysis is presented that
indicates that PSTM (tapped by Serial Nonword Recall) is a causal determinant of L2

vocabulary/collocation knowledge at the A2 level of proficiency.
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Chapter 1: Introduction

Although the phonological loop forms only a relatively small part of working
memory it is probably the most distinctive aspect of the Baddeley and Hitch
(1974) multicomponent model, and the one that has been investigated in most
detail. After more than 30 years it still generates controversy, and importantly,

new and interesting data. (Baddeley, 2007: 15)

Phonological Short-term Memory (PSTM, also referred to as the phonological
loop) is a component of Baddeley’s fractionated Working Memory model (initially
developed in 1974 by Baddeley & Hitch). The present dissertation explores the link
between L1-based (Polish) PSTM measures and L2 (English) vocabulary and
collocation learning in a longitudinal classroom-based study involving young adult
native speakers of Polish resident in an English-speaking country (Ireland). As part of
this study we investigate six research question, three of which examine the link
between PSTM and the development of L2 vocabulary knowledge in adult learners
(Questions 1, 2 and 3 discussed below), while the remaining three examine the link
between PSTM and the development of L2 collocational knowledge in adult learners

(Questions 4, 5 and 6).

The PSTM component of the Working Memory model (1974) is theorised to
consist of two subcomponents: the phonological store and articulatory rehearsal
mechanism. The phonological store is seen as responsible for holding memory traces
for up to a few seconds before they fade, and the articulatory rehearsal mechanism is
believed to reactivate the traces in order to prevent them from decaying. To compare
the extent to which these two components are involved in adult L2 learning in this

study, individual differences in PSTM are tapped by an L1-based Serial Nonword'

' Nonwords are phonotactically legal made-up words that do not exist in the language they are based
upon. They include only those sounds or series of sounds that exist in that language. “Raspuko” is an
example of a Polish nonword, while “darrock” is an example of an English nonword.
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Recall task and an L1-based Serial Nonword Recognition task”. The Serial Nonword
Recall is believed to tap both subcomponents, i.e. the phonological store and the
articulatory rehearsal mechanism, while the Serial Nonword Recognition is believed to

tap the phonological store only (Baddeley, 2003a).

In the current study L2 vocabulary and collocational learning is analysed within
two acquisitional contexts — outside the classroom and within the classroom setting. To
distinguish between these two contexts, we measured the learning of high-frequency L2
vocabulary other than that introduced during the TCD language course that our subjects
were enrolled on® and the learning of course-related L2 vocabulary. We also measured
the learning of high- and low-frequency collocations other than those introduced during

the TCD language course and the learning of course-related L2 collocations.

The study brings together a set of crucial features which have to date not been
assembled in a single study in PSTM research with respect to SLA in adult learners.

The features in question include:

a) an investigation of PSTM effects on L.2 vocabulary and collocation
knowledge/learning in adults at different L2 proficiency levels (beginners and

pre-intermediate),

b) the use of a recall-based nonword measure of PSTM alongside a recognition-
based nonword measure of PSTM in adults to assess the involvement of the
phonological store and the articulatory rehearsal mechanism in L2 vocabulary

and collocation knowledge/learning,

¢) the use of a frequency-based L2 vocabulary size measure to tap 1.2
vocabulary learning outside the classroom, and the use of an end-of-course .2

vocabulary measure to tap L2 vocabulary learning in class,

d) the use of a general L2 collocation measure to tap .2 collocation learning
outside the classroom, and the use of end-of-course L2 collocation measure to

tap L2 collocation learning in class,

? Please note that for ease of reading the names of PSTM tasks are capitalised throughout. Please consult
Chapter 2, Section 2.6, for a more detailed explanation as to why these two task formats were selected
for the present project.

> An L2 (English) course was taught at Trinity College Dublin between January and July 2008. The
course will henceforth be referred to as the TCD language course.
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e) the analysis of the causal direction between PSTM and L2
vocabulary/collocation measures in a longitudinal classroom-based project

within a cross-lagged correlation paradigm,

and f) repeated measurements of PSTM capacity using L1-based nonword tasks
(recall and recognition measures) over time in order to establish whether L1-

based PSTM scores change over time in adults.
1.1. Research questions

This study examines six questions. These are set out below, along with a brief
account in each case of the relevant research context, as well as an indication of the

expected contribution of the present study.

Question 1: Does the relationship between PSTM and L2 vocabulary learning (in class
and outside the classroom) decrease with an increased level of L2 proficiency in adults,

as has been shown to happen in the case of child L1 learning?

Laboratory-based studies on adults indicate that there is a strong link between
PSTM (mostly tapped by Nonword Repetition) and L2 vocabulary learning at the onset
of language learning (Gupta, 2003; Papagno & Vallar, 1992; Speciale et al., 2004:
Experiment 1; see also the older adult part of the Service & Craik study, 1993). Two
existing classroom-based longitudinal studies (O'Brien et al., 2006; Speciale, Ellis &
Bywater, 2004: Experiment 2) present a mixed picture in respect of the same
relationship between PSTM and adult L2 vocabulary learning in the classroom context.
O’Brien et al. demonstrate that L1-based Serial Nonword Recognition scores at Time 1
correlate with L2 free productive knowledge of vocabulary at Time 2 in lower ability
learners, but not higher ability learners (the exact proficiency level is not specified).
Speciale et al., on the other hand, detect no significant link between their Nonword
Repetition task (based neither on L1 nor L2) and receptive L2 vocabulary knowledge in
adults at the A1 level of L2 proficiency. The difference between the results obtained by
O’Brien et al. and those obtained by Speciale et al. may have been brought about by the
nature of the different L2 vocabulary measures used in the two studies. O’Brien et al.
measured free productive knowledge of L2 vocabulary in spoken output, while
Speciale et al. measured the students’ ability to arrange some high frequency words

into 10 pairs that could be reasonably contrasted. As only certain words can be
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contrasted in terms of their meaning, it is not unlikely that the Speciale et al. measure
of receptive L2 vocabulary was too restricted in its content to reflect the amount of

progress their students made over a 7-week period of language instruction.

Neither O’Brien et al. (2006) nor Speciale et al. (2004: Experiment 2) deal with
the link between PSTM and different levels of L2 proficiency. If the pattern observed
by O’Brien et al. among their high and low ability adult subjects is replicable in adult
A2 and B1 learners, then we would expect a stronger relationship between L1-based
PSTM measures and L2 vocabulary learning at the A2 level and a weaker (or no)
relationship at the B1 level. If, however, the pattern observed by Speciale et al. in their
adult A1 learners is replicable, then we would expect no relationship between L1-based

PSTM measures and L2 vocabulary learning at the A2 level or at the B1 level.

This study explores the link between PSTM and 1.2 vocabulary
knowledge/learning using a PSTM measure that involves articulation (like in the
Speciale et al. study, Experiment 2) and a PSTM measure that does not involve
articulation (like in the O’Brien et al. study). It also includes L.2 vocabulary measures
that are of a more general nature (like in the O’Brien et al. study) and L2 vocabulary
measures that test the content of the language course only (like in the Speciale et al.
study, Experiment 2). It explores the issue of the relationship between PSTM and L2
vocabulary knowledge/learning at different L2 proficiency levels, as the issue has not

yet been addressed in respect of adult L2 learners.

Question 2: Which component of PSTM is more closely linked to L2 vocabulary
learning in adults at the A2 and Bl levels of L2 proficiency — the phonological store
(tapped by Serial Nonword Recognition) or both the articulatory rehearsal component

and the phonological store (tapped by Serial Nonword Recall)?

A number of tasks have been used in PSTM research to measure individual
differences in PSTM capacity, including Nonword Repetition, Serial Nonword Recall
and Serial Nonword Recognition. Within the Working Memory model the Serial
Nonword Recognition task is believed to mainly involve the nonarticulatory
phonological store, while the Nonword Repetition and the Serial Nonword Recall tasks
are assumed to involve both the store and the articulatory rehearsal component

(Baddeley, 2003a). The nonword measures that involve articulation of presented



nonwords, such as Nonword Repetition or Serial Nonword Recall, are arguably the
most frequently used memory tasks in PSTM research (see e.g. Gathercole, 2006a, for
an overview of studies using Nonword Repetition). A nonword measure that does not
involve articulation of presented nonwords, namely Serial Nonword Recognition, has
been used in some L1 studies involving children (Gathercole & Pickering, 1999;
Gathercole et al., 2001; Gathercole et al., 1999b; Thorn, Gathercole & Frankish, 2002)

and in one L2 longitudinal study involving adult learners (O'Brien et al., 2006).

In a longitudinal study by Gathercole et al. (1999b) of young children (aged 4 at
the onset of the study) the Serial Nonword Recognition task (Time 1) was shown to
correlate more strongly with L1 vocabulary knowledge (Time 2) as compared to the
correlation between the Nonword Repetition (Time 1) and L1 vocabulary knowledge
(Time 2). Gathercole et al. interpret the fact that both Nonword Repetition and Serial
Nonword Recognition correlated significantly with their L1 vocabulary measure as a
support for the claim that it is the phonological store rather than the articulatory

component that constrains child L1 word learning (Gathercole et al., 1999b: 65).

It is not clear whether or not Serial Nonword Recall and Serial Nonword
Recognition make the same or different predictions in relation to L2 learning in adult
learners, as no longitudinal study has yet compared the strength of the link between
recall- and recognition-based measures and adult L2 vocabulary learning in a classroom
setting. If the patterns of correlations obtained in young children (Gathercole et al.,
1999b) are also observed in adults, then we would expect our Serial Nonword
Recognition measure to be more closely linked with L2 vocabulary measures than our
Serial Nonword Recall measure. As Gupta (2003) points out, however, it might be
plausibly expected that the patterns of relationships observed between PSTM measures
and word learning in children do not resemble those in normal adults simply because of
differences between the two populations in the use of strategies in recall- and
recognition-based PSTM tasks. The fact that adults are adept at using rehearsal
strategies, while young children are not (Gathercole & Hitch, 1993; Pickering, 2006:
245; Pressley & Van Meter, 1992) may have an impact on the strength of the link
between the rehearsal component of PSTM (tapped by Serial Nonword Recall) and L2
vocabulary learning in adults. An experimental study by Martin (2009: 87) of adult

artificial language learning provides preliminary evidence that the link between recall-



and recognition-measures in adults may be different from that observed in children.
The study, for example, indicates that the correlation between some lexical measures

and Serial Nonword Recognition is weaker than with Nonword Repetition.

Question 3: In the case of adults (as opposed to children who were the focus of
previous research), what is the causal direction of the relationship between PSTM and
the learning of high-frequency L2 vocabulary (outside the classroom) at the A2 and Bl
levels of L2 proficiency? Is it the L1-based nonword scores at Time I that contribute to
L2 Vocabulary Levels Test scores at Time 2, or is it L2 Vocabulary Levels Test scores

at Time [ that contribute to the LI-based nonword scores at Time 2?

Many studies linking L1-based PSTM measures with L1/L.2 development are
correlational in nature. Since correlation does not imply causation, the direction of
causation in this link is still open to debate. Even though PSTM is generally regarded
as a strong predictor of word learning (e.g. Baddeley, 2003b; Papagno, Valentine &
Baddeley, 1991; Service, 1992), in principle it is plausible that good PSTM functioning
supports vocabulary development or that the reverse holds true. One of the arguments
put forward in favour of the view that individual differences in linguistic knowledge
drive PSTM performance is that PSTM measures are known to be influenced by long-
term memory. The effects of ‘lexicality’ (better recall for words than nonwords) and
‘wordlikeness’ (better recall for nonwords resembling real words) indicate that at a
recall stage serial memory for items is affected by top-down redintegrative processes4
drawing on long-term lexical knowledge (Gathercole et al., 2001). Bearing the above in
mind, individuals with lower vocabulary skills might be expected to obtain lower
PSTM scores as compared to those with better developed lexicons, while individuals
with a richer knowledge of languages (L1 and others) may be expected to have more

efficient PSTM.

One frequently cited study that addressed the issue of the direction of causation
in the link between PSTM and vocabulary learning is a longitudinal study by
Gathercole et al. (1992) on young children learning their L1. A cohort of 80 4-year olds
from a middle class background was subjected to PSTM and receptive vocabulary

testing. The tests were re-administered when the children reached the ages of 5, 6 and

* Redintegration is a process whereby long-term memory representations influence short-term recall. In
other words, phonological representations available in long-term memory are used to repair partially
decayed traces of words (see Chapter 2, Section 2.3.2).
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8. To explore the directionality of the association Gathercole and colleagues applied a
cross-lagged partial correlational analysis, which involved calculating and comparing
the strength of the correlations between early PSTM and later receptive vocabulary, and
between early vocabulary and later PSTM scores. According to the assumptions of a
cross-lagged correlational analysis, the correlation should be stronger in the causal than
in the noncausal direction (e.g. Campbell, 1988; Campbell & Stanley, 1963; Crano,
Kenny & Campbell, 1972; Crano & Mellon, 1978). The pattern obtained for the link
between PSTM and vocabulary at ages 4 and 5 suggests that PSTM capacity drives
vocabulary learning rather than vice versa. However, this pattern shifted for age range 6
— 8 suggesting that expanding vocabulary knowledge might drive PSTM performance
at higher levels of familiarity with the language. French (2003 & 2004) also used a
cross-lagged partial correlational analysis to investigate the directionality of the link
between PSTM (Arabic Nonword Repetition) and L2 learning in 54 French children at
a beginning level of L2 proficiency (presumably A2) enrolled in a S-month intensive
English course in Quebec's Saguenay Region (mean age = 11.2 years). Partial cross-
lagged correlations revealed that PSTM played a causal role in the children's L2
development over time (including the development of L2 vocabulary), which is in line
with the Gathercole et al. study (1992) in relation to the relationship between PSTM
and L1 vocabulary learning at ages 4 and 5. In this thesis we use a cross-lagged
correlational analysis to explore the causal direction of the association between PSTM
and vocabulary learning, but this time in the case of adults at elementary (A2) and pre-

intermediate (B1) levels.

Question 4: In the case of adults, is there a relationship between PSTM and the
learning of L2 collocations (in class and outside the classroom) at the A2 and Bl levels
of L2 proficiency? If so, does the relationship between PSTM and L2 collocation

learning decrease with an increased level of L2 proficiency?

To the best of our knowledge, there are no longitudinal studies on children or
adults that deal with the link between PSTM and L1/L2 collocational knowledge. A
laboratory-based study by Ellis and Sinclair (1996) looked at how interfering with
PSTM by means of articulatory suppression influenced the efficiency of learning new
L2 utterances. The subjects who were prevented from repeating novel L2 expressions

(the articulatory suppression condition) were significantly worse than those who were



instructed to remain silent (the silent condition) and those who were requested to repeat
novel L2 expressions out loud (the repetition condition). The above results led Ellis and
Sinclair to conclude that PSTM is implicated in the acquisition of L2 phrases in adults
(1996: 245, see also Ellis, 1996 and Ellis & Schmidt, 1997). Ellis and Sinclair also
suggest that the involvement of PSTM in L2 collocation learning resembles that for L2
vocabulary learning, at least at the very initial stage of L2 learning. Further support for
the link between individual differences in PSTM capacity and the learning of L2
sequences in adults at the initial stages of L2 learning comes from the Martin (2009:
90) study, which looked at the link between PSTM (Nonword Repetition and Serial

Nonword Recognition) and the learning of grammar in an artificial foreign language.

Some longitudinal studies on the role of PSTM in L1/L2 vocabulary learning
(Gathercole et al., 1992; O'Brien et al., 2006) indicate that PSTM involvement in
vocabulary learning decreases as L.1/L.2 proficiency increases. Gathercole (2006a: 515)
points out that, with respect to the learning of individual words, more advanced L2
learners become less reliant on PSTM and more adept at using their mental lexicons to
access phonological representations of close neighbours of the target item. The Ellis
and Sinclair (1996) lab-based study deals with an initial stage of L2 learning, and it is
not clear how their findings might extend to other levels of L2 proficiency. A greater
learning effort can be expected in the case of multi-word phrases when compared to the
learning of single words (Verstraten, 1992: 28), and therefore it is plausible that PSTM
may still play a role in the learning of collocations at post-elementary levels of
proficiency. Indirect support for this view comes from the O’Brien et al. (2006) study,
in which a significant link between L1-based Serial Nonword Recognition (Time 1)
with L2 subordinate clause use (Time 2) was detected in high and low ability students.
On the basis of the above O’Brien et al. conclude that at initial stages of language
learning PSTM is mainly deployed for vocabulary learning, but that at later stages
when vocabulary access is more automatic PSTM is redeployed for learning more

complex structures (2006: 399).

Question 5: Which component of PSTM is more closely linked to L2 collocation
learning in adults at the A2 and Bl levels of L2 proficiency — the phonological store
(tapped by Serial Nonword Recognition) or both the articulatory rehearsal component

and the phonological store (tapped by Serial Nonword Recall)?



There is no research so far linking the Serial Nonword Recall task and the Serial
Nonword Recognition task with L2 collocation learning in children and adults.
Considering the fact that O’Brien et al. detected a significant correlation between their
LL1-based Serial Nonword Recognition task (Time 1) and L2 subordinate clause use
(Time 2) in both low ability and high ability adult L2 learners, we could expect to
obtain a similar pattern in relation to our L1-based Serial Nonword Recognition
measure and L2 collocation measures (Time 2) at both the A2 and B1 levels of L2
proficiency. Also, if the finding by Martin (2009: 90) that Nonword Repetition, as
compared to Serial Nonword Recognition, is more strongly linked with grammatical
measures in adult artificial foreign language learning is replicable in a classroom
setting, we could expect a stronger link between our Serial Nonword Recall measure
and the learning of L2 collocations than between our Serial Nonword Recognition

measure and the learning of L2 collocations.

[f it is the nonarticulatory storage component of PSTM that is more closely
associated with L2 collocation learning in adults, then we would expect L2 collocation
scores to be significantly linked with both the Serial Nonword Recall and Recognition
tasks (irrespective of their spoken recall requirement). If it is the articulatory
component of PSTM that that is more closely associated with L2 collocation learning in
adults, we would expect L2 collocation scores to be significantly linked with the Serial
Nonword Recall, but not with the Serial Nonword Recognition. If both of our PSTM
measures correlate with L2 collocation measures, we shall also look at the patterns of
obtained correlations in order to establish whether or not there are any significant
differences in the strength of correlations among our PSTM measures and L2

collocation measures.

Question 6: What is the causal direction of the relationship between PSTM and L2
collocation learning in adults at the A2 and Bl levels of L2 proficiency? Is it PSTM
scores at Time 1 that contribute to Gitsaki’s Collocation Test scores at Time 2, or is it

Gitsaki’s Collocation Test scores at Time 1 that contribute to the PSTM scores at Time
27

As mentioned before, a longitudinal study by Gathercole et al. (1992) looked at
the causal direction of the relationship between PSTM (L1-based Nonword Repetition

task) and L1 vocabulary learning in children. Their cross-lagged partial correlational
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analysis indicates that at ages 4 and 5 PSTM drives L1 vocabulary learning, while at
ages 6 and 8 it is L1 vocabulary knowledge that contributes to PSTM scores. This
suggests that at higher levels of familiarity with L1, expanding L1 vocabulary
knowledge (Time 1) may drive PSTM performance (Time 2). If the same pattern
applies to L2 collocation learning in adults, at the A2 level of L2 proficiency we would
expect stronger correlations between PSTM (Time 1) and A2 Gitsaki’s Collocation
Test (Time 2) than between A2 Gitsaki’s Collocation Test (Time 1) and PSTM (Time

2), and at the B1 level of proficiency we would expect the pattern to be reversed.
1.2. Operational definitions

The following operational definitions are assumed throughout the thesis,
namely Phonological Short-term Memory, L2 vocabulary learning, 1.2 collocational

learning, L.1 vocabulary knowledge and exposure to L2 outside the classroom.

1.2.1. Phonological Short-term Memory (PSTM)

For the purpose of this study two operational definitions of PSTM capacity
were formulated — one involving articulation of lists of nonwords” and the other
involving passive recognition sets of nonword lists. The two operational definitions of

PSTM adopted here are thus as follows:

1. Serial Nonword Recall performance (the ability to retain and repeat L1-based
nonword lists of varying lengths immediately after the presentation of each list

with the correct nonword order maintained) — at Time 1 and Time 2°,

2. Serial Nonword Recognition performance (the ability to retain sets of two L1-
based nonword list of varying lengths and to judge, immediately after the
presentation of a given set, whether the nonwords within each set are presented

in the same order) — at Time 1 and Time 2.

’ Nonwords in the study were novel combinations of L1 (Polish) syllables.
® Time 1 is used to refer to the commencement of the language course, while Time 2 denotes the
termination of the course.
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1.2.2. L2 vocabulary knowledge and learning

The second set of concepts to be defined operationally are the notions of
vocabulary knowledge and vocabulary learning. In many frameworks (e.g. Nation,
1990; Qian, 2002) there is a consensus that vocabulary knowledge comprises at least
two dimensions, that is vocabulary breadth/size and vocabulary depth. Vocabulary
breadth refers simply to the number of words that the learners are familiar with (even if
the understanding of the meaning is only superficial), while depth of vocabulary refers
to the learners’ knowledge of various aspects of words under investigation, such as e.g.
word associations (see Chapter 3, Section 3.2 for more detail). This study focuses on
gains in high-frequency L2 vocabulary breadth (i.e. selected L2 words from frequency
lists containing the first, second and third 1,000 most frequent L.2 words) and the
breadth of L2 vocabulary learnt in class (i.e. selected L2 words that were introduced in

class and recycled at least twice).

The operational definition of L2 vocabulary knowledge used in the current

study is as follows:

L2 vocabulary knowledge is defined as that which has been gained outside the
classroom (measured in relation to L2 vocabulary that has not been explicitly

taught during the TCD language course):

e knowledge of the receptive and controlled productive general
vocabulary breadth defined in relation to the English word frequency
lists used in the creation of Vocabulary Levels Test (Nation, 2001b;
Schmitt, Schmitt & Clapham, 2001) — at Time 1 and Time 2

The operational definitions of L2 vocabulary learning used in the current

study include the following:
1. L2 vocabulary learning which has taken place outside the classroom:

e gains in the receptive and controlled productive general vocabulary
breadth defined in relation to the English word frequency lists used in
the creation of Vocabulary Levels Test (Nation, 2001b; Schmitt et al.,
2001) — between Time 1 and Time 2

il



2. L2 vocabulary learning which has taken place in class:

e the receptive and controlled productive knowledge of vocabulary that
was introduced in class and recycled at least twice (breadth test format)

— and which had been developed by Time 2

1.2.3. L2 collocation knowledge and learning

The third set of concepts to be defined operationally are the notions of
collocations and collocation learning. As outlined in Chapter 3, the major conceptual
approaches to collocations include the frequency-based view and the phraseological
view of collocations. In the frequency-based tradition collocations are perceived as
words co-occurring within a certain distance from one another “with a probability
greater than chance” (Halliday, 1966) regardless of their idiomaticity and their
structural status (Biber et al.,1999: 990). In the phraseological tradition, on the other
hand, attention is paid to collocation types rather than their frequency of occurrence
(Benson et al., 1986; Benson et al., 1997), and to various degrees of fixedness and
opaqueness (Howarth, 1998). The approach adopted in this thesis is embedded in the
frequency-based tradition. The frequency of occurrence of target collocations was
calculated on the basis of the British National Corpus using the BNCweb interface
(Hoffmann & Evert, 2007). The target collocations included a number of grammatical

and lexical types of collocations (BBI typology by Benson et al., 1986).

Our approach towards collocations overlaps with that of Gyllstad, who defines

them as:

(...) two syntagmatically related and frequently co-occurring orthographic
words, either adjacent or separated by a specified distance (...) where the
meaning is evoked by the combination as a whole, sometimes requiring
additional lexical elements for grammatical well-formedness and usage

convention. (Gyllstad, 2009: 155)

For two orthographic words to be classified as a collocation in this study they had to

fulfil all of the following criteria:
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1. be two-word units in which the co-occurring item appears within 3 words to the

left or right of the node,

2. be listed in at least one of the following dictionaries: “Oxford Collocations:
Dictionary for Students of English” (2002), “The BBI Combinatory Dictionary
of English” (Benson et al., 1986), “The BBI Dictionary of English Word
Combinations” (Benson et al., 1997) or “Oxford Advanced Learner’s

Dictionary” (Hornby, 2005),

3. be present in the BNC corpus (no minimum threshold of frequency of

occurrence was set).

Selected two-word units that fulfilled the above requirements were classified as a) low-
and high-frequency collocations in accordance with their BNC frequencies of
occurrence and as b) stronger and weaker collocations according to their Mutual

Information cubed (MI3) scores also calculated on the basis of BNC data.
L2 collocation knowledge in the current study refers to the following:

L2 collocation knowledge gained outside the classroom (measured in relation to
L2 collocations that have not been explicitly taught during the TCD language

course):

e controlled productive knowledge of L2 collocations measured by the A2

and B1 Gitsaki’s Collocation Tests — at Time 1 and Time 2.

L2 collocational learning in the current study refers to the following:
1. L2 collocation learning which has taken place outside the classroom:

e gains in the productive knowledge of L2 collocations measured by the
A2 and B1 Gitsaki’s Collocation Tests (1999)” — between Time 1 and

Time 2,

7 The target collocations on Gitsaki’s collocation tests come from A2 and B1 English language teaching
materials other than those used during the TCD language course that our subjects were enrolled on.
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2. L2 collocation learning which has taken place in class:

e receptive and controlled productive knowledge of collocations that were
introduced in class and recycled at least twice — and which had been

developed by Time 2.

1.2.4. L1 vocabulary knowledge

Productive knowledge of L1 (Polish) low-frequency vocabulary was included in
our project as a potentially confounding variable. L1 long-term knowledge is assumed
to be linked to the process of creation of L2 phonological representations in adult L.2
learners at the onset of L2 learning, provided that the perceived cross-language
phonetic distance between is not considerable (Flege & MacKay, 2004). It is plausible
that in languages which are close to one another phonetically, such as for example
Polish and Czech, the activation of L1 long-term knowledge at initial levels of
proficiency may be sufficient to compensate for individual differences in PSTM
functioning. In the case of Polish and English, however, it is not clear to what extent
knowledge of Polish phonological regularities would interact with the learning of novel
English forms, and therefore we feel it is essential that a Polish vocabulary measure be

incorporated in the experimental design.

L1 vocabulary knowledge was in this study defined as L1 low-frequency
vocabulary breadth (at Time 1). For L1 nouns, verbs and adjectives to be defined as
low-frequency they had to have a frequency of less than 600 of occurrences in the IPI

PAN corpus (2™ edition, 2006), a 250 million word corpus of written Polish language.

1.2.5. Exposure to L2 outside the classroom

Another potentially confounding variable identified at the design stage of our
project was the amount of exposure to L2 outside the classroom. Our subjects were
resident in Dublin (Ireland) throughout the duration of the TCD language course and
were therefore exposed to some amount of L2 outside the classroom. Since Poles were
the most dominant migrant group in Ireland in the two years preceding 2008 (see
Chapter 6, Section 6.2.1), we could not assume that the patterns of exposure to L2

would be similar for all of our subjects. A considerable number of the Polish migrants
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that we had interviewed in 2006 and 2007 under an umbrella of the larger Polish
Diaspora Project reported that they could go about their daily routines interacting
mainly in L1. They pointed to the fact that a number of services were available in
Polish (Polish shops, Polish schools, Catholic masses in Polish, Polish legal advice,
Polish film festivals, etc.). Some of them admitted to socialising mainly with other
members of the Polish community in Ireland owing to a common linguistic and cultural
background. Among the Poles we had interviewed prior to 2008, there were also a
number of individuals who reported interacting through L2 mainly and using hardly

any L1 on a daily basis.
In the current study exposure (to L2 outside the classroom) was defined as:

e interacting in L2 with L2 speakers — face-to-face, via the phone or on
the Internet (chat rooms, e-mails),
e watching TV in L2, reading books, newspapers, etc. in L2, listening to
radio programmes in L2,
Exposure was measured in terms of hours per day between Time 1 and Time 2. The
subjects were asked to keep a diary for six weeks (one selected week of each month
during the TCD language course), in which they were requested to note the number of
hours of exposure to L2 outside the classroom per day®. Our subjects were instructed
not to include any TCD language course-related activities (such as homework) in their

estimations of exposure.

¥ Please note that the Exposure measure reported in our 2009 article in EUROSLA Yearbook 9 was a
different measure. That measure took account of self-reported estimation of the ratio between the use of
L1 (Polish) and L2 (English) in the subjects’ daily lives, and was calculated on the basis of the answers
to Question 25 from our background questionnaire (Appendix B). The Exposure measure reported here is
meant to reflect the average number of hours our subjects were exposed to L2 outside the classroom
between Time | and Time 2.
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Chapter 2: Phonological Short-term Memory (PSTM) and
Adult Second Language Learning

2.1. Introduction

Over the last 30 years the Baddeley and Hitch 1974 Working Memory model
has consistently been at the centre of SLA studies and has proved to be of both
theoretical and practical relevance. It has been depicted as “a major accomplishment of
the modern era of cognitive psychology, (...) one of the first information processing
models to make an explicit attempt to accommodate both traditional behavioural data
and the results of neuropsychological case studies in an integrated theoretical
framework” (Buchsbaum & D'Esposito, 2008: 762). The phonological loop component
of the Working Memory model (Phonological Short-term Memory, PSTM), assumed to
consist of a phonological store and an articulatory rehearsal mechanism, is the central

focus of the thesis.

Section 2.2 focuses on how the development of the concept of working memory
and short-term memory up to the 1970s contributed to the formulation of the Baddeley
and Hitch Working Memory model. Section 2.3 outlines the architecture of the
Working Memory model, focusing in particular on the phonological loop component
(PSTM). It also highlights the strengths and weaknesses of the model in the light of the
current evidence for the existence of PSTM. Since the Baddeley and Hitch Working
Memory model does not directly address the mechanisms responsible for the
interaction between PSTM and LTM, Section 2.4 presents a number of models that
simulate PSTM computationally. Section 2.5 contains a brief overview of research on
the association between PSTM and L1/L2 vocabulary learning. Section 2.6 describes
Serial Nonword Recall and Serial Nonword Recognition, the two measures employed
in our research project, and their theoretical relevance within the Working Memory
model. Since our PSTM tasks contain L1-based nonwords, the final section (2.7) deals

with the issue of the impact of language of testing on PSTM scores.
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2.2. The evolution of the concept of Working Memory and Short-term
Memory

The internal structure of memory and its impact on how incoming sensory
information is processed and retained has been a matter of considerable interest among
cognitive psychologists and psycholinguists. The majority of cognitive psychologists
subscribe to the view that memory can be divided into two inter-dependent
components, that is a limited capacity short-term memory (STM) store (or working
memory, WM) and a greater capacity, more durable long-term memory (LTM) store.
To contextualize the notion of Phonological Short-term Memory (PSTM), the evolution

of STM, WM and LTM is briefly presented in this section.

One of the earliest references to the concept of short-term memory (STM)
comes from the writings of a British philosopher John Locke (1690), who distinguished
between temporary memory for “the idea that is brought into it” and a more permanent
“storehouse of ideas” (ibid.: Book II, Chapter X, paras. 1-2). The same type of
dichotomy appeared again in the work of an American philosopher and psychologist,
William James (1890/1931), who coined the term primary memory in relation to what
he termed as the “feeling of the specious present” (ibid.: 647), and secondary memory
in relation to “knowledge of a former state of mind after it has already once dropped
from consciousness” (ibid.: 648). Primary memory was regarded as being a more
faithful recording of memory traces, as it reflected an event that was part of the
psychological present. Secondary memory, on the other hand, reflected an event
belonging to the psychological past and, hence, was more likely to abound with

distortions and omissions.

James’ assumption that STM and LTM are separate systems was reinforced by
subsequent computer models, in which limited capacity STM was typically included as
a route into LTM (Murdock, 1974). One of such models, for example, is Broadbent’s
tripartite information-processing model (1958). It comprised three main memory
storages — two temporary storage systems and a larger capacity LTM system — as well
as a rehearsal loop mechanism. The two temporary storage systems included the S-
system, a preattentive sensory store, and the P-system, a limited-capacity store that
received filtered information from the S-system. The rehearsal loop mechanism was

responsible for maintaining information in STM via constant data transfer between the
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temporary storage systems. While the P-system corresponds roughly to a STM store in
subsequent memory models, such as e.g. the modal model of Atkinson and Shiffrin
(1968), the concept of rehearsal mechanism can be seen as an underlying foundation
for Baddeley and Hitch’s articulatory rehearsal mechanism within their Working

Memory Model (1974 and later versions).

Primary and secondary memory as well as the nature of the rehearsal
mechanism were further refined in two very influential papers, one by Waugh and
Norman (1965) and the other by Atkinson and Shiffrin (1968). Waugh and Norman
took the line that that rehearsal was essential not only in preventing the displacement of
a stimulus within the primary store by other more recent stimuli, but also in transferring
the stimulus from a limited capacity primary memory store to a more permanent
secondary store. Unlike James, Waugh and Norman viewed primary memory in terms
of the number of events that could be stored in STM rather than the period of time these

events would extend over.

In the Atkinson and Shiffrin (1968) modal model, that comprised of sensory
registers, STM and LTM, the STM store was believed to control the flow of
information in and out of LTM through control processes such as rehearsal, coding and
retrieval. The modal model resembled the Waugh and Norman model in that it posited
that memory items, represented in STM in a phonological form, can be maintained
through rehearsal processes or lost due to decay or interference. In contrast to the
Waugh and Norman model, however, STM was believed to have not only storage but
also processing functions. Atkinson and Shiffrin suggested that due to STM capacity
limitations a trade-off between storage and processing can be expected to occur. The
authors also briefly introduced the term working memory (WM), and they explicitly
assumed that STM functioned as working memory. However, there was little empirical
support for that assumption at the time. The question of whether or not STM functions
as WM was later directly tested by Baddeley and Hitch (Section 2.3), which led to the
development of their 1974 Working Memory Model.

Despite providing a good account of a considerable amount of empirical data
available at the time, the modal model ran into a few problems and its detailed
application has been criticised (Baddeley, 1978: 149; Baddeley, 2007: 4; Baddeley &
Hitch, 2007: 2). One of the problems relates to Atkinson and Shiffrin’s assumptions
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about the impact of the interaction between STM and LTM on the learning process.
Atkinson and Shiffrin posited that holding data in STM was sufficient for it to be
transferred into LTM and that the longer the data was held in STM, the better long-term
learning ensued. However, attempts to confirm whether the adequacy of an item's
registration in LTM is indeed a positive function of its length of stay in STM have
proved unsuccessful. As Craik and Watkins (1973) showed in their incidental learning
task, neither increased length of an item's stay in STM nor the number of overt

rehearsals the item received resulted in better recall.

The second problem with the modal model stemmed from neuropsychological
evidence (e.g. Shallice & Warrington, 1970; Vallar & Shallice, 1990). Since access to
LTM was represented as possible only through the STM store, the model’s prediction
was that patients with a massive deficit in STM should also encounter associated
problems in long-term learning. Furthermore, since STM was assumed to act as
working memory, patients with deficient STM would be expected to exhibit general
information-processing deficits affecting their performance on many different cognitive
tasks (Baddeley, 2007: 4; Tulving & Craik, 2005: 82-83). Those few relatively pure
cases of selective STM deficits that were studied showed that patients with STM
impairment can lead normal lives and perform effectively in their demanding jobs. The
STM patients appeared to show no evidence of a general cognitive dysfunction, and no
impairments of long-term learning were detected either (e.g. patient K.F in Shallice and
Warrington’s study, 1970). Such data were interpreted as an indication that models in
which information must enter the STM store before reaching the LTM store (Atkinson

& Shiffrin, 1968; Murdock, 1967; Waugh & Norman, 1965) may be inaccurate.

The proposed relationship within the modal model (Atkinson & Shiffrin, 1968)
between the length of an item’s stay in STM and the efficiency of its long-term learning
prompted Craik and Lockhart (1972) to put forward their highly influential Levels-of-
Processing Hypothesis. Contary to Atkinson and Shiffrin, Craik and Lockhart argued
that it is the depth and richness of encoding — rather than the length of an item’s stay in
STM - that determine the probability of long-term learning. Craik and Lockhart’s
theory predicted that deeper levels of processing, such as e.g. semantic judgement,
result in better recall than shallow levels of processing, such as e.g. maintenance

rehearsal. Rehearsal, however, has been shown to result in long-term learning and to
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serve more than just a maintenance function (e.g. Baddeley, 1978), even though it was
regarded by Craik and Lockhart as operating at a shallow level. This finding led
Baddeley and Hitch to look for a better explanation of the link between rehearsal and

long-term learning.
2.3. The Working Memory model of Baddeley and Hitch

Baddeley and Hitch (1974) built their multi-component Working Memory
(WM) model on the basis of the data obtained from dual-task studies, that is studies of
normal subjects performing two tasks concurrently. According to dual-task
methodology, if two tasks compete for a single limited-capacity WM system, the
performance on one or both will be substantially disrupted under demanding dual-task
conditions as compared to single-task baseline levels. The rationale behind this
assumption is that, if the limited-capacity memory system is unitary and one of the
tasks in hand requires most of its available capacity, there should be little remaining
capacity to cope with additional loads, resulting in a significant decrease in
performance. Interestingly, a range of dual-task studies revealed that some memory
tasks can be performed simultaneously by normal adults without much disruption, even
when each task on its own places very heavy demands on the memory system (e.g.
Baddeley et al., 1986 & 1991; Baddeley & Hitch, 1974; Della Sala et al., 1995; Duff &
Logie, 2001; Greene, Hodges & Baddeley, 1995), while other tasks caused substantial
mutual interference when performed concurrently (e.g. Cocchini et al., 2002; Farmer et

al., 1986).

The relative lack of dual-task interference in certain task combinations has
come to be viewed as evidence in favour of a multi-component memory system with a
number of separate specialized cognitive functions responsible for online processing
and temporary storage. In the experiments conducted by Baddeley et al. (1991; 1986)
two types of tasked were used, namely digit span (the maximum number of digits that
could be recalled in the original order straight after the presentation) and tracking (the
ability to follow a moving patch of light on a computer screen) to investigate whether
the experimental tasks in question tapped the resources of same cognitive component.
Digit span was seen as reflecting the capacity for retention of serial verbal information,
while tracking was seen as tapping working memory capacity for visuospatial

information and motor control. Since in the concurrent performance condition there
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was very little observable drop in the performance of either of the tasks, the suggestion
was put forward that the cognitive components these two tasks drew upon — verbal and
visuospatial processing and storage — were separate and could work more or less

independently of one another.

More evidence in support of the hypothesis of separate verbal and visuospatial
stores comes from studies that use articulatory suppression, an experimental technique
involving concurrent articulation of irrelevant verbal stimuli in order to make
articulatory resources unavailable for rehearsal of to-be-remembered verbal material. In
line with the interpretation of dual-task data, digit span was shown to be severely
impaired by articulatory suppression (Murray, 1967), but visuospatial memory was not
affected (Cocchini et al., 2002; Smyth, Pearson & Pendleton, 1988), suggesting that

verbal and visuospatial tasks tap stores that are independent of one another.

When Baddeley and Hitch launched their research on the relationship between
STM and LTM, the research on STM was beginning to lose its popularity in favour of
LTM theories such as e.g. levels of processing (Craik & Lockhart, 1972). In order to
explain patterns observed within their own dataset, Baddeley and Hitch (1974) replaced
the notion of a unitary STM system, such as that in the Atkinson and Shiffrin (1968)
modal model or that in the Levels-of-Processing model, with a memory model that
consisted of multiple interdependent components. The framework they proposed has
become widely known as the Working Memory (WM) model or the fractionated WM
model. It has also been referred to as the European WM model, as it has been
particularly dominant within Europe. Baddeley and Hitch used the term working
memory in relation to “a limited capacity temporary storage system that underpins
complex human thought” (Baddeley, 2007: 6-7). They stressed the functional role of
the proposed system, rather than just its storage function, and continued to explore the
architecture of the model and the respective functions of its components. As a result,
the 1974 WM model has been refined over the years (Baddeley, 1986 & 2000; see also
Baddeley 1990, 1992, 2003, 2007; Baddeley & Logie, 1992), but it needs to be pointed
out that irrespective of minor modifications the relative simplicity of the architecture of

the WM model has been retained.
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2.3.1. The Architecture of the Working Memory model

The WM model consists of a supervisory attentional system, called the central
executive, and three subsidiary systems — namely the phonological loop (PSTM), the
visuospatial sketchpad and the more recently incorporated episodic buffer (Baddeley,
2000, see Figure 2.1 below). The central executive, probably “the most important but
the least understood component of working memory” (Baddeley, 2003b: 835), is
currently treated as a purely attentional system. The original view was that it comprised
both attentional and storage functions. The episodic buffer, an additional storage
component, is theorised to be either a fractionation of the original central executive
(Baddeley, 2007: 147) or the fourth component of the WM model (Baddeley, 2000).
The two remaining components, visuospatial sketchpad and the phonological loop, are
separated into processing and storage systems. The visuospatial sketchpad is
responsible for visual and spatial information, while the phonological loop, which is the

focus of this research project, deals with the manipulation and retention of verbal

material.
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Figure 2.1. The architecture of the Working Memory model (from Baddeley, 2000: 418)

The phonological loop component of the WM model is assumed to comprise a
phonological store, which can hold memory traces for up to a few seconds before they
fade, and an articulatory rehearsal mechanism, which reactivates the traces and
prevents them from decaying (e.g. Baddeley, 2003b). The phonological store has been
compared to an ‘inner ear’ that stores speech-based information, while the articulatory
rehearsal process has been likened to “inner voice’ that repeats verbal information on a

loop to keep the trace active within the phonological store (Cohen, Eysenck & Le Voi,
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1986). Some changes in terminology have occurred since the model was first
introduced, but the essence of the phonological loop has been retained. Before it came
to be known as the phonological loop (Baddeley, 1990), it was referred to as the
phonemic buffer/loop (Baddeley & Hitch, 1974) and the articulatory loop (Baddeley,
1986). The term phonological short-term memory (PSTM) is also commonly used to
refer to the functions that the phonological loop is assumed to have (e.g. Bishop, 2006;
Gathercole & Thorn, 1998; Kormos & Safar, 2008; Masoura & Gathercole, 1999;
Papagno & Vallar, 1992).

The core assumptions of the phonological loop model include a) the
phonological coding of verbal sequences, b) transfer of visual code into phonological
information via rehearsal, ¢) information loss through time-based decay or interference,
and d) memory trace retention via rehearsai. The very first assumption relates to the
fact that the phonological store component of the phonological loop is thought to be
phonologically based. This is supported by the fact that its efficiency decreases
substantially when phonologically similar stimuli are retained in the store
(phonological similarity effect; Baddeley, 1966; Conrad & Hull, 1964). In other words,
the level of phonological similarity between memory items predicts serial recall
accuracy; that is, lists of items that sound similar are more difficult to recall that lists of

items that sound different (Mueller et al., 2003).

Another core assumption of the phonological loop model is that auditorily
presented verbal information gets direct access to the store, where it is retained in its
phonological form, but visually presented verbal information has to be transformed into
a phonological code via the rehearsal mechanism before it can be temporarily retained
in the store (Baddeley, Lewis & Vallar, 1984; Baddeley, Thomson & Buchanan, 1975;
Murray, 1967; see Figure 2.2 below). In principle, such phonological information could
be retained indefinitely in the store via continuous rehearsal. If not refreshed via
rehearsal, phonological representations are subject to decay over time as well as
interference from newer items (Baddeley, 2007: 61). The rehearsal process is believed
to involve either overt or covert (subvocal) articulation (Baddeley, 2007: 7). During
subvocal articulation the same articulatory gestures that are involved in overt

articulation are activated, but are not executed, which is why when we engage in
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subvocal rehearsal we are able to rehearse verbal information without having to move

our lips or any other parts of the articulatory apparatus (Gathercole, 1992: 54).
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Figure 2.2. The structure of the phonological loop (Baddeley, 2003a: 193)

2.3.2. Current evidence for PSTM

Despite the fact that the phonological loop (PSTM) is a relatively small
component of the WM model, it has remained theoretically and empirically productive
over the last 30 years. This section focuses on the phenomena that give better insight
into the functioning of the phonological loop, namely the phonological similarity effect,
the word length effect, articulatory suppression, the irrelevant sound effect, the

influence of LTM and redintegration.
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Phonological similarity effect

A better understanding of the nature of the phonological loop has emerged from
empirical data documenting the effect of phonological similarity in serial recall of
verbal material. Typically, the recall of sequences of phonologically dissimilar words is
higher than that of phonologically similar words (e.g. Baddeley, 1966; Baddeley, 1968;
Conrad & Hull, 1964; Mueller et al., 2003; Schweickert, Guentert & Herberger, 1990).
Conrad and Hull (1964) demonstrated that sequences of phonologically similar letters
suchas BD T G C P are recalled less accurately than those of phonologically
dissimilar letters such as F K'Y W R Q. Baddeley (1966) extended Conrad and Hull’s
finding to words, showing that the recall of sequences of phonologically similar words,
such as e.g. man cat cap map can, can be as low as about 10 per cent, in contrast to
dissimilar sequences, like e.g. pit day cow pen sup, which are recalled correctly in

approximately 80 per cent of the occasions’.

The phonological similarity effect is interpreted as evidence supporting the
phonological loop model’s assumption that it is the phonological store that holds verbal
information rather than any other kind of storage system e.g. visual or semantic. Within
the phonological loop model there are at least two explanations of the observed
phonological similarity effect. One possible explanation is that there is an interaction
between phonological similarity and time of decay; that is, phonological codes held in
STM decay more quickly when items to-be-remembered are phonologically similar
(Posner & Konick, 1966). Another explanation could be that the rate at which the
codes decay is roughly the same regardless of their phonological similarity, but
partially degraded traces of phonologically similar items are more difficult to
reconstruct or redintegrate at the time of recall than partially degraded traces of
phonologically dissimilar items (Nairne, 1990; Service, 2007). According to the
redintegration hypothesis (Hulme, Maughan & Brown, 1991) long-term phonological
knowledge is used to compensate for loss of elements of longer words. Reconstructive
mechanisms redintegrate partially degraded phonological traces on the basis of long-

term knowledge about the constituent words. The process of redintegration is dealt with

? For a more detailed account of the phonological similarity effect (including a discussion of some
contradictory evidence) please consult e.g. Gupta, Lipinski and Aktunc (2005), Nimmo (2004), and
Lewandowski and Farrell (2008).
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in the section discussing the influence of long-term memory knowledge later in this

chapter.
Word length effect and articulation rate

Another very robust effect of STM is the so-called word length effect, higher
recall accuracy for lists of short words as compared to that for lists of long words. The
first to report this effect was Baddeley at al. (1975), who compared memory spans for
different lengths of to-be-remembered words. His study revealed that, even when
frequency of occurrence and the level of abstractness were controlled for, there was a
systematic decrease in memory span as the length of words increased. This effect was
initially linked with articulatory durations of verbal stimuli (Baddeley et al., 1975). It
was not the number of syllables per se that was considered critical, but rather the rate at
which the item could be rehearsed to prevent it from decaying. The more time the word
took to rehearse, the greater trace decay was believed to occur during rehearsal.
Lengthy multisyllabic words were claimed to receive less rehearsal than shorter items,
which lead to their more rapid decay. Consistent with this interpretation was the finding
that speed of articulation of to-be-remembered items correlated with memory spans for
the very same items (Hulme et al., 1984), and that a developmental increase in memory
span among children showed a strong link with increases in articulation rates
(Nicolson, 1981). Furthermore, among patients with impaired phonological loop
(Belleville, Peretz & Arguin, 1992; Vallar & Baddeley, 1984) as well as among normal
subjects engaged in irrelevant sound articulation (Baddeley et al., 1975) the word

length effect was removed (see Baddeley, 2007 for a more detailed discussion).
Articulatory suppression

Disrupting the functioning of the phonological loop is another significant source
of evidence regarding the nature of this component. There are a number of ways that
have been used to interfere with phonological memory, including nonverbal
interference (e.g. concurrent tapping), irrelevant sound condition (simultaneous
presentation of irrelevant speech) and articulatory suppression (also referred to as
concurrent articulation). Articulatory suppression, as briefly mentioned earlier, involves
engaging in a concurrent verbal task while attempting to memorize the target memory

items. Such concurrent articulation of irrelevant verbal material is assumed to
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constitute a demanding secondary task that competes for the limited capacity of the
phonological loop, and — unlike concurrent tapping, which is often used as a control
condition — has a significant disruptive effect on STM measures (Levy, 1971; Murray,

1968; Peterson & Johnson, 1971).

Empirical findings from studies employing articulatory suppression contrast the
phonological similarity effect (assumed to reside within the phonological store) and the
word length effect (believed to reflect the process of rehearsal) in two modes of
presentation, namely auditory and visual. With visually presented material articulatory
suppression removes both the phonological similarity effect and the word length effect.
However, when items are presented auditorily one of the two effects — the phonological
similarity effect — is retained regardless of articulatory suppression. In contrast to visual
presentation, the fact that the phonological similarity effect remains in the auditory
mode is accounted for by the hypothesis that verbal material is registered within the
phonological store directly and does not require subvocal rehearsal (Baddeley et al.,
1984; Baddeley et al., 1975; Murray, 1967). As mentioned in Section 2.3.1, the
operational basis for access to the phonological store is believed to differ for auditorily
and visually presented memory items. Auditorily presented items are assumed to gain
immediate access to the phonological store, while visually presented items have to be
subvocalized first in order to be translated into an appropriate phonological code that

enables access to the store.
The influence of long-term knowledge

One of the documentations of the beneficial effect of LTM on STM recall
includes the lexicality effect, that is enhancement in serial recall accuracy for words as
compared to nonwords (Hulme et al., 1991). Recall advantage explained in terms of
LTM contribution is also found for high as compared to low frequency words (the word
frequency effect, e.g. Gregg, Freedman & Smith, 1989), for lists presented in L1 as
opposed to L2 (the language familiarity effect, e.g. Thorn et al., 2002), for nonwords
containing highly frequent phoneme combinations (the phonotactic frequency effect)
and for nonwords that are subjectively rated by listeners as resembling real words (the
wordlikeness effect, e.g. Bailey & Hahn, 2001). Phonotactic frequency and
wordlikeness ratings have been shown to be closely linked; nonwords that contain

sequences with high-frequency phonological patterns tend to be rated as more wordlike
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than those with low-frequency phonological patterns (Bailey & Hahn, 2001; Gathercole
& Martin, 1996; Hay, Pierrehumbert & Beckman, 2003; Vitevitch et al., 1997).

The wordlikeness effect is referred to in the thesis on a number of occasions in
relation to the characteristics of nonwords used in our own study and those used by
other researchers. Wordlikeness can be defined as the degree to which a nonword
resembles a real word. The degree of wordlikeness is normally obtained by asking

6‘1”

native speakers of a given language to rate nonwords on a 5-point scale (“1” meaning
“the nonword could not pass for a real word”). Nonwords of low wordlikeness are
those that are of low relative similarity to existing words in a given language.
Nonwords of high wordlikeness, on the other hand, highly resemble existing words.
Obtaining wordlikeness ratings is part of the process of controlling the properties of
nonwords. It has to be pointed out at this stage that it can be rather hard to precisely
quantify the degree of wordlikeness of experimental nonwords (Smith, 2006: 585), as
wordlikeness ratings are based on speakers’ subjective perceptions of sound sequence
typicality. We acknowledge the fact that wordlikeness ratings are subjective in nature,
but what speaks in their favour in our opinion is a strong statistical link with other more

objective measures, such as e.g. phonotactic probabilities of nonwords (e.g. Gathercole

& Martin, 1996; Vitevitch et al., 1997).

The wordlikeness effect (and other above-mentioned effects) can be explained
in terms of the process of redintegration. The term redintegration (Schweickert, 1993)
has been used to refer to a process whereby long-term memory representations
influence short-term recall. Hulme and colleagues (1991) used the concept to explain
why recall of words from short-term memory is better than recall of nonwords. What
they propose is that in the case of word recall there are lexical representations available
in LTM that could be used to repair partially decayed traces of words. They argue that
in the case of nonwords no such representations are available, and as a result
performance on nonword recall is lower than performance on word recall. The
assumption that there are no lexical representations available for nonwords is
incorporated in computational STM models for nonwords (e.g. Gupta & MacWhinney,
1997; Hartley & Houghton, 1996) presented later in this chapter (see Section 2.4.2).
Gathercole et al. (1999a) extended the idea of redintegration to nonwords by illustrating

that recall of nonwords of high wordlikeness is better than recall of nonwords of low

28



wordlikeness. Since recall of nonwords of high wordlikeness is affected by an
individual’s long-term knowledge of a language to a greater extent than recall of
nonwords of low wordlikeness, recall of the latter type of nonwords (i.e. low-wordlike)
is considered to be a purer representation of PSTM than recall of the former type of

nonwords (Gathercole & Pickering, 1999).

2.3.3. Limitations of the Baddeley and Hitch Working Memory
model — Nairne’s critique

Although the concept of fractionated WM has been very prominent in
publications in the last 30 years, within the WM tradition there is also much interest in
a unitary view of memory and dynamic models of WM (see e.g. a volume edited by

Osaka, Logie & D’Esposito, 2007).

A relatively recent critique of the concept of WM was undertaken in Nairne
(2002). Nairne’s criticisms are levelled at what he calls the ‘standard model’. In the
standard model short-term storage arises from activation, i.e. keeping information in an
immediately accessible form. LTM is also activated and interacts with STM. Activation
in STM is assumed to be fragile and can be easily lost via the operation of decay.
Decay can be counteracted through the operation of rehearsal which refreshes
activation. Baddeley’s (2007: 37) comment on Nairne’s conceptualisation of the
‘standard model’ is that, even though this resembles aspects of the Baddeley and Hitch
WM model, it should not be treated as an adequate representation of the WM model

and its phonological loop component.

In his critique Nairne raises a series of problems concerning the concept of
subvocal rehearsal (an integral part of the WM model), to which Baddeley responds in
his 2007 book (Chapter 3). According to Nairne (2002: 58), the account of rehearsal is
undermined by the fact that, when rehearsal rates are controlled, individual differences
in recall emerge (Schweickert et al., 1990). The reasoning behind this is that in the
simplest form of the standard model most variability in immediate recall is attributable
to rehearsal. However, as Baddeley points out (2007: 36), in the WM model both the
capacity of the phonological store and rehearsal rates are expected to vary among
individuals, resulting in individual differences in recall performance. Another related

aspect that undermines the account of rehearsal, according to Nairne, is the finding that,

29



when rehearsal is controlled, different memory items lead to differences in recall
performance (Hulme et al., 1991). For example, in Hulme et al. (1991) articulation
rates for nonwords were slightly higher than for words, and yet words produced higher
memory spans than nonwords (the lexicality effect). Baddeley (2007: 36) agrees that
neither the lexicality effect nor the phonological similarity effect (i.e. better recall of
phonologically dissimilar items as compared to recall of similar items) is likely to be
dependent on the articulatory rehearsal process, and that a more complete model is
needed, such as that provided by the phonological loop hypothesis. Nairne also points
out that patients who have lost their ability to articulate speech may still show word
length effects (i.e. higher recall accuracy for lists of short words as compared to that for
lists of long words). Baddeley (2007: 36) explains this in terms of the fact that rehearsal
involves the running of an inner speech programme and not necessarily overt
articulation (Baddeley & Wilson, 1985). In dyspraxia, in which such inner speech
programmes cannot be constructed, the word length effect is abolished (Waters &

Caplan, 1996)"°.

2.4. Mechanisms for short-term and long-term learning in

computational STM models

The Baddeley and Hitch WM model posits a very close link between the
phonological loop component (PSTM) and long-term learning of words (e.g. Baddeley,
2000). The WM model, however, does not directly address the actual mechanisms
responsible for the interaction between the phonological loop and LTM and those
responsible for the representation of order information in the phonological loop (Gupta
& MacWhinney, 1997; Hitch, Flude & Burgess, 2009). As Burgess and Hitch argue
(2005: 536), in order to get a better insight into the above-mentioned processes the
Baddeley and Hitch phonological loop model needs to be translated into a quantitative
computational STM model. A number of such computational STM models are in
existence, including the Houghton (1990) model, the Burgess and Hitch (1992 & 1999)
network model, the Hartley and Houghton (1996) linguistically constrained model, and
the Gupta and MacWhinney (1997) model.

' For a more detailed account of Nairne’s critique please consult his 2002 paper.
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2.4.1. Approaches to the storage and retrieval of serial order

Before we proceed to the presentation of the mechanisms for short-term and
long-term learning in the above-mentioned computational STM models, it is essential
that two general approaches to the issue of storage and retrieval of serial order in
computational modelling of STM are outlined. These two approaches include chaining

and contextual models.

Chaining provides one of the oldest accounts of serial order behaviour, and
extends back to Ebbinghaus (1885). It assumes that items are stored in memory and
revived via a chain of associations. A list of items is viewed as a sequence of associated
pairs, in which each item can be used to cue the retrieval of a subsequent item (e.g.
Lewandowsky & Murdock, 1989). To use the sequence /23456 as an example: within
the chaining approach the list is seen as a sequence of five associated pairs, namely
1-2, 2-3, 3-4, 4-5 and 5-6. Each item is believed to be associated with items presented
in an adjacent position and, therefore, when / is cued it automatically calls up 2, which

in turn calls up 3, and so forth.

The simplicity of this chaining mechanism is intuitively appealing, but
problems arise when repeated items are employed within a list. If items are dependent
on preceding items in the way that the chaining approach stipulates, then correct recall
of a list such as 357954 should be a rather difficult task, since 5 serves as a cue for
more than one item — / and 4 (Lashley, 1951). Another serious weakness of the
chaining approach is related to the fact that it assumes that once an error has been made
the chain is broken and the subsequently recalled sequence will, as a result, be
erroneous. Research into recall patterns shows that one of the most common types of
recall error is transposition, where two items are switched and the remaining part of the
sequence remains unaffected (e.g. 25714 and 27514) (Burgess & Hitch, 1992; Page &
Norris, 1998).

An alternative approach to serial order behaviour is referred to as a contextual
approach, and it assumes that items are retrieved from memory via some form of
context that provides the cue. In the simplest form of a contextual model, the ‘slot
model’, information storage and retrieval is likened to the mechanisms used in standard

serial processing computers (Conrad, 1965). Information is believed to be stored in
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STM in a limited number of storage locations and subsequently read off in the order of
presentation. Other contextual models posit that serial order is determined with
reference to a marker, usually the initial or the final item (Page & Norris, 1998; Shiffrin
& Cook, 1978), or with reference to some form of timing mechanism (e.g. Houghton,
1990). The primacy model (Page & Norris, 1998), for example, posits that serial order
is recalled via a series of associations with the first item in the list, the strength of the
associations decreasing the further the item is situated from the marker. The Shiffrin
and Cook (1978) model posits that the first and the last items in a sequence are markers
and that storage takes place via associations between nodes that represent these two

items.

In attempting to illustrate memory processes involved in the learning of
phonological sequences, the mechanism referred to as competitive queuing also needs
to be outlined. This mechanism has been taken as the basis of many computational
STM models (e.g. Burgess & Hitch, 1992; Gupta & MacWhinney, 1997; Hartley &
Houghton, 1996; Houghton, 1990; Page & Norris, 1998). The competitive queuing
(CQ) mechanism was first proposed by Grossberg (1978 & 1987) and subsequently
developed by Houghton (1990). In CQ, nodes that represent items from the sequence
are activated one at a time (Layer 1). After the point of initial activation the strength of
activation of each node decays. To account for the learning of sequences, the CQ
mechanism posits higher-level nodes (Layer 2) that emit a context signal at each time
step. A start node and an end node in Layer 2 are assumed to have weighted
connections to nodes in Layer 1. At the beginning of the presentation of a sequence, a
start node is activated in Layer 2, and its weights to Layer 1 are adjusted via Hebbian
learning (Hebb, 1961) at each time step. At the end of the presentation, an end node is
activated in Layer 2 and its weights are also adjusted. At the beginning of recall, the
start node has a much higher activation level than the end node, and therefore it takes
control over activation delivered to Layer 1 nodes. The closer to the end of recall, the
more active the end node becomes relative to the level activation of the start node.
When the level of activation of the end node is higher than that of the start node, the

end node takes over the role of delivering input to the Layer 1 nodes.

A central assumption of the CQ model is the existence of the so-called

competitive filter. The competitive filter is believed to be associated with Layer 1. It is
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often described as a winner-take-all network, as it allows only one Layer 1 node to fire
at each time step. A Layer 1 node with the highest activation level is selected first, and
when it has fired it is immediately inhibited to allow for the selection of the node with
the next-highest activation level, and so forth. This mechanism is consistent with the
manner in which short sequences of actions queue for performance in the prefrontal
cortex; cells that represent forthcoming actions are active in parallel, with the most
active becoming the first-to-be-performed and the second most active becoming the

second-to-be-performed, etc. (see Bullock, 2004, for more detail).

It should be noted that the CQ model, as described in Houghton (1990), deals
with sequences of phonemes rather than sequences of words/nonwords. When a new
word is presented, the relevant phonemes are activated in a layer of nodes representing
phonemes (the phoneme layer), and the most recently presented phoneme is the most
highly activated one. Nodes in the phoneme layer are in one-to-one correspondence
with nodes in the competitive layer. The most active phoneme node in the phoneme
layer communicates with its competitive filter node via a hard-wired excitatory
connection and ensures that it wins the competition with other nodes, and consequently

it becomes the only phoneme node to be allowed to produce an output at that time step.

2.4.2. Word learning mechanisms in selected computational
STM models

Even though the CQ model, as formulated in Houghton (1990), addresses the
processes involved in learning new vocabulary, it is only a partial account. The
Houghton (1990) model was designed to deal with monosyllabic words, and it does not
address the processes involved in serial recall of words or nonwords. Additionally, the
model has no means of differentiating between novel and familiar phonological
sequences (Gupta & MacWhinney, 1997). These limitations have stimulated the
development of a number of computational STM models with a view to providing a

more complete account of the interaction between STM and word learning.
The Burgess and Hitch (1999) model

The first of these is the model proposed by Burgess and Hitch in 1992 and
further modified in 1999 (see also Burgess & Hitch, 2006 and Hitch et al., 2009). This
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model was formulated to provide a computational framework for the articulatory loop
component of the original version of the Baddeley and Hitch (1974) Working Memory
model''. Burgess and Hitch (1999) conceptualise the phonological loop as a neural
network that consists of two main components, one being a phonological/lexical store
for item information and the other being a context-timing signal that is responsible for
encoding the serial order of items. The model includes input and output phonemes, the
item layer and a context-timing signal. There are two pathways between input and
output phonemes. One is a direct connection between the two types of phonemes, while
the other is indirect, in that it involves an ordering mechanism and item nodes. The
direct pathway is assumed to be a bi-directional connection, while the other pathway is
perceived as a unidirectional connection that includes noise and decay with the passage
of time. In Figure 2.3. below, which presents the relationship between elements of this
model, boxes denote layers of nodes, dashed lines denote modifiable connections, and

the solid line denotes a pre-wired connection.
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Figure 2.3. Outline of the Burgess and Hitch (1999) STM model

The Burgess and Hitch (1999) model extends the CQ framework formulated in
Houghton (1990) to account for learning mechanisms in serial recall of words, and it
addresses both serial order mechanisms in STM and the processes involved in long-

term learning. In the model item nodes are linked to their corresponding input and

"' The Burgess and Hitch (1992) model accounts for all the STM findings that the original 1974 WM
model explained (e.g. the phonological similarity effect and the word length effect) and some additional
STM findings that the original WM model failed to account for (e.g. transposition of adjacent items).
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output speech representation and to a context-timing signal via connections that are
capable of two kinds of modification, namely large short-term and smaller long-term
modifications. During the presentation of an auditory item, its node is activated in the
item layer, which triggers a learning process via strengthening connections between
simultaneously active nodes in adjacent layers. This process of strengthening
connections has two elements — one is large-amplitude and short-lived, while the other
is small-amplitude and long-lived. Decay of the short-lived element is fast, which
results in short-term forgetting. Decay of the long-lived element is slower, which
allows long-term learning to accumulate when the item is repeated — provided that the
repetitions are not spaced too far apart. During retrieval, item nodes are re-activated via
their connections with the context-timing signal. Item nodes receive both phonemic and
contextual information. The most active item node is then selected by the CQ

mechanism and activates its output phoneme.

The way that rehearsal is represented in the Burgess and Hitch (1999) model
has a direct correspondence to the way it is represented in the Working Memory model.
Rehearsal is simulated in the Burgess and Hitch model as repeated retrievals, and it is
used as a tool to refresh decaying short-term connections. During rehearsal input
phonemes activate output phonemes. This corresponds to being able to hear one’s inner
voice while engaging in rehearsal. The Burgess and Hitch model also successfully
simulates recall impairment resulting from articulatory suppression (i.e. when overt and
covert recall is prevented by engaging in a concurrent verbal task). This is modelled as
disrupting the creation of the input phoneme representation via a prior disruption of the
output phoneme representation. During articulatory suppression, irrelevant output
phonemes are activated, which leads to the activation of irrelevant input phonemes. As
Gupta and MacWhinney (1997: 228) point out, the account of the rehearsal process is
not entirely clear in the original version of the model. Rehearsal appears to be
interpreted as making use of the chaining mechanism, and chaining models have
difficulty accounting for some patterns of recall errors. Therefore, the subsequent 1999

version of the model abolishes the chaining assumptions.

Even though the revised version of the Burgess and Hitch model successfully
deals with immediate memory for familiar phonological sequences (namely digits and

words), it does not account for the error types observed in serial recall of lists of
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unfamiliar phonological sequences (i.e. nonwords). If the phonological loop (PSTM)
assists the storage and learning of novel phonological forms, as Baddeley and
colleagues posit (see Sections 2.5 and 3.6), then the fact that the model does not
distinguish between words and nonwords becomes a limitation. One of the attempts to
remedy the problem is a model by Hartley and Houghton (1996) that proposes separate

mechanisms for the recall of sequences at both sub-lexical and lexical levels.
The Hartley and Houghton (1996) model

The Hartley and Houghton (1996) model is referred to as a linguistically
constrained STM model for nonwords, as it addresses the mechanisms involved in
retention and immediate recall of nonwords within a framework of linguistic
constraints. Word sequencing in this model involves a CQ mechanism similar to that of
Burgess and Hitch, while nonword sequencing is posited to depend on a template or
slot model that imposes constraints on the phonological structure in sequence
production. Phonotactic constraints of the language, i.e. information about which
phonemes can legally occupy a given position in a syllable in a particular language, are
encoded by weights from the syllable template to the phoneme layer. These weights are
permanent and are assumed to have been acquired as a result of previous experience
(the solid line in Figure 2.4 below). The phonological form of syllables is encoded via
two pathways, namely the content pathway and the structural pathway. The content
pathway links the syllable to units that represent its constituent phonemes, while the
structural pathway links nodes representing slots in the syllable temple to the nodes
representing phonemes that can fill these slots. As the focus of the model is on
immediate serial recall of nonwords, the binding of phonemes to syllable nodes is

temporary (denoted as a dotted line in Figure 2.4).
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Figure 2.4. Outline of the Hartley and Houghton (1996) STM model

In the Hartley and Houghton (1996) model constraints on phonological
structure are represented by two linguistic principles — the sonority rule and syllable
structure. According to the former linguistic principle, in a well-formed syllable,
sonority (i.e. the amount of energy in the speech signal) increases to a peak in the
vowel and subsequently decreases (Selkirk, 1984). Each phoneme is assigned a
sonority value, with obstruents and vowels having the lowest and highest sonority
values respectively. According to the latter principle, syllables have an internal
structure and are comprised of an onset (the initial consonant or consonant structure)
and a rhyme (the vowel and the subsequent consonants) (Fudge, 1969). If a single node
were to be used instead of the onset/rhyme division to represent a syllable, the
sequences /maet/ and /teem/ would be represented identically in the syllable template.
The onset/rhyme distinction, therefore, allows sequences that contain the same
phonemes and occupy the same number of slots in the syllable template to be

distinguished from each other.

During the presentation of a sequence of phonemes that represent a nonword,
each phoneme that the model is presented with activates a node at the phoneme level.
As mentioned earlier, the model establishes connections between the phoneme nodes
and the syllable level via two pathways simultaneously — a direct (content) pathway to
syllable units (encoding the phonetic content), and an indirect (structural) pathway via

the syllable temple nodes (encoding the syllabic structure). These two sequences of
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input are bound by Hebbian adjustment of weights from the syllable node to a) the
syllable temple and b) the phoneme layer. During immediate serial recall of nonwords,
the model recreates the serial pattern of activation of nodes in the network that occurred
during the presentation stage, but it does so in reverse order (i.e. from the syllable layer
to the phoneme layer directly or via the syllable template). As a result, a phoneme node
receives input from both pathways simultaneously, and, when that happens, the item is
then recalled. This is the process by which the system learns and recalls both the

structure of a syllable and its constituent phonemes.

The Hartley & Houghton (1996) model accounts for research findings which
illustrate that STM recall is influenced by linguistic mechanisms operating at a sub-
syllabic level (see e.g. an earlier discussion of the influence of long-term knowledge on
recall in Section 2.3.2). Since the model focuses mainly on explaining findings in
relation to nonword recall, it does not distinguish between sequences that are nonsense
syllables (e.g. maf) and sequences that are lexical items (e.g. mat). As a result, it does
not account for the lexicality effect, i.e. increased memory span for words as compared
to nonwords (Hulme et al., 1991). One way of addressing this issue would be to merge
the Hartley & Houghton (1996) model for nonword recall with another STM model
designed to account for word recall. The last model to be discussed in this section, the
Gupta and MacWhinney (1997) model, does exactly that. It combines aspects of the
Hartley & Houghton (1996) model with aspects of the Burgess and Hitch (1992)

model.

The Gupta and MacWhinney (1997) model

The Gupta and MacWhinney (1997) model consists of the phoneme layer, the
syllable template, the phonological chunk layer, the phonological store and the context
maintenance queue (see Figure 2.5 below). The phoneme layer and the phonological
chunk layer both have a CQ structure, i.e. they are composed of a set of nodes with an
associated competitive filter. Nodes at the phonological chunk layer are a
representation of the so-called chunks, namely either one-syllable word forms (e.g.
dog) or multi-syllable word forms (e.g. unwholesome). The phonological store
represents the element to which word forms can be temporally bound in sequential
order, which is analogous to the item layer from the Burgess and Hitch (1992) model.

The syllable template, placed between the phoneme layer and the phonological chunk
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layer, imposes constraints on articulation that are analogous to the lexical constraints
within the Hartley & Houghton (1996) model. The sequences of information that enter
the phonological chunk layer are encoded both by the phonological store and the
context maintenance (queue). Unlike encoding in the phonological store, which is
automatic, context-maintenance encoding is a controlled, strategic process. The
context-maintenance (queue) can be likened to the articulatory rehearsal process in the
Baddeley and Hitch (1974) WM model (and in subsequent modified versions in
Baddeley, 1986 & 2000).
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Figure 2.5. Gupta and MacWhinney (1997) STM model

Lexical and semantic information is represented as topologically organized in

the Gupta and MacWhinney (1997) model. At the phonological chunk layer,
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phonologically similar forms such as e.g. cap and cat are assumed to have
neighbouring representations. In other words, they are organised according to a
phonological similarity criterion. Phonologically similar items (e.g. bat and rat) contain
similar information and, as a result, occupy slots that are closer together than dissimilar
items (e.g. bat and dog). The phonological chunk layer nodes can receive activation
from their associated semantic representations at the semantics layer, and can activate
their associated semantics. The semantics layer is topologically organized in the same
manner that the phonological chunk layer is, except that meaning is the criterion rather

than phonological similarity.

In the Gupta and MacWhinney (1997) model, auditory information enters the
system via two routes, one for familiar items (words) and the other for unfamiliar items
(nonwords). When a familiar item is presented (e.g. delighted), its phonemes impinge
on the phoneme layer in a sequential manner. Word recognition takes place and the
phonological chunk node representing the relevant word is activated directly. When an
unfamiliar item is presented (e.g. rapuko), the phonemes that make up the nonword are
again activated one by one. Recognition processes operating on the nonword fail to
activate any node at the phonological chunk layer, and a new chunk node representing
the nonword is activated via the syllable temple. The syllable template parses
phonemes into syllables. The first cycle through the syllable template results in one
syllable being processed. The phonological chunk layer has now weights attached to
the phoneme layer representation of the syllable ra. The second cycle through the
syllable template results in the phonological chunk node having weights attached to the
phoneme layer representation of the two-syllable sequence rapu. The third cycle
through the syllable template results in the phonological chunk node having weights
attached to the three-syllable sequence rapuko. In this way a new phonological chunk

representing a three-syllable nonword is activated.

Since the weights of this new phonological chunk are subject to decay, for the
new word to be learnt permanently the effects of weight decay need to be reduced.
During the process of cycling through the syllable template when a word/nonword is
presented to the system, weights from the phonological chunk node to the constituent
phonemes are automatically strengthened via Hebbian learning. When the presentation

is over and the weights begin to decay, they can be strengthened via a re-presentation
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of the nonword through rehearsal or another encounter (other encounters) with the
word in the environment. This account of the role of rehearsal is consistent with the
Baddeley and Hitch WM model. It could also be likened to the role that rehearsal is
seen as playing in the Burgess and Hitch (1999) model when decay of a long-lived

element is taking place.

During recall of a word or a nonword, the phonological store node is activated,
which triggers the relevant phonological chunk node. The activation of the
phonological chunk node sets up the activation gradient at the phoneme layer, which
leads to sequential activation of the phonemes comprising the word/nonword. An
output sequence of individual phonemes is subsequently produced via the operation of
the competitive filter that is posited to be associated with the phoneme layer. It should
be noted at this stage that in this model, the main difference between words and
nonwords lies in the strength of their weights. Unlike in the case of words, when a
nonword is first presented to the system no weights exist connecting a chunk node to
the phoneme layer or to the semantic layer. These weights develop as part of the
nonword (new word) learning process. Nonwords become words when their weights
have become strengthened. In all other respects, words and nonwords are treated in the
same manner. Both words and nonwords are represented at the same layer, namely the
phonological chunk layer. This is in contrast with a suggestion made by Hartley and

Houghton (1996) that words and nonwords may be represented at different layers.

In the Gupta and MacWhinney (1997) model, ‘pure’ serial recall ability that
does not involve rehearsal is attributed to the phonological store, which corresponds to
the Baddeley and Hitch (1974) WM model (and subsequent modified versions in
Baddeley, 1986 & 2000). The existence of STM without rehearsal is documented in
neuropsychological studies. For example, patient MK (described in Howard &
Franklin, 1990), who had neurological impairment precluding rehearsal, was shown to
have a certain (non-time-limited) auditory list memory capacity. The distinction
between storage and rehearsal is also supported by neuropsychological evidence from
patients that have lesions disrupting storage but not rehearsal (Vallar & Papagno,
2002). Additionally, neuroimaging research has located the phonological storage

component in the temporo-parietal region in the left hemisphere. The rehearsal
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component has been located more frontally in Broca’s area (Jonides et al., 1998;

Paulesu, Frith & Frackowiak, 1993).

For lists that exceed the capacity of the phonological store (usually more than
five/six items, i.e. digits or one-syllable nonwords), normal adult subjects have to
employ rehearsal strategies. As the list length increases, such strategic factors play an
increasingly important role. When the list length exceeds adult subjects’ phonological
store capacity, such subjects are found to engage in cumulative rehearsal, a strategy that
relies on subvocal rehearsal. Cumulative rehearsal involves attempting to create a
chunk encompassing all the memory items and updating the sequence as each item is
presented. Occasionally subjects resort to using other strategies, such as visualization
(reported in the context of digit recall) or other mnemonic techniques (e.g. associating
nonwords with similar-sounding words encoded in LTM). Mechanisms employed in

cumulative rehearsal are incorporated in The Gupta and MacWhinney (1997) model.

The result of merging the Hartley and Houghton (1996) linguistically
constrained model of STM for nonwords with the Burgess and Hitch (1992) STM
model is the emergence of a new STM model that is capable of explaining the effects
of LTM on STM performance and deals with both word and nonword recall. Without
the incorporation of a mechanism that is capable of imposing a syllable structure and
language-specific constraints on the order of phonemes, it would be rather difficult for
a STM model such as that in e.g. Burgess and Hitch (1992 & 1999) to account for
research findings indicating LTM influence on STM performance. By way of
improvement, Nimmo (2004) suggests that the Gupta and MacWhinney (1997) model
would benefit from incorporating the Hartley and Houghton (1996) representation of
each syllable in terms of distinct onset-rhyme nodes. She justifies that viewpoint by
arguing that without the distinct onset-rhyme representation the model would show
large numbers of pre- and post-vocalic transpositions, which is inconsistent with

previous research (Nimmo, 2004: 59).

The models described in this section constitute only a small fraction of all
computational STM models attempting to account for recall performance. The reason
why these particular models were selected is the fact that they address phonological
sequence learning mechanisms within mathematically modelled versions of the

phonological loop (PSTM). Another important reason for this selection is that the
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relevant models can be presented in a way that is accessible to the reader who does not

specialise in mathematics and computational modelling.
2.5. Brief overview of the functions of PSTM

This section provides a brief account of the functions ascribed to PSTM in
respect of language learning within the WM framework. Please note that a detailed
account can be found in Chapter 3, Section 3.6 (dealing with PSTM and the
knowledge/learning of vocabulary) and Chapter 4, Section 4.6 (dealing with PSTM and

the knowledge/learning of collocations).

The learning mechanisms posited in the computational STM models described
in the preceding section provide an additional dimension for the subsequent overview
of PSTM functions, giving more insight, for example, into why PSTM scores and
L1/L.2 vocabulary scores are linked in a number of correlational studies. As mentioned
earlier, within the WM model no specific mechanism has been put forward to explain
the processes involved in the link between the phonological loop (PSTM) and long-
term learning of new words. Gupta and colleagues (Gupta, 2003; Gupta, 2005; Gupta &
MacWhinney, 1997) suggest that both short-term and long-term learning of
nonwords/new words involves representing sequences of phonemes within sequences
of wordlike structures in memory. Individual differences in the ability to sequence
phonemes and syllables could explain correlations obtained between nonword tasks and
long-term learning of new lexical items (see Section 2.5.1 below). Since the present
study also focuses on a possible link between individual differences in the ability to
sequence wordlike units (elicited via either recall or recognition of sequences of
nonwords) and long-term learning of combinations of lexical items (collocations),
laboratory-based evidence regarding the learning of collocations is also presented

below.

2.5.1. PSTM, L2 vocabulary and collocations, and the level of L2
proficiency

The relationship between PSTM and L1 vocabulary is particularly strong at
lower levels of L1 proficiency. The diminishing role of PSTM in L1 vocabulary

knowledge/learning as familiarity with L1 increases has been well documented
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(Gathercole et al., 1992; Papagno & Vallar, 1995; Speciale et al., 2004: Experiment 1).
This decrease of PSTM involvement with increased L1 proficiency level has led
researchers to suggest that PSTM is responsible for long-term learning of novel word
forms (Baddeley, Gathercole & Papagno, 1998; Gathercole et al., 1997). At the
beginning stage of L1 learning, each word form that a child encounters is a completely
novel word form. Gradually the child acquires more and more robust L1 phonological
knowledge, on the basis of which increasingly robust phonological generalizations are
made (Edwards, Beckman & Munson, 2004: 434). The more proficient the child is, the
more robust his/her phonological generalizations become. At a higher level of L1
proficiency, L1 learners can access phonological representations of close neighbours of
that new word. For example, while learning the adjective unpleasant they can access
the adjective pleasant and the prefix un from LTM. This places a much lower burden
on the limited-capacity phonological loop. This process is reflected in, for example,
the Gupta and Tisdale (2009) model of STM, which simulates the interaction between
PSTM, the existing lexicon and the learning of new word forms. The model is
programmed in such a way as to enable learning phonological regularities from the

input.

The picture presented in studies involving adult L2 learning is less conclusive
than that emerging from developmental studies of children. The two existing
classroom-based studies present mixed evidence. In the first longitudinal study by
Speciale et al. (2004: Experiment 2) no significant link between PSTM and L2
vocabulary learning was detected in adult subjects at the onset of L2 learning. The
second longitudinal study by O’Brien et al. (2006) suggests that a similar pattern to that
observed in child L1 learning may be present in adult L2 learners in the classroom
context, namely that the link between PSTM and vocabulary is stronger at lower levels
of proficiency. In a group of adult L2 learners (the level of proficiency is not specified
— possibly more advanced beginners or lower-intermediate students) the link between
PSTM and productive use of vocabulary in spoken output was stronger in those
subjects who were classified as lower ability students. Additionally, there are a number
of laboratory-based studies involving adults which indicate that the link between PSTM
and L2 vocabulary learning at the onset of L2 learning is very strong (Craik & Watkins,

1973; Gupta, 2003; Papagno & Vallar, 1992; Speciale et al., 2004, Experiment 1). In
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order to contextualise the first of our research questions (Question 1 12, a detailed
overview of a number of studies dealing with the issue of PSTM and increasing

vocabulary knowledge is presented in Section 3.6 in Chapter 3.

It would seem that a pattern of weakening of PSTM involvement should apply
to adult L2 learning, as has been shown to happen in child L1 learning. After all if
PSTM is a language learning device (Baddeley et al., 1998), its mechanisms of learning
novel word forms should be applicable not only to the L1 context but also to the L2
context. It is possible, however, that the degree of PSTM involvement in adult 1.2
learning is affected by the fact that adults have another language system (their L1) at
their disposal. Before they embark on the task of L2 learning, they already have
extensive knowledge of L1 phonological regularities and a rich network of semantic
information (see Chapter 3, Section 3.2.3 for a discussion of the bilingual mental
lexicon). When there is a high degree of resemblance between L1 and L2 phonological
regularities (e.g. Polish and Czech), adults may consult their L1 phonological
representations while attempting to learn novel L2 words. In such a case, therefore, it
would seem plausible to suppose that the impact of individual differences in PSTM
capacity on vocabulary knowledge/learning could be weaker in that case than it is at
initial stages of child L1 learning. When the degree of resemblance between L1 and L2
phonological regularities is lower (as is the case in Polish and English, i.e. the
languages under scrutiny in the current study), L1 long-term knowledge may still be
consulted, but the extent of such a consultation would be expected to be lower. The
question, therefore, arises as to whether in the case of adult Polish learners of English
the activation of L1 long-term knowledge is sufficient to compensate for individual
differences in PSTM functioning, or whether the strength of the link between PSTM

and vocabulary knowledge/learning is comparable to that detected in child L1 learning.

The Hartley and Houghton (1996) model and the Gupta and MacWhinney
(1997) model (Section 2.4.2) do not address the issue of interaction between L1 and L2
long-term representations within their computationally modelled phonological loop.
Both models include a syllable template that contains information about phonological

constraints within one language (L 1), and no suggestion is offered as to how another set

"2 Question 1: Does the relationship between PSTM and L2 vocabulary learning (in class and outside the
classroom) decrease with an increased level of L2 proficiency in adults, as has been shown to happen in
the case of child L1 learning?
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of phonological regularities (L2) might interact with the modelled system. We believe
that, in an exploration of the involvement of PSTM in adult L2 learning, L1 long-term
vocabulary knowledge should also be included, and, therefore, this variable is part of

our experimental design.

Apart from its role in long-term learning of novel word forms, PSTM may also
play a role in the long-term learning of the order of novel word forms as well as the
order of familiar word forms. The Gupta and Mac Whinney (1997) model, for example,
simulates the recall of both sequences of nonwords (novel word forms) and sequences
of digits (familiar word forms). It seems plausible that that PSTM may be responsible
for sequencing two-word collocations (such as those examined in this thesis)
comprising two novel word forms (as in the Ellis & Sinclair study, 1996), two familiar
word forms or a combination. The relationship between PSTM and the
knowledge/learning of L2 collocations has not previously been explored in a
classroom-based context. To the best of our knowledge, there is only one laboratory-
based study that has addressed the issue of PSTM and L2 collocation learning in adults
(Ellis & Sinclair, 1996). The study in question did not measure the subjects’ variation
in PSTM. Instead articulatory suppression was used in laboratory conditions to impair
PSTM functioning. The articulatory suppression condition, which involves the use of a
demanding secondary task that competes for the limited capacity of PSTM, was shown
to produce a lower number of correctly remembered L2 phrases than other

experimental conditions (i.e. the silent condition and the repetition condition).

Some indirect evidence suggesting that there may be a significant link between
PSTM and L2 collocation learning in classroom contexts relates to work carried out in
the area of L2 grammatical learning in adult learners. The O’Brien et al. (2006)
classroom-based study showed that in their so-called low ability group Serial Nonword
Recognition scores at Time 1 correlated significantly with free productive use of L2
vocabulary at Time 2 and L2 subordinate clause use at Time 2. In their high ability
group, however, Serial Nonword Recognition correlated with L2 subordinate clause use
at Time 2, but not with L2 vocabulary at Time 2. Accordingly, O’Brien et al. argue that
at initial stages of language learning PSTM is mainly deployed for vocabulary learning,
but that at later stages when vocabulary access is more automatic PSTM is redeployed

for learning more complex structures (2006: 399).
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The reason why both L2 vocabulary and L2 collocations are investigated in the
course of the present study relates to the fact that we are interested in examining
whether PSTM involvement in the learning of L2 collocations decreases at the same
stage as PSTM involvement in the learning of L2 vocabulary (assuming of course that a
decrease in PSTM involvement takes place in adult L2 learning as it does in child L1
learning). One possible explanation as to why there could be a difference in the degree
of PSTM involvement in L2 vocabulary and L.2 collocation knowledge/learning at a
post-beginner level of L2 proficiency (B1 level in the current study) lies in the strength
of links between syllables comprising a word as compared with the strength of links
between words comprising a two-word collocation. In the Gupta and MacWhinney
(1997) model, syllables are bound together into a word form via repeated cycles
through the syllable template and are subsequently represented as a new phonological
chunk layer node. Since the amount of exposure to a word is higher than the amount of
exposure to a collocation in which that word features (see Chapter 3, Section 3.3 for a
discussion of word frequency, and Chapter 4, Sections 4.3.2 and 4.5.2 for a discussion
of collocation frequency), presumably it takes longer to strengthen links between words
comprising a two-word collocation than it does to strengthen the links between
syllables comprising a word. Additionally, when new phonological sequences (i.e.
words) are learnt, generalised phonological knowledge is gradually acquired, which
facilitates further vocabulary learning, and decreases the involvement of the
phonological loop (as has been shown in child L1 learning). The order of syllables in a
word is constrained by the information as to whether a given syllable is phonotactically
legal in a given slot in a word. When it comes to learning two-word collocations, the
way that words co-occur appears less predictable when compared to sequencing of
syllables within a word. We speculate, therefore, that at the B1 level of L2 proficiency
the involvement of PSTM in the learning of L2 collocations may be stronger than

PSTM involvement in the learning of L2 vocabulary.

To contextualise another of our research questions (Question 43) the issue of
PSTM and the knowledge/learning of L2 collocations is discussed in more detail in

Section 4.6 in Chapter 4.

' Question 4: In the case of adults, is there a relationship between PSTM and the learning of L2
collocations (in class and outside the classroom) at the A2 and B1 levels of L2 proficiency? If so, does
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2.5.2. The phonological store and the articulatory rehearsal
component in L2 learning

Some researchers have voiced the need to compare recall-based tasks and
recognition-based tasks (e.g. Baddeley et al., 2002) and their predictive power in L2
learning (Baddeley, 2007: 23; O'Brien et al., 2006: 395). Even though both Serial
Nonword Recall and Serial Nonword Recognition test the retention of serial order
information, speech-motor functions are involved only in the former case. Within the
Working Memory model Serial Nonword Recognition is believed to mainly involve the
phonological store (Baddeley, 2003a), whereas Serial Nonword Recall is assumed to
involve both the store and the rehearsal component (Baddeley, 2003a; Bowey, 2001;
Snowling, Chiat & Hulme, 1991).

Consequently, as indicated in Chapter 1, these two procedures may make
different predictions in relation to L2 vocabulary and collocational learning (O'Brien et
al., 2006: 395). In the case of young children the link between L1 vocabulary and a
recognition-based nonword measure was shown to be stronger than that between L1
vocabulary and a recall-based PSTM measure (Gathercole et al., 1999b). The fact that
both PSTM measures correlated with L1 vocabulary was interpreted as an indication
that the link between PSTM and L1 vocabulary learning is related more to the
phonological store component than the articulatory rehearsal component. However, an
experimental study by Martin (2009) of adult artificial language learning, on the other
hand, showed that in adult learners some aspects of L2 vocabulary learning and L2
word order were correlated with a recall-based measure but not with a recognition-
based PSTM measure. This could indicate that in adults the involvement of the
articulatory rehearsal component is stronger than it is in young children. This difference
between young children and adults can be related to the finding that young children do
not make use of rehearsal strategies in order to hold novel items in memory, while
adults do (Gathercole & Hitch, 1993; Pickering, 2006: 245; Pressley & Van Meter,
1992).

the relationship between PSTM and L2 collocation learning decrease with an increased level of L2
proficiency?
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Section 3.6 in Chapter 3 provides a more detailed background for two

remaining research questions — Question 2'* and Question 5"°.

2.5.3. The direction of causation in the link between PSTM and
knowledge of L2 vocabulary and collocations

The issue of direction of causation the link between PSTM and vocabulary
knowledge/learning has been a matter of intense debate in the last two decades. There
are two alternative accounts, the PSTM account and the lexical account, that propose
opposite directions of causality in the relationship between PSTM and vocabulary
knowledge/learning. The PSTM account (Baddeley et al., 1998) posits that PSTM is a
causal determinant of both Nonword Recall/Recognition ability and vocabulary
knowledge/learning. Proponents of this view also acknowledge the impact of
lexical/phonological knowledge on performance on nonword tasks (e.g. Baddeley,
2007; Gathercole, 1995; Gathercole et al., 1991). The opposing account, called the
linguistic account (Snowling et al., 1991), proposes that it is lexical/phonological
knowledge that causally determines performance on PSTM tasks. Both accounts
acknowledge that the level of lexical/phonological knowledge may affect performance
on nonword tasks. The major difference between the two accounts is that the PSTM
account posits that PSTM plays an important causal role of in vocabulary knowledge
and in the growth of vocabulary knowledge, while the linguistic account posits that the

involvement of PSTM may be relatively minor.

The Gupta and Tisdale (2009) neural network model was developed to
computationally addresses the issue of the interaction between PSTM and existing
lexical knowledge in a longitudinal setup. The model offers an account of nonword
repetition performance and novel word form learning (referred to by the authors as
phonological vocabulary learning), as well as the interaction between the above

variables. In short, the model consists of an input layer, and output layer, a hidden layer

'* Question 2: Which component of PSTM is more closely linked to L2 vocabulary learning in adults at
the A2 and B1 levels of L2 proficiency — the phonological store (tapped by Serial Nonword Recognition)
or both the articulatory rehearsal component and the phonological store (tapped by Serial Nonword
Recall)?

' Question 5: Which component of PSTM is more closely linked to L2 collocation learning in adults at
the A2 and B1 levels of L2 proficiency — the phonological store (tapped by Serial Nonword Recognition)
or both the articulatory rehearsal component and the phonological store (tapped by Serial Nonword
Recall)?
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and a context layer'®. Each word form is presented to the model one syllable at a time,
as it is computationally simpler to represent words as sequences of syllables than
sequences of phonemes. After the word is presented, and when there is no longer any
phonological information in the input layer, the model attempts to produce the word in
the output layer. Over the course of many learning instances, the model learns new

phonological sequences and also acquires generalised phonological knowledge.

Gupta and Tisdale (2009) carried a number of simulations within their neural
network architecture in order to explore the opposition between the PSTM account and
the linguistic account. Simulation 1 revealed that phonological vocabulary grows as a
function of exposure in the simulated linguistic environment. Simulation 5 showed that
variation in PSTM functionality affects vocabulary learning and that with no PSTM
functionality no vocabulary growth takes place. Gupta and Tisdale interpret this as
support for the PSTM account, which posits that PSTM is a critical and causal
determinant of vocabulary learning. However, even when PSTM functionality is not
explicitly manipulated, nonword repetition ability increases as a function of increasing
vocabulary knowledge (Simulation 4). This could be interpreted as support for the
PSTM account which acknowledges increased impact of lexical/phonological
knowledge on performance on nonword tasks when vocabulary size increases. This
could also partially be interpreted as support for the linguistic account which posits that
lexical/phonological knowledge plays an important causal role in performance on
nonword tasks. The model shows that this is indeed the case, but only at a higher level
of ‘proficiency’, when vocabulary knowledge has expanded to a sufficient level.
Notably, the Gupta and Tisdale simulations do not support the view that at the
beginning of language learning the involvement of PSTM in vocabulary learning is

relatively minor, as the linguistic account stipulates.

The discussion on the direction of causation is expanded in Chapter 3, Section
3.6 in order to contextualise two remaining questions in the current study — Question

3'7 and Question 6'%.

' For a detailed description of the architecture of this model please consult Gupta and Tisdale (2009).
'” Question 3: In the case of adults (as opposed to children who were the focus of previous research),
what is the causal direction of the relationship between PSTM and the learning of high-frequency L2
vocabulary (outside the classroom) at the A2 and B1 levels of L2 proficiency? Is it the L1-based
nonword scores at Time 1 that contribute to L2 Vocabulary Levels Test scores at Time 2, or is it L2
Vocabulary Levels Test scores at Time | that contribute to the L1-based nonword scores at Time 2?
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2.6. Selected PSTM measures: serial recall and recognition of

nonwords

A number of procedures have been devised to measure the retention of a small
amount of verbal material over a short period of time, and the most frequently used
tasks include Nonword Repetition, Serial Nonword Recall, Serial Nonword
Recognition, Serial Recall of Digits and Digit Span'’. The PSTM tasks discussed in this
section include those that are directly relevant to this thesis, namely Serial Nonword
Recall and Serial Nonword Recognition”. Serial Nonword Recall and Serial Nonword
Recognition formats were selected for the present project, as one of our objectives was
to compare results obtained via recall- and recognition-based tasks measuring STM for
order information at a lexical level. Nonword Repetition was not included in the current
study, as it measures memory for order information at a sub-lexical level. PSTM
measures including digits and words were not included either, because they are known

to be more susceptible to LTM influences (Hulme et al., 1991).

Serial Nonword Recognition differs from Serial Nonword Recall in that it
measures individuals’ memory for order information at a lexical level independent of
their overt speech production ability. Serial Nonword Recall involves repeating back an
auditorily presented sequence of nonwords in its original order (Archibald &
Gathercole, 2007; Martin et al., 1999; Nimmo, 2004), while Serial Nonword
Recognition requires indicating whether nonwords in two auditorily presented lists
were presented in the same or different order (Gathercole et al., 1999a; Gathercole &
Pickering, 1999; Gathercole et al., 1999b; Thorn et al., 2002). The performance on
Serial Nonword Recall is typically scored using a correct-in-position criterion (i.e.
scored as correct if each nonword is correctly repeated and if it is in the right position).
This requires the participants to remember each item and the order in which they were
presented. The performance on Serial Nonword Recognition is assessed on the basis of

the number of lists correctly recognised as the same or different.

'8 Question 6: What is the causal direction of the relationship between PSTM and L2 collocation
learning in adults at the A2 and B1 levels of L2 proficiency? Is it PSTM scores at Time 1 that contribute
to Gitsaki’s Collocation Test scores at Time 2, or is it Gitsaki’s Collocation Test scores at Time 1 that
contribute to the PSTM scores at Time 27

% Please note that for ease of reading the names of PSTM tasks are capitalised throughout.

 For a detailed historical review of other PSTM measures please consult e.g. Richardson (2007).
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According to Baddeley (2003a), serial recall of phonological information relies
on the phonological store and the articulatory rehearsal process, while serial
recognition of phonological information relies on the phonological store only. The
phonological store is responsible for creating new phonological traces, and the
rehearsal process supports the trace creation. The phonological store is believed to be
unaffected by LTM influences, whereas the articulatory rehearsal process is posited to
be influenced by the familiarity of phonological sequences. This view is based on the
pattern of results obtained in a study by Gathercole et al. (2001) showing that enhanced
recall of words over nonwords is present in the recall procedure but not in the
recognition procedure. Baddeley interprets this to mean that LTM influences are active
for serial recall (relying on the store and rehearsal), but not for serial recognition
(relying on the store only). Apart from being relatively impervious to LTM influences
(Gathercole et al., 2001), Serial Nonword Recognition has also been shown to be
impervious to the effect of subjects’ phonotactic knowledge (Gathercole & Pickering,

1999) and to the language of testing (Thorn et al., 2002).

Additionally, it can be argued that from a methodological perspective there are
merits to using two PSTM measures instead of relying on one measure exclusively
(Gathercole & Pickering, 1999; Service, 2008, personal communication). One of the
merits stems from the fact that, contrary to the earliest writings on the subject, PSTM
tasks do not provide a pure measure of the construct. Apart from memory functions
PSTM tasks are also known to tap other processes, such as e.g. speech-motor output
processing (Gathercole, 2006a: 528-531). One of the implications is that, for example
some individuals could obtain substantially lower Serial Nonword Recall scores than
their ‘true’ PSTM score as a result of some minor articulation problems. To ensure that
the PSTM capacity of subjects with some (even minimal) output problems is not
underestimated by using a recall measure only, the use of Serial Nonword Recognition
alongside Serial Nonword Recall has been strongly recommended (Gathercole et al.,
1999b: 66). In subjects who do not have any output problems, the two measures should

2

be highly correlated (provided that nonwords of low wordlikeness”' are used in Serial

Nonword Recall, as described below).

2! The term wordlikeness is used to depict the extent to which experimental nonwords resemble real
words (Section 2.3.2). High-wordlike (or high probability) nonwords are those that are thought to
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2.7. PSTM scores and the language of testing

One final point that ought to be discussed in the present chapter is the impact of

the language of testing on measuring variation in PSTM capacity.

In developmental studies of child L1 learning nonwords based on children’s L1
have predominantly been used. When L1-based nonwords were employed to tap PSTM
in children, PSTM scores increased alongside growing L1 lexical/phonological
knowledge (Gathercole et al., 1992). When L2-based nonwords were employed in
studies of child L2 learning, the same pattern could be observed, i.e. PSTM scores
increased alongside expanding L2 lexical/phonological knowledge (French & O'Brien,
2008). However, when neither L1-based nor L2-based nonwords were used in studies
of child L2 learning, children’s PSTM scores remained stable over time, which has
been interpreted as an indication that PSTM tasks based on such nonwords are

relatively pure measures of PSTM capacity (ibid.).

With regard to adult L2 learning, both L1- and L2-based nonwords have been
employed (e.g. O'Brien et al., 2006; Speciale et al., 2004). L1-based nonwords have
been shown to produce stable results over a period of time when presented in the Serial
Nonword Recognition format (O'Brien et al., 2006). The fact that Serial Nonword
Recognition task is relatively impervious to the language of testing (Thorn et al., 2002),
however, may have contributed to the stability of L1-based Serial Nonword
Recognition scores over time in the O’Brien et al. study. The question about which
types of nonwords reflect PSTM capacity most accurately in adults, therefore, requires

further investigation.

In the current study we opted for nonwords constructed on the basis of the
subjects’ L1 (Polish). Our reason behind employing L1-based nonwords was to
establish whether PSTM scores based on recall or recognition of such nonwords at the
beginning and end of the study were stable. We worked on the assumption that our
subjects’ L1 phonological vocabulary knowledge would not change substantially over

the research period. We expected that PSTM measures using L.1-based nonwords might

resemble existing words in a given language to a high degree. Low-wordlike (or low probability)
nonwords are the opposite.
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produce similar results to those presented by French and O’Brien (2008) in relation to

neither L1-based nor L2-based nonwords in child L2 learning.

54



Chapter 3: Vocabulary Breadth and Memory in Adult

Second Language Learners

3.1. Introduction

The present chapter consists of five sections, four of which deal with various
aspects of word knowledge and vocabulary breadth testing. The remaining focuses on
one of the two central themes of this thesis, namely the link between Phonological
Short-term Memory (PSTM or the phonological loop) and vocabulary learning in adult

second language (L2) learners.

Section 3.2 outlines different approaches to defining the word, such as e.g.
definition as a lemma and definition as a word family, and discusses a number of
aspects of word knowledge, e.g. knowledge of form, meaning and word connotations.
The notion of vocabulary breadth is outlined here within the wider framework
presented by Nation (2001b) and that proposed by Daller et al (2007). Since adult
bilinguals are the subjects in the present study, this chapter also discusses the

organisation of the bilingual mental lexicon.

The concept of word frequency and its application in vocabulary breadth testing
is introduced in Section 3.3. Lemmas and word families are referred to again in the
context of the general corpora and corpus-based frequency lists that were a point of
reference in the creation of vocabulary breadth tests used in our project. Milton’s
(2006¢ & 2009) notion of plateau phenomenon within high frequency bands (also
Section 3.3.3) and estimations of vocabulary breadth at different proficiency levels
within the Common European Framework of Reference (CEFR; Section 3.5) are
outlined in this chapter as well, as they played a role in our decisions about the high
frequency bands to analyse in studying vocabulary breadth gains at elementary (A2)
and pre-intermediate (B1) levels of English proficiency. A critical review is also
presented of a number of vocabulary breadth measures that tap receptive knowledge of
vocabulary and productive knowledge — including the measures used in our own study

(Section 3.4).
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The final section (3.6) returns to the concept of PSTM introduced and discussed
in detail in Chapter 2. Early studies of the link between PSTM capacity and vocabulary
learning are presented first. A detailed discussion of the issue of the causality of the
link between PSTM, L2 vocabulary learning and different levels of L2 proficiency
follows. In this section we propose that — in order to get a better insight into the
relationship between these two measures at different levels of proficiency — an analysis
of the impact of PSTM on the rate of L2 vocabulary learning should be accompanied
by a comparison of the strength of correlations between these two factors in two
possible causal directions. This kind of statistical procedure (cross-lagged correlational
analysis) has been used in relation to L1/L.2 vocabulary learning in children (French,
2003; Gathercole et al., 1992) but not in relation to L2 vocabulary learning in adults.
The reasons why the pattern of results might differ in these two populations are

outlined.
3.2. Defining vocabulary and word knowledge

The word is quite a difficult concept to define in both theoretical terms and for
applied purposes (Read, 2000: 17). A number of specialised definitions of what counts
as a word exist, and yet the term word is quite frequently used in the literature without
clarifying to which of the more specialised definitions it is intended to refer. For the
sake of clarity, therefore, specialised definitions of word units such as lemmas,
lexemes, word families, tokens and types are introduced in Section 3.2.1. The terms
lemma, lexeme and word family are an essential part of our subsequent discussion of
language corpora and frequency lists (Section 3.3.2), while the terms token and type re-
surface in our presentation of measures of free productive ability (Section 3.4.3).
Aspects of knowing a word, such as for example the breadth and depth distinction, are

dealt with in Section 3.2.2.

3.2.1. Approaches to defining the word

The first of the specialised definitions of a word unit to be introduced here is the
term lemma. A lemma comprises word forms that are limited to one part of speech,
namely a headword and its most frequent inflections. The lemma of the verb “serve”,

for example, includes its verb forms such as “serves”, “served” and “serving”, but not

the noun form “service”. Again, the lemma of “easy” includes “easier” and “‘easiest”, as
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they remain adjectives, but does not include the adverbial form “easily”. The form that
is normally chosen to be the headword is the least marked one, e.g. the word “good”
functions as a headword but not its inflected form “better”. When a lemma is used as a
basic counting unit in word frequency lists, the lists are referred to as lemmatized word
lists. Lemmatised word lists, such as e.g. British National Corpus lists, provide part-of-
speech information but do not take account of semantic distinctions within what is
considered to be a lemma. Semantic aspects are represented by another word unit called

a lexeme discussed below.

A lexeme is also limited to one part of speech, but unlike a lemma it refers to a
lemmatized form with a distinct meaning. The lemma “fair” (adj), for example, can be
subdivided into a number of lexemes, such as “fair” = right and reasonable”, “fair” =
treating everyone equally, “fair” = quite large, “fair” = light skinned, “fair” = not windy
or rainy or “fair” = average (Longman Dictionary of Contemporary English Online™).
In dictionaries lemmas are used as headwords, while lexemes are listed as separate
senses under a single entry. Counts of separate meanings of a word are used to create
lexeme-based frequency lists, such as the General Service List (Section 3.3.2). Such
lists are relatively rare, as the process of semantic tagging of a large general corpus

remains something of a challenge (e.g. McEnery et al., 2006: 38).

The term word family reflects a broader approach to a word unit. A word family
includes a group of words that share a common base to which different prefixes and
suffixed are added. Bauer and Nation (1993: 253) define a word family as “a base word
and all its derived and inflected forms that can be understood by a learner without
having to learn each form separately”. There are no hard and fast rules as to which
types of words are included and which are left out, but English words are generally
considered to be members of the same word family if they are inflected and derived
items that contain affixes from the first six levels of the Bauer and Nation (1993) list. In
their influential paper outlying a systematic approach to the classification of words into
word families Bauer and Nation divide affixes into nine bands by frequency and
productivity. At Level 1, for example, each running word is counted as a separate word.
At Level 2 words with the same base and most common inflections are counted as

separate units. This level broadly corresponds to the rules applied during the

22 The dictionary is available at http://www.ldoceonline.com/.
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lemmatisation of the Brown Corpus (Section 3.3.2). Each subsequent level broadens
the scope of affixes. To use the word “govern” as an illustration, forms that would be
considered a lemma include “governs”, “governed” and “governing”, while forms that
would be considered a word family additionally include e.g. “governable”,

9% ¢

“government”, “ex-governor” and “governance”.

Having discussed such specialised definitions of a word as lemmas, lexemes
and word families, we shall now move on to a distinction between tokens and types.
The terms token and type are used to distinguish between the overall number of words
produced and the number of different words produced. Calculating the number of
tokens involves counting all running words in a written or spoken sample. Every
individual word that occurs more than once is counted each time it occurs. Calculating
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