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Introduction

It is often the case that different facets of human cognition and language are treated as
separate entities. There are researchers specialising in studying phonological systems,
experts on mental lexicon and scientists whose research is devoted solely to memory
systems. This kind of specialisation is necessary for managing the information about the
vast and complicated systems of human cognition. Thanks to narrowing down their sub-
ject of investigation, these researchers managed to amass a great body of knowledge.
However, the danger of these approaches is that they disregard the context in which
human cognition and language operate. Language is a product of the brain - a system
based on connections and associations. It is intimately connected to cognitive systems.
Researching the interconnections between different aspects of language (such as pho-
nology, syntax or lexicon) and applying the knowledge amassed by psychologists and
neuroscientists in this research can significantly further the understanding of human
linguistic processing. The present dissertation is devoted to the interconnections be-
tween phonology, memory and word learning. In particular, it focuses on the intercon-
nection between sound processing and vocabulary acquisition. As will be shown, there
is ample evidence for a close relationship between the acquisition of words and sounds
in human minds. Apart from exploring these connections, this dissertation will also in-
vestigate the possible interplay between the phonological processing and phonological
short-term memory in learning new words.

The thesis begins with an introductory chapter that presents the mainstream the-
ories related to the interconnections between memory, sounds and words. Within these
theories, memory is the key concept. Those theories assume the existence of a special-

ised memory component, which is crucial for learning novel words. This component is
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called phonological short-term memory (henceforth phonological STM), since it used
precisely for encoding phonological forms of the words. However, as will be shown at
the end of the chapter, the theory of phonological short-term memory as a vocabulary
learning device is not without problems. Indeed, some researchers suggest that some
tests of phonological short-term memory might in fact tap into another skill - the phono-
logical processing. Within these theories it is phonological processing that is central to
learning new words. The rest of the thesis explores and significantly extends this theory.

First of all, it is observed that the concept of phonological processing is in itself
a subject to considerable controversy. Throughout the years different and often contra-
dictory ideas about phonological processing have been offered and some theories even
deny the existence of the mechanism. Therefore, the second chapter will constitute an
attempt to analyse different theories of phonological processing and to distil from them
a coherent description of the concept. The chapter thus ends with a theoretical frame-
work within which the notion of phonological processing will be considered.

Equipped with the working definition and description of the key notions, the
reader will be directed to the third chapter, in which the relationship between phonolog-
ical processing and word learning in first language (L1) acquisition will be explored.
The chapter will begin with a presentation of studies related to the acquisition of pho-
nology in the L1 - a description of how phonological processing develops in young
children. Since different theoretical approaches offer different visions as to the shape of
phonological development, this chapter will attempt to provide a unified account of the
process. In particular, it will be suggested that phonological development in L1 consists
of several different processes - notably initial prosodic processing, abstraction, specifi-
cation and chunking. The chapter will end by showing how each of these processes is
related to the lexical development in L1 acquisition.

The fourth chapter will continue to tackle the topic of phonological development
and word learning, but it will describe them in the context of second language (L2) ac-
quisition. This chapter will begin with the description of phonological development in
L2, using the previously introduced notions of initial prosodic processing, specification,
abstraction and chunking. Then it will show how these processes could be related to
word learning in L2. It will be noted, however, that there is a severe lack of research

that would support these hypotheses.
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All the four chapters will prepare the reader for the experimental part of the the-
sis, which ties the three areas (phonology, lexicon and memory) into one study, de-
scribed in the fifth chapter. The study investigates a group of Polish nine-year-olds
learning a second language (English) at school. It examines how fast the children learn
new L1, L2 and completely foreign word forms in an experimental tasks. It also tracks
the participants' progress in their English classes in terms of vocabulary. These
measures of word learning efficiency are then correlated with participants' phonological
processing skills and phonological short-term memory.

The results of the study, which are discussed in the sixth chapter, suggest that
the some aspects of phonological processing (initial prosodic processing) play an im-
portant role in learning words of a foreign language at the initial stages of acquisition.
At the same time, phonological STM seems to play a role in learning new words of the
native language. These results clearly show the interdependence of different cognitive

and linguistic systems in the human mind.
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Chapter 1: Memory for words, memory for sounds. The rela-
tionship between phonological STM and word learning

1.1. Introduction

This chapter will introduce the topic of memory, phonology and word learning. In par-
ticular it will focus on the relationship between the memory module called phonological
STM and vocabulary acquisition in L1 and L2. In order to allow for a better understand-
ing of the topic, the chapter will begin with a short introduction into the theories of
memory systems that will provide a context for the phonological STM theory. In the
second section, the concept of phonological STM will be further developed and the rela-
tionship between this memory component and word learning in L1 will be explored.
The third section will focus on the relationship between phonological STM and word
learning in L2. The chapter will end with a critique of the studies investigating the pho-
nological STM-vocabulary relationship. It will be hypothesised that some research re-
sults taken as the evidence for this relationship can be attributed to the effects of phono-
logical processing on lexical development. With that, the reader will be smoothly

directed to the next chapter, which will introduce the topic of phonological processing.
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1.2. Memory systems

1.2.1. Multicomponent models: Atkinson's and Shiffrin's memory model,

Baddeley's Multicomponent Working Memory Model, Long-term memory models

The notion of phonological STM cannot be understood without reference to the classic
model of memory introduced by Atkinson and Shiffrin's model (Atkinson and Shiffrin
1968). According to this model, human memory is divided into three different compo-
nents: sensory memory, short-term memory and long-term memory. Each of these com-
ponents is connected with a different stage of memory processing. The sensory memory
is the first contact point between the stimuli and human memory system. This memory
module takes in a large number of raw sensory information and stores it for a very short
amount of time (no more than few seconds) for further analysis. Most information
stored in the sensory memory is subjected to fast decay. However, the most relevant
information is then carried into the short-term memory, where it is held for further anal-
ysis for up to 30 seconds. Short-term memory is limited not only in time, but also in
capacity - it cannot store more than 5-9 items at the same time (Miller 1956). A signifi-
cant portion of information in the short-term memory decays, but some of it can be car-
ried into the long-term memory, which according to Atkinson and Shiffrin, has unlim-
ited capacity and provides relatively permanent storage for information.

The model by Atkinson and Shiffrin still constitutes the popular point of refer-
ence for many memory studies, but it has also been criticised by many researchers, and
the criticisms have often been the basis of improvements and developments. One of the
criticism has been put forward by Baddeley and Hitch, who argued with the notion of
unitary short-term memory and proposed that it should be replaced with the concept of
multi-component working memory (Baddeley and Hitch 1975). The working memory
model by Baddeley and Hitch was initially composed of three separate components:
phonological loop, visuospatial sketchpad and the central executive. Phonological loop
was conceptualised as a short-term memory store for verbal information, such as lists of
words, sentences or letters. Visuospatial sketchpad was considered to be a store for vis-
ual and spatial information, for instance shapes, colours and location of objects. The

central executive was the element responsible for controlling working memory, assign-

16



ing attentional resources to particular stimuli and for dividing attention. Twenty five
years after the multi-component model of working memory was introduced, it was fur-
ther enhanced by adding another component, the episodic buffer. The role of this addi-
tional component is to integrate information from the verbal store with the information
from the visuospatial sketchpad (Baddeley 2000). Moreover, since Baddeley in his theo-
retic approach still assumed the strict separation between the working memory and the
long-term memory, the episodic buffer was conceptualised as the point of connection
between these two components. It was a centre in which the information from the work-
ing memory and long-term memory could be integrated. To recap, the development of
the classic memory model by Baddeley and his co-workers consisted in replacing the
notion of unitary short-term memory with the concept of multicomponent memory sys-
tem, containing a verbal store, a visual store, a central executive and an episodic buffer.

The perception of unitary long-term memory was also soon challenged. First of
all, it has been discovered that there are different long-term memory systems for con-
scious knowledge of facts (the declarative memory) and the unconscious learning of
skills and procedures (Cohen and Squire 1980). Patients with amnesia who have a defi-
cit in declarative memory (for instance, a lesion to the medial-temporal part of their
brain) cannot consciously learn facts, but they can learn skills, such as reading mirror
images of texts. The declarative memory has been then broken down into further com-
ponents (Tulving 1985). One of these is semantic memory, which is responsible for the
acquisition, storage and retrieval of facts (such as facts learned at school). The other is
episodic memory, which is the memory for events in one's life. Emotionally loaded facts
can be also considered a separate type of memory, because an additional part of the
brain (the amygdala) takes part in encoding of these memories and gives them an addi-
tional boost over the non-emotional stimuli (Gabrieli 1998; Milner et al. 1998).

The unconscious memory has also been divided into different types. In his re-
view, Gabrieli distinguishes between procedural memory, repetition priming and condi-
tioning (Gabrieli 1998). Procedural learning involves learning new skills of different
kinds. Thanks to this type of memory, an amnesiac patient with his declarative memory
impaired can learn how to ride a bike or how to draw with altered visual feedback (sen-
sorimotor skills learning). Patients with deficits in declarative memory can also learn
perceptual skills such as reading mirror-reversed texts, and even cognitive skills, such

as the ability to perform a complex cognitive task involving problem-solving and plan-
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ning (although to a limited degree). On the other hand there can be patients, whose de-
clarative memory is intact, but who have specific deficits in this kind of learning. This
includes individuals with neurological diseases such as Parkinson's disease, Hunting-
ton's disease or Tourette syndrome, which affect the part of the brain called basal gan-
glia.

Repetition priming (Milner et al. 1968), the second type of unconscious
memory, is defined as the effect of certain stimuli on the following stimuli. For exam-
ple, when participants hear a word that has negative connotations, they might perceive
(that is - be primed to perceive) the next word they hear more negatively. Priming can
be supraliminal (when the learner can consciously perceive the words or pictures that
are the primes) or subliminal (when the prime has been presented for such a short time
that the learner was unable to consciously register it). It can be observed for different
modalities (visual, auditory, tactile priming) and it can be based on different types of
associations. For instance, there can be phonological and orthographic priming (the
word "tribe" inducing a quicker reaction to a word "bribe"), affective priming (negative
word triggering negative reaction to the subsequent stimuli), semantic priming (the
word "cat" priming the word "dog") etc. Priming seems to be dissociated from declara-
tive memory, because amnesiac patients can be primed. However, there are certain
kinds of priming that cannot be performed by individuals with amnesia. For instance, if
the patient is shown a pair of two unrelated words (cat-spoon) and then shown one of
the words from the pair (cat), this word does not prime the second word from the pair
(spoon) in the amnesiac person as it would in a normal person. Overall, it might be con-
cluded that priming is a separate type of memory process, but it can be associated with
other types in certain tasks.

The last type of unconscious memory mentioned by Gabrieli (1998) is condition-
ing. In this type of memory processing, a person is exposed to a stimulus, called condi-
tioned stimulus, which is followed by another stimulus, called unconditioned stimulus.
An unconditioned stimulus is one that produces an automatic response (for instance a
finger pointed at the eye causes the eye to close) and as a result of conditioning this au-
tomatic response becomes associated with the conditioned stimulus. An example of
classical conditioning in an experiment in which the learner hears a sound (conditioned
stimulus), which is followed by a puff of air to the eye (unconditioned stimulus), trig-

gering an automatic response (blinking). With repeated exposure to this series of stimu-
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li, the participant will start blinking upon hearing the sound, even when it is not fol-
lowed by the puff of air. This kind of motor learning is not associated with other types
of memory like procedural and declarative. Patients with Huntington's disease, who
display procedural memory deficits, are prone to this type of conditioning, although for
unknown reason this type of learning can be impaired in Alzheimer's disease. More
complex types of conditioning seem to be related to the declarative memory. For in-
stance, trace conditioning (Bangasser et al. 2006), in which there is a short pause be-
tween the conditioned stimulus (like a sound) and the unconditioned stimulus (like the
puff of air), produces a learning effect in people without deficits, but is impaired in am-
nesiac individuals with deficits to the medial temporal parts of the brain. Yet another
type of conditioning, fear conditioning, is associated with the activity of the amygdala
brain region, which is also involved in learning emotional stimuli within the declarative
memory. Fear conditioning involves pairing a neutral stimulus (a word and a picture)
with an unpleasant stimulus like pain or loud bursts of boat-horn. This kind of treatment
usually quickly produces an automatic adverse reaction to the neutral stimulus in partic-
ipants. However, in individuals with amygdala lesions fear conditioning does not work.
All in all, conditioning seems to be a complex process that cannot be entirely subsumed

under any of the previous types of learning, but can be associated with them.

1.2.2. Unitary memory models

As can be seen from the above review, it seems that memory is a complex system com-
posed of multiple interacting subsystems. The notion that there is one short-term
memory and one long-term memory does not seem to be accurate. Some researchers,
however, have gone as far as suggesting that even the division into short-term and long-
term memory is wrong. Instead they propose what is called unitary models of memory
(Cowan 1988; Jonides et al. 2008).

A very special case of the unitary memory model is the so-called Levels-of-
processing Theory. This model assumes that instead of short-term and long-term stores
there are different levels of information storage in memory, which are closely related to
how deeply a given stimulus has been processed (Craik and Lockhart 1972). The theory

is based on the assumption that analysing information and learning this information is
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essentially the same process. Learners memorise a particulate item (for example, a sen-
tence) when they process this item at a number of levels. Some of these levels of pro-
cessing are rather superficial. For example, during the analysis of a sentence, such a
superficial level of processing would involve assessing the loudness or pitch of the
stimuli and other physical characteristics. On further levels, learners might start to ana-
lyse the patterns in the stimulus. For example, if they analyse a sentence, they might
process its phonological or grammatical structure. On the deepest levels the stimulus is
analysed conceptually. This means that the learners would analyse the meaning of the
sentence. According to the model, the deeper the level of analysis performed on the
stimulus, the better and more durable the memory of it will be. A sentence processed on
a very deep conceptual level will be better remembered than a sentence that has been
analysed only superficially. The theory assumes that the number of repetitions of the
stimuli is not as relevant to remembering it as the depth of processing.

There are several studies showing that information that is processed deeper is
indeed more robust in the mind. However, Craik and Lockhart's theory is not without
problems. It is difficult, for instance, to assess what the depth of processing means and
to offer an objective measure of the concept. In fact, so far, there has been no way of
measuring the depth of processing apart from asking a group of judges to assess what
kind of processing should be considered deep and what kind of processing should be
categorised as shallow (Craik 2002). Nevertheless, the level-of-processing models has
been one of the most famous and interesting alternatives to the traditional models in-
volving the division into the three separate storage types. While the model assumes dif-
ferent levels of processing, it is unitary in the sense that it does not see short-term
memory as a different store of information from the long-term memory. Rather, it as-
sumes that what is called short-term memory is the activation of the information in the
long-term memory connected with the perceptual and conceptual aspects of the stimuli.
In other words, short-term memory is nothing more than memories that are attended to.
This idea is present in one form or another in most unitary models (Jonides et al. 2008).
In general, unitary models see short-term memory more in terms of process rather than
in terms of store. Baddeley's model conceptualises this memory component as a set of
stores from which information can be moved into long-term memory. Unitary model
proponents, such as Cowan (Cowan 1988), perceive short-term memory as a state - the

activation of particular information in the brain as a result of attention directing. The
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idea behind unitary models is that there is only one kind of storage but that it can be
activated to different degrees. In their review of unitary memory models Jonides and
colleagues (2008) conceptualise the long-term memory as dormant information and the
short-term memory as active information. The authors support their claim by showing
that the same brain regions that are active for the long-term memory storage of infor-
mation (such as medial-temporal lobe) also take part in the encoding of information in
short-term memory tasks. Moreover, the authors quote evidence indicating that the re-
gions that are responsible for the initial perception and encoding of the stimuli are also
the regions, in which later the short- and long-term representations of the stimuli are
stored (Damasio 1989). In their paper, short-term memory is conceptualised as the fir-
ing of neurons in response to the stimuli and the short-term changes in brain structure as
a result of this neuronal activation. Long-term memory, on the other hand, are the more
permanent changes to the brain structure following the activation of neurons.

The unitary models are more and more popular in the current psychological lit-
erature. In their 2009 review, Suprenant and Neath argue that most of the phenomena
which have been treated as evidence for the existence of short-term memory can also be
interpreted in terms of unitary models (Suprenant and Neath 2009). Nevertheless, at the
moment both the unitary and the multicomponent models are considered possible repre-
sentations of the human memory. In his recent paper, Cowan indicates that both kinds
of models can be used to account for the data related, for instance, to the capacity of
working memory (Cowan et al. 2012). In other words, the judgement is still out on the
best theory describing human memory. Nevertheless, when it comes to research on
memory and language learning, it is the non-unitary Baddeley's model that has been
used most often as the reference point (Baddeley et al. 1998; Baddeley 2003; Gather-
cole 2006). Therefore this model will be used as the basis of further considerations in
this chapter.

To sum up, the current theories of memory are largely inspired by Atkinson and
Shiffrin’s model that distinguishes between sensory memory, short-term memory and
long-term memory. Further research largely expanded this model. In particular, Alan
Baddeley proposed the existence of multicomponent working memory system in place
of the unitary short-term memory (Baddeley 2000, 2007; Baddeley and Hitch 1975;
Repovs and Baddeley 2006) and several researchers indicated the existence of different

subsystems within the long-term memory (Milner et al. 1968; Cohen and Squire 1980;
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Tulving 1985; Gabrieli 1998; Milner et al. 1998). A number of psychologists have also
challenged the idea of separate short-term (working) and long-term memory compo-
nents and instead proposed that there is one type of memory. Within these models work-
ing/short-term memory is simply the process of activating representations in this unitary
memory store (Craik and Lockhart 1972; Craik 2002; Cowan 1988; Jonides et al. 2008;
Suprenant and Neath 2009). Nevertheless, since much research on the relationship be-
tween memory and language has been done within the separate systems approach, nota-
bly, Baddeley's multicomponent model of working memory, this approach will be fol-

lowed in further sections of this thesis.

1.3. Me