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ABSTRACT

Exploring the role of proficiency as a mediator of the relationship between working
memory and text comprehension in the L2

By
Bora DEMIR

The main purpose of this study is to find out whether there is a relationship between
WM capacity and listening/reading, and whether this relationship is mediated by
learners’ proficiency level in the L2. In addition, with a mixed methods design where
the effect of proficiency level isinvestigated both as a between groups factor but also
as a within groups factor, this study ams to make a cross-sectional comparison of
different proficiency groups (intermediate and upper-intermediate) at a certain point
in time as well as developmental comparison of the same proficiency group before
and after instruction. The participants consist of Turkish University students from
Canakkale Onsekiz Mart University. The Working Memory Capacity was measured
by, Reading Span Test (English version), Reading Span Test (Turkish version), and
Operation Span Test. To measure the participants’ reading and listening
comprehension, this study made use of the Certificate in Advanced English (CAE).
Descriptive statistics, and 2x2x2 mixed ANOVAs were conducted separately on
listening and reading scores with time of testing (pre vs. post) as the repeated
measures factor, WM capacity (low vs. high), and proficiency level (intermediate vs.
upper-intermediate) as between groups factors. The results indicated no significant
effects of WM on reading comprehension. On the other hand, its effect on listening
comprehension was significant when WM was measured by L1 or L2 RST.
Moreover, it was observed that the difference between low- and high-WM capacity
learners was greater on the pre-test compared to the post-test for listening
comprehension but not for reading comprehension since the interaction between WM
and time of testing was significant for the former, not for the latter. Also, when WM
capacity is measured by the RST in the L2, the results for listening comprehension
indicated a significant interaction between time of testing and WM. However, the
difference between the low- and high-WM participants is negligible in the upper-
intermediate group in terms of both listening and reading comprehension when WM
is measured by the RST in the L1. Results are interpreted in the light of Working
Memory Model (Baddeley, 2000), and Declarative/Procedural (DP) Mode of
language acquisition (Ullman, 2001a, 2001b).

Key Words: Working Memory Capacity, Reading Comprehension, Listening
Comprehension, Language Proficiency



KISA OZET

Isler Bellek ve Ikinci Dilde Metin Anlama Arasindaki Iliskinin Arastirilmasinda
Dil Yetisinin Roll
Bora DEMIR
Bu calismamin esas amaci, isler bellek kapasitesi ve ikinci dilde okuma/dinleme
arasinda bir iligki olup olmadigini ve bu iligkinin 6grencinin ikinci dildeki dil yetisi
seviyesiyle olan iliskisini bulmaktir. Bunun yanmi sira, bu caligma, dil yetisi
seviyesinin etkisi karistk metot yontemiyle hem grup i¢i hem de gruplar arasi
faktorler olarak arastirilmasiyla, farkli dil yetisi seviyelerinin (orta seviye ve orta ileri
seviye) kesitsel karsilastirmasini amaclamistir. Universitesi &grencilerinden olan
katilimeilarm isler bellek kapasiteleri Okuma Araligi Testleri (Tiirkge ve Ingilizce)
ve Islem Arahig Testi ile olgiilmiistiir. Katilimcilarin okudugunu ve dinledigini
anlamalarin1 6lgmek i¢in CAE testi kullanilmistir. Okuma ve dinleme skorlar
lizerinde ayr1 ayr1 betimleyici istatistikler yapilmistir. Ayrica, tekrarlanan 6l¢timler
faktori olarak 6lgme zamani, gruplar arasi faktorler olarak da isler bellek kapasitesi
ve dil yetisi olarak 2x2x2 karisik ANOVA testleri yapilmistir. Sonuclar, isler
bellegin okudugunu anlama iizerinde 6nemli bir etkisinin olmadigini gdstermistir.
Ancak, Tiirkge ve Ingilizce Okuma Aralig1 Testleri ile 6lgiildiigiinde isler hafizanin
dinledigini anlama iizerindeki etkisinin 6nemli oldugu bulunmustur. Ayrica, diisiik
ve yiiksek isler bellek kapasiteli 6grenciler arasindaki farkin, okudugunu anlamaya
gore, son teste kiyasla On testte daha biiyiikk oldugu gozlemlenmistir. Ancak, bu
farkin, okudugunu anlama igin, isler hafiza ve 6l¢iim zamani arasindaki iliskinin son
test icin degil, on test icin 6nemli oldugu da gozlemlenmistir. Ayrica, dgrencilerin
isler bellek kapasiteleri ikinci dildeki isler hafiza Okuma Araligi Testi ile
Olciildiiglinde, dinledigini anlama agisindan, 6l¢lim zamani ve isler hafiza arasinda
onemli bir etkilesim oldugu belirlenmistir. Ancak, ikinci dildeki isler hafiza Okuma
Aralig1 Testi ile ol¢iildiigiinde, diisiik ve yiiksek isler hafizali 6grenciler arasindaki
farkin orta tstii 6grenciler i¢in hem dinledigini anlama hem de okudugunu anlama

acisindan 6nemli olmadigi bulunmustur.

Anahtar Kelimeler: Isler Bellek Kapasitesi, Okudugunu Anlama, Yazdigini

Anlama, Dil Becerisi

Xi



CHAPTER 1

INTRODUCTION

1.1. Background of the study

During the years of teaching experience, | have observed that almost all language
learners have difficulties in achieving various aspects of language. Although studies
on individual differences have managed to explain an important amount of variance,
there dtill exist unanswered issues concerning the question of why some language
learners are more successful than others. Hence, understanding the reasons of success
and failure in language learning depends partly upon understanding the cognitive
processes that take place in the human mind. Understanding the processes underlying
the language practice can be used to develop better methods of teaching, assessment,
and even ageneral understanding of the L2 education.

Memory, as an important part of our cognitive capacity, has become one of
the most important concepts to emerge from cognitive psychology for 40 years now.
In a broader sense, memory is usually defined as one of the main cognitive processes
underlying thinking and learning. The idea that the human mind cannot operate
without the support of a temporary memory system led the researchers to re-
conceptualize the existing memory systems by inserting a new component, working
memory. However, as a relatively new concept within the study of memory
organization, the nature and functions of the WM system has become the focus of a
large number of studies over afew decades.

Today it is well established that holding and processing information to
accomplish cognitive tasks is not achievable without the support of a temporary

memory system. Hence, the effort to understand how human brain temporarily stores



and processes information is essential in understanding the cognitive aspects of
language learning.

What makes the concept of Working Memory (WM) critical is its limited
capacity in the elucidation of key cognitive tasks, such as problem solving and
learning. WM ’s relations with various aspects of language learning mainly arise from
its limited capacity. Due to the essential role of WM in cognitive performance and
learning, better learning partly depends on the individual’s WM capacity. In this
sense, to be able to explain the reasons of success and failure in language
comprehension in a second language (L2) largely depends on understanding the role
of WM in language related tasks and its interaction with other factors such as
proficiency level.

1.2.  Purpose of the study
The present study has two purposes. The first one is to find out whether there is a
relationship between WM capacity and listening/reading comprehension of the
participants. The second purpose of this study is to find out whether this relationship
is mediated by learners’ proficiency level in the L2.

To this end, the following research questions and hypotheses are addressed:

Research question 1: Are there differences between high- and low-WM participants
in terms of their listening and reading comprehension in the L2?
Research question 2: If yes, do proficiency level and instruction in the L2 mediate
the performance differences between high- and low-WM participants?

In view of available research findings pointing to a meaningful relationship
between WM capacity and reading comprehension (e.g., Alptekin & Ercetin, 2009,

2010, 2011; Harrington & Sawyer, 1992; Miyake & Friedman, 1998; Walter, 2004)



as well as WM capacity and oral language comprehension/production (e.g., Juffs &
Harrinngton, 2011; Kormos & Safar, 2008; Mackey, Adams, Stafford, & Winke,
2010), learners with larger capacities were expected to have better listening and
reading comprehension scores (Hypothesis 1). Since WM operates through conscious
controlled processes, it was hypothesized that WM would be more influential at
lower levels since WM’s influence weakens as skills get more automatic. In other
words, since WM operates through conscious controlled processes, it was

hypothesized to be more influentia at lower levels (Hypothesis 2).

1.3. Significance of the Study

Existing literature points to the central role of WM in text comprehension. Since L2
learners encounter substantial challenge in comprehending written or oral texts, their
cognitive processing largely depend upon their WM capacities. However, what
remains unclear is the role of language proficiency in explaining the relationship
between WM and text comprehension in the L2. For that reason, understanding the
link between WM capacity and proficiency level in L2 text comprehension will help
us identify the role of each factor in success and failure during reading and listening
activities.

Thus far, numerous studies have tried to revea the connection between WM
and text comprehension by indicating that WM accounts for a large amount of
variance both in reading and listening comprehension. However, the role of language
proficiency in explaining the relationship between WM and text comprehension is
still unclear.

Hence, the present study is significant in that it aims to find out whether there
is a relationship between WM capacity and listening/reading, and whether this

relationship is mediated by learners’ proficiency level in the L2.
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Another significance of this study is that it provides data from various
measures of WMC, rather than relying on one single measure. As such, WM capacity
is measured not only through a reading span task (RST) both in the L1 and L2 but
also through an operation span task (OST).

In addition, the study has a mixed methods design where the effect of
proficiency level is investigated both as a between groups factor but also as a within
groups factor. Such a design alows cross-sectional comparison of different
proficiency groups at a certain point in time as well as developmental comparison of
the same proficiency group at points over time.

This study will also contribute to existing literature, since little research exists
on WM’s relationship to L2 listening and reading. Besides, these two skills have

been rarely investigated in asingle study in L2 research in relation to WM capacity.

1. 4. Overview of Methodology

1. 4. 1. Participants

The participants consist of Turkish University students from Canakkale Onsekiz
Mart University. All of the participants were native speakers of Turkish. Their age
ranged from 18 to 22. They form two groups at different proficiency levels. a) the
prep students, b) the junior students from the departments of English Language
Teaching (ELT) and English Language and Literature (ELL). 111 female and 62
male participants were randomly selected from both groups among a target

population size of 130 prep and 135 first year students.



1. 4. 2. Setting

The present study was conducted at two different schools of Canakkae
Onsekiz Mart University. The freshmen were from the Faculty of Education,
Department of English Language Teaching (ELT), while the preparatory participants
were from the School of Foreign Languages.

The ELT program aims to improve the language proficiency of students; to
equip students with the contemporary methods and techniques of language teaching;
to increase their awareness in intercultural differences to the extent that they become
teachers of English who are innovative and knowledgeable professionals and who
will be able to be practicing teachers not only in Turkey but also elsewhere in the
world; enable them to use the appropriate methods, techniques, materials, resources
and technology in the process of teaching and testing English and arrange the
classroom environment accordingly, being aware of the universality of social rights,
social justice, protection of cultural values, quality culture and environmental
protection, occupational health and safety issues.

This is a First Cycle (Bachelor’s Degree) program. The students who
successfully complete the program are awarded the degree of Bachelor of Arts in
English Language Teaching. In order to graduate from this undergraduate program,
the students are required to succeed in all of the courses listed in the curriculum of
the program by getting the grade of at least DD/S with a minimum of 240 ECTS to
have a Cumulative Grade Point Average (CGPA) of 2.00 out of 4.00.

Some of the program key learning outcomes can be listed as, to act in
accordance with social, scientific, cultural and ethical values at al phases of
performing his’/her teaching profession, to have the knowledge and skills of being

able to use the appropriate methods, techniques, materias, resources and technology



in the process of teaching English, to use the appropriate instruments/tools,
approaches and methods, techniques when measuring and testing English language
skills and knowledge, and to prepare a teaching plan and assessing accordingly,
determining the needs of different students and their language learning strategies and
styles, and considering their developmental stages.

Admission of national students to the ELT education program is contingent
on success on the nationally centralized Student Selection Examination (YGS and
LY S) conducted by the Student Selection and Placement Centre (OSY M). Graduates
can work as teachers of English at schools of the Ministry of National Education and
as lecturers at higher education institutions, and students who successfully complete

this undergraduate program may, on their request, progress to the graduate program.

On the other hand, the preparation school preparatory programs offer a one
year preparatory language program which aims at assisting the students who have
failed the Language Proficiency Exam in devel oping the necessary knowledge, skills
and confidence to effectively use and further improve the target language throughout
their academic studies and in work-related and social environments. The students in
the preparatory school attend 8 hours of Basic English grammar, 7 hours of listening
and speaking, 7 hours of reading, and 4 hours of writing courses per week. These
learners are considered to be intermediate learners of English. As for the reading
course, the program aims to improve the language proficiency of students to be able
to distinguish between academic and non academic reading texts, analyze different
types of discourse, read for main ideas and important details, understand by making
inferences, understand the syntactic structure of a sentence and clause, discourse

markers, and lexical and grammatical cohesion.



As for the writing, the major aims of the program are to present the important
organizational principles of good academic writing, such as writing topic sentences,
thesis statements, supporting details, maintaining unity and coherence, using
transitions within the ideas and paragraphs, writing clear introductory and
concluding paragraphs. Also, help students apply these organizational principles to
major rhetorical forms such as classification and clustering, exemplification, cause
and effect, comparison and contrast, supporting an argument, problem and solution,
personal expression, summarizing, paraphrasing and essay writing, and provide
extensive practice in al steps of the writing process, including gathering information
from relevant sources, pre-writing, drafting, revising and editing. The major aims of
the program in terms of listening the major aims are to ensure students acquire the
necessary listening skills so that they will be able and to listen and understand video
cassettes, films, debates, conferences seminars, panels, discussions. As for the
speaking course, the program aims at understanding and responding to spoken
English in social and academic environments, becoming clearly comprehensible

through the use of appropriate and rich vocabulary, and a so able to exchange ideas.

1.4. 3. Data Collection Instruments

To measure the participants’ reading and listening comprehension, this study made
use of the Certificate in Advanced English (CAE) by Cambridge University Press,
which is an advanced general English examination provided by University of
Cambridge ESOL Examinationsin England. In the CEFR, CAE is ranked at C1 and
C2 levels. Both the reading and listening exams were taken from Exam

Essentias. CAE Practice Tests (Osborne, 2006).



This study also made use of 3 tests to measure the working memory capacity of the
participants, namely, Reading Span Test (English version), Reading Span Test
(Turkish version), and Operation Span Test. Both for Turkish and English versions,
this study made use of a modified version of the original RST developed by
Daneman and Carpenter (1980). The OST used in the study was a version suggested
by Kane et al. (2004). The memory tests were administered on the computer in a
computer lab.
1. 4. 4. Data Analysis

The storage scores (i.e., the total number of accurately recalled sentence-final
words in the L1 and L2 RSTs and the total number of accurately recalled words
associated with the operations in the OST) constituted the WM measure. For each
WM measure, the participants were divided into low- and high-WM groups based on
a median-split procedure on the storage scores. Thus, the participants below the
median were categorized into low-WM group while those above the median were

categorized in high-WM group.

In order to answer the research questions, descriptive statistics were first
obtained. Then, 2x2x2 mixed ANOVAs were conducted separately on listening and
reading scores with time of testing (pre vs. post) as the repeated measures factor,
WM capacity (low vs. high), and proficiency level (intermediate vs. upper-
intermediate) as between groups factors. The statistical procedures were carried out

vialBM SPSS Statistics 20.0.

1.5. The Organization of Chapters
The present study is composed of five chapters. The first chapter comprises, a
genera introduction of the study, the purpose of the study, the research questions
addressed in the study, the overview of methodology (participants, setting, data
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collection instruments and data analysis), significance of the study are presented. The
second chapter presents a detailed literature review including theories of working
memory with a specific focus on The Working Memory Model and its components.
Following that, the chapter provides background information about working memory
and L1/L2 research. Chapter 111, provides information on the methodological issues
focusing on the participants, the research design, instruments for data collection and
the procedures for data analysis. Chapter 1V reports the results with reference to the
research questions. And finaly, discussions and conclusions related to the findings
are presented in Chapter V, followed by limitations and suggestions for further

research. References and appendices are provided at the end of the study.



CHAPTER 2
REVIEW OF LITERATURE
2.1. Introduction
The review of literature of this study is discussed in four sections. In the first part,
the concept of memory is initially discussed. Then, the chapter provides a
comprehensive chronological overview of WM models focusing specifically on the
construct and components of WM model. Following that, the chapter presents
various tests to measure WM capacity. Finally the studies related to L2 reading and

listening research are discussed.

2.2. Working Memory
Memory is one of the most important concepts of cognitive science since many
aspects of human life depend on it. Rather than a single unitary system, memory is an
array of interacting systems, each capable of encoding or registering information,
storing it, and making it available by retrieval. Without this capability for
information storage, we could not perceive adequately, learn from our past,
understand the present, or plan for the future (Baddeley, 1999).

The recognition of memory and itsrolein life and learning can be traced back
to the ancient Greeks. Because of his work on memory, De Memoria et
Reminiscentia, Aristotle is usually attributed with being the first person to propound
the theory of the association of ideas as the basis of memory (Morris & Gruneberg,
1994). Nevertheless, the oldest theoretica distinction between primary and
secondary memory was proposed by James (1890). According to James, primary
memory is equated with the current contents of consciousness and suffers from a

limited capacity, and secondary memory, in contrast, is thought to consist of
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memories of the distant past and to be unlimited in capacity (Conway, Jarrold, Kane,
Miyake & Towse, 2007; Morris & Gruneberg, 1994)

However, it was the mid-twentieth century when psychologists were able to
identify and work on distinct dimensions and functions of memory (Dehn, 2008). As
a result of debate on the types, dimensions and functioning of the concept of
memory, a whole range of memory models were proposed during the 1960s. These
models were basically composed of three types of memory namely; sensory memory,
short-term memory, and long-term memory (Pickering, 2006). The model which
received more attention was Atkinson and Shiffrin’s 1968 model (Fig.1l) and it
contained a detailed analysis concerning the structure and functioning of human
memory. According to Atkinson and Shiffrin’s dual process model, memory is made
up of a series of stores. It was assumed that information comes in from the
environment through a parallel series of brief sensory memory stores, or registers,
and goes into a common short-term store. This system is considered as capable of
mani pulating information and relating it to long-term storage. Without it, the learning
of new materia or the recollection of old information would be impossible.

(Essentials of human memory, Baddeley, 1999)

Rehearsal

SENSORY SHORT LONG
STORES Attention TERM Rehearsal TERM
»  STORE " STORE
% - — .
Retnieval —

l

Response output

Figure 1. Conceptualization of Multi Store Model of Memory by Atkinson and
Shiffrin (1968)
In the model both Short Term Memory (STM) and Long Term Memory

(LTM) were conceptualized as passive stores. Although many earlier conceptions of

11



human memory system assumed that STM is simply the activated portion of LTM,
they did not present a structure clarifying a locus for manipulation, transformation,
and processing of information beyond rehearsal (Feng, 2009).

However, in a later study, Atkinson and Shiffrin (1971) proposed that the
flow of information through the short-term store and the subject's control of that flow
of information were central to the system underlying human memory. They
explained the concept of WM as a system in which decisions are made, problems are
solved, and information flow is directed.

Baddeley and Hitch (1974) proposed the concept of WM to overcome the
problems in the early models. According to Baddeley and Hitch, short-term storage
of information must be considered as part of a more complex system involved in the
execution of a specific task. This system has the ability to store and process
information simultaneously. According to Baddeley and Hitch (1974) WM refersto a
limited capacity system of temporary storage and manipulation of input that is
necessary for complex tasks such as comprehension and reasoning. Furthermore, it
involves a number of different subsystems, each related to the specific nature of the

information to be processed (Baddeley, 1986).

Visuospatial Central Phonological
Sketchpad Executive Loop

Figure 2. A schematic representation of model of WM (Baddeley and Hitch, 1974)

As mentioned above, the concept of WM was initialy proposed by
Baddeley and Hitch  (1974) and developed by Baddeley (1986). In fact,
Baddeley and Hitch proposed the model in order to expand a more accurate model of

STM. This model was different from Atkinson and Shiffrin (1968) model, since it
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offers a far more flexible characterization of STM. One of the most important
devel opments within cognitive psychology over the past 20 years has been the shift
away from viewing STM as a receptacle for lists of unrelated items, and towards
seeing it as a dynamic system that plays a critical role in a wide range of complex
cognitive activities (Gathercole, 1994). The origins of WM are in theories of STM
that focused on the temporary storage of information, rather than focusing on the role
that temporary storage or transformation played in general cognition (Andrade,
2001). According to Swanson (2000), it is important to note that there has always
been an emphasis on WM’s limited capacity to keep information while
simultaneously processing the same or other information. This conceptualizes WM
distinct from STM.

There have been conflicting views among cognitive psychologists and
memory researchers on the definition and conceptualism of STM and WM.
According to Baddeley (1996) the concept of WM represents a modification and
extension of an earlier concept, short-term memory proposed by Atkinson and
Shiffrin (1968). Baddeley differentiates the concept of WM from STM in two
respects. the number of subsystems involved during the process, and the considerable
emphasis on its functional role in other cognitive tasks such as learning, reasoning,
and comprehension.

Some researchers have used the two terms as interchangeable or consider one
to be a subtype of the other (McDougall, Hulme, Elllis, & Monk, 1994). Other
theorists and researchers argue that WM and STM are distinguishable constructs
(Gathercole, 1998; Unsworth & Engle, 2007; Dehn, 2008). Nevertheless it is
generally acknowledged that the two concepts are distinct in nature. Unlike WM,

STM only refers to the short-term storage of information, and it does not involve the
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manipulation or organization of material held in memory. STM differs from WM in
many ways. While STM passively holds information, WM has stronger relationships
with academic learning and with higher-level cognitive functions. STM
automatically activates information stored in long-term memory. On the other hand,
WM conscioudly directs retrieval of desired information from LTM. STM can
operate independently of LTM, but WM operations rely heavily on LTM structures.
STM retains information coming from the environment while WM retains products
of various cognitive processes (Dehn, 2008).

There has been numerous efforts to conceptualize and define WM. Baddeley
and Hitch (1974) argued that WM is a flexible and limited-resource system with
storage and processing capabilities which exist in atraded off fashion. In this system,
small memory loads are handled alone by a peripheral phonemic buffer, leaving
central processing unaffected, whereas larger loads require additional resources of a
central executive. Thus, WM was proposed to be a dynamic system that enabled
active maintenance of task-relevant information in support of the simultaneous
execution of complex cognitive tasks.

Consistent with the assumption that short-term storage of information must be
considered as a part of amore complex system involved in the execution of a specific
task. Baddeley (1986) defined WM as comprising a number of different subsystems,
each related to the specific nature of the information to be processed.

According to Dehn (2008), WM supports human cognitive processing by
providing an interface between perception, STM, LTM, and goa-directed actions.
WM is the term that cognitive psychologists use to describe the ability to
simultaneously maintain and process goa relevant information. As the name implies,

the WM concept reflects fundamentally a form of memory, but it is more than
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memory, for it is memory at work, in the service of complex cognition (Juffs &
Harrington, 2011). Similarly, Baddeley and Logie (1999) defined the term as storing
and processing information while performing higher order cognitive tasks such as
comprehension, learning and reasoning.

WM has aso been defined as a cognitive system that contains a limited
computational space in which materials can be temporarily stored, monitored and
manipulated (Baddeley, 1986; Just & Carpenter, 1992). According to Juffs and
Harrington (2011), WM is not an isolated term within the concept memory. Rather
than the capacity to store the products of our experience in the world, it is a system
with multiple components, or a collection of interrelated processes, that carries out
several important cognitive functions.

A fundamental characteristic of WM isthat it has a restricted capacity, which
limits cognitive performance. Individuals with larger capacity typically perform
better than individuals with smaller capacity on a variety of cognitive tasks including
complex learning, reading and listening comprehension. In other words, there exists
a variation in WM capacity and this variation is important to everyday cognitive
performance. (Juffs & Harrington, 2011). Oberauer et a. (2003) aso defines WM as
a set of limiting factors for performance in complex cognitive tasks. As said by
Miyake and Shah (1999), athough there is variety of definitions of WM, there is
consensus among WM researchers that it comprises those mechanisms or processes
that are involved in the control, regulation, and active maintenance of task-relevant
information in the service of complex cognition. Hulme and Mackenzie (1992) WM
defined the concept as the use of temporarily stored information in the performance

of more complex cognitive tasks. In genera, WM is viewed as a comprehensive
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system that unites various short- and long-term memory subsystems and functions
(Baddeley, 1986).

One of the greatest accomplishments of the human mind is perhaps its ability
to mentally maintain information in an active and readily accessible state, and
selectively process new information simultaneously (Conway, Jarrold, Kane, Miyake
& Towse, 2007). In this context, WM refers to the mental processes responsible for
the temporary storage and manipulation of information in the course of on-going
processing (Juffs & Harrington, 2011).

Although generally accepted as a separate concept of memory, Cowan (2001)
defines WM as an activated portion of LTM, and Just and Carpenter (1992) defined
WM as asingle and limited pool of cognitive resources in which all processes draw
and are in competition for sharing that resources. Nevertheless, there is a genera
acceptance of the need to assume both of a general executive system and specific

verbal and visual systems (Baddeley & Hitch, 2001).

2.3. Models of Memory
For the last four decades, researchers have conceptualized various models of
memory. Memory models in modern terms, first started with the Atkinson-Shiffrin’s
Multi Sore Model of Memory (1968) as an elaboration of the information processing
model originally proposed by Broadbent (1958). According to this model,
information proceeds from temporary short-term storage to more durable long-term
memory. Atkinson and Shiffrin view short-term memory as the workspace for long-
term learning. The model simply proposes that information is detected by the sense
organs and enters the sensory memory. This information enters the STM. Information

from the STM is transferred to the LTM only if that information is rehearsed. If
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rehearsal does not occur, then information is forgotten, lost from short term memory
through the processes of displacement or decay.

Atkinson-Shiffrin’s Multi Store Model of Memory was criticized for
devoting too much importance on structure while ignoring the processes (Baddel ey,
1996a). However, Atkinson-Shiffrin’s three-part division still provides a useful
framework for interpreting memory performance, and it is consistent with the
information processing model that persiststo this day (Dehn, 2008).

The Levels of Processing Model of Memory (Craig and Lockhart, 1972) was
proposed partly as a result of the criticism on the multi-store model of memory.
Instead of concentrating on the structures involved, this theory concentrates on the
processes involved in memory. Unlike the multi-store model, it is anon-structured
approach. The basic idea is that memory is realy just what happens as a result of
processing information. However, according to the model, memory is just a by-
product of the depth of processing of information, and there is no clear distinction

between STM and LTM.

2.4. The Working Memory Model
The Working Memory Model was proposed by Baddeley and Hitch in 1974. After
studying the former models, they believed that the models were overly simplistic in
terms of STM conceptualization. They defined WM as a system for the temporary
holding and manipulation of information during the performance of a range of
cognitive tasks such as comprehension, learning, and reasoning (Baddeley, 1986).
According to Baddeley and Hitch (1974), during the performance of a task that
involves two different systems, such as the articulatory control system and the visuo-

gpatial sketchpad, they can process both together interactively or they can do either
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on its own. Baddeley and Hitch provide this argument as evidence which supports
the idea that WM is composed of different components. The separation of storage
from processing is the key feature that distinguishes the WM model from other
models.

In this model, WM consists of three basic stores: the phonological loop, the
visuo-spatial sketchpad and the central executive, which controls the other two

subsystems, referred to as slave systems.

central
executve

r
phonological loop visuo-spatial
sketchpiac

phonological

store
articulatory

process

Figure 3. Conceptualization of WM model (Baddeley & Hitch, 1974)

In 2000, Baddeley and Hitch expanded this model with a new component,
multimodal episodic buffer. According to this model, information is stored in and
retrieved from a set of buffers, each specialized for a different kind of information.
One of these buffers is for verba information, one for spatial information, one for
visual information, and one for episodic information (Baddeley, 2001). Basically, the
model is composed of three sub-components, namely the visuo-spatial sketchpad, the
episodic buffer, and the phonological loop. Figure 4 illustrates Baddeley’s 2000
model of WM. This study is contextualized within the theoretical framework of

Baddeley’s WM model.
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Figure 4. Baddeley’s model of WM (2000)

Current Biology

2.4.1. The Phonological Loop

As one of the three basic stores of Baddeley’s WM Model, The Phonological Loop
(PL) is specialized for the short-term storage and processing of verba and acoustic
information. The terminology of the term has been evolved, since the earlier
conception of the component was named by Baddeley and Hitch (1974) as
‘phonemic buffer’, and as ‘articulatory loop’ by Baddeley (1986). Basicaly, as a part
of the WM, the PL handles phonologica information and rehearses verbal inpuit.
According to most models of short-term memory, one characteristic frequently
assigned to short-term memory is its reliance on speech coding. Baddeley separated

this aspect of memory from the rest and postulated the PL as a Slave system

(Baddeley, 1999).

19




Articulatory
rehearsal

Non-auditory
inputs

Phonological
short-term store

Auditory speech
inputs

Figure 5. The Phonological Loop Model (Baddeley, 1986)

The PL is composed of two separable components: a ‘phonological store’ and
‘subvocal rehearsal process’. The phonological store holds traces of acoustic or
speech based material. The input in this store lasts about two seconds unless it is
maintained through the use of the second subcomponent, articulatory subvocal
rehearsal. Prevention of subvocal rehearsal results in rapid decaying of the
information. In other words, the rehearsal system can refresh the information and
maintains its storage by subvoca articulation (Morris & Gruneberg, 1994). A
phonological loop is thought to have a capacity of 5-9 units (Miller’s so-called
“magic number” 7+/-2).

Today, it is well established that much more than a slave system the PL may
play akey rolein the acquisition of vocabulary, and also is vital for learning a second
language (Miyake and Shah, 1999). The assumption that such a dave system existed

was supported by three clusters of evidence (Baddeley, 2000).

2.4.1.1. The Effect of Phonological Smilarity
Lists of words that sound similar are more difficult to remember than words that

sound different. Therefore, verbal information is coded largely phonologicaly in
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WM. According to Baddeley (1996), poorer WM for similar sound stimuli supports
the existence of a temporary storage system specifically for speech-based or
‘phonological’ input. In other words, the memory traces for similar sound stimuli are

assumed to be harder to discriminate at recall (Baddeley, 1990, p. 72).

2.4.1.2. The Effect of Articulatory Suppression

Articulatory suppression has been found to interact with the phonological similarity
effect in a highly selective manner which is entirely consistent with the PL model
(Morris & Gruneberg, 1994). Memory for verbal material is impaired when subjects
are asked to repeat a simple syllable aoud. This process blocks the articulatory
rehearsal process, thus leaves memory traces in the phonological loop to decay.
According to Morris and Gruneberg (1994) articulatory suppression prevents any
visual material from being recoded via subvocal rehearsal into a phonological form
suitable for the phonological store. Furthermore, without access to the phonological

store, the phonological similarity effect cannot occur.

2.4.1.3. The Word Length Effect

The word length effect is evidence for the finding that short words are easier
to remember since the rehearsal of the long words takes longer. According to
Baddeley, Thomson & Buchanan (1975), the ability to recall words also depends on
a number of characteristics of these words. In other words, lists of short words are
better recalled than lists of long words, even though the words of different lengths
were matched for variables such as their frequency of occurrence within the

language, and their abstractness.
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2.4.2. The Visuo-Spatial Sketchpad
Although theoretical development of a detailed model of the sketchpad is less
advanced than PL component of the WM model, the Visuo-Spatial Sketchpad (VS)
can be defined as a dave system that is specialized for the processing and storage of
visual and spatial information. While the PL deals with speech based information,
the VS deals with visual information. Baddeley (1986) hypothesized the existence of
a temporary visuo-spatial store which is capable of retaining and manipulating
images. The VS is a cognitive construct and mental process of temporarily storing
visual and spatia information for online use in operations of WM. The sketchpad
also displays and manipulates visual and spatial information held in long-term
memory. According to Baddeley (2002) The VS is assumed to form an interface
between visual and spatial information, accessed either through the senses or from
LTM and it alows a range of channels of visual information to be bound together

with similar information of a motor, tactile, or haptic nature.
According to Baddeley (2003), the VS is a system that is involved in
everyday reading tasks, where it may be involved in maintaining a representation of
the page and its layout that will remain stable and facilitate tasks such as moving the

eyes accurately from the end of one line to the beginning of the next.

2.4.3. The Episodic Buffer
Baddeley described a number of problems for the WM model which stem
from the need to integrate information from the subsidiary systems and from LTM in
a way that allows active maintenance and manipulation (Baddeley, 2000). After
observing some patients with amnesia, who had no ability to encode new information

in long-term memory, Baddeley realized that these patients had good short-term
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recall of stories, recalling much more information than could be held in the
phonological loop. As a result, Baddeley added a fourth component to the model as
the third slave system, called the Episodic Buffer (EB).

Baddeley (2000, 2003) needed the EB in order to explain aspects of memory
responses that are not explained by other portions of his WM model. He has defined
the EB as responsible for integrating the material in the slave systems with
information in long term memory (Baddeley, 2000). In other words, the EB deals
both with visual and speech-based information. The central executive controls all
cognitive activities, and it also shares part of its limited capacity with the save
systems to which it can alocate more capacity.

Baddeley assumed this new component to be episodic in the sense that it
holds integrated episodes or scenes and to be a buffer in providing a limited capacity
interface between systems using different codes.

Baddeley (2000) assumes the executive to be a purely attentional system with
a role extending beyond memory function, whereas he assumes the EB to be purely
mnemonic in character. The information retrieved from the buffer is through
conscious awareness. This allows multiple sources of information to be processed
simultaneously, which in turn creates a model of the environment that may be
manipulated to solve problems and plan future behavior. The episodic buffer is aso
assumed to have links to long-term memory and semantic meaning.

Although postulated by Baddeley to resolve the weaknesses of the WM
model, the EB is still insufficient in explaining the problems of what exactly is being
communicated between the different components. Besides, the conflation of
processing and storage within the slave subsystems, and the relationship between

WM and LTM remain unsolved (Andrade, 2001). The relationship between the
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episodic buffer and the modality specific lave systems, the relationship between the
episodic buffer and long-term episodic memory, and the role of executive processes
in chunking and binding of information are the issues that need further conceptual

and empirical work (Baddeley, 2000).

2.4.4. The Central Executive

As the main component of WM Model, The concept of the Central Executive
was first introduced by Baddeley and Hitch in 1974 as a complex system used both
for the storage of information, along with the computational processing of that
information. They defined the central executive as a work space which is flexible but
limited in capacity. Since the CE is used for both storage and processing, greater
effort is required to process information, as less capacity remains for the storage of
that information. This limited capacity can be used both to regulate and coordinate
the flow of information within WM besides performing processing and storage
operations (Morris & Gruneberg, 1994).

As the crucial part of the WM model, the CE is theleast well understood
component of Baddeley's model. According to Baddeley, the reason that makes the
CE component of the model complicated to understand is its supervisory functioning
between the slave systems with alimited capacity.

“The central executive component of working memory is
assumed to be a limited-capacity attentional system that controls
the phonologica loop and sketch pad, and relates them to long-
term memory. The executive is amost certainly considerably
more complex than either of the two slave systems, which makes
it considerably harder to investigate.” (Baddeley, 1999; 62)

Researchers presume the term CE as the most complex and powerful component of

the WM that controls the phonological loop and the visuo-spatial sketchpad, and
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relates them to long-term memory (Morris & Gruneberg, 1994). As the central
mechanism of the model, it plays the role in attending to and switching attention
from one cognitive process to another. The executive is almost certainly considerably
more complex than either of the two dave systems, which makes it significantly
harder to investigate. According to Baddeley (1996),

“The central executive is assumed to be responsible for the

attentional control of WM. The concept was initially used

principaly as a holding operation, allowing the study of the more

tractable problems of the slave systems, while accepting the need

for further investigation of the complex processes that are almost

certainly involved in the control of memory (Baddeley, 1996;

13470).”
Baddeley further asserts that the CE has the most crucia role in the hierarchy of
WM, which functions as the supervisory controlling system. The CE is assumed to
be modality free since it acts as a link between three peripheral save systems. The
operation of the flow of information takes place between the subcomponents of
either slave system or between two slaves systems and long term memory. Following
the completion of the processing, it also moderates and evaluates the accuracy of the
final representation of information and makes corrections if necessary (Baddeley,
1998).

Generally, the CE is equated to the Supervisory Attentional System (SAS)
within the control of action model described by Norman and Shallice (1980) and by
Shallice (1982). SAS model was conceptualized with a broader scope to explain the
control of action when compared to the WM model (Jarrold, 1997). According to
Shallice (1982), the SAS is a limited capacity system and is used for a variety of
purposes, such as tasks involving planning or decision making, novel situations,

dangerous or technically difficult situations or situations where strong habitual

responses are involved. Baddeley adopted the SAS as the CE in his WM model
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because of its ability to explain the model as a processing system between its sub-
components rather than a separate place of storage. As aresult, the CE evolved from
being a flexible system which could employ resources for storage or processing at
the same time, to being entirely a processing system (Baddeley & Logie, 1999). This
system is responsible for functions such as strategy switching, selective attention,
retrieval from long-term memory and dual task co-ordination which represent higher
level cognition tasks. Hence, the multi-component structure of the model provides a
basic theoretical framework for understanding how higher-level cognition is
supported by the human WM system (Baddeley, 1996).

More recently, Baddeley (2012) defines the CE as ‘homunculus’, alittle man
in the head that is capable of attentional focus, storage, and decision making, with a
capacity of doing all the clever things that were outside the competence of its two
subsystems. In an attempt to specify the executive functions of the CE, Baddeley
postulates four suggestions. First, it would need to be able to focus attention on
complex tasks. Second, desirable characteristic would be the capacity to divide
attention between two important targets or stimulus streams. The third executive
capacity involves switching between tasks, which refers to a specific control system.
The fourth executive task that Baddeley assigns to the CE is its capacity to interface
with LTM, which is connected to the assumption that the CE was a purely attentional
system with no storage capacity (Baddeley & Logie 1999). However, this is a
problematic issue in finding an answer to the question of how subsystems using
different codes could be integrated without some form of common storage since

participants combine the codes rather than simply using either one code or another.
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2.4.5. Weaknesses of the WM Model

Although commonly accepted as the predominant memory model, criticisms
have been raised about the WM model in terms of the processing of input and the
interaction between its components. According to Andrade (2001), a well-specified
model of WM should help researchers to explain the memory and executive
components of the phenomenon of interest, and to answer the questions about the
rel ationships between those components and the other cognitive processes involved.

However, as one of its limitations, the WM model is not perfectly specified,
and it is not always clear which cognitive processes are not a function of WM. The
model fails to accomplish its potential as a tool for making predictions and
explaining phenomena because the components of the model and their
interrel ationships are underspecified (Andrade, 2001).

Another weakness of the model isits simplicity. Although simplicity seemsto
be strength of the WM moddl, it is aso a limitation since the simple model fails to
reflect the complexity of real cognition and is hard to apply to phenomena outside
the domain of laboratory short-term memory tasks. In other words, the components
of the model are too simple, to explain the full range of everyday phenomena and
does not go deep enough to find answers to the questions of deep functioning of
memory.

The third weakness of the model is related to the CE since it remains as the
least understood component of the model. With a framework that describes the
organization of CE in detail, developing experimental tasks which clearly tap a
particular aspect of executive function, or even tasks which clearly tap the slave
systems without imposing on the executive would facilitate researchers to reach more

reliable findings. Besides the underspecified nature of the CE, another issue under
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criticism is the lack of specification of the role of the CE in rehearsal. The CE
component of the WM model should be redesigned to provide an answer to the
guestion whether rehearsal is purely afunction of the slave systems, a function of the
dave systems that is initiated and monitored by the CE, or a function solely of the
CE.

Another component that remains unclear is the EB. Although postulated as
the most recent component of the WM model, it does not provide the researchers a
detailed understanding of how the episodic buffer combines information from the

other parts of the model and from LTM aswell.

2.4.6. Srengths of the WM Model

Unlike some other models previously discussed, perhaps, the main argument
on the strength of the WM model should be its structure which elucidates not only
the storage but also the processing of information.

Andrade (2001) postulates three main strengths of the WM model from an
applied perspective as, breadth, specificity, and its historical strength.

Since the model encompasses both auditory and visuo-spatial processing,
manipulation as well as temporary storage of the input represents the breadth of the
model. This structure helps the researchers to analyze complex, real-life situations
with various tasks. The second strength is the specificity of the model. By specifying
separate storage and processing functions and separating verbal and visuo-spatial
subsystems, the WM model helps researchers research into the specific cognitive
elements of typical and atypical lifetime changes. The specificity of the WM model
enables researchers to go beyond correlationa studies, allowing them to gather

converging evidence from experimental manipulations of specific functions such as
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verba rehearsal or visual short-term memory. The third strength of the WM model
may be characterized as its historical strength since the WM model aready holds a
central place in cognitive psychology, and there aready exists a substantial body of
data concerning the role of WM in cognitive function.

According to Morris and Gruneberg (1994), the strengths of the model are its;
flexibility, dual-task methodology, adaptability, and generality. It is flexible because,
the dlave systems can handle memory tasks requiring the maintenance of restricted
amounts of either verbal or visuo-spatial information, leaving the valuable limited-
capacity resources of the central executive free to support a range of higher-level
cognitive activities. As a further strength, the dual-task methodology is based on the
limited capacity of the WM model which enables researchers to be able to isolate
exactly which component of WM, the CE, the PL or the VS contributes to
performance on particular tasks. As a third strength of the model is its adaptability.
Since the model is conceptualized in a modular structure, it has the capacity to
preserve its general structure while more local aspects of the model are undergoing
revision. Finally, the model has remarkable generality since it has been
conceptualized by drawing upon evidence from records of brain-damaged patients,
children throughout all stages of development, and traditional subject group sampled

in short-term memory research (Morris & Gruneberg, 1994).

2.5. Working Memory Capacity
As aready been discussed earlier, within human experimental psychology,
the term WM is used to refer to a limited capacity system that is capable of storing
and manipulating information and that is assumed to be an integral part of the human

memory system (Baddeley, 1996). Daneman and Carpenter (1980) proposed that
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people vary in WM capacity, and these differences are predictors of the amount of
information that can be held accessible and processed (Kane & Engle, 2002;
Kyllonen & Christal, 1990).

The limited capacity of memory was first suggested by Miller (1956) as the
"magical number seven". According to Miller, regardless of the forms of the
elements either digits, |etters, words, or other units, the memory span of young adults
was around seven elements, called chunks. Memory span for digits, letters or words
strongly depends on the time it takes to speak the contents aloud, and on the lexical
status of the contents. On the other hand, Cowan (2001) proposed that WM has a
capacity of about four chunks in young adults.

According to Just and Carpenter (1992) individuals vary in the amount of
activation they have available for meeting the computationa and storage demands of
language processing. This leads to the quantitative differences among individuals in
the speed and accuracy with which they comprehend language. They describe
capacity as an energy source that some people have more of than other people have.
In other words, a person with a larger memory capacity for language may be able to
draw on alarger supply of resources.

The WM model is based on the assumption that it is useful to hypothesize a
theoretical limited capacity system that provides the temporary storage and
manipulation of information that is necessary for performing a wide range of
cognitive activities. In addition to that, this system is not unitary but can be divided
into an executive component and at least two temporary storage systems, one
concerning speech and sound while the other is visuo-spatial (Daneman, 2012).

Cowan (2005) defines WMC simply as the ability to remember things in an

immediate-memory task, such as a given list of words to recall. If one recalls six of
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the words in a given list of words, one’s capacity would be six words; if one recalls
three words, one’s capacity would be three words. According to Cowan, still, that is
not avery satisfactory definition of capacity since there is no reason to believe that it
could lead to any information beyond what we aready know from the data
However, defining WMC in a narrower sense requires investigating the ability of a
specific component of the system, rather than asking about the ability of the entire
processing system.

According to Cowan (2001) although WM posses the ability to keep
representations in an active and accessible state for intelligent behavior and is
thought to underlie various diverse cognitive processes, such as language learning
and problem solving, it appears to be strikingly limited, as one can only store a small
amount of information in WM at any one time (Cowan, 2001). Cowan also asserts
that understanding the nature of capacity limit, researchers can find out more detailed
answers to the question of how our WM system is organized. Besides, understanding
the nature of capacity could enable the researchers to find out whether it is mediated
by subsystems that are specialized for maintaining specific types of representations
( Baddeley & Logie, 1999) or whether it is limited by a single, domain-general store
( Cowan, 1995). Daneman and Carpenter (1980) argued that executive processes are
probably one of the principal factors determining individual differencesin WMC are
dependent both on storage and processing components, which are measured
separately or together. Simple WMC is typically measured by the number of

unrelated digits or words that can be recalled.
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2.5.1. Measuring Working Memory Capacity

WM is often characterized as a system for holding a limited amount of
information available for processing. The limited capacity of the WM has been
measured across various contents and methods of measurement. In general,
processing capacity is measured by using tasks that make simultaneous demands on
storage and processing (Kane et al., 2004). WM capacity has been widely measured
by WM span tasks, which were based on Baddeley and Hitch’s (1974) theory of
WM. These measures of WM were designed to require not only information storage

and rehearsal, but also the simultaneous processing of additional information.

2.5.1.1. Smple Span Tasks and Complex Span Tasks

Basically, a distinction is often made between simple span tasks and complex
gpan tasks. The former tasks primarily tap storage, while the latter involve both
storage and processing. While simple span tasks are used to measure phonological
short-term memory, complex span tasks such as counting span, operation span,
reading span, speaking span and listening span tasks are designed to minimize the
demand on language comprehension. Therefore, complex span tasks include not only
the storage of information and rehearsal but also the immediate cognitive processing
of incoming information (Daneman & Carpenter, 1980; Turner & Engle, 1989). The
most commonly used paradigm for measuring WM capacity is the complex span
paradigm.

Variations of complex span tests are, Reading Span (RSPAN) (Daneman &
Carpenter, 1980), Listening Span (LSPAN) (Daneman & Carpenter, 1980), Counting

Span (CS) (Case, Kurland, & Goldberg, 1982), Operation Span (OSPAN) (Turner &
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Engle, 1989), Speaking Span (SS) (Daneman & Green, 1986), and Spatial Span (SS)
(Shah & Miyake, 1996).

The genera structure of all complex span tasks can be defined as encoding of
a list of words or letters for serial recall together with a parallel distracting
processing task such as reading a sentence, making syntactic or semantic judgments,
or verifying a mathematical equation. A considerable number of studies reported that
variants of complex span correlate well with each other and with other indicators of
WMC (Daneman & Merikle, 1996; Kane & Engle, 2003; Unsworth & Engle, 2005).
Hence, understanding the cognitive processes in the complex span paradigm would
be useful in understanding the limited capacity of human cognitive processing.

Complex span tasks are usually constructed in a manner that is intended to
replicate real-world memory functioning, which occurs while reading for
comprehension. This may be why complex spans generally have higher correlations
with academic learning and higher cognitive functions than simple spans do (Dehn,
2008). Complex span tasks are robust predictors of a wide range of complex
cognitive skills, such as reading comprehension or learning electronics (Baddeley,
2003).

Although the literature presents conflicting information regarding the
reliability of WM span tasks as well as problematic procedures for administration
and scoring, they are still considered as current gold standard measure of WMC in
the cognitive neuroscience literature (Baddeley, Hitch, & Allen, 2009).

L2 studies of WMC are usually carried out in computer labs, the classroom,
or language program setting, and the participants are tested either as individuals or
groups. However, group testing is often reported as problematic since the

administrator can not ensure that al individuals are involved in the processing task.
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The way how the memory tests are administered can affect the validity and reliability
of the findings. Hence, how the memory tests are presented, the nature of the
secondary processing task in complex measure, and the interpretation of the
quantitative results are the significant factors in terms of validity and reliability of the
tests. In complex span tests the most important point is that both the processing and
storage components are engaged. Besides, the secondary processing task must
interfere with rehearsal, to prevent the task from becoming simply a measure of
STM.

Daneman & Carpenter (1980) have developed a test paradigm to measure
individual executive WMC using WM span tests, which involve a Reading Span Test
(RST), and a Listening Span Test (LST). These tests share the common property that
the tasks require simultaneous processing and storage (such as listening for
comprehension) and short term maintenance (such as remembering the last word in a
each sentence). Unlike a single-task test such as digit-span (or word span), WM span
test has provided evidence to be reliable predictor of performance on a wide variety
of verbal WM measures. Therefore, a dual-task-based WM span test is found to be a
sensitive measure of WMC and efficiency (Osaka & Osaka, 1984).

More recently, Redick et a. (2011) investigated the validity and reliability of
automated complex span tasks. Over 6000 young adult participants performed at
least one of three such tasks (Operation, Symmetry, and Reading Span). According
to the authors, the standardized administration and scoring of the automated complex
span task is beneficial to researchers interested in measuring WMC without creating
their own task. Since automated complex span tasks are just one way to measure
WMC, the use of a standardized procedure for administration and scoring would help

making comparisons across studies. As a result, the authors concluded that the
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automated complex span task are valid and reliable tools to understand the nature of
WMC, and why individual differencesin WMC are related to a variety of behaviors

in and out of the lab.

2.5.1.2. Reading Span Test

WM span tasks have been used widely as valid measures of WMC both in L1
and L2 research (Baddeley, Hitch, & Allen, 2009; Daneman & Carpenter, 1980;
Daneman & Merikle, 1996; Harrington & Sawyer 1992; Kane et a., 2004; Miyake &
Shah, 1999; Turner &Engle, 1989). A commonly used complex span test is the
Reading Span Test (RST) (Daneman & Carpenter 1980). The RST assesses an
individual’s ability to simultaneously read and comprehend a set of sentences and
then recall atarget word for each, usually the last word in the sentence.

In RST, the participants are asked to read unrelated sentences, and recall the
last word of each sentence. These sentences are presented individually ranging from
two to six sentences sets. At the end of each set, the participants are asked to recall as
many words as possible. In addition to recalling the last words of each set of words, a
secondary comprehension task which involves judging the semantic or grammatical
judgment of the sentence is additionally performed. This means a heavy cognitive
load which requires a high level mental processing. According to Juffs and
Harrington (2011), athough generaly considered as an accurate measure of WM
capacity, RST might present various challenges, especially when undertaken outside
acontrolled laboratory setting.

Van den Noort et a. (2008) criticized the original RST (Daneman &
Carpenter, 1980) for a number of reasons by suggesting the need for a standard

computerized version of the test. They stated that, the length of the sentences must be
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better controlled. It would be better to control not only the number of words, but also
the number of syllables for each word and letters as well. They aso postulated that,
unlike the origina RST (Daneman & Carpenter, 1980), more attention should be
paid to the length of the sentence-fina words owing to the difference between
remembering a one-syllable word or a four syllable word since shorter words are
better recalled than longer words. Another criticism was addressed to the lack of
control for the frequency of the sentence-final words since frequent words are better
recalled than infrequent words. Moreover, they put forward problems with the
presentation of the material. They suggested that presenting the sentences using cards
to should be restricted by time. The problem with this method is that participants can
read the sentences more slowly to improve their recall.

Besides, there are problems with the use of the RST in other languages. Using
only the trandations of the original RST in most languages, the researchers cannot
control the specific language differences between the original English version and
the trandation of the RST in terms of word frequency, sentence length, since every
language holds its own unique features.

Finally, Daneman and Carpenter (1980) established the reading span by
looking at the total number of sentence-final words that participants can recall during
the whole RST. Because the former procedure does not adequately reflect the
participant's WM capacity (adapted from van den Noort et al. 2008).

Within the same study, they constructed the sentences for a new version of
RST in Dutch, English, German, and Norwegian, according to various criteria. They
controlled the length of the sentences as ranging from 12 to 17 words, 20 to 22
syllables, and 55 to 73 letters. Unlike the original RST, the number of syllables and

the number of letters were controlled for over the five series. A particular lexical
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database (The CELEX) was used to determine the frequency of the sentence-find
words for the Dutch, German, and English versions. Additionally, all the sentence-
final words were concrete nouns. All sentences had 6.5 seconds of presentation time
and al language versions were evaluated using the same psychometric
characteristics. Also within each set, the sentences and sentence-final words were
controlled for semantic relations as much as possible.

As another problematic issue, the scoring of RST might be in various ways
depending on the design of the study and this variety causes difficulty in referring to
the findings of other studies. Friedman and Miyake (2005) examined four scoring
methods. The first one is ‘fotal words’ in which the total number of words recalled
across all trials is considered as the memory span. Second, ‘proportion words’ in
which the average proportional recall for each trial is taken into consideration. Third,
‘correct sets words’ which means the total number of words in perfectly recalled
sets. And the fourth one is ‘truncated span’, which means the highest level at which

the participant recalled a majority of sets (four out of six).

2.5.1.3. Listening Span Test

Listening Span Test (LST) is a spoken version of the RST, which follows the
same format but requires participants to listen to a set of sentences, rather than to
read (Daneman & Carpenter 1980). As a dua task test, LST includes complex span
tasks for measuring both the storage and process functioning of WM. In the task, the
participants hear a set of sentences and recall the last word of each sentence and in
the meantime to judge whether the sentences they heard were logical or not by
responding either “true” or “false”. In the task, similar to RST, these sentences are

presented individually ranging from two to six sentences sets. Since it captures many
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of the processing requirements of sentence comprehension LST is considered as one
of the most important predictors of reading comprehension (Daneman & Carpenter,
1980). However, most of the criticism on LST is based on the argument whether
comprehension is limited by the capacity of a generd WM system or only by one
that is specialized for language processes. A reasonable concern about the LST is
that it depends much on comprehension. Hence, LST stands as a domain-specific
WM measurein the literature.

Severa studies on WM have been reported using RST or its listening
equivalent LST (Daneman & Carpenter, 1980; Osaka & Osaka, 1994). Cowan (2005)
reports several studies that revealed equivalence between RST and LST. Different
types of WM span in which a processing task and a storage task are combined yield
similar results (Daneman & Merikle,1996; Engle, Cantor, & Carullo, 1992), and
correlate with one another, and with intellectual aptitude tasks, (Conway, Cowan,
Bunting, Therriault & Minkoff, 2002; Engle, Tuholski, Laughlin, & Conway, 1999;
Kyllonen & Christal, 1990). So, if it is a process that is critical for the correlations
with intellectual abilities, it is a rather genera process, though there of course are
likely to be domain-specific skills involved, such as the distinction between verbal
and spatia abilities (Shah & Miyake, 1996). The current study assumes that, WM

capacity is amodality-free concept which has a central form of storage and capacity.

2.5.1.4. Operation Span Test

Turner and Engle (1989) developed OST for the purpose of predicting
reading ability with aWM span task that did not involve the reading of sentences. As
another variation of complex span tasks, OST requires the participants to solve

simple mathematical equations instead of making logical or grammatical judgments
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about the sentences while trying to recall the final words of each set of sentence
(Turner & Engle, 1989). The idea of using letters, instead of words is in order to
lessen the dependence on prior language knowledge (Conway et a. 2005). In other
words, while comprehending sentences in RST and LST requires knowledge of the
language, OST has been developed as a measure more of the domain-genera
capacity rather than the content-specific capacity.

According to Turner and Engle (1989), the OST is a measure of WMC that
strongly implicates the operations of the CE. The OST, like other complex span
tasks, involve participants to continuously shift back and forth between the
processing and storage requirements of the task. While the participants try to verify
equations they also try to remember the target words of each task which represent the
activation of CE during the operations.

The next section will discuss the concept of WM in terms of L1 and L2
reading research and L1 and L2 listening research. Besides, examples of empirical
studies related to the relationship between WM and reading-listening both in L1 and

L2 will be presented within this section.

2.6. The Relationship of Working Memory with Reading and Listening

Comprehension and Language Proficiency

Over the past decades, identifying comprehension skills have become one of
the major research interests. In the field of cognitive psychology, researchers have
conducted studies to understand the basic processes both in reading and listening
comprehension. A large body of the research has focused on the analyses of how

readers and listeners represent text in memory. However, the research has paid less
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attention to the lower level processes that take place during language comprehension,

either written or spoken.

Since reading involves complex and difficult processes, it becomes a critical
issue as a basic life skill and an important means of learning (Harrington & Sawyer,
1992). In order to understand the complexities involved, it helps to consider reading
as a form of discourse processing that involves multiple levels of knowledge
representation (Kintsch, 1998). During reading, reader must first decode the letters
and words in a given text and then try to get a meaning from the string of words
along with an attempt to understand the grammatical relationships between all these
components.

The close interaction between WM and reading is significant since
insufficient WMC can cause problems in reading or reading comprehension. WM
enables the coding, processing and recording of information during the reading
processes. Research has revealed that reading comprehension relies on the capacity
of WM to retain text information that facilitates the comprehension of succeeding
sentences (Just & Carpenter, 1992). Hence, individuals with greater WM capacities
are more successful not only at integrating information during reading, but also
carrying the information from one sentence to the next. The fundamental nature of
comprehension is the integration of information that is derived from any text.
Therefore, in this sense, integration can be accomplished by an effective functioning
WM (Cain, 2006).

In general means, athough the reading process has been described as the

process of receiving and interpreting information encoded in language form via the
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medium of print (Urquhart and Weir, 1998), this definition does not indicate other
components of the linguistic processing such as text structure, length, lexical and
linguistic complexity. Therefore, a definition of reading should include information
of how readers engage in phonological, morphological, syntactic, semantic, and
discourse processing (L eeser, 2007).

Once considered as a simple decoding process, today it is well established
that reading is an interactive, constructive and contextualized process through which
individuals make meaning due to the interaction between the reader and the text that
the reader creates meaning from by activating a number of cognitive linguistic
processes (Grabe, 1988).

According to Grabe (2009) for reading, the role of WM in lower-level
processing is well-established. According to him;

“Working memory supports phonological, orthographic, and
morphological processing for word recognition. It stores and
combines words that have been activated, it carries out syntactic
and semantic processing at the clause level, and it stores the

relevant information for building text comprehension.” (Grabe,
2009; 35)

Even though WM capacity have been correlated with reading comprehension
(Harrington and Sawyer, 1992; Cain, 2006), syntactic processing, (Miyake and
Friedman, 1998), and vocabulary learning (Atkins and Baddeley, 1998), there is still
need for research on the role of lower-level processes during the process of reading.
Starting from phonemic level, phonological, orthographic, morphological, syntactic,
and semantic processes build up text comprehension. However, researchers typically
define reading comprehension itself as a global construct and pay little attention to its
multilevel representational structure and the role played by each level in

comprehension (Alptekin & Ergetin, 2009).
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During reading, the reader has to convert written words into phonemes. This
phonological processing depends on visual processing of any given text. By
accessing learned phonetic codes, the readers match the graphemes with the
phonemes they represent to recode visual stimuli. This corresponding process
occupies a large part of the WM capacity of the reader since it requires segmenting,
blending, and holding of phonemes. Hence, there remains less space for semantic and
syntactic procedures in WM capacity of the reader. However, as decoding becomes
automated, more WM capacity becomes available for reading comprehension. As a
result, automaticity appears as a factor that facilitates reading comprehension by
reducing the WM resources necessary for decoding words (Dehn, 2008). On the
other hand, poor readers who focus on reading decoding have less WM resource for
comprehension because of their inefficient word processing.

As a result, the link from word-level reading to comprehension was through
the assumption that comprehension included both lower- and higher-level processes
that require cognitive resources that rely on the WM capacity Perfetti (2007:358).

On the other hand, cognitive processes that take part in listening
comprehension is more complicated when compared to reading. In this respect,
listening is a distinct skill from reading since it involves real-time processing,
without the option of going back to earlier sections of the text that have been missed
by the listener (Flowerdew, 1994). Due to a number of phonological and lexical
features such as, pronunciation differences and reduced forms of language, listening
comprehension becomes a more challenging task for language learners.

Listening can be defined as the ability to process spoken language
automatically, to understand the linguistic information that is attached to the ord

text. Listening comprehension on the other hand is more than just hearing the spoken
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language. The listener often has to construct the meaning using linguistic knowledge,
the context of the situation, and his’her background knowledge on the topic of the
spoken text (Brown & Yule, 2001; Flowerdew & Miller, 2005). Hence to decode and
comprehend what is spoken requires complex cognitive processes that take place in a
limited time.

During listening, WM plays the vital role of constructing and integrating
ideas from a flow of following words (Just & Carpenter, 1992). To be able to
understand the meaning of an utterance, the listener has to remember the earlier parts
of the utterance in order to connect them to later occurring words. During this
multifaceted process, WM stores the incomplete results of comprehension, as well as
encoding some items for later retrieval.

Anderson (1995) proposed a cognitive framework for listening
comprehension including three phases as, perception, parsing and utilisation. These
three phases represent different levels of processing, and are interrelated and
recursive and can take place at the same time during a single listening event.

Within the framework of the model, perceptual processing is the encoding of
the acoustic or written message which involves segmenting phonemes from the
continuous speech stream. In the parsing phase, words are transformed into a mental
representation of the combined meaning of these words according to syntactic
structures or cues to meaning. During utilisation, the listener may draw different
types of inferences to complete the interpretation and make it more personally and
meaningful to respond to the speaker of the utterance (Anderson, 1995, p. 37).
According to this model, the listeners have to rely on their WM capacities in order to
store and process the input simultaneously. As a result of this cognitive load, L2

listeners experience greater demands on their WM processing when being exposed to
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a spoken text in the L2. Thus, an oral utterance containing more information poses a

greater challenge for the WM capacity of the listener (Baddeley & Hitch, 1974).

All in all, the discussions on the role of proficiency in reading and listening
comprehension within the framework of WM, with respect to a large body of
research, revea that learners with greater WM capacities are more successful at
interpreting information both in oral and written texts. Hence, less proficient
language |earners spend much of their WM capacities on holding information in their
memories while processing listening comprehension tasks. Conversely, more
proficient learners can process the spoken information more easily and share more
cognitive resources to operationalize the information representations. As a result, it
becomes evident that the role of WM capacity in L2 listening comprehension is

mediated by L2 proficiency.

2.7. Working Memory and L1 Reading Research

As one of the four language skills, reading is often defined as a complex
process involving word recognition, comprehension, fluency, and motivation, along
with a variety of cognitive processes. However, researchers typically define reading
comprehension itself as a global construct and pay little attention to its multilevel
representational structure and the role played by each level in comprehension
(Alptekin & Ercetin, 2009).

Since reading involves complex and difficult processes, it becomes a critical
issue as a basic life skill and an important means of learning (Harrington & Sawyer,
1992). In order to understand the complexities involved, it helps to consider reading
as a form of discourse processing that involves multiple levels of knowledge

representation (Kintsch, 1998). During reading, reader must first decode the letters
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and words in a given text and then try to get a meaning from the string of words
along with an attempt to understand the grammatical relationships between al these
components.

There is much evidence for WMC as a strong predictor of reading
comprehension both in L1 (Daneman & Carpenter, 1980; Miyake & Friedman, 1998)
and in L2 (Harrington & Sawyer, 1992). Reading comprehension involves drawing
inferences, which in turn means to comprehend a text (Calvo, 2001; Alptekin &
Ercetin, 2010). However, whether inferential or literal, working-memory capacity is
differentially involved in the comprehension process depending on the reader’s
interaction with a given reading task (Alptekin & Ercetin, 2009).

There have been attempts in discovering the role of various span tests and
their relationship with reading comprehension in L1 during early 1990s. Turner &
Engle (1989) tested the relationship between simple and complex memory span tests
and reading comprehension. They presented the participants lists of words or digits
to remember along with the RST. The analysis of the data showed that, complex
memory span tests are significantly correlated with reading comprehension. They
also reported complex span as a more accurate measure of WMC since it prevents
the use of rehearsal whereas simple memory does not.

La Pointe and Engle (1990) carried out a further study on the relationship
between simple and complex spans and reading comprehension. The aim of the study
was to follow the finding of Daneman and Carpenter (1980) and Turner
and Engle (1989) that the simple word span did not predict comprehension. They
designed five experiments to investigate the effects of word length in simple word
gpan tasks and complex operation and reading span tasks and the relationship

between these tasks and reading comprehension. They utilized a computerized
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version of RST, a word span test, OST, and a reading comprehension test.
Experiments 1 and 2 showed that word length effects both simple and complex
memory span tasks correlated with reading comprehension. The third experiment
revealed that, articulatory suppression did not eliminate word length effects. And the
final experiments showed that articulatory suppression eliminated the effect of word
length when words were sampled with replacement from small fixed pools but not
when sampled without replacement from a large pool. The authors concluded that the
reading span does not measure WM specific to reading.

Engle, Nations and Cantor (1990) tried to find out whether the correlation
between complex WM spans and reading comprehension occurs because the
complex spans reflect the capacity of a structural WM that plays a causal role in
comprehension or because another factor, word knowledge, plays a causal role in
both the span tasks and comprehension. Ninety college students were given both
simple and complex versions of the word span task with high- and low-frequency
words. They measured the reading comprehension of their participants with the
Verbal Scholastic Aptitude Test (VSAT). Their findings reveaed that the correlation
between span and VSAT was somewhat higher when span was tested with low-
frequency words, but was significant with both low- and high-frequency words.
According to the authors, this suggests that both word knowledge and a content-free
WM play afundamental role in the relationship between word span and higher level
cognitive tasks.

Engle, Cantor and Carullo (1992) carried out a study related to individual
differencesin WM and reading comprehension. They tested four hypotheses in three
experiments. In the first two experiments, a moving window procedure was used to

present the operation—word and reading span tasks. The correlation between span
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and comprehension was reduced when the viewing times were partialed out. Exp 3
compared atraditional experimenter-paced simple word-span and an S-paced span in
their relationship with comprehension. The experimenter-paced word-span correlated
with comprehension, but the S-paced span did not. The results of the analysis
supported a general  capacity explanation for the  relationship
between WM and comprehension.

Similarly, a PhD dissertation by Convirs (1994) investigated the role of WM
in reading comprehension by using simple and complex span tests. The aim of the
dissertation was to have a better understanding of how each aspect of WM was
related to reading comprehension of children. Severa aspects of WM system was
analyzed by a non-verbal test of intelligence in relationship to reading ability of
children of different ages. Convirs hypothesized that if intelligence accounts for most
of the variance in scores of reading comprehension, then WM might not have been a
specific factor independent from general intelligence. Conversely, if general ability
does not account for most variance in reading scores, then WM might have played a
separate role in enabling the reading process. Finally, the analysis of the data
revealed that participants with different levels of reading ability aso vary in WM
ability. The study concluded that good readers have more efficient WM abilities
when compared to poor readers which in turn show the linear relationship between
WMC and reading ability. .

Ikeda and Kitagami (2012) investigated the effect of WMC and mental effort
on the ability to monitor the accuracy of text comprehension. WMC of the
participants were measured by the operation span test and were given five scientific
expository reading texts. After reading, participants assigned comprehension rating

to each text and then completed a comprehension test. The analysis of the data
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revealed a significant interaction between WMC and mental effort. They concluded
that both WMC and mental effort affected the ability of participants to monitor their
accuracy.

2.8. Working Memory and L2 Reading Research

The role of WM in L2 reading has also been investigated in various empirical
studies by using Daneman and Carpenter’s (1980) original measure of WM, with
gpan tasks such as RST, Counting span, and OST (Chun & Payne, 2004; Harrington
& Sawyer, 1992; Leeser, 2007; Walter, 2004). In their series of experiments,
Daneman and Carpenter (1980) devised an RST that predicted reading
comprehension better than a ssmple digit span task did. As a result, they postulated
that reading ability was positively correlated with WMC relating to both processing
and storage capacity.

Harrington & Sawyer (1992) examined the role of L2 WM capacity on
reading skills of advanced L2 learners. WM capacity was measured by the RST
(Daneman & Carpenter, 1980). They found that, participants with larger WMC
scored higher on measures of reading skill. They aso found that FL readers with
higher WM spans performed better on both the reading and grammar/vocabulary
sections of the Test of English as a Foreign Language (TOEFL) proficiency exam.
They concluded that their findings are consistent with an interpretation of the RST as
an index of WMC, in which capacity is defined functionally in terms of a trade-off
between active processing and storage.

Osaka and Osaka (1992) investigated the relationship between WMC in the
L1 and L2 to determine whether WMC was language dependent. L1 Japanese/L2
English participants were administered Daneman and Carpenter’s (1980) RST along

with two other versions of the RST: a Japanese version and an L2 English (ESL)
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version. Significant positive correlations were found between the scores on the
Japanese and ESL versions of the RST, as well as between Daneman and Carpenter’s
original RST and the Japanese version.

In a follow-up study, Osaka, Osaka, and Groner (1993) measured the
efficiency of WM with German and French versions of the RST. Fifteen Swiss
German/French bilinguals participated in the study. They reported a significant
correlation between German and French versions of the RST for L1 German/L2
French participants; they also reported significant differences between the two tests
(performance on L1 German and L2 French). The results of the correlational
analyses indicated that the efficiency of WM for reading is independent of language,
reconfirming the results obtained by M. Osaka and N. Osaka (1992)

Walter (2004) investigated the transfer of reading comprehension skillsto L2.
The study hypothesized that transfer of reading comprehension skillsto L2 is linked
to mental representations of text and to L2 WM. She based the theoretical framework
of the research on two notions from cognitive psychology in relation to the transfer
of reading comprehension skills from L1 to L2 (i.e. the notion that reading
comprehension proceeds by the reader's building of a mental structure representing
the text and the notion of WM). The participants were French learners of English
from two groups of proficiency level. The members of both groups were proficient
readers in L1 French, but they differed in their ability to comprehend texts in L2
English, even when the lower-intermediate learners had no problem in processing the
individual sentences of those texts. The findings provided strong support for the
hypothesis that the lower-intermediate group had failed to transfer to L2 the ability to

build well-structured mental representations of texts, while the upper-intermediate

49



group had succeeded in transferring this ability. This structure-building ability wasin
turn linked to the development of WM in L2.

Another study by Chun and Payne (2004) investigated the role that individual
differences in 13 students in a second-year German language course who read a
German short story in L2 on a multimedia CD-ROM with access to multimedia
annotations of difficult vocabulary words, and their actions while completing a
vocabulary test and comprehension exercises. A non-word repetition test and a
version of Daneman and Carpenter’s (1980) RST were used to measure WM. They
found a relationship between phonologica WM (non-word repetition test) and the
number of times the learners consulted vocabulary glosses (i.e., look-ups).

Van den Noort, Bosch, and Hugdahl (2006) researched the hypothesis
that WMC interacts with FL proficiency. They tried to find an answer to the question
of whether the interaction between WMC and language proficiency is language-
specific. The multilingual participants were native (L1) Dutch speakers who were
fluent in their second (L2) language, German, and had recently started learning
Norwegian as their third (L3) language. Hence, they aimed to control the interaction
between WMC and language proficiency with a multilingual design. As for
instrumentation they used a forward digit span as simple WM task and the RST and
letter-number ordering as complex WM tasks. The results revealed that differencesin
performance between L1, L2, and L3 can be found on both simple and
complex WM tasks. The findings suggested that WM interacts with FL proficiency
when moving from the participants’ L1 to their L2 and L3. The reason is that the
shift between the languages reduces WM resources. Besides, the authors also
reported significant correlations between the RST scores of their participants in their

three languages. This finding supports the WMC interaction hypothesis which
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suggests that WMC is constant. This means that the relationship between the WMC
and FL proficiency is language-independent rather than language specific.

Leeser (2007) examined how topic familiarity and WM capacity affect
beginning L2 Spanish learners’ reading comprehension. Participants consisted of 146
high-beginner L2 Spanish learners enrolled in an accelerated, elementary Spanish
course. A computerized version of a RST was used as a measure of WM capacity,
and all participants read texts about familiar or unfamiliar topics and completed
recall protocols to measure passage comprehension. Results revealed that WM'’s
effect depended on the participants’ previous knowledge about text topics. In other
words, learners with high prior knowledge and high WM capacity showed the best
performance.

Van den Noort, Bosch, Haverkort, & Hugdahl (2008) carried out a study by
making use of a standard computerized version of the RST in four different
languages (i.e. Dutch, English, German, and Norwegian). Their new version of RST
exposed the same methodological criteria for al four languages. They conducted a
plausibility test, an abstract-concrete rating scale, and a pilot-study on native
speakers to test the new RST. Besides, they tested the internal and external reliability
and the ecologica validity of the new the new RST. The results indicated the new
RST as a suitable test to investigate verbal WM. Finally, an important advantage of
the new RST is that the different language versions make cross-linguistic
comparisons of RST results possible.

Sunderman and Kroll (2009) investigated the WMC of university students
who studied abroad and those who did not. They aimed at demonstrating the
important role of WM in comprehension and reading abilities, as well as language

skills more generaly. They examined the role of WM resources in lexical
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comprehension and production for learners who had or had not studied abroad.
Participants included native English learners of Spanish. Of the 48 participants, 34
had not studied abroad, but 14 had. The span task was adapted from a reading span
measure designed by Waters and Caplan (1996). The comprehension measure
consisted of a trandation recognition task, in which the participants were asked to
decide if two words were tranglation equivalents of each other. The authors found
that individuals who lack a certain threshold of resources are unable to benefit from
that experience. They concluded that WM is an important internal resource,
necessary for the individual to benefit from studying abroad. Those individuals with
higher WM may be able to attend to more linguistic factors at once, thereby
increasing their ability to parse grammatical structures.

Another study on WMC and L2 university students comprehension by
Fontanini and Tomitch (2009) specifically focused on comprehension of linear texts
and hypertexts. The study aimed to investigate the relationship between WM
capacity and L2 reading comprehension of both linear texts and hypertexts and
utilized three instruments. To measure comprehension they used recal and
comprehension questions. They measured the WMC by the Reading Span Test
(Daneman & Carpenter, 1980). The participants were forty-two speakers of English
as an L2 from two different L1 backgrounds (i.e. Brazilians and Chinese). The
results revealed that hypertexts might compromise comprehension, especially for
participants with lower WMC. The conclusion of the study was that different
variables including readers” WMC, their L1, and the mode of text presentation may
interfere in L2 reading, and each one of these aspects might impede, in different

ways, the construction of a coherent mental representation of the text being read.
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Alptekin and Ercetin (2011) investigated the effects of WM capacity and
content familiarity on literal and inferential comprehension in second language
reading. 62 students from advanced level English courses participated in the study.
They measured WMC via a computerized RST. Experimental and control groups
were given either the modified text or the original text and then the participants were
given a multiple-choice test that included both literal and inferential comprehension.
Findings revealed significant effects of WMC and content familiarity on inferential
comprehension, but not with literal comprehension.

Oh (2011) carried out a study on the construct of WM and itsrole in LI and
L2 reading comprehension. The study tried to explain a construct of WM as a multi-
component model by reviewing empirical studies on the impact of WM in LI and L2
reading comprehension. The author introduced a newly adopted construct to the
model of WM, EB and discussed the role of background knowledge in relation to
WM. The review indicated the CE as a significant predictor both for LI and L2
reading comprehension. Conversely, although the PL is significantly related to CE, it
was not found as a direct significant predictor for L1 and L2 reading comprehension
but, it explains significant variances of vocabulary acquisition in early language
acquisition, which in turn isadirect significant predictor for reading comprehension.

Juffs and Harrington (2011) investigated the aspects of WM in L2 learning by
an article reviews research. They reviewed recent developments in the WM model
and issues surrounding the operationalization of the construct itself. They further
discussed various methods of measuring WMC some of which are word and digit
span tasks, reading, listening and speaking span tasks. They also outlined the role
proposed for WM in explaining individual differences in L2 learning processes and

outcomes, including sentence processing, reading, speaking, lexical development and
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general proficiency. They concluded the review study by indicating WM as a non-
unitary construct which depends on the age of the L2 learners, the task and the
linguistic domain.

Rai, Loschky, Harris, Peck and Cook (2011) investigated the effects of stress,
WMC, and inferential complexity on Spanish FL readers’ inferential processing
during comprehension. They predicted that stress would disrupt FL reading
comprehension, with stronger effects on higher level inferences involving the
situation model level of representation than on lower level inferences such as
bridging inferences, or non-inferences, such as memory for facts. Another prediction
was that such stress effects would be greater for those with higher WM resources but
primarily affecting their reaction times. Fifty five intermediate-level Spanish FL
learners’ participated in the study. Reading comprehension of the participants was
measured by using questions with three levels of inferential complexity: non-
inference (factual), bridging inference (pronoun referent), and pragmatic inference.
They measured participants’ WM capacity with a computerized version of the
Operation Span Task developed by Unsworth et al. (2005) and the participants’ stress
level using a video camera. The analysis of the data reveded that learners with
higher  WMC were more accurate overal. Inference construction during
comprehension was negatively related to inferential complexity. The results also
showed that participants with higher WMC strategically traded reading speed for
greater comprehension accuracy, whereas lower WM learners only did so under
stress and did so less successfully. They concluded that stress impedes FL reading
comprehension through interactions between WMC and inferential complexity.

Pae and Sevcik (2011) investigated the role of verbal WM in L2 reading

fluency and comprehension. The study provided a comparison of fifty English-
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Korean and Korean-English bilinguals’ reading fluency and comprehension both in
their L1 and L2. Each participant was individually given measures of forward and
backward digit recall, sentence recall, and reading skills. The results showed that
participants’ L1 and L2 performance was consistent with the findings of previous
research, indicating that the students demonstrated a greater strength in L1 than L2.
Besides, L1 forward and backward digit spans accounted for the significant variances
in L2 reading fluency and comprehension for the English-speaking participants in the
U.S., whereas L1 forward digit span was more predictive of L2 reading fluency and
comprehension than backward digit span and sentence recall for the Korean-speaking
counterpartsin Korea.

Kaushanskaya & Yoo (2012) examined bilinguals’ phonological short-term
and WM performance in their L1 and L2. Twenty Korean—English adult bilinguals
participated in the study, including undergraduate and graduate students at a
university. Short-term memory was measured by a non-word repetition task, and
WM was measured by a complex task. The results of the study showed a better
performance of bilinguals on the STM task than on the WM task, and with shorter
non-words than with longer non-words. The authors concluded that L1 STM
performance was superior to L2 STM performance, but only for the longest non-
words, whereas L1 WM performance was superior to L2 WM performance across all
length levels. In addition, correlation analyses between bilinguals’ L1 and L2
performance reveaed stronger cross-linguistic associations for the WM task than for
the STM task. In the light of these findings, they suggest that WM tasks may engage
domain-general CE processes in bilinguals, whereas STM skills may depend on

language-specific knowledgein the L1 and the L2.
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Roberts (2012) investigated individual differencesin L2 sentence processing.
The paper focuses on the effect of individual factors such as WMC and proficiency
on L2 sentence processing. The results showed that learners of higher WM capacity
or proficiency appear to process the input differently from those of lower memory
capacity and/or proficiency. In other words, L2 learners with a higher WMC or
greater proficiency are more likely to process the input like native speakers.
Otherwise, learners appear to shallow process the input, irrespective of individual

variability.

2.9. Working Memory and L1 Listening Research

As aready been discussed, the term WM refers to a cognitive system that
contains a limited computational space in which materials can be temporarily stored,
monitored and manipulated (Baddeley, 1996). Caplan and Waters (1999) argued that
this limited capacity WM system restrains the time and linguistic operations one
operationalize during comprehending a complex sentence. Hence, the close
interaction between WM and listening is significant since insufficient WMC can
cause problems in listening or listening comprehension. Although there are clear
academic opinions suggesting that WM is critical in listening comprehension (Engle,
2002), a review of the literature, nevertheless, reveals the fact that few studies exist
on the relationship between WM and listening comprehension in the L 1.

An early unpublished doctoral dissertation presented by Futransky (1992)
amed to explore the role of verbal WM in listening comprehension for fifth-grade
studentsin L1. Listening comprehension of the participants was tested by Profilesin
Listening and Reading test (PILAR). To address both storage and processing

components of verba WM, a variation of sentence span memory test was used
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(Daneman and Carpenter, 1980). Results showed that memory demands affected
listening comprehension accuracy which means that having limited memory capacity
is associated with reduced listening comprehension.

Kosaka and Yamazaki (2000) examined the relationship in pre-
schoolers’ WM capacity and text comprehension. They grouped forty one children in
a low or highWM group according to the results of alistening Span Test.
Participants’ text comprehension was measured by Sentence Verification Technique
tests. The results revealed that athough children with low WM constructed
inferential representations during listening, they failed to grasp the gist of the text.
The concluded that global integration may be followed by grasping the gist of text
and that WM C may strongly affect the comprehension of higher levels of text.

Florit, Roch, Altoe and Levorato (2009) carried out a study to find out the
role of memory in listening comprehension in preschoolers. The participants were
administered measures to evaluate listening comprehension ability (story
comprehension), short-term and WM skills (forward and backward word span),
verbal intelligence and receptive vocabulary. Results showed that both short-term
and WM predicted unigue and independent variance in listening comprehension after
controlling for verbal abilities, with WM explaining additional variance over and
above short-term memory. Their results supported the conclusion that a direct
relation exists between memory and listening comprehension. They indicated that
WM accounts for a large amount of variance in listening comprehension which
means that not only the maintenance but also the processing of information in

memory provides a unique and independent contribution to listening comprehension.
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2.10. Working Memory and L2 Listening Research

An important part of communication for individuals, listening has an essential
role in language learning, and research has revealed that listening ability is the major
factor between more and less successful learners in their ability to use listening as a
means of language learning. Although it is commonly accepted that L2 learners need
a large amount of comprehensible input to help them become better language
learners, in an FL environment, L2 learners are usually confronted with a number of
difficulties, such as fast speech or unfamiliar vocabulary (Brown, 2001).

However, the role of WM in the listening process has not been well explored
yet. One of the reasons might be the little importance that teachers attach to listening
courses. As a result of this, in contrast to other language skills, teachers tend to
provide less time and effort for listening activities and tasks. Y et, there are a number
of studies that aimed at exploring the relationship between WM and listening process
inL2.

Tsuchihira (2007) assessed the listening span of junior college students in
their freshman year both in L1 (Japanese) and in the L2 (English), and evaluated the
participants’ listening ability. The participants were at the age of 18-20, and their
proficiency was at beginner level. The study used an L2 listening memory span test
designed in both languages. As for the listening measure, listening questions were
taken from the listening sections of The Society for Testing English Proficiency
STEP (Eiken) for 2nd and pre-2nd grade. The results revedled a significant
relationship between L1 and L2 WMC. The results also showed that both L1 and L2
WMC wererelated to L2 listening ability.

Shanshan and Tongshun (2007) investigated the effect of WM on listening

process and its relationship with listening comprehension. Fifty-nine freshmen

58



students from a Chinese University participated in the study. The participants’ WM
capacity was measured by a modified listening span test developed by Daneman and
Carpenter (1980). The participants’ L1 (Chinese) and L2 (English) were both
measured by aWMC test in order to examine which one is more efficient in studying
the relationship between WM and the foreign language listening comprehension. The
study also used the listening part of CET-4 (College English Test Band four) as a
measure of listening comprehension. The results demonstrated that WM was an
effective predictor of EFL listening comprehension. Learners with larger WMC were
more likely to have better abilitiesin listening comprehension.

An unpublished doctoral dissertation by Londe (2008) aimed to investigate
the role of WM in L2 listening comprehension tests. Participants consisted of
Hungarian college students between ages 19-25 who speak English as a second
language at various levels of proficiency. Participants’ WM capacities were tested by
Hungarian version of LST both in L1 and L2. L2 listening comprehension
performance was assessed by a standard English as a second language test which
included an authentic English language lecture recorded at university. The results of
the study indicated WM as essentia in the listening comprehension construct.

Kormos and Safar (2008) conducted a study to find out whether WMC was
related to performance of 121 secondary school students aged 15-16 in the first
intensive language training year of a bilingual education program in Hungary. The
participants’ general proficiency including listening was tested by Cambridge First
Certificate Exam. Fifty students were also tested with a backward digit span test,
measuring their WMC. They indicated that the backward digit span test correlated
very highly with the overall English language competence, including listening

comprehension test scores.
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Mackey, Adams, Stafford & Winke (2010) examined the relationship
between learners production of modified output and their WMC. Forty two English-
speaking learners of Spanish participated in the study. Participants were given a
listening span task as a measure of WMC which was modeled on a standard Reading
Span measure (Waters & Caplan 1996b; Waters & Caplan 2004). They found a
relationship between the learners WMC and their tendency to modify output. They
reported that the larger processing capacity cause greater production
of modified output during interaction. The authors concluded that WM accounted for
17-18% of the variance in the scores, indicating that other factors were aso playing
arolein the amount of modified output.

Juffs and Harrington’s (2011) recent review of research on the role of WM in
L2 learning presents the recent developments in the issues surrounding the
operationalization of the construct of WM and discusses various methods of
measuring WM including word and digit span tasks, reading, listening, and speaking
gpan tasks. They report that the findings from the Listening Span Tests do indicate a
relationship between WM and listening comprehension. But they also point to the
fact that a great dea of research is necessary to confirm the findings of existing
research.

Andringa, Olsthoorn, van Beuningen, Schoonen and Hulstijn (2012)
investigated individual differences in both native and non-native listening
comprehension. The authors aimed to find determinants of success in native and non-
native listening comprehension from an individual differences approach. They tested
121 native and 113 non-native speakers of Dutch on various linguistic and
nonlinguistic cognitive skills that underlie listening comprehension. They used

structural equation modeling to discover the predictors of individual differences in
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listening comprehension. They found that listening comprehension for native
speakers was a function of knowledge of the language and the efficiency with which
one can process linguistic information. On the other hand listening comprehension
for non-native speakers was found as a function of knowledge and reasoning ability.
Nevertheless, WM did not explain unique variance in listening comprehension in
either group.

Marx and Roick (2012) investigated determinants of listening comprehension
in L1 and L2 students. Stating the need for studies comparing listening
comprehension and its determinants in L1 and L2 students, they based the study on
the relationship between students' reading comprehension and listening skills. 424
ninth-grade students participated in the study. They measured listening
comprehension, phonological awareness, WM, morphosyntactic skills, and
vocabulary of their participants. The results indicated that L2 students vocabulary
was less developed than L1 students' vocabulary. However, only Turkish-speaking
L2 students showed weaker listening comprehension skills than L1 students. They
concluded that listening comprehension was affected by vocabulary and
morphosyntactic knowledge.

Moussa-lnaty, Ayres and Sweller (2012) investigated the result of
simultaneously reading and listening to the same materials when learning English as
a foreign language from a cognitive load theory framework. They carried out three
experiments in which the participants were exposed to varieties of written and ora
presentations of materials. Following that, the students were given reading, writing,
and listening tests. The findings indicated that participants exposed to reading aone
performed better on listening tests than participants exposed to both reading and

listening simultaneously. Within a cognitive load theory framework, the findings
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suggest that at least some categories of learners will enhance their listening skills
more by reading the materials only rather than simultaneously reading and listening.
In addition to that, simultaneous presentation of spoken and written text should be
avoided, when learning to listen is the aim, considerably more emphasis should be
placed on reading.

Martin and Ellis (2012) investigated the roles of phonological short-term
memory and WM in L2 grammar and vocabulary learning in an artificial foreign
language. Fifty monolingual native English speakers participated in the study. As for
instrumentation, they used non-word repetition, non-word recognition, and listening
span tests as measures of memory. Participants were tested on their ability to induce
the grammatical forms and to generaize the forms to novel utterances. Results
indicated that depending on the measure, individual differences in fina abilities in
vocabulary and grammar correlated between 0.44 and 0.76. However, the results
demonstrated significant independent effects of phonological STM and WM on L2
vocabulary and L2 grammar learning.

In sum, a review of the studies on the relationship between WM and L2
listening comprehension revealed that WM is likely to affect L2 listening
comprehension, and that these effects are predominantly strong in situations that

impose additional WM capacity load.

2.10. Chapter Summary
This chapter presented an overview of the theoretical background related to
WM theories and text comprehension as well as a review of major findings from
studies conducted on the relationship between WM and text comprehension both in

Lland L2
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After discussing the concept of memory and its importance in language
learning, models of WM were overviewed. Atkinson-Shiffrin’s Multi Store Model of
Memory (1968), Craig and Lockhart’s The Levels of Processing Model of Memory
(1972), and Baddeley and Hitch’s The Working Memory Model (1974) were
presented in a chronological fashion.

Since the theoretical framework for the present study is based upon
Baddeley’s model of WM (2000), each component of the WM was discussed in
detail in relation with the strengths and weaknesses of the model.

Then, the chapter focused on the concept of WMC aong with the discussion of
various instruments used in measuring WMC.

Finally, this chapter overviewed the research on the relationship between WM

and L1-L2 Reading Research and WM and L1-L 2 Listening Research.

63



CHAPTER 3
METHODOLOGY
3.1. Introduction
This chapter covers the methodological procedures implemented in this study. First,
the chapter will present the details of the participants and a brief report on the
procedures followed during the pilot study. Next, the instruments used in the data
collection procedure will be discussed in detail. Finally, procedures for data analysis
will be provided.
3.2. Participants

This study has a pre-experimental design with the pretest-posttest nonequivalent
groups, composed of intact classes. The participants consist of Turkish University
students from Canakkale Onsekiz Mart University who received course credit for
taking part in the study. All of the participants were native speakers of Turkish. Their
age ranged from 18 to 22. They form two groups at different proficiency levels: a)
the prep students, b) the junior students from the departments of English Language
Teaching (ELT) and English Language and Literature (ELL).

According to the regulations of the university, at the beginning of the term, all
incoming students from ELT and ELL departments are given a placement test
including grammar, reading, essay writing, listening, and speaking parts. Participants
who pass the placement exam are enrolled as freshmen. Students who get scores
below 60 points have to attend English preparatory classes for one academic year.
The students in the preparatory school attend 8 hours of Basic English grammar, 7
hours of listening and speaking, 7 hours of reading, and 4 hours of writing courses
per week. These learners are considered to be intermediate learners of English.

According to the Common European Framework of Reference for Languages
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(CEFR) the participants are considered at B1 level which means that they can
understand the main points of clear standard input on familiar matters regularly
encountered in work, school, leisure, can deal with most situations likely to arise
whilst travelling in an area where the language is spoken, can produce simple
connected text on topics which are familiar or of personal interest, can describe
experiences and events, dreams, hopes and ambitions and briefly give reasons and
explanations for opinions and plans (CEFR, 2001).

The second group of participants is composed of students who pass the
placement exam and enroll as freshmen. They are considered upper-intermediate
level English learners and start taking courses from their programs. According to the
CEFR, the participants of this group can be considered as B2 level which means that
they can understand the main ideas of complex text on both concrete and abstract
topics, including technical discussions in their field of specialization, can interact
with a degree of fluency and spontaneity that makes regular interaction with native
speakers quite possible without strain for either party, and can produce clear, detailed
text on awide range of subjects and explain a viewpoint on atopical issue giving the
advantages and disadvantages of various options (CEFR, 2001).

The participants were randomly selected from both groups among a target
population size of 130 prep and 135 first year students. The students who had
participated in the pilot study were excluded for the main study. Table 1 shows the
distribution of the participants according to gender and class year.

Table 1.

Distribution of the participants according to gender and year of education.

Female Male Total
Prep students 55 31 86
1% year students 56 31 87
Total 111 62 173
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3.3. Instrumentation

3.3.1. Measures of Reading and Listening Comprehension

To measure the participants’ reading and listening comprehension, this study made
use of the Certificate in Advanced English (CAE) by Cambridge University Press.
CAE is the advanced general English examination provided by University of
Cambridge ESOL Examinationsin England. In the CEFR, CAE is ranked at C1 and
C2 levels. Candidates who have obtained an A grade are awarded a C2 certificate,
those obtaining grade B or C, are awarded a certificate at C1. CAE is a required
qualification for international students applying to many British universities.

CAE comprises reading, writing, use of English, listening, and speaking
parts. However, since the am of the present study is to find out the relationship
between WM capacity and reading and listening comprehension in the L2, the
participants were only given reading and listening sections of the CAE. For the
reading section, the testees are supposed to understand texts from publications such
as fiction and non-fiction books, journals, newspapers and magazines. On the other
hand for the listening section, the participants need to show that they can understand
the meaning of a range of spoken material, including lectures, radio broadcasts,
speeches and talks.

Both the reading and listening exams were taken from Exam Essentials. CAE
Practice Tests by Charles Osborne (2006). With reference to the standard application
of CAE, the participants were given 75 minutes for reading section, and 40 minutes
for listening section both for pre-test and post-test.

The reading section of the CAE consisted 4 sections. In section A there were
2 multiple choice reading comprehension questions for each of three short passages.

Section B comprised 7 multiple choice reading comprehension questions for alonger
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passage. Section C consisted of a magazine article in which six paragraphs have been
removed. The participants had to choose the right paragraph which fits each gap. In
Section D, there were 15 questions and the parti ci pants had to choose which question
was related to any of the given category. The total number of questions was 34. Each
correct answer was awarded 1 point.

The listening test of the CAE included 4 sections. In Section A, the
participants listened to three different extracts, and they had to choose the answer (A,
B, or C) which fitted best according to what they heard. There were two multiple-
choice questions for each extract. In Section B the participants were asked to listen to
part of atalk and complete the sentences with the appropriate word. There were 8 fill
in the blanks questions. In Section C, the participants listened to an interview and
chose the best answer for 6 multiple-choice listening comprehension questions. In
Section D, the participants had to accomplish two tasks. For each part, they listened
to five short extracts and were asked to choose from the list A-H what each speaker
talks on a certain topic. There were 5 questions for each task. There were 30
questions for the listening part. Each correct answer was awarded 1 point.

Cronbach’s alpha as an indicator of the internal consistency reliability of the
pre-test was .64 for the listening test and .44 for the reading test. The apha
coefficients for the post-test were found to be .67 and .49, respectively. These low

values can be attributed to the difficulty of the test for the participants.

3.3.2. Measures of Working Memory Capacity

This study made use of 3 tests to measure WM capacity, namely, Reading Span Test

(English version), Reading Span Test (Turkish version), and Operation Span Test.
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3.3.2.1. Reading Span Test

Both for Turkish and English versions, this study made use of a modified version of
the original RST developed by Daneman and Carpenter (1980). The RSTs were
matched for the syntactic and vocabulary complexity, frequency and the length of
target-word, and sentence length. Two language versions of the test consisted of 42
unrelated simple sentences in the active voice. Each sentence ended with a different
word. The test was administered on the computer in a computer lab. The researcher
presented instructions and examples in detail. Next, the participants were given two
practice trials. Finaly, the participants were asked to read the instructions and start
the experiment.

In the RST-Eng, each sentence ended with a different concrete noun, and
occurred only once during the test. The test consisted of five sets of sentences.
Starting from two sentences, the set size increased to five sentences with three
practice trials for each set size. Each sentence was 11-13 words in length and
presented on-line by displaying one sentence after another at 7-second intervals.
Additionally, as a processing task, a syntactic judgment task was integrated into the
RST-Eng to ensure that participants process every sentence for syntax rather than
focusing only on the final words. The test included 21 grammatical (e.g. His younger
brother played guitar in arock and roll band.) and 21 ungrammatical sentences (e.g.
Secretaries usually have an older computer and on telephone their a desk.).

During the test, each sentence appeared only once. The sentences and the
order of set sizes were randomized and delivered by the computer program
automatically. During the test the participants pressed “T” on the keyboard to
indicate whether a given sentence was grammatical or “F” for ungrammatical. Once

al the sentences for a set are displayed, a question mark appeared on the empty
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screen and the participants were instructed to recall the words by typing their
responses into atext field onscreen, and they had unlimited time to recall the words.
The Turkish version of RST was adapted from Alptekin & Ercetin (2010).
Parameters of sentence length, syntactic and vocabulary complexity, frequency and
the length of target-words for the Turkish version of the RST were matched with the
English version. Unlike English, word order in simple Turkish sentences is generaly
as ‘Subject Object Verb’. Owing to that reason, the sentences always ended with a
verb. All the verbs were motion verbs and third person singular. Parallel with the
English version, the Turkish version of the RST alsoincluded 21 grammatical (e.g.
Bahgede kuslarin gogiinii seyrederken bir kirlangic gelip Ceren’in omuzuna kondu.)
and 21 ungrammatical sentences (e.g. Kayalarin ve makilerin arasindan sekerek,
vadiye cevikligiyle ceylan bir indi.). During the test, each sentence appeared only
once and was delivered randomly. Each sentence was 10-11 words in length. The
same procedures of English version were followed for the Turkish version of RST.
Cronbach’s o for the internal consistency reliability coefficients for the
processing and storage tasks on the Turkish version were found to be .972 (M =
26.82, SD = 13.62) and .973 (M = 25.63, SD = 13.93) while those on the English
version were .629 (M = 24.57, SD = 4.89) and .809 (M = 29.35, SD = 6.33)

respectively.

3.3.2.2. Operation Span Test

The OST used in the study was a version suggested by Kane et al. (2004). The test
was administered on the computer in a computer lab. The researcher presented
instructions and examples in detail. Next, the participants were given two practice

trials. Finally, the participants were asked to read the instructions and complete the
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experiment. Each time the program randomly displayed a mathematical operation
and a to-be-remembered word on the computer screen. The test included 21 correct
(e.g. (2x2) +2 =6 KALEM), and 21 incorrect (e.g. (4x2)-1 = 6 GEMI) equations.

The test consisted of five computer-paced trials of operation-words pairs,
ranging from 2 to 5 sets. Each operation appeared only once and the order of set sizes
were randomized and delivered by the computer program automatically. During the
test the participants pressed “T” on the keyboard to indicate whether a given equation
was correct or “F” for incorrect. Once all the operations and words for a set were
displayed, a question mark appeared on the empty screen and the participants were
instructed to recall the words by typing their responses into atext field onscreen. The
OSPAN task consisted of 42 trials that included three to seven operation—-word pairs.

Cronbach’s o for the internal consistency reliability coefficients for the
processing and storage tasks on the OST found to be .663 (M = 38.00, SD = 3.15)
and .784 (M = 37.63, SD = 4.00).

3.3.3. The software

Traditionally, memory span tests are administered under the control of
experimenters. Reliability and validity of experimenter-paced task administration
have been repeatedly reported by various studies. However, with the development of
computer software, computer-paced span tasks have become more popular during
recent years (Conway et a., 2005; Unsworth et al., 2005; Unsworth and Engle,
2006). Research revealed that experimenter-paced and computer-paced span tasks
share some overlap, but also measure additional and distinct processes. Besides,
computer-paced span tasks were demonstrated to be highly reliable measures
memory span (Bailey, 2012). When compared to experimenter-paced task

administration, computer-paced span tasks possess the advantage of being
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administered in a group setting. These tasks can be used in web-based studies since
the presence of the researcher is not required. Besides, they can be shared easily
between the researchers at different research sites (Bailey, 2012). Since the present
study involved a correlational design, which requires large sample sizes, computer-
paced software was used. The software was devel oped by the author with the help of
a computer expert. The memory test program made it possible to administer the tests
in a group setting. The program was based on the same principles of other standard
programs (e.g., Superlab). The responses of each participant during a test were
automatically stored in a folder, which made the scoring procedure easier for the

researcher.

(8/2)+3 = 9 KAZAK

Figure 6. A sample screen shot of the interface of the computer program

3.4. Pilot Study
In order to monitor possible problems both for administration and implementation of
the computer based WM tests, a pilot study was carried out with randomly selected
20 students (12 female, 8 male). In the first session the participants were informed
briefly about the aim and the scope of the study in a computer lab. Then the
researcher made a demonstration of a trial set of two sentences by the help of a
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projector. The researcher presented instructions and examples in detail. Following
that the participants were given two practice trias. In addition, the participants were
asked to read instructions and start the tests.

The participants performed the OST as the initial test. The OST took about 5
minutes. After all the participants had completed the first test, they were informed
about the RST-Tr and followed the same procedures. At the end of the tests, the
researcher asked each participant if they had difficulty in using the program. The
participants’ feedback was positive in that they did not have any problem in using the
software. The second session was carried out three days later. The participants
followed the same procedures for the RST-Eng. The test lasted about 6 minutes. The
participants who participated in the pilot study were excluded from the main study.
The pilot study enabled the researcher to monitor possible problems both for

administration and implementation of the computer based WM tests.

3.5. Procedures for data collection

The participants completed 5 sessions during the 14-week semester for each
session the following steps were followed for data collection.

The first session was carried out during the first week of the semester and
consisted of the CAE including one reading comprehension and one listening
comprehension test. For each group of participants, the CAE tests were administered
in groups and invigilated by the researcher. After two weeks, in session 2, the
participants completed both the RST-Tr and the OST one after another in the same
session. The tests were held during the semester on different days for each group of
participants. After two weeks, in session 3, the participants completed the RST-Eng

in groups. Again the tests were held during the semester on different days for each
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group of participants. Finally, session 5 was carried out during the last week of the
semester and consisted of an equivalent version of CAE given as the pre-test. For

each group of participants, the CAE tests were administered in groups and invigilated

by the researcher.
Table 2.
Language distribution of the tests used in the study
Turkish (L1) English (L2)
. Reading Span Test .
Working Memory Operation Span Test Reading Span Test
Text Cambridge Advanced Exam
Comprehension Reading Section
P Listening Section

3.6. DataAnalysis
The storage scores (i.e., the total number of accurately recalled sentence-final
words in the L1 and L2 RSTs and the total number of accurately recalled words
associated with the operations in the OST) constituted the WM measure. For each
WM measure, the participants were divided into low- and high-WM groups based on
a median-split procedure on the storage scores. Thus, the participants below the
median were categorized into low-WM group while those above the median were

categorized in high-WM group.

In order to answer the research questions, descriptive statistics were first
obtained. Then, 2x2x2 mixed ANOV As were conducted separately on listening and
reading scores with time of testing (pre vs. post) as the repeated measures factor,
WM capacity (low vs. high), and proficiency level (intermediate vs. upper-

intermediate) as between groups factors. The statistical procedures were carried out
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vialBM SPSS Statistics 20.0.

3.7. Chapter Summary

This chapter focused on the methodological procedures implemented in the
present study. The research is based on a quasi-experimental design with the pretest-
posttest nonequivalent groups with intact classes. The first part of the chapter
comprises the procedures followed during the pilot study.

Second, the details of the participants were the presented in detail. Next part
of the methodology section focused on the instrumentation. The measures of WMC
that are used in the data collection procedure were discussed in detail. Besides, the
working principles of computer software developed by the author were explained in

detail. Finally, procedures for data analysis were discussed at the end of the chapter.
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CHAPTER 4

RESULTS

The main purpose of the current study was to investigate the role of WM
capacity on listening and reading comprehension in the L2 with a specific focus on
the mediating role of L2 proficiency. To this end, it explored whether the relationship
between WM and L2 listening/reading differed depending on the level of proficiency
before and after instruction. Thus, the study examined the interactions among WM
capacity (low vs. high), proficiency level (intermediate vs. upper-intermediate) and
time of testing (before instruction vs. after instruction) in relation to their effects on
L2 listening and reading comprehension. It was hypothesized that WM would have a
more influential role in listening/reading comprehension at the intermediate level
than the upper-intermediate since its influence weakens, as skills get more automatic.
Thus, it was expected that high- and low- WM participants would perform differently

on tests of listening and reading comprehension at the beginning of semester.

Since WM capacity was assessed through multiple measures, namely OST, L1
RST and L2 RST, separate anal yses were conducted with each WM measure in order
the main effect of WM as well as its interaction with proficiency level and time of

testing. Therefore, the results are presented separately for each WM measure.
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4.1. WM as measured by OST, time of testing and proficiency level in L2 listening

and reading comprehension

Table 3 displays the descriptive statistics for WM as measured by OST, time of
testing and proficiency level in terms of listening and reading comprehension in the
L2. Table 3 indicates that both the listening and reading scores of the intermediate
learners increased from the pre-test to the post-test. On the other hand, the upper-
intermediate learners seem to have improved in terms of reading rather than
listening. In fact, the post-test listening scores of the latter group is dlightly lower
than their pre-test scores, which can be explained by lack of listening instruction
during the freshman year. Comparing the means of the low- and high-WM
participants in each proficiency group, it can be seen that the latter group has a
dlightly higher mean than the former. However, the difference seemsto be negligible.
Table 3.

Descriptive statistics for WM as measured by OST, time of testing and proficiency

level
Pre-test Post-test
Test Proficiency WM M SD M SD N
Low 8.35 2.67 9.25 239 28
Intermediate High 8.78 2.82 9.40 238 42
Listening Totd 8.61 2.75 9.34 238 70
Upper- ng 1052 279 1042 177 19
intermediate High 11.86 2.69 10.73 1.38 15
Totd 11.11 2.79 10.55 15 3#4
Low 11.44 2.81 12.34 261 29
Intermediate High 1114  2.89 1319 289 42
Reading Total 11.26 2.84 12.84 279 71
Upper- L?W 10.00 2.24 14.20 197 15
ntermediate High 1033 235 1411 254 18
Total 10.18 2.27 14.15 227 33

In order to determine the interaction of WM, proficiency level, and time of
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testing, separate 2x2x2 mixed ANOVAs were conducted on listening and reading
scores with time (pre vs. post) as the repeated measures factor, WM (low vs. high),
and proficiency (intermediate vs. upper-intermediate) as between groups factors.

The ANOVA results for listening comprehension (Table 4) reveded a
significant main effect of proficiency level as well as a significant interaction
between time of testing and proficiency level. The other effects were not significant.
The interaction between time of testing and proficiency level is illustrated in Figure
1.

Table 4.
ANOVA summary table for WM as measured by OST, proficiency level, time of

testing and listening comprehension

Source SS of MS F Sig. Parti 1?1
Proficiency 167.928 1 167.928 2210 .000 181
WM 13.979 1 13.979 184 178
Proficiency * WM 3.197 1 3.197 42 518
Error 759.851 100 7.599
Time 209 1 209 04 834
Time* Proficiency 21.153 1 21.153 445  .037 .043
Time* WM 4.739 1 4.739 99  .320
Time* Proficiency * WM 1.591 1 1.591 33 564
Error(time) 475.053 100 4,751

Figure 7 shows that the mean difference between the intermediate and upper-
intermediate group is much larger on the pretest compared to the posttest. The mean
of the intermediate group increased from the pre-test to the post-test whereas that of

the upper-intermediate group decreased.
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Figure 7. Interaction between time of testing and proficiency level for listening

Tests of simple main effects with Bonferroni adjustment revealed that the
difference between the two groups was statistically significant both the beginning of

semester (p < .001) and at the end of semester (p < .01). In other words, the upper-

intermediate group outperformed the intermediate group at both times of testing.

The ANOVA results for reading comprehension (Table 5) indicate a significant
main effect of time of testing as well as a significant interaction between time of

testing and proficiency level. The other effects were not significant.

Table 5. ANOVA summary table for WM as measured by OST, proficiency level,

time of testing and L2 reading comprehension

Source ss Df MS F Sig. Partllj\i
WM 1.705 1 1.705 20  .653
Proficiency 743 1 743 .08 .766

WM * Prof. 242 1 242 02  .865

Error 837.468 100 8.375

Time 330.414 1 330.414 56.18  .000 .360
Time* Proficiency 70.181 1 70.181 1193  .001 107
Time* WM 1471 1 1471 25  .618

Time* Prof. * WM 6.856 1 6.856 116  .283
Error(time) 588.053 100 5.881
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The interaction between time of testing and proficiency level is illustrated in
Figure 8, which shows that the intermediate group has a dightly higher pre-test mean
than the upper-intermediate group. On the other hand, the reverse is the case on the
post-test. In other words, the latter outperforms the former group. Tests of simple
main effects with Bonferroni adjustment revealed that the difference between the two
groups was not significant (p >.05) at Time 1 while it was significant at Time 2 (p <
.05). In other words, the groups did not differ in reading performance at the
beginning of semester. The upper-intermediate group surpassed the intermediate

group at the end of the semester.

15.004 Proficiency

— Intermediate
Upper-intermediate

14.004

13.007

12.004

Estimated Marginal Means

11.004

10.00+

time

Figure 8. Interaction between time of testing and proficiency level for reading

comprehension

4.2. WM as measured by L1 RST, time of testing and proficiency level in listening
and reading comprehension in the L2
Table 6 presents the descriptive statistics for WM as measured by the RST in

the L1, time of testing and proficiency level in terms of listening and reading
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comprehension in the L2. Since the margina means for time of testing and
proficiency level are the same as those in Table 1, they are presented here but not
discussed any further (see p. 66). On the other hand, the cell means for WM capacity
are different from those of Table 1. Specificaly, Table 4 indicates that when WM is
measured by the RST in the L1, the mean difference between low- and high WM
participants is worth noting especially in the intermediate group and in terms of
listening comprehension. In other words, the difference between the low- and high-
WM participants is negligible in the upper-intermediate group in terms of both
listening comprehension and reading comprehension.

Table 6.

Descriptive statistics for WM as measured by L1 RST, time of testing and

proficiency level

Pre-test Post-test

Test Proficiency WM M SD M SD
Low 755 269 914 205 27
Intermediate High 927 260 946 257 43
Listening Totd 861 275 934 237 70
Upper- L?W 1065 265 10.80 1.60 26
intermediate High 1262 287 975 1.38 8
Tota 11.11 2.79 10.55 159 34
Low 11.32 255 1303 301 28
Intermediate High 11.23 304 1272 266 43
. Total 11.26 284 1284 279 71
Reading
Low 10.04 240 14.16 2.40 25
intgr‘;f;i'ate High 1062 184 1412 188 8
Tota 1018 227 1415 226 33

The ANOVA results for listening comprehension (Table 7) point to a
significant main effect of proficiency level as well as a significant interaction
between time of testing and proficiency level. Also, there is a significant interaction

between time of testing and WM capacity. The other effects were not significant.
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Table 7.

ANOVA summary table for WM measured by L1 RST, proficiency level, time of

testing and L2 listening comprehension

Source ss df MS F  Sig P‘T]E'a'
Proficiency 157.247 1 157.247 21.33 .000 .176
WM 19.499 1 19.499 2.64 107
Proficiency * WM 2.838 1 2.838 .38 536

Error 737.076 100 7.371

Time 1.985 1 1.985 45 501

Time* Proficiency 45.246 1 45.246 1038 .002 .094
Time* WM 43.960 1 43.960 1009 .002 .092
Time* Proficiency * WM 5.881 1 5.881 1.35 248
Error(time) 435.645 100 4.356

The interaction between time of testing and WM capacity is illustrated in

Figure 9, which indicates that the difference between low- and high-WM capacity

learners is greater on the pre-test compared to the post-test. Tests of simple main

effects with Bonferroni adjustment revealed significant differences between the low-

and high WM groups a Time 1 (p > .01) but not at Time 2 (p > .05). In other words,

the influence of WM capacity on L2 listening comprehension decreases as the

proficiency level increases. Since the interaction between time and proficiency level

is aready presented in the previous section (see p. 69), it is not provided here again.
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Figure 9. The interaction between time of testing and WM in L2 listening
comprehension

As for reading comprehension, Table 8 indicates a significant main effect of
time of testing and a significant interaction between time of testing and proficiency
level (see p. 69). Unlike listening comprehension, the main effect of WM on reading
comprehension was not significant nor was the interaction between time of testing
and WM.
Table 8.
ANOVA summary table for WM as measured by L1 RST, proficiency level, time of

testing and L2 reading

Source SS df MS F Sig. Partid
132

Proficiency 913 1 913 A0 742

WM .048 1 .048 .00  .940
Proficiency * WM 2.030 1 2.030 24 624

Error 837.918 100 8.379

Time 261.486 1 261.486 4368 .000 .304
Time* Proficiency 43.561 1 43.561 1.27 .008 .068
Time* WM 1.597 1 1.597 26 .607
Time* Proficiency * WM 347 1 347 .05 .810
Error(time) 598.549 100 5.985
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4.3. WM as measured by L2 RST, time of testing and proficiency level in listening

and reading comprehension in the L2

Table 9 presents the descriptive statistics for WM as measured by the RST in

the L2, time of testing and proficiency level in terms of listening and reading

comprehension inthe L2.

Table 9.

Descriptive statistics for WM as measured by L2 RST, time of testing and

proficiency level

Pre-test Post-test

Test Proficiency WM M SD M SD N

Low 819 278 951 232 3l

Intermediate  High 894 271 920 244 39

Listening Total 861 275 934 237 70

Low 1058 279 1058 158 24

int:rﬂ):d:i-ale High 1240 245 1050 171 10

Total 1111 279 1055 159 34

Low 1097 307 1255 274 3

Intermediaste  High 1154 262 1310 284 37

| Total 1126 284 1284 279 71
Reading

Low 1010 197 1420 237 20

im;ﬁﬁ’;’ﬁe High 1030 275 1407 217 13

Total 1018 227 1415 226 33

The ANOVA results for listening comprehension (Table 10) indicate a
significant main effect of proficiency level, and a significant interaction between
time of testing and proficiency level. Also, there is a significant interaction between

time of testing and WM.
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Table 10.

ANOVA summary table for WM as measured by L2 RST, proficiency level, time of

testing and L2 listening comprehension

Source SS df MS F Sig. Partial
132

Proficiency 168.595 1 168595 22.130 .000 181
WM 11.880 1 11.880 1559 .215
Proficiency * WM 4.164 1 4.164 547 461

Error 761.849 100 7.618

Time .258 1 .258 .056 .813

Time* Proficiency 30.324 1 30324 6627 .012 .062
Time* WM 22.043 1 22043 4818 .030 .046
Time* Proficiency * WM 1.742 1 1.742 381 .539
Error(time) 457.555 100 4.576

The interaction between time of testing and WM capacity is illustrated in

Figure 10, which indicates that the difference between low- and high-WM capacity

learners is greater on the pre-test compared to the post-test. Tests of simple main

effects with Bonferroni adjustments revealed a significant difference between the

two groups a Time 1 (p < .05) but not a Time 2 (p > .05). In other words, the

influence of WM capacity in L2 listening comprehension decreases as the

proficiency level increases. Since the interaction between time and proficiency level

is aready presented in the previous section (see p. 69), it is not provided here again.
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Figure 10. The interaction between time of testing and WM in L2 listening

comprehension

As for reading comprehension, Table 11 indicates a significant main effect of

time of testing and a significant interaction between time of testing and proficiency

level (see p. 69). However, the results do not show any significant effects of WM on

reading comprehension. These findings are similar to those obtained through L1

RST.

Table 11.

ANOVA summary table for WM as measured by L2 RST, proficiency level, time of

testing and L2 reading comprehension

Source SS af MS F Sig. Partid
132

Proficiency .700 1 .700 08 772

WM 3.952 1 3.952 A7 492
Proficiency * WM 2.919 1 2.919 35 554

Error 829.090 100 8.291

Time 331.452 1 331.452 55.27 .000 .356
Time* Proficiency 60.581 1 60.581 10.10 .002 .092
Time* WM 337 1 337 056  .813
Time* Proficiency * WM 262 1 262 04  .835
Error(time) 599.712 100 5.997
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To summarize the results presented in this section, findings do not point to a
significant role of WM capacity in terms of reading comprehension. On the other
hand, its influential role could be detected in terms of listening comprehension when
WM is measured by L1 or L2 RST rather than OST. Specifically, the difference
between low- and high-WM capacity learners is greater on the pre-test compared to
the post-test, suggesting that the influence of WM capacity in L2 listening
comprehension decreases as the proficiency level increases. Since L1 and L2 RSTs
lead to similar conclusions, the role of WM capacity in L2 listening and reading
comprehension can more reliably be demonstrated when WM is measured through
the RST either in the L1 or the L2 rather than the OST. Thus, it can be concluded
that the findings obtained through the RST are robust. These findings will be

discussed in the next section, excluding those obtained through the OST.
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CHAPTER 5

DISCUSSION and CONCLUSION

This chapter will present the results of quantitative analyses in detail and discuss the
findings of the study in accordance with the research questions and hypotheses stated
in the previous chapter. Then the chapter will present implications. Finaly, the
limitations and delimitations of the study will be discussed and suggestions for
further research will be provided.

Findings of the present study in relation to the first research question
investigated the role of WM capacity in listening and reading comprehension in the
L2. The study hypothesized that learners with larger capacities would have better
listening and reading comprehension scores. However, the results indicated that WM
did not have a significant role in reading comprehension. On the other hand, its role
in listening comprehension was significant when WM was measured by L1 or L2
RST. Nevertheless, the OST scores did not show any significant relationship to either
reading or listening comprehension. This seems to be surprising given the genera
view of WM capacity (Turner & Engle, 1989), which assumes that the same
resources are used to support working memory storage and processing activities,
regardless of the nature of the task (Dehn, 2008). Thus, one would expect the OST
scores to yield similar results as the RST scores. The lack of asignificant relationship
between WM measured through OST and reading/listening comprehension can be
explained by two main reasons. First, the descriptive statistics for OST scores
revealed higher means and lower SDs both for processing (M = 38.00, SD = 3.15)
and storage tasks (M = 37.63, D = 4.00) on both tasks compared to L1 RST (M =

26.82, D = 1362) and L2 RST (M = 2457, D = 4.89). Thus, the interna
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consistency reliability values for the OST were higher than those for the RSTs (see
pp. 59-60). Conway et a. (2005) emphasize that the secondary task of complex span
tests such as reading span or operation span should be sufficiently demanding so that
WM is actively involved in "keeping task-relevant information active and accessible
in memory during the execution of complex cognitive tasks® (p. 771). Thus, it seems
the processing task of the OST was not demanding enough to stimulate WM
operations of active maintenance of information in the face of ongoing processing.
Second, as revealed by Daneman and Merikle's (1996) meta analysis on the
relationship between WM and L1 language comprehension, measures of WM that
include a verbal processing component and a verbal storage component as in RSTs
have the best predictive power. Based on these concerns, the discussion of the results
in this chapter will exclude the results based on the OST.

The findings of the present study regarding the lack of a relationship between
reading comprehension and WM capacity do not support the findings of studies
demonstrating the existence of such a relationship either in L1 (e.g., Daneman &
Carpenter, 1980; Daneman & Merikle, 1996) or L2 (e.g, Alptekin & Ercetin, 2009,
2010, 2011, Harrington & Sawyer, 1992; Leeser, 2007; Miyake & Friedman, 1998;
Walter, 2004). On the other hand, the findings are in line with a number of studies
that point to the lack of a significant relationship between WM and L2 learning. For
instance, Juffs (2005) found that overall scores based on the Michigan Test's
grammar and vocabulary sections did not correlate with either L1 or L2 RST scores.
This finding was consistent for learners from different L1 groups, namely Chinese,
Japanese, and Spanish. Similarly, Felser and Roberts (2007) did not find any
significant effects of WM on Greek-speaking English learners processing of wh-

dependencies. Adams and Shahnazari-Dorcheh (2014), investigating the role of WM
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in L2 reading comprehension with regard to different proficiency levels,
demonstrated a significant relationship for the beginner group but non-significant
relationships for the intermediate and advanced learners. Thus, WM's role seems to
depend on how challenging the reading task is for the learner group. In this regard,
treating the concept of reading comprehension as a two-dimensional construct,
Alptekin and Ercetin (2010) demonstrated that WM was significantly associated with
inferential comprehension for advanced learners of English while its relationship to
literal comprehension was not significant. They concluded that unlike litera
understanding, inferential comprehension requires controlled and effortful processing
even for proficient L2 learners. Thus, the way reading comprehension is
conceptualized is crucial in exploring how it isrelated to WM capacity.

As for listening, the results reveadled a significant relationship between
listening comprehension and WM when it was measured by L1 or L2 RST. These
findings support those of other studies that point to a meaningful relationship
between WM capacity and listening comprehension (e.g., Juffs and Harrington,
2011; Kormos & Safar, 2008; Londe, 2008; Mackey, Adams, Stafford & Winke,
2010; Marx & Roick, 2012; Shanshan & Tongshun , 2007; Tsuchihira, 2007). For
instance, Kormos and Safar (2008) showed that WM capacity measured by a
complex span measure, correlated very highly with overal English language
competence including listening test scores of students. Similarly, Tsuchihira (2007),
Shanshan and Tongshun (2007), and Londe, 2008 concluded that |earners with larger
WM capacities were more likely to have better abilities in listening comprehension
based on the significant relationship of listening comprehension with both L1 and L2

WM capacities.
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Findings of the present study in relation to the second research question
investigated whether the role of WM in L2 listening and reading comprehension was
mediated by L2 proficiency. It was hypothesized that WM would be more influential
at lower levels since WM’s effect weakens as skills get more automatic. In other
words, since WM operates through conscious controlled processes, it was
hypothesized to be more influential at lower levels. This question was investigated
not only through a cross-sectional comparison of intermediate and upper-
intermediate learners at the beginning and end of semester but also through a
developmental follow-up of the same proficiency group from the start of instruction
to the end. Cross-sectionally, it was observed that the interaction between WM and
proficiency groups was not statisticaly significant either in terms of listening
comprehension or reading comprehension. Developmentally, it was observed that the
difference between low- and high-WM capacity |earners was greater on the pre-test
compared to the post-test for listening comprehension but not for reading
comprehension since the interaction between WM and time of testing was significant
for the former, not for the latter. When WM was measured by the RST in the L1, the
results indicated that the difference between the low- and high-WM participants was
negligible in the upper-intermediate group in terms of both listening and reading
comprehension before and after instruction. However, when WM capacity was
measured by the RST in the L2, the results for listening comprehension indicated a
significant interaction between time of testing and WM.

The cross-sectional and developmental comparisons seem to contradict each
other. This could be explained by low degrees of reliability in the placement of
learners into proficiency groups. Although the results of the current study shows that

the proficiency groups were somewhat different in their listening and reading
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performance, error associated with placement decisions based an institutiona
placement test as in the current study, might contaminate the results. Additionally,
proficiency level differences between the two groups may not be large enough; a
comparison of the intermediate group with an advanced group might have revealed
different results. Therefore, the developmental results may be more dependable. As
such, it can be concluded that, while no significant role of WM is observed in L2
reading comprehension, the level of proficiency mediates its role in listening
comprehension.

The theoretical rationale behind these findings could be that listening requires
different cognitive processes when compared with reading (Engle, Kane, & Tuholski,
1999). While readers can regulate their pace during the comprehension process,
listeners cannot do the same since the procedure requires simultaneous processing of
the received input (Just & Carpenter, 1987). Listeners create understanding by
starting with the smallest units of such as individual sounds, or phonemes that are
combined to form words in order to compose phrases, clauses, and sentences.
Finally, individual sentences are combined to create ideas and concepts to make the
aural input comprehensible. Hence, during all these stages of L2 listening, the
learners’ performances depend on their L2 proficiency. Asthey master their L2, they
use less cognitive sources to comprehend the spoken input. In other words, less
proficient language learners spend much of their WM capacities on holding
information in their memories while processing listening comprehension tasks.
Conversely, more proficient learners can process the spoken information more easily
and share more cognitive resources to operationalize the information representations.
As a result, it becomes evident that the role of WM capacity in L2 listening

comprehension is mediated by L2 proficiency.
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It is possible to state that limited capacity of WM affects L2 listening
comprehension when the listener is not competent enough both in terms of linguistic
knowledge and processing skills in the L2. For the present study, lower-level
listeners needed to spend more cognitive resources to comprehend what they hear
during the listening process. Hence, the high-WM participants were more successful
on listening comprehension before instruction. As the participants were exposed to
instruction and their skills got more automatic, the influence of WM weakened,
suggesting that WM plays a greater role in controlled processing of L2 listening.

L2 comprehension skills at lower levels of proficiency are performed through
controlled processes that depend on explicit linguistic knowledge of declarative
memory sources. According to the declarative/procedural (DP) model of language
acquisition (Ullman, 2001a, 2001b), L2 learners tend to depend more on their
declarative memory (DM) for the morphosyntactic computations. With sufficient
exposure to language and with practice, L2 learners may depend more on their
procedural memory (PM) (Ullman, 2005). Therefore, the DP model assumes that
with increasing exposure and proficiency, L2 learning may come to rely on the
procedural memory system. This switch from declarative to procedural memory may
be mediated by practice and experience with the L2. As learners proceduralize their
L2 skills, they rely less on their WM capacities (Carpenter, Morgan-Short, and
Uliman, 2009).

To conclude, the role of WM in L2 listening comprehension before
instruction changed after instruction only for the participants from low-proficiency
group. This can be explained by the fact that, between pre-test and post-test, the
intermediate learners received instruction since they were preparation year students.

So, as aresult of extensive exposure to L2, their PM became more active in terms of
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language processing and enabled the participants to spend most of their WM capacity
on comprehending rather than decoding what they heard. On the other hand, no
significant effect of testing time was found for the upper-intermediate group, since

their exposure to language, as freshmen, was not as much as the intermediate.

5.1. Pedagogical implications

There is substantial evidence for the hypothesis that WM processes underlie
individual differences in learning ability. WM is required in any learning task that
reguires manipulation and simultaneous storage and processing of information. Since
most of the incoming information must pass through WM, the capacity and effective
functioning of it determines the rate and extent of learning.

Classroom performance and the development of academic skills, such as
reading comprehension and listening comprehension rely heavily on the sufficient
functioning of WM sources. A large body of evidence has established strong
relationships between WM components and certain areas of academic achievement
such as reading comprehension, listening comprehension, spelling, vocabulary
development, writing, and oral language production. In typical language classroom
learning environments, common classroom activities involve the potentia to impose
heavy demands on storage and processing. Hence, learning becomes less successful
when WM capacity is overloaded by activities in which new information needs to be
integrated with previously stored knowledge simultaneoudly. It is evident that some
learners process input more effectively than others because they are more likely to
process cognitive based linguistic operations easily during language comprehension
process. Thisis due to the fact that some learners have greater WM capacity, and are

able to carry out both lower- and higher-level processes at greater speed and
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accuracy when compared to the others. Y et, learners with lower WM capacity fail to
operationalize higher-level processes when focusing on lower-level decoding
processes. Within the classroom setting, WM capacity differences between the
learners should be taken into consideration and teachers should move away from
what learners do not know about the text and put more emphasis on what they do
know about it.

Since comprehension tasks play a crucial role in learners’ reading and
listening practice, appropriate tasks are essential in improving language
comprehension. Therefore, it is critical for material developers to design effective
language tasks for learners from lowers language levels. Hence, both oral and written
texts should be designed considering the limited capacity of WM. Language teachers
can achieve this by simplifying the vocabulary, using common vocabulary rather
than unusual, using simplified forms of sentences rather than using sentences with
complex structures, and reducing the sentences length.

As for listening comprehension, more importance should be given to pre-
listening activities to enable learners to apply their prior knowledge during listening.
Besides, rather than focusing on the outcome of listening activities teachers should
focus more on the listening process. With regard to higher task demands, unfamiliar
information might overload the limited processing capacity and hinder a better
performance. Hence, building activities that will enable learners to use their prior
knowledge such as topic, culture, and genre, will lower WM load and help them to
compensate for failure to understand speech sounds. Also, other factors such as
speaker accent, speech rate, and cultural content should be taken into consideration

when designing listening courses.
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As for reading, differences in WM capacity can greatly influence the success
of reading comprehension, when the text is difficult or complex. Especialy at early
stages of language learning, learners lose track in complex tasks while trying to focus
on decoding process. However, as learners become more proficient in the target
language, they decode the letter automatically and facilitate reading comprehension
by reducing the WM resources necessary for decoding words. Also, other textual
factors such as, overall length of texts, information density, directness and
concreteness, and culturally specific vocabulary occupy a large part of the WM
capacity. Hence, instructors should be careful when selecting coursebooks or extra
materials to be presented in the classroom.

An important implication for L2 reading comprehension is that automatic
word-recognition ability is a critica component of fluent reading. So, language
instructors should enhance automaticity skills by inserting fluency practices in any
reading syllabus.

We should also remember that, reading comprehension also depends on the
development of various language skills such as vocabulary development, verbal
abilities, prior knowledge, and reading decoding skills. While trying to comprehend
the text, WM simultaneously manipulates recently read information and recently
retrieved information. Hence, any deficiency in any component of learners’ language
might increase both processing and storage load on the WM capacity. So, while
designing language courses, instructors should consider language as a whole, and
start teaching all the skills right from the beginning.

Also, the amount of cognitive load that can be caused by any learning
material in the L2 should be taken into account during the stages of materia

development and presentation of it. Theoretically, this argument is based on
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Sweller’s (1988) Cognitive Load Theory of learning in relation to WM capacity of
L2 learners, which postulates that because of its limited capacity architecture, if the
WM resources are not used efficiently, the cognitive load on WM capacity would
deteriorate learning. Sweller (1988) defines mental load as the load that is created by
the characteristics of a particular task in question while mental effort is the amount of
cognitive capacity or resources allocated by the learner to do a given task. If the
internal complexity (intrinsic cognitive load) of an instructional materia is high, the
learners use their WM capacities at a maximum level. Hence, the cognitive load that
is created by the instructional design of any learning material (extraneous cognitive
load) should be decreased. Sweller suggests that, although intrinsic cognitive load is
hard to manipulate, extraneous cognitive load can be changed through carefully
designed instructions, and can promote an efficient and effective learning
environment.

Another implication for improving the success of learners with low WM
capacity is to help learners develop effective strategies for dealing with situations in
which they experience WM failures. These strategies support the effective operation
of WM processes, such as semantic encoding. By implying effective strategy training
in their courses, language teachers can help their learners to have the required skills
to cope with complex tasks and activities.

A concluding implication to compensate for low WM capacity is WM
capacity training programs. The effect of WM training to other skills such as
nonverbal and verba ability, and word decoding might enhance cognitive
functioning in language processing. By practicing computer based training tasks, the
learners carry out numerous processes such as encoding, inhibition, maintenance,

manipulation, shifting and controlling attention. As aresult of this extensive practice,
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the learners can improve their ability to manage complex tasks by enhancing their

WM capacity.

5.2. Limitations and Suggestions

This study has severa limitations. The first limitation of the study is related
to sample size. 86 Intermediate and 87 upper-intermediate level Turkish learners of
English comprised the participants of the study. To be able to generalize the findings
of the study, it should be replicated with learners at different levels of proficiency.
Besides, the present study was carried out at a state university. Y et, different findings
could be obtained with participants from different contexts.

Second, in the present study, the groups were placed according to an
institutional placement test. However, the analysis of the data revealed that the cross-
sectional and developmental comparisons seem to contradict each other. In other
words, error associated with placement decisions based on the institutional placement
test might have contaminated the results. Different results could be obtained by a
more objective and reliable placement test.

Third, the tests were given in a controlled laboratory setting. This might have
influenced the results, because some participants might have spent alonger period of
time for typing and this could have affected their scores negatively. Hence,
individual testing of the participants with their own hand writings could have
eliminate this factor and help the researchers to find out the actual time that is spent

on the retaining of the information.
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APENDIX A
Turkish RST

Mezeleri afiyetle midesine indirirken bakarak denize keyifle rakisint masmavi igti.
Bisikleti goriince mutluluktan teyzesinin atladi ve sapur boynuna supur optii.

Sokagin kosesini dondii, karsiya gegti, biraz sonra bakkalin dniinde durdu.

Tam dort y1l sonra, kili¢ balig1 avlamak i¢in Kiiba’ya yelken acti.

Gece yaklaginca yirtict hayvanlari korkusuyla bir agaca ¢ikt1 ve orada uyudu.
Kayalarin ve makilerin arasindan sekerek, vadiye ¢evikligiyle ceylan bir indi.
Uzerinde hala sortlar oldugu halde, kalkan Meksika’dan u¢aga Amsterdam’a bindi.
Ali, evin i¢inde kostururken sehpanin iizerinde duran degerli vazoyu diisiiriip kirdi.
Koylii kadin sabahin erken saatlerinde pazara gelip, yetistirdigi tirinleri satti.

Bay Tavsan, uyuklamakta olan tilkiye korkuyla sokulup, yavasca ayagina dokundu.
Bahgede kuslarin gociinii seyrederken bir kirlangi¢ gelip Ceren’in omzuna kondu.
Cekmecede bir makas, alt1 ¢atal bigak, altin biraz glimiis ve buldu.

Sezon hazirliklarini siirdiiren takim, maginda 17 ilk tam gol atti.

Elini ceketinin cebine soktugunda buldu kagit ve bir hemen okudu.

Babam, her zamanki gibi gazetesini ve alip koltuga kahvesini oturdu.

Yaramaz Ali, adini1 biiyiik harflerle diizensiz bir sekilde defterine yazdi.

Annem ylzumu sildi, taburenin tstline oturdu, sonra benim kolumdan tuttu.

Yeniden arkasini dondii ve hizla eve girerek kapiy1 arkasindan kapadi.

Biitiin giin sicaktan pisen ayaklarimi bilegine serin kadar suyuna deniz soktu.

Puroyu dudaklarinin arasinda gevirdikten sonra ucunu 1sirdi ve haliya tiikiirdii.
Dansin sonunda deri ceketini soyle bir dondiiriip hizla ayaklarimizin 6niine serdi.
Giinlerce balkonda baktigimiz minik nihayet ¢irparak serce kanatlarini bugiin ugtu.
Paragsiitii agilmadigi i¢in 160 km hizla iistiine agacinin bogiirtlen diistii.

Yiizlerce askere yemek yapmak i¢in, patates kadar aksama sabahtan soydu.

Essiz doga goriintiisiinii rahatlikla seyretmek cami i¢in bugulanan mendiliyle sildi.
Kopek, arka bacaklari lizerinde sigrayarak kar ¢aligirken yakalamaya tanelerini havladi.
Evin dig duvarlarin1 pembenin, mavinin, sarinin ve yesilin yumusak tonlariyla boyadi.
Manastira kars1 oturdu ve ayaklarinin dibine uzanan bir kdpek yavrusunu oksadi.
Ukrayna’nin glineyinde bir Nil atlatarak, timsah1 Azak Denizi’ne bakicisini kagti.
Gok giiriiltiisiinden ¢ok korkan Deniz, yatagina yatip yorganini basina gekti.
Polonyada 19 yil 6nce komaya sahis bir gegen giren hafta uyandi.

Ogretmen, notlar1 okumadan 6nce siavdaki yanlislarimiz hakkinda uzun uzun konustu.
Gilimiis rengi Bursa ipeginden gomlegi renkli lizerine kagmir yelek sar1 giydi.

Gozleri dolan yasli adam, cebindeki ¢ocuga bozuk mendil satan paralar verdi.
Annesi istedigi oyuncagi almayinca kendini yere att1 ve saatlerce agladi.

Yikama programi biten makineden ¢ikardigi ¢amasirlar: sobanin yanina agtigi gamasirliga
asti.

Babam, bugiin isten erken ¢ikip istasyonuna amaya tren anneannemi gitti.

80 yasindaki Cinli ihtiyar, saglarini 26 yil sonra ilk kez yikadi.

Izmir’de birkag aydir bos olan iki katl1 binanin balkonu ¢oktii.

Bisikletle bayir asag1 giderken diistiim, iki bacagim balon giinde gibi sisti.

Yagmurda 1slanmig kopek, igtikten sobanin siitlinii yaninda keyifle sonra yatti.
Kahraman itfaiyeci, suyu yanginin {istiine piiskiirttii ve yangini biiyiimeden sondiirdii.
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APPENDIX B
English RST

All that remained in the box one lunch was salted nut.

His younger brother played guitar in arock and roll band.

We had atasty lunch, consisting of chicken, salad, and an apple.
The girl picked up her bag and down to went the gym.

Jenny helped her father put a blanket the old on bed.

He quickly drank some of the milk and then washed the glass.
Secretaries usually have an older computer and on telephone their a desk.
| saw achild and her father river the playing near ball.

He looked across the room and saw a person holding a gun.

The only thing left in the kitchen cupboard was a broken cup.
Severa guestsjoined usfor our first by camp the dinner lake.

We faced trouble because the stuck got car in the sand.

| dreamed that | was in with my field a sheep.

Y ou have a copy of thelist of words on the board.

The last thing he did was take to nice a hot bath.

The young woman and her boyfriend they thought a saw dog.

The woman screamed and old slapped the man in the face.

In order to attend the dinner she needed to buy a dress.

We need at least aweek to visit such ahistoric site.

She took a deep breath and into reached rusty the box.

A beautiful brown and green grasshopper jumped onto my new shoe.
A young female employee accidentally a coffee of cup spilled into hislap.
He wore his red pajamas and set his small alarm clock.

The man was too afraid to drive he the caught so bus.

The people in northern Europe always like to travel by train.

The drums beat and the flutes sang and held spectators their the breath.
He wanted to leave his bags and jacket in the hotel room.

They knew that it was impolite to eat spaghetti with a spoon.

She thought it would be nice to drink at afancy bar.

She woke up very early and then chocolate made a cake.

Y ou will be amazed by the number cars on the of street.

Laura had little education and she never paying had a good job.

In Spain and Latin America go workers lunch for home and a nap.
At night the prisoners escaped a through in hole the wall.

The hunting knife was so sharp that it cut his right hand.

The clerk in the department store put the presentsin a bag.

She soon readlized that the man forgot to leave the room key.
Thefirst driver out in the morning up picks the always mail.

All morning the two children sat under and talked atree.

| am the friend of the man who brought you the duck.

He had long hair and a beard that reached down to his chest.

The Egyptians were the civilization recorded first to use wedding the ring.
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APPENDIX C
Operation Span Test

(4x2)-1=6 GEMI
(2x6)-4 = 8 KARPUZ
(2x2)+1 = 5 BINA
(8/2)+3 =9 KAZAK
(2x2)-3=1 CANTA
(4/4)+5 =7 CICEK
(4x2)-3=3 RADYO
(1x6)-4 = 2 DEFTER
(3/3)+8 =9 HOROZ
(/1)+7 = 6 SAAT
(3x2)+2 = 8 CILEK
(1x2)+2 =5 KOLTUK
(4x2)-4 = 4 KAPLAN
(8/4)+4 =7 AGAC
(6/3)+1 =3 MUTFAK
(2x3)+3=9 AYAK
(2x2)+2 = 6 KALEM
(2x3)+3 =7 UCAK
(4/1)+1=5DOLAP
(8/1)+1 =9 GOMLEK
(3x2)+1=6KUZU
(7/1)+1 =8 BURUN
(6/1)+2 =7 GOZLUK
(5/1)-1 =3 LASTIK
(1x6)-2 = 5 ODA
(1x7)-2 = 4 KEDI
(4/2)+5=8 KAMYON
(4/2)+1 =4 TABAK
(1x1)+1 =2 KASA
(8/2)-2 = 4 ORMAN
(4/4)+4 = 6 KAVUN
(1x1)+2 = 3 KOPEK
(2/2)+1 =2 BILET
(2x3)-1=7 HAVLU
(8/2)+1=5KUPE
(3x1)+3=9AYNA
(3x1)+1=4BANYO
(2x2)+4=8UTU
(6/1)+1 =7 SISE
(6/1)-2=7 ORTU
(3/1)+2 =5ETEK
(8/2)+3 = 8 KITAP
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APPENDIX D

A Sample Page of the Reading Test

You are going to read three extracts which are all concerned in some way with
environmental issues. For questions 1-6, choose the answer (A, B, C or D) which
you think fits best according to the text.

Mark your answerson a separ ate answer sheet.

How much does the
environment matter?

I've always been keen on environmental matters, but in the seventies, when
I was growing up, the subject wasn’t discussed as much as it is today. Perhaps
the problem was just as bad then, but fewer people understood the
implications of what was going on or realised something ought to be done
about it. I remember being pleased when laws restricting the use of certain
pesticides came in. They appeared to signal the start of a vast movement to
improve the environment, an acknowledgement that all human beings had
a right to clean air and water.

With hindsight, I think we were naive. There is much greater awareness of
environmental issues these days, but I still don’t think enough is being done
about the problem. And since its a global issue, individual countries can’t
tackle it by themselves. Reducing damage to the environment really must
be an international effort. In a paradoxical way, the more we discover about
the extent of the problem, the less we do about it. This is because problems
like global warming are so huge that ordinary individuals don’t feel they
could possibly make any difference. I think that’s the real danger facing us
today — that we’ll succumb to a feeling of helplessness instead of making a
concerted effort to make our planet a safer and cleaner place for future
generations.

A_"“

—

1 Why does the writer mention the law restricting pesticides?

to show that her initial optimism about the environment was misplaced
to illustrate the steps that have been taken to protect the environment

to make people aware of the dangers of using pesticides indiscriminately
to demonstrate her early involvement in environmental movements

OO w»

What fear does she express in the second paragraph?

A People are still not aware of the extent of the problem.

B Individuals’ actions won’t make any difference to the problem.
C Nothing can be done to stop the effects of global warming.

D The scale of the problem may prevent action being taken.
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APPENDIX E

A Sample Page of the Listening Test

PART 1. You will hear three different extract. For questions 1-6, choose the answer (A, B, or C)

which fits best according to what you hear. There are two questions for each extract.

Extract One
You hear part of an interview with aTai Chi instructor.

1 According to Ruth, Tai Chi
A needs to be performed indoors.
B is a series of exercises.
C represents a way of life.

2 One of the most difficult things about learning Tai Chi is
A that you have to do it out of doors.
B achieving harmony between your movements.
C remembering the complex dance sequences.

Extract Two

[ [

I

You hear two people discussing taking a year off before going to university.

3 Before going to work in China, the man had not expected the job to be

A rewarding.
B easy.
C boring.

4 The woman’s experience made her realise that
A marketing was a difficult career for women.
B working in a hotel was very challenging.
C she had made the wrong choice of career.

Extract Three

You hear part of an interview with an illusionist.

5 Daniel’s interest in magic arose from
A his ambition to become an entertainer.
B his desire to impress someone.
C his trips to the cinema as a boy.

[ [ESH

[ =

6 According to Daniel, one similarity between magic and film making is

A the debt they owe to technology.
B the disbelief they arouse in the audience.
C the power they have over the audience.

[ [EeT

PART 2. You will hear part of a talk by a writer who haswritten a biography. For questions 7-13,

complete the sentences.

7. The soaker has written a book about called Robert Tewbridge.

8. Tewbridge’s father was a in Scotland.

9. Tewbridge’s parents wanted him to become .

10. Tewbridge earned hisliving by writing for various publications.
11. The speaker learnt a great deal about Tewbridge’s characte from studying his
12. It appears that Tewbridge and his were close friends.

13. Tewbridge spent many years studying
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