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ABSTRACT

In contrast to first language (L1) acquisition and child second language (L2) learning
which almost always lead to native-level proficiency in the language, L2 acquisition is
highly variable in the rate of learning and the ultimate level of achievement. Very few
learners achieve nativelike proficiency in L2 comprehension or production. To explain
the modulating factors in L2 acquisition and the nature of L2 knowledge systems,
current approaches that view language as inextricably intertwined with cognition have
called for the investigation of the role of the two most important long-term and domain-
general memory systems, the declarative and procedural memory systems, and of how
these two memory systems are influenced by external factors such as exposure
condition and the complexity of learning stimuli (e.g., DeKeyser, 2016; Hamrick, Lum,
& Ullman, 2018; Housen & Simoens, 2016; M. Paradis, 2009; A. S. Reber, Walkenfeld,
& Hernstadt, 1991). A great deal of L2 acquisition research has examined the role of
learning conditions (e.g., Norris & Ortega, 2000; Spada and Tomita, 2010) and
language aptitude (e.g., Carpenter, 2008; Dornyei, 2005; 2006; Grey, Williams, &
Rebuschat, 2015; 2017; 2019; Li, 2018; Yalgin & Spada, 2016), largely ignoring the
three-way interaction of the memory systems, learning conditions and linguistic

complexity, which offers one promising way to characterise L2 acquisition.

Adopting an ex post facto design, this study investigated the role of the declarative and
procedural memory systems in the acquisition of the knowledge of 14 grammatical
structures of L2 English in a classroom environment in Malawi where grammar rules
are explicitly taught. The goal was to present the overview of the educational effects on
L2 English in Malawi. Quantitative data were collected from 103 L2 English learners at
primary school, secondary school and university levels. In the absence of clear ways of
distinguishing between simple and complex grammatical structures, a criterion based on
Pienemann’s processability theory was proposed to evaluate the linguistic complexity
of grammatical structures targeted in the present study. Declarative memory measures
were the Continuous Visual Memory Test, the Llama-B test, the DAT Verbal
Reasoning Test and the Three-Term Contingency Learning Task. Procedural memory
was assessed using the Serial Reaction Times and Llama-D tests. The Timed
Grammaticality Judgment Test and the Elicited Imitation Test assessed learners’
procedural language knowledge whereas the Untimed Grammaticality Judgment Test

assessed learners’ declarative language knowledge. All the tests were administered



using a computer except for the Untimed Grammaticality Judgment Test and the DAT
Verbal Reasoning Test which were paper-and-pencil-delivered. The evidence of test

validity was explored using correlational, exploratory and confirmatory factor analyses.

To simultaneously investigate various interrelated dependence relationships among
variables, data were analysed using a series of structural equation modelling analyses
and one-way between-group analyses of variance. The principal findings of the study
were that (1) procedural memory played no role in the learning of both simple and
complex grammatical structures; (2) linguistic complexity and exposure type appeared
to modulate only the declarative learning processes; and (3) no group differences were
found in the procedural memory system. These results suggest that the
declarative/procedural learning and declarative/procedural memory distinction may
indeed be a one-to-one relationship, without the conscious, declarative learning
processes interfacing with the unconscious, procedural processes. They also suggest
that procedural processes display tighter distributions in a population when compared
with declarative systems. Methodological implications and practical suggestions for

pedagogy and future research are identified as well.
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CHAPTER 1. INTRODUCTION

1.1 Overview

The goal of language learning for many learners is to use the language for authentic and
effective communication. A high level of language knowledge and ability is required to
be able to authentically and effectively communicate. Advanced-level fluency and
comprehensibility are some significant attributes of high-level language knowledge
ability (Robinson, 2005a). However, second language (L2) acquisition is highly
variable in the rate of learning and in the ultimate level of achievement, with grammar
learning posing a particular difficulty for learners (R. Ellis, 2005b; Weber-Fox &
Neville, 1996 cited in Ettlinger, Bradlow, & Wong, 2014; Saville-Troike & Barto,
2017). The widely differential levels of L2 acquisition outcomes range from nativelike
to a far more limited L2 proficiency, even when learners share commonalities such as
native language, educational level, and experience with the L2 (Morgan-Short, Faretta-
Stutenberg, Brill-Schuetz, Carpenter, & Wong, 2014). In contrast to first language (L1)
acquisition and child L2 learning before the age of 4 or 5 (M. Paradis, 2009) which
almost always lead to native-level proficiency in the language, research suggests that
very few learners achieve nativelike proficiency in L2 comprehension or production
(Faretta-Stutenberg & Morgan-Short, 2018; Linck et al., 2013; Saville-Troike & Barto,
2017; Selinker & Gass, 2008; Tagarelli, Ruiz, Vega, & Rebuschat, 2016), with the
estimated proportion of highly proficient adult learners ranging between zero and about
5% of learners ( see Linck et al., 2013).

A great deal of L2 acquisition research has examined the factors that account for the
limited success in, and the differential levels of, L2 attainment. In addition to the
influential role of the context in which an L2 is learned (i.e., naturalistic or instructed)
as well as the social and linguistic background of the language learner (Norris &
Ortega, 2000; M. Paradis, 2009; Saville-Troike & Barto, 2017; Spada and Tomita,
2010), the research has found that a large amount of the outcome variance of L2
acquisition is attributable, all other things being held constant, to the impact of learner
individual differences (IDs, i.e., the internal factors that vary by learner in the process
of L2 acquisition) in personality, language aptitude, motivation, learning styles and
learning strategies (Dornyei, 2005; 2006; see also Carpenter, 2008; Carroll, 1958; 1981;
Dornyei & Skehan, 2003; Erlam, 2005; Grey et al., 2015; Li, 2016; Mackey, Adams,



Stafford, & Winke, 2010; Miyake & Friedman, 1998; J. Paradis, 2011; Robinson,
2002a; 2002b; 2003; Segalowitz & Frenkiel-Fishman, 2005; Skehan, 1991; Winke,
2005; Yalgin & Spada, 2016). The findings of this research have been invaluable and
crucial for the theoretical and pedagogical understanding of L2 acquisition. However,
“we are still a long way from understanding how [L2s] are learned, why many
individuals have difficulty in reaching high levels of proficiency in [an L2], or even
what the best pedagogical approach might be” (Gass & Mackey, 2012, p. 1). The reason
for this is that L2 acquisition research has largely neglected to examine the interplay of
the sources (i.e., constraining factors) and nature (i.e., the types or representation) of the
underlying L2 knowledge system. Doughty and Long (2003) argue that the ultimate
goal of L2 acquisition investigation is to understand the underlying L2 knowledge

system.

Two language knowledge systems are distinguished: the explicit (or declarative) and
implicit (or procedural) language knowledge types. Declarative language knowledge is
conscious, analysed and may be verbally described. Procedural language knowledge is
the learner’s implicit linguistic competence, which is intuitive and unconscious, and
which enables spontaneous and fluent use of the language characterised by fluency and
the type of control characteristic of one’s L1 (N. C. Ellis, 2008; R. Ellis, 2009a; M.
Paradis, 2009). Therefore, the primary goal of L2 learning is the development of
procedural knowledge (R. Ellis, 2005b). In instructed settings, declarative learning and
knowledge in L2 acquisition are considered by some to have a facilitative role in the
development of L2 linguistic competence (Akakura, 2009; N. C. Ellis, 2008; R. Ellis,
2002). As the debate regarding the role of grammar instruction in L2 acquisition
continues, the examination of the interaction the sources and the nature of L2

knowledge systems offers one promising way to understand L2 acquisition.

1.2 The Purpose of the Present Study

With the overarching goal to explore, and present the overview of, the educational
effects on L2 English in a small south-east African nation of Malawi, the present study
is aimed at understanding the sources and nature of L2 knowledge systems. This goal is
achieved by investigating not only the learner’s internal and external factors that
constrain L2 acquisition but also the types of the underlying L2 knowledge system as

the function of the constraining factors.



To explain the modulating factors in L2 acquisition, current approaches in cognitive
psychology which view language as inextricably intertwined with cognition have called
for the investigation of the role of the two most important long-term and domain-
general memory systems, namely the declarative and procedural memory systems
(Hamrick et al., 2018; M. Paradis, 2004; 2009; A. S. Reber, 1989; A. S. Reber et al.,
1991; Ullman, 2001a; 2001b; 2004; 2015; 2016). The research has implicated the
memory systems in (non-)language functions both in humans and animals. The
declarative and procedural memory systems differ with reference to their relationships
with awareness, the computations they perform, and the neural substrates subserving
them (Foerde, Knowlton, & Poldrack, 2006; Morgan-Short & Ullman, 2012; M.
Paradis, 2004; 2009; Ullman, 2001a; 2001b; 2004; 2015; 2016). The declarative
memory system has been found to play a role in the appropriation and representation of
conscious, declarative language processes (e.g., Carpenter, 2008; Hamrick, 2015;
Hamrick et al., 2018; Lum & Kidd, 2012). The procedural memory system has been
found to underlie the appropriation and representation of unconscious, procedural
processes (e.g., Carpenter, 2008; Faretta-Stutenberg & Morgan-Short, 2018; Granena &
Long, 2013; Hamrick, 2015; Hamrick et al., 2018). In contrast to declarative memory,
the information in the procedural memory system is said to be encapsulated and

difficult to verbalise and to access via introspection (Ullman, 2004).

In his implicit learning theory, A.S. Reber (1989; 1992; A. S. Reber et al., 1991)
proposes that unconscious, implicit processes are unaffected by conscious, explicit
learning processes, suggesting that implicit learning and knowledge function
independently from explicit learning and knowledge. This non-interface approach to the
distinction between implicit learning and explicit learning, on the one hand, and implicit
knowledge and explicit knowledge, on the other hand, implies that the two learning
conditions have moderating effects on the two long-term memory systems. In fact, there
is now empirical evidence from the research assessing L2 processing and the role of
cognitive abilities (e.g., working memory and language aptitude) that, even though
explicit instruction is more effective than implicit instruction, the two learning
conditions appear to be fundamentally different with only implicitly trained learners
relying on native-like language learning processes (Carpenter, 2008; DeKeyser, 1995;
Erlam, 2005; Ettlinger et al., 2014; Faretta-Stutenberg & Morgan-Short, 2018; Morgan-
Short, Sanz, Steinhauer, & Ullman, 2010; Morgan-Short, Steinhauer, Sanz, & Ullman,



2012; Norris & Ortega, 2000; A. S. Reber et al., 1991; Robinson, 1996; 1997; 2002a;
2005a; 2005b; Spada and Tomita, 2010; Tagarelli, Mota, & Rebuschat, 2015; Tagarelli
et al., 2016). Reber’s implicit learning theory further claims that the unconscious,
implicit learning or memory is not an ability and is more effective when learning
complex, rule-governed knowledge (Kaufman et al., 2010; A. S. Reber et al., 1991).
Therefore, Reber’s implicit learning theory posits that the two long-term memory
systems are constrained by learning conditions and the level of difficulty of the learning
stimuli. Indeed, this is in tandem with current L2 acquisition research that calls for the
examination of the interplay between L2 learner internal abilities and external factors:
namely, IDs, learning conditions and linguistic complexity (DeKeyser, 2016; Housen &
Simoens, 2016). It is argued that such a research approach offers a promising way “to
address the dynamic relationships that may be relevant for [L2 acquisition]” (Sanz
2005, cited in Faretta-Stutenberg, 2014, p. 2).

Very little research has investigated the role of the declarative and procedural memory
systems in L2 acquisition and how learning conditions and linguistic complexity
moderate the effects of the two learning mechanisms. Thus, the predictive role of the
declarative and procedural memory systems for L2 learning and the moderating effects
of learning conditions and linguistic complexity remain unclear (e.g., Carpenter, 2008;
Ettlinger et al., 2014; Tagarelli et al., 2016). Further, there is a paucity of research
examining the interplay of memory systems, learning conditions and linguistic
complexity in L2 acquisition in real-world settings such as immersion and classroom
settings. L2 acquisition research in real-world settings is necessary in order to maximise

the ecological validity of the findings in the field (Faretta-Stutenberg, 2014).

This thesis addresses these gaps by examining the interplay of the declarative and
procedural memory systems and linguistic complexity in the instructed L2 English
acquisition of grammatical structures in classroom settings. The goal is to understand
the interplay of the sources and nature of the language knowledge systems that proceed

from instruction in classroom settings.

1.3 English in Malawi

This thesis research was conducted in Malawi, the home country of the researcher. Like

many other Malawians, English is the L2 of the researcher, while Chichewa, a Bantu

4



language, is his mother tongue. The researcher completed his primary school to
university education in Malawi, and he graduated with a bachelor’s degree in English
linguistics. Thus, the researcher was educated through the same educational system as

his research participants in the present study.

The researcher’s interest in investigating the acquisition of L2 English in Malawi began
about a decade ago when he was a language teacher at one government secondary
school in Malawi. First, despite studying English for many years from primary school
all the way to university, the researcher, like many other teachers, felt lacking in
communicative competency during the delivery of English lessons. This was not the
case for lessons in Chichewa language, the researcher’s L1. Second, one could easily
notice how difficult speaking English was not only for the researcher’s secondary
school students but for most secondary school and university students country wide.
These students had studied English for years from primary school, but still had very
limited communicative proficiency in English. They were only able to answer some

simple questions; they could barely sustain a conversation in their L2 English.

Owing to his tertiary educational background (i.e., as a “pure linguist™) and to
grammatical errors that the secondary school English learners were observed to make
(e.g., in the use of third person singular marker “-s”” and possessive
determiners/pronouns “her(s)/his” among others), the researcher had the conviction that
some of the problems the learners encountered were deeply rooted in their L1 influence.
The researcher therefore elected to explore this thesis during his master’s degree.
However, the results of the study did not speak much to the issue of the deplorably low

levels of the learners’ English communicative competence.

Having been introduced to the notions of explicit and implicit language learning and
knowledge at the beginning of this doctoral study, the researcher was motivated and
challenged to investigate the effects of instructed language learning by examining the
nature of English language knowledge the learners have in Malawi. Reflecting on his
English language teaching approach, the researcher found that he was largely
influenced by how he himself had been taught English when he was a student.
Generally, in English grammar lessons in a Malawian classroom, teaching is teacher
centred. A teacher first presents a grammatical rule followed by detailed explanation

which may include exceptions to the grammatical rule, if any. Then learners are given a



task to determine the grammaticality of example sentences based on the rule they have
just learned. Often, the questions that learners are asked during the lessons and the
grammar tasks they do at the end of the lessons require a single word answer.
Comprehension, composition, note making, and, of late, literature lessons are usually
taught separately from grammar. In comprehension lessons, learners are asked to read a
passage and then answer questions afterwards. The answers to the questions are usually
a sentence long. Due to the overwhelming class sizes, free writing (that includes
composition writing) is a daunting task to grade. Thus, it is not done often. Such a
teaching approach should limit learners” communicative abilities and linguistic
competence in L2 English because it gives learners minimal opportunity to use the

language in the most authentic, creative and meaningful manner.

Malawi is a relatively small landlocked country that lies in the south eastern part of the
African continent. It borders Zambia to the west, Tanzania to the north, and
Mozambique to the south, southeast and southwest. The country has more than 10
different ethnic groups, with roughly sixteen African languages and a population of
about 19 million (Chiyembekezo, Kondowe, & Ngwira, 2019; Kamwendo, 2016). From
1891 to the early 1960s, Malawi was under British rule. It became an independent
country in 1964. Because the country is multilingual, the language situation has been
dominated by two languages: English, the official language whose relatively long
history in Malawi is traced back to the mid-19th century; and Chichewa, a Bantu and
national language of the country. As an official language, English is used as the
language for administration, commerce and trade, employment, the judiciary, the
legislature, and for scientific and technological advancement. Further, English has an
innovative function in Malawi, where most of the literary genres are in English. Thus,
because of the high status of English in Malawi, learners are highly motivated to learn

the language.

In education, English serves an instrumental function (as the medium of learning). The
education system in Malawi consists of eight years of primary education (from Standard
1 to Standard 8), four years of secondary education (from Form 1 to Form 4), and 3 to 4
years of tertiary education. Learners enter school at the age of 6. All primary and
secondary schools offer the same curriculum. The curriculum is determined by the
Ministry of Education, Science and Technology. English is used as the medium of

instruction from Standard 5 up to tertiary education in all subjects except in the



Chichewa subject. The use of Chichewa as the language of instruction in the first four
grades of primary education is thought to act as a prerequisite for learning English.
However, currently the Ministry of Education, Science and Technology has a new
language-of-instruction policy to replace Chichewa with English in the first four years
of primary school so that English is used as a language of instruction all the way from
Standard 1 (Kamwendo, 2016).

English is also a compulsory subject from Standard 1 and a compulsory course (i.e., as
English for Academic Purposes) for all first-year university students. In primary and
secondary schools, English is allocated more time than any other subject; it is taught
almost every day with about seven class-schedule time slots as compared to an average
of three class-schedule time slots for each of the other subjects. In addition, English is a
passing subject (i.e., a subject that qualifies one to get a certificate if passed) in all the
three national examinations: namely, the Primary School Leaving Certificate
Examinations (PSLCE) in grade 8, the final year of primary school; the Junior
Certificate Examinations (JCE, now phased out from 2017) in the second year of
secondary education (or grade 10 in some other education systems); and the Malawi
School Certificate of Education examinations (MSCE) in the final and fourth year of
secondary school (or grade 12). The Malawi National Examinations Board (MANEB),
a body under the Ministry of Education, Science and Technology, is charged with
assessing the performance of all primary and secondary school students. It administers

all three standardised examinations.

Although tremendous emphasis is placed on the teaching and learning of English in
Malawi, empirical research has shown that English learners’ achievements both in
written and spoken skills are very low (Kamwendo, 2003; Mmela, 2006). Mmela
(2006) reports an average of only about 8% of primary school students pass the PSLCE
and are selected to go to secondary school; the rest, over 90%, are left behind. Of the
many reasons, “failure to pass English is the highest contributing factor” (Mmela, 2006,
p. 4). Mmela (2006) also reports several studies carried out between 1990 and 2005 that
investigated the L1 and L2 language reading proficiency of Standards 3, 4 and 6
children in Malawi. All the studies found that learners’ achievements were critically
low in English. Similar results are reported in Kunje, Selemani-Meke, and Ogawa
(2009) and Maganga, Mwale, Mapondera, and Saka (2010). Investigating how school,

classroom and pupil factors influence Standards 5 and 7 pupil achievement in



mathematics, English and Chichewa, Kunje, Selemani-Meke, and Ogawa (2009) found
low achievements in English and mathematics. Maganga et al. (2010) assessed
Standards 3 and 7 learners’ achievement levels in mathematics, Chichewa, English and
life skills in Malawi. The results showed that Standard 3 learners performed relatively
better in numeracy and mathematics, but the performance was the poorest in English in
both the baseline and end-line studies. At tertiary level, the Department of English at
Chancellor College, one of the constituent colleges of University of the Malawi has
recently introduced four English grammar courses, one course for each year, with an
aim of improving students’ abilities in English language. This suggests that at every
level of the education system in Malawi all the way to university, the students’ English

abilities are generally deplorable.

While it is very clear that primary to university students’ speaking and writing
achievements in L2 English in Malawi are deplorably low, it is not clear what the exact
sources of this poor performance are. Several factors have been identified, including the
lack of teaching and learning materials, poor education facilities, and very high teacher-
pupil ratios in rural areas (Chimpololo, 2010; Kayambazinthu, 1998; Mmela, 2006). In
addition, teaching approaches such as teacher-centred and examinations-orientated
instruction have shown to be major factors contributing to the low-level English
achievements (Chiuye, 2005). Although the curriculum emphasises learner-centred
teaching, the traditional teacher-centred approach dominates the teaching of English in
Malawi schools. Evidence suggests that teachers pay “lip service to learner-centred
teaching which encourages participatory and active learning, but in reality, use a
transmission style” (Mmela, 2006, p. 9). This observation is supported by Mizrachi,
Padilla, and Susuwele-Banda (2010) who point out that in Malawi there is a divide
between policy and practice: while policies have been put in place to support active-
learning approaches or student-centred approaches, teachers still rely on the traditional
approach of grammar teaching. The traditional teacher-centred approach is
“characterized by grammatical analysis, reading without comprehension, and patterned
drills resulting in students’ scoring well on grammar tests but failing to communicate in
the target language” (Mmela, 2006, p. 7). School in Malawi represents the only context
where children learn English (Mmela, 2006). Outside the classroom, learners are not
exposed to English. This means that L2 English grammar learning in Malawi may be
said to proceed mainly from instruction received at school.



The situation in Malawi, where English language teaching involves explicit instruction
and learners’ writing and speaking achievements are deplorably low, and the conflicting
results in L2 acquisition research, which has consistently shown that explicit instruction
is superior to implicit instruction (e.g., Norris & Ortega’s 2000; Robinson 2002; 1996;
Spada and Tomita 2010; see section 2.5 for the discussion of this research), raise
questions about how explicit instructional type influences language learning and how
the knowledge acquired in this way is represented. To the knowledge of the researcher
for the current study, no study has investigated the nature of learners’ knowledge of L2
English in Malawi. The present study seeks to address this gap; it aims to establish
whether there will be a relationship between learners’ two long-term memory systems,
their language knowledge that proceeds from explicit instruction, and the linguistic

complexity of the grammatical structures.

The findings of this thesis research have theoretical, pedagogical and methodological
significance for the field of L2 acquisition. Insights into whether the instructed learners’
L2 knowledge system is represented as either declarative or procedural, or both, and
whether the level of difficulty of grammatical structures has moderating effects on the
knowledge system, are of interest to L2 acquisition theorists as well as to L2 teachers,
teacher trainers, learners, and curriculum and material designers. Chiuye (2005, p. 202)
points out that in a country like Malawi “where proficiency in English determines
livelihood, educational opportunities, and socio-political participation, it is critical that
students develop English proficiencies from their schooling experiences”. The findings
of this study also have methodological significance. The adoption of the research design
features such as the triangulation of measures, natural learning context, and factor and
structural analyses is hoped to maximise not only the validation of target constructs but

also the ecological validity of outcomes.

This thesis consists of five chapters. This chapter has provided the background to the
study within which the study’s primary objective is stated. Chapter 2 presents a
theoretical framework for the study by reviewing extant literature on language
knowledge types, long-term memory systems (i.e., declarative and procedural memory
systems) and proposed learning models, learning conditions and linguistic complexity.
The chapter further presents major findings from empirical research studies on the
interplay of the two long-term memory systems, language learning contexts and

linguistic complexity. Gaps in the previous literature are subsequently identified and



research questions are raised for investigation. The methodological approach adopted in
the study is presented in Chapter 3. The study site and participants, the
operationalisation of declarative and procedural learning ability, declarative and
procedural language knowledge and of linguistic complexity are presented in the
chapter. Finally, instruments for data collection and procedures followed in collecting
and analysing data are presented. Data collection methods in the present study were
triangulated to offer the possibility of providing results that complement, elaborate and
confirm each other. Chapter 4 reports the results of the study, including descriptive
statistics for all the tests, and the key findings from correlational, factor and structural
modelling equation analyses. The discussion and conclusion in Chapter 5 includes a
detailed summary and interpretation of the findings of the study, with reference to each
of the research questions raised and in relation to relevant previous research findings.
The concluding section summarises the findings, draws conclusions from those
findings, and indicates some of the implications of the findings before the limitations of

the study and suggestions for further research in the field are considered.
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CHAPTER 2. LITERATURE REVIEW

It is not until the 1960s that scholars began to formulate systematic L2 acquisition
theories and models to address the basic questions about what the L2 learner knows,
how the learner acquires this knowledge, and why some learners are more successful
than others (Saville-Troike & Barto, 2017). Since then, a considerable number of
theoretical frameworks of L2 acquisition have been proposed based on linguistic,

psychological and social perspectives (Table 2.1).

Table 2.1. Important Theoretical Frameworks for Study of L2 Acquisition

Perspective Focus Framework

Transformational-Generative Grammar

o Internal Principles and Parameters Models
Linguistic S
Minimalist Program
External Functionalism
Languages and the Brain  Neurolinguistics
Information processing
Psychological Learning Processes Processability
Connectionism
Individual Differences Humanistic Models
Variation Theory
) ) Accommodation Theory
Microsocial ]
Sociocultural Theory
Social Computer-Mediated Communication
Ethnography of Communication
Macrosocial Acculturation Theory

Social Psychology
Adapted from Saville-Troike & Barto (2017, p. 26)

These theoretical frameworks offer insights into L2 acquisition. However, they differ in
the questions they ask and investigate. Social theoretical frameworks underline the
importance of social context for language acquisition and use. In these theoretical
frameworks, what is being learned is not only the language itself but also the social and
cultural knowledge infused in the language. Ultimately, (all of) language learning is

seen as a social process where group membership and identity dictate what is learned,
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how it is acquired, and why some learners are more successful than others (Saville-
Troike & Barto, 2017). Vygotsky’s (1962; 1978) Sociocultural Theory views inter- and
intra-personal interaction not only as a facilitating factor to language learning but also

as the essential genesis of language (Saville-Troike & Barto, 2017).

Linguistic theoretical approaches view what is being acquired as the underlying
knowledge of highly abstract linguistic principles and constraints (Chomsky, 1995;
Saville-Troike & Barto, 2017; White, 2003; 2015). To explain how L2 is learned, these
theoretical models differ in their emphasis on continued innate universal grammar (UG)
capacity for language learning. UG is a biologically given cognitive structure the role of
which is to enable children to “so reliably and effortlessly” project grammars from the
impoverished primary linguistic data (PLD) to which they are exposed (Boeckx, 2006,
p. 19). L1 learners have full access to UG. In L2 acquisition, learners have four
possibilities in that they may retain (1) full access to UG (Epstein et al., 1998; Epstein,
Flynn, & Martohardjono, 1996; Schwartz & Sprouse, 1996); (2) partial access to UG,
keeping some of its components but not others (Eubank, 1994; Vainikka & Young-
Scholten, 1994); (3) indirect access to UG through knowledge that is already realised in
their L1 but to which they have no remaining direct access (see White, 2003); (4) no
access to UG and must learn L2 via entirely different means to those through which
they learn their L1 (Bley-Vroman, 1989; Saville-Troike & Barto, 2017). Linguistic
theoretical frameworks account for L2 individual differences by implicating factors
which are largely internal to language and mind such as the varying degrees of access to
UG or specifications of lexical features. Further, factors to do with L2 input such as
qualitatively different L2 input or differential L1-L2 transfer or interference are also
implicated (Saville-Troike & Barto, 2017). Saville-Troike and Barto (2017, p. 66) point
out that “[purely] linguistic approaches, though, have largely excluded psychological
and social factors” in their attempt to explain L2 acquisition.

The present study is couched within the psychological or cognitive theoretical
approaches. Psychological approaches are informed by both linguistics and psychology.
They essentially view language as inextricably intertwined in complex and dynamic
ways with cognition. On what is acquired in L2 acquisition, psychological theoretical
frameworks point to “additions or changes that occur in neurological makeup, and on
how the multilingual brain is organised” (Saville-Troike & Barto, 2017, p. 100). One

major finding in cognitive linguistics is that the L2 physical representation in the brain
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is not very different from the L1’s, but that the differences in brain organisation are
related not only to the L2 learners’ proficiency but also to how the acquirers learned the
L2. In these theoretical models, language knowledge is declarative (i.e., ‘controlled’,
conscious and explicit) and procedural (i.e., “uncontrolled”, unconscious and implicit).
In contrast to Chomsky’s proposal that there is a species-specific language acquisition
device (LAD), the psychological approaches generally follow Anderson (1983; 1976) in
viewing L2s as learned according to the same processes as the acquisition of other areas
of complex knowledge and skills from which rules and principles are abstracted, and/or
neurological associative networks and connections are developed. Declarative memory
and procedural memory are the two most important long-term memory systems in the
brain, not only in terms of the range of functions and domains that they subserve but
also in terms of the key roles they play in language in ways that are analogous to how
they function in other domains (Ullman, 2015; 2016). To explain why some learners are
more successful than others, psychological approaches implicate learners’ IDs
influenced by age, sex, personality, aptitude, motivation, individuals’ learning styles
and strategies. Further, the complexity of stimuli, the condition of learning and the role
of input are debated and viewed to significantly constrain L2 acquisition (DeKeyser,
1995; Ettlinger et al., 2014; Granena, 2013b; Housen & Simoens, 2016; Morgan-Short
etal., 2012; M. Paradis, 2009; A. S. Reber et al., 1991; Robinson, 1996; 1997; 2002b).
The present study’s focus is on the role of the declarative and procedural memory

systems and the learning environment in L2 acquisition.

This chapter synthesises the literature on L2 acquisition as conceived in psychological
approaches. To address what the L2 learner knows, section 2.1 reviews literature on the
nature of language knowledge. The section also provides the overview of the common
ways of operationalising the two types of language knowledge. To address how the
learner acquires the L2 and why some learners are more successful than others, section
2.2 reviews literature on declarative and procedural memory systems and on the three
proposed models that explain different ways in which the memory systems may be
involved in L2 acquisition. The section further provides the overview of how the
memory systems (i) may account for learners’ IDs and (ii) have been operationalised in
previous research. The learning domain has been implicated as external constraints on
how the memory systems are engaged in L2 acquisition. It consists of linguistic
difficulty and learning conditions discussed in sections 2.3 and 2.4, respectively.

Section 2.5 reviews empirical research on whether explicit and implicit learning
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conditions are fundamentally different. This will be followed by the review of empirical
studies on the interplay of the two long-term memory systems, language exposure type
and linguistic complexity in L2 acquisition in section 2.6. Summary and rationale are
presented in section 2.7. The chapter concludes with the presentation of research

guestions and hypotheses in section 2.8.

2.1 Nature of language knowledge

Within the psychological frameworks, language acquisition, like the acquisition
processes of any other complex knowledge and skills, is seen as drawing on both
implicit and explicit learning mechanisms (e.g., Anderson, 1976; A. S. Reber, 1967;
1989; A. S. Reber et al., 1991, Saville-Troike & Barto, 2017; Ullman, 2001a; 2001b;
2004; 2005; 2015; 2016). In turn, the implicit and explicit learning mechanisms result
in implicit and explicit language knowledge types. In L2 acquisition research, the idea
that learners may possess two types of language knowledge underlies two early
language learning theories: first, Krashen’s (1981) monitor theory that proposes that the
learners’ ““acquired system” arises from subconscious or implicit learning processes
while a “learned system” results from paying conscious attention to language and
memorising rules; and second, Bialystok’s (1978) theory of L2 learning which proposes
that exposure to communicative or naturalistic language use results in implicit
knowledge while explicit knowledge arises from conscious exposure to a language
(Erlam, 2006). Erlam (2006) points out that the existence of both types of language

knowledge is commonly held and widely accepted in cognitive psychology.

2.1.1 Implicit and explicit language knowledge.

Implicit language knowledge is intuitive and procedural, that is, it is accessed
instantaneously and easily, and is available for use in rapid, fluent communication (R.
Ellis, 2009a). Further, implicit language knowledge is held unconsciously and can only
be verbalised if it is made explicit. This means that implicit knowledge is only evident
in learners’ verbal behaviour and ‘it exists in the form of statistically weighted
connections between memory nodes’ whose “regularities are only manifest in actual
language use” (R. Ellis, 2009a, p. 13). It is the view of most researchers that
competence in an L2 largely depends on the amount of implicit language knowledge a
language user has (Bialystok, 1978; R. Ellis, 2004; 2005a; 2009a). That is, the ability to
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confidently and fluently communicate depends on one’s implicit knowledge. Thus,
implicit language knowledge constitutes linguistic competence, irrespective of whether
linguistic competence is described according to innatist theory as a biological capacity
for acquiring language, or whether it is defined as abstraction of rules and principles in
tandem with the development of neurological associative networks and connections. In
neurolinguistic, psycholinguistic, and L2 literature, there have been several terms used
to refer to implicit language knowledge: unanalysed knowledge (Bialystok, 1978);
unconscious knowledge (A. S. Reber et al., 1991; Schmidt, 1990); acquired knowledge
(Krashen, 1981); procedural knowledge (DeKeyser, 1998; M. Paradis, 1994; 2004;
2009); tacit knowledge (A. S. Reber, 1989; A. S. Reber et al., 1991); and implicit
linguistic competence (Roehr, 2008). In the present study, these terms are used

interchangeably.

Explicit language knowledge is knowledge about language, and it is the declarative or
conscious knowledge of the phonological, lexical, grammatical, pragmatic and other
features of an L2 together with the metalanguage for labelling this knowledge (R. Ellis,
2004). Explicit knowledge is held consciously, is verbalisable and is typically accessed
through controlled processing in cases where learners experience linguistic difficulty in
the use of the L2 (R. Ellis, 2009a). Analysed explicit language knowledge is
distinguished from metalingual explanations. Analysed language knowledge refers to a
conscious awareness of how a structural feature works while metalinguistic knowledge
consists of knowledge of grammatical metalanguage and the ability to understand
explanations of rules (R. Ellis, 2009a). Simply put, metalanguage is the technical
terminology needed to describe language. A distinction between analysed and
metalinguistic explicit knowledge entails that not all explicit language knowledge is
necessarily manifested in technical metalinguistic terminology such as present
progressive tense or definite article. Structural rule descriptions (e.g., the verb -ing form
is used when the action is ongoing) are an acceptable display of explicit knowledge
even though metalingual terms (e.g., present-progressive) are not used (Akakura, 2009).
In cognitive psychology, the explicit knowledge of one’s L1 is consciously acquired
later than the implicit knowledge thereof (Reber, 1989). In contrast, whichever L2
knowledge type comes first is dependent on the learning context. The following terms
have been used in literature to refer to explicit language knowledge: analyzed
knowledge (Bialystok, 1978); conscious knowledge (A. S. Reber et al., 1991; Schmidt,
1990); learned knowledge (Krashen, 1981); declarative knowledge (DeKeyser, 1998;

15



Paradis, 1994; 2004; 2009); explicit knowledge (A. S. Reber, 1989; A. S. Reber et al.,
1991); and explicit metalinguistic knowledge (Roehr, 2008). These terms will be used

interchangeably to refer to explicit language knowledge in the present study.

2.1.2 The interface hypothesis.

However, the relationship between explicit and implicit knowledge is a matter of
considerable debate. For instance, it is possible that through enough practice, explicit
knowledge may become automatised and accessed for rapid online processing in much
the same way as implicit knowledge (R. Ellis, 2009a). In fact, DeKeyser (2003, cited in
R. Ellis, 2009a, p. 12) proposed that automatized explicit knowledge can be considered
“‘functionally equivalent’ to implicit knowledge”. However, it is possible that what
appears to be the automatization of explicit knowledge is the automatization of implicit
knowledge (R. Ellis, 2009a; Hulstijn, 2002). This debate on the relationship between
explicit and implicit knowledge has led to what has become to be known as the
interface hypothesis. The interface hypothesis addresses several key questions of both
theoretical and practical importance for L2 acquisition and pedagogy: “To what extent
and in what ways are implicit and explicit learning related? Does explicit knowledge
convert into or facilitate the acquisition of implicit knowledge? Does explicit
instruction result in the acquisition of implicit as well as explicit knowledge?” (R. Ellis,
20093, pp. 20-21).

Three competing positions about the role of explicit instruction in the process of
acquiring L2 knowledge have emerged from this debate: (1) the non-interface position,
(2) the strong interface position and (3) the weak interface position. The non-interface
position’s basic claim is that learned knowledge cannot become acquired knowledge.
The proponents of this position hold that there is an absolute distinction between
implicit and explicit knowledge since they involve very different acquisition
mechanisms, are stored in different parts of the brain, and are accessed differently for
performance (R. Ellis, 1993; Kaufman et al., 2010; S. D. Krashen, 1981; M. Paradis,
1994; 2009; A. S. Reber et al., 1991). Explicit knowledge or conscious learning is
available just as a monitor for performance (Krashen, 1981). The non-interface position
is also referred to as the strong non-interventionist position (Long, Inagaki, & Ortega,
1998) as it limits the contribution of classroom intervention as providing only

“comprehensible input that might not otherwise be available outside the classroom”
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(Krashen, 1985, cited in Akakura, 2009, p. 20). Therefore, under the non-interface
position, L2 and L1 acquisition processes are considered similar with no role for

explicit language knowledge.

The strong interface position is in polar opposition to the non-interface position. The
strong interface position, usually associated with DeKeyser (1998; 2003; 2007) and
Sharwood Smith (1981), claims that not only can explicit knowledge be derived from
implicit knowledge, but also that explicit knowledge can be converted into implicit
knowledge through practice. According to the strong interface position, L2 knowledge
is first gained in explicit form and then converted into implicit form through
communicative practice while, conversely, the initial implicit knowledge is transformed
into explicit knowledge through reflecting on and analysing the output generated by
means of implicit knowledge (DeKeyser, 1998, Milasi & Pishghadam, 2007 cited in
Zhang, 2015). The strong interface position, therefore, posits a significant role for
explicit instruction in L2 acquisition, leading to a theoretical basis for many studies

investigating the direct consequences of explicit instruction on L2 acquisition.

Lastly, the weak interface position is an in-between position. Its basic claim is that
explicit knowledge does not have a causal relationship with implicit knowledge, but
instead, it only triggers or speeds up the implicit learning process, which subsequently
leads to the generation of implicit knowledge (Vafaee, Suzuki, & Kachisnke, 2017).
Therefore, like the strong interface position, the weak interface position provides
theoretical basis for experimental studies that manipulate instruction to investigate its

effectiveness in L2 acquisition.

Three versions of the weak interface position have emerged. The first version espoused
by N. C. Ellis (2005; 2008; 2015) posits that explicit knowledge indirectly contributes
to the acquisition of implicit knowledge by promoting some implicit learning processes.
According to this version, explicit knowledge can make linguistic features salient,
thereby enabling learners to notice them and recognize the gap between the input and
the linguistic knowledge they already possess. This position suggests that explicit and
implicit learning processes work in tandem in L2 acquisition, resulting in a dynamic
interaction between them for the consolidation of implicit knowledge (R. Ellis, 1993;
1994; Vafaee et al., 2017). The second version espoused by R. Ellis (1993) posits that

explicit knowledge about a language structure may facilitate the development of
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implicit knowledge only if the learner is developmentally ready to acquire the linguistic
form, and when the instruction primes several key acquisitional processes such as
noticing the gap (e.g., Schmidt, 1990). This version of the weak interface draws on
notions of learnability and the attested developmental sequences in L2 acquisition (e.g.,
Pienemann, 1989; 1998a; 1998b; 2005). The learnability/teachability hypothesis claims
that L2 learners can benefit from classroom instruction only when they are
psycholinguistically ready for target language features (Pienemann, 1989). The third
version of the weak interface position, as espoused by Schmidt & Frota (1986) and
Sharwood Smith (1981), claims that L2 learners use “their explicit linguistic knowledge
to produce (presumably planned) output” (Bowles, 2011, p. 249), which, in turn,

becomes auto-input for their implicit system.

2.1.3 Controlled and automatic processing

Finally, there is no a one-to-one relationship between explicit/implicit language
knowledge distinction and controlled/automatic language processing. Explicit and
implicit language knowledge need not be conflated with and equated to the notions of
controlled and automatic language processing. Based on information processing
perspective, the acquisition of an L2 initially “requires the use of controlled processes
with focal attention to task demands but as performance improves, attention demands
are eased, and automatic processes develop, allowing other controlled operations to be
carried out in parallel with automatic processes” (McLaughlin et al., 1983, cited in
Akakura, 2009, p. 15). Therefore, the nature of language knowledge and the process of
acquiring that knowledge may best be represented as two separate (dichotomous)
dimensions: implicit <> explicit and controlled <> automatic. Consequently, both
implicit and explicit language knowledge may either be controlled or automatic.
According to R. Ellis (2009Db), the L2 information processing (Table 2.2) proceeds as

follows:

“Explicit knowledge is used initially with deliberate effort (A) but may later be
used with less effort and relative speed (B), provided the L2 user is
developmentally ready. Novel implicit knowledge is slow and inconsistent at
first (C) but may later become effortless (D) after form-focused practice or

meaningful communication. (Akakura, 2009, p. 16)
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Table 2.2. The Difference between Explicit/Implicit Knowledge and

Controlled/Automatic Processing

Type of Controlled Processing Automatic Processing
Knowledge

A B

A new explicit rule is used An old explicit rule is used
Explicit

consciously and with consciously but with

deliberate effort relative speed.

C D

A new implicit rule is used A fully learnt rule is used
Implicit without awareness but is without awareness and

accessed slowly and without effort.

inconsistently
Adopted from Akakura (2009, p. 15)

In summary, the distinction between implicit and explicit language knowledge with the
related three hypothetical interface positions has significant theoretical and pedagogical
implications for the role of explicit knowledge, exposure condition and linguistic
difficulty in L2 acquisition. To empirically investigate the effects of explicit instruction
in terms of explicit and implicit language knowledge, test measures that are designed to
distinguish between the knowledge types are required. These test measures are

discussed next.

2.1.4 Measurement of language knowledge

Researchers acknowledge that though the development of implicit language knowledge
is the primary goal of L2 acquisition, most L2 learners possess both implicit and
explicit language knowledge (R. Ellis & Roever, 2018). Consequently, it is difficult to
determine the type of knowledge they “deploy on particular occasions” (R. Ellis &
Roever, 2018, p. 3). This problem is further aggravated by the lack of direct ways to see
how language knowledge is represented in the learners’ mind. However, by examining
learners’ linguistic behaviour, researchers make inferences about the type of knowledge
that a learner draws on during any language performance. Based on the differences in
the representation and processing of implicit and explicit knowledge, the extent to

which the two knowledge types are involved in L2 performance is dependent on such
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factors as task modality, time pressure, task requirements, proficiency level, and length
and type of prior L2 study (R. Ellis, 2005a; Rebuschat, 2013; Roehr, 2008; Spada, Shiu,
& Tomita, 2015). For instance, “a written task administered without time pressure is
likely to result in greater access to and use of explicit knowledge, whereas an oral task
administered with time pressure is likely to encourage greater use of implicit
knowledge” (Spada et al., 2015, p. 724). Further, oral production tasks (OPTSs) that
impose relatively few constraints and encourage spontaneous and communicative use of
target language features are the most effective ways of eliciting the use of implicit
knowledge (Doughty, 2003; Norris & Ortega, 2003; both cited in Spada et al., 2015).
On the contrary, the following linguistic tasks focus learners’ attention on the language
itself: “(a) judging the overall grammaticality of a sentence, (b) identifying an
erroneous form of a sentence, (c) correcting an erroneous form of a sentence, (d)
explaining why a form is erroneous, (e) identifying named parts of speech in a
sentence” (Spada et al., 2015, p. 725), with (a) requiring comparatively the least and (d)
requiring comparatively the highest degree of the use of explicit knowledge. R. Ellis
(2005a) has presented what has been referred to as concrete proposals on how to
operationalize implicit and explicit language knowledge by means of various tests
(Akakura, 2009), and these proposals have been hailed as “a crucial moment in
rendering theories of implicit and explicit knowledge and learning testable” (Hulstijn,
2005, cited in Akakura, 2009, p. 25).

R. Ellis (2005a; R. Ellis & Loewen, 2007), building on Han and Ellis (Han & Ellis,
1998) and other previous studies (e.g., Birdsong, 1999; R. Ellis, 2004; Han, 1996;
Long, 2007; Singleton & Ryan, 2004), proposed the following three behavioural criteria
that are hypothesized to translate into how tests can be created so that they provide
relatively separate measures of the two knowledge types: the amount of time available,
with time pressure (implicit) vs. no pressure (explicit); the focus of attention, with
primary focus on meaning (implicit) vs. primary focus on form (explicit); and the utility
of metalanguage, not required (implicit) vs. encouraged (explicit). Further, R. Ellis
(2005a) proposed the following additional conditions that were hypothesized to
“provide supporting evidence that the test was in fact measuring what it purported to
measure” (Akakura, 2009, p. 26): the degree of awareness, responses by feel (implicit)
vs. responses by rule (explicit); systematicity, with consistent responses (implicit) vs.
variable responses (explicit); the degree of certainty in response, high (implicit) vs. low
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(explicit); and learnability, with early learning favoured (implicit) vs. later form-
focused instruction favoured (explicit). The summary of these criteria is in Table 2.3.

Table 2.3. Criteria for Measuring Implicit and Explicit Knowledge

Criteria Criterion Implicit Explicit Current understanding
suited for knowledge knowledge
Test design
1 Primary focus Meaning Form Empirical support
of attention (R. Ellis, Loewen, & Erlam,
2006)
2 Time available Restricted  Unrestricted Empirical support (Han &

Ellis, 1998; R. Ellis, 2005a).
Insufficient control as explicit
knowledge may not be totally
excluded (e.g. de Graaff,
1997).

Difficult to impose
consistently, particularly in
writing tasks (Erlam, 2003a;

2003b).

3 Metalinguistic  Not Encouraged Theoretical support (Elder &

knowledge required Manwaring, 2004)
Supporting
evidence

1 Degree of Response  Response Unreliable as dependent on

awareness according  according self-report.
to feel to rule

2 Systematicity ~ Consistent  Variable Empirical evidence for variable
of response explicit knowledge (Han, 1996)

3 Degree of High Low Empirically unsupported (R.
certainty Ellis, 2005a; Roehr, 2006)

in response
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4 Learnability Early Late Theoretical support (Birdsong,
learning explicit 1999; Long, 2007; Singleton &
favoured instruction ~ Ryan, 2004)

favoured

From Akakura (2009, p. 27).

In accordance with four of the criteria for distinguishing explicit and implicit language
knowledge, R. Ellis (2005a) developed the following five tests such that each was
predicted to “provide a relatively separate measure of either implicit or explicit
knowledge according to how it mapped out on these criteria” (p. 157; Table 2.4): the
Elicited Imitation Test (EIT), the Oral Narrative Test (ONT), the Timed Grammaticality
Judgment Test (TGJT), the Untimed Grammaticality Judgment Test (UGJT), and the
Metalinguistic Knowledge Test (MKT). Both the EIT and the ONT were predicted to
measure implicit knowledge. In these tests, responses “rely predominantly on feel”. In
addition to responding under time pressure, participants are also focused primarily on
meaning. Such design features are aimed at reducing the opportunity to access explicit
knowledge. Because the MKT is unpressured, focuses on form, and requires a very high
degree of awareness and use of metalinguistic knowledge, it was predicted to be the
best measure of explicit language knowledge. In the TGJT and UGJT, judgements on
the correctness of sentences require participants to focus attention primarily on form.
However, because the time-pressured TGJT encourages the use of feel with perhaps
little opportunity to access explicit knowledge, it was predicted to measure primarily
implicit knowledge whereas the unpressured UGJT, like the MKT, was predicted to

measure primarily explicit knowledge.

Table 2.4. Design Features of the Tests of Explicit and Implicit Language Knowledge

Criterion EIT ONT TGJT UGJT MKT
Degree of awareness Feel Feel Feel Rule Rule

Time available Pressured Pressured Pressured Unpressured Unpressured
Focus of attention Meaning Meaning Form Form Form
Metalinguistic knowledge No No No Yes Yes

From R. Ellis (20053, p. 157)

EIT = Elicited Imitation Test; ONT = Oral Narrative Test; TGJT = Timed
Grammaticality Judgment Test; UGJT = Untimed Grammaticality Judgment Test;
MKT = Metalinguistic Knowledge Test.
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Using principal component and confirmatory factor analyses, the test scores for 91 L2
participants and 20 L1 participants on 17 English constructions deemed difficult by L2
users were analysed to determine whether there are two underlying dimensions (implicit
and explicit) to L2 knowledge. The results revealed that there were indeed two separate
factors the five tests loaded onto: the EIT, ONT and TGJT which required unplanned
language use under speeded conditions loaded on one factor while the UGJT and MKT
which encouraged the use of analysed verbalizable explicit language knowledge loaded
on another. These results provided strong evidence that it is indeed possible to measure
explicit and implicit knowledge relatively separately by manipulating test conditions to
elicit one type of language knowledge over the other.

Several studies have been conducted to validate R. Ellis’ (2005a) and R. Ellis &
Loewen’s (2007) results. Erlam (2006), Bowles (2011), Ercetin and Alptekin (2013),
Gutiérrez (2013), Spada et al. (2015), Zhang (2015), and Godfroid et al. (2015) provide
further empirical support for the construct validity of the test battery in R. Ellis (2005a;
R. Ellis & Loewen 2007) as consisting of measures of implicit and explicit knowledge.
Further, R. Ellis (2005a; 2009a), R. Ellis and Loewen (2007), Zhang (2015), and
Godfroid et al. (2015) have also demonstrated that the UGJT grammatical and
ungrammatical sentences appear to measure different constructs, with grammatical
sentences drawing on implicit knowledge and ungrammatical sentences tapping into
explicit knowledge. Gutiérrez (2013) and Zhang (2015) have further shown that
irrespective of the time condition chosen, GJTs’ grammatical sentences tap into implicit
language knowledge whereas their ungrammatical sentences draw on explicit language
knowledge. Unlike Gutiérrez (2013), Godfroid et al. (2015) found the effect of
grammaticality only in the untimed condition of the GJTs. However, some research has
empirically shown that GJTs and EIT, because they allow for conscious attention to
language, are too coarse to be measures of implicit language knowledge, but that they
measure different levels of explicit language knowledge, namely automatized explicit
knowledge and less automatized explicit knowledge (Suzuki, 2017; Suzuki &
DeKeyser, 2015; 2017; Vafaee et al., 2017).

While the MKT is seen as the “best” measure of explicit language knowledge (R. Ellis,
2009c, p. 59), OPTs such as ONT in R. Ellis’ (2005a) test battery have, as pointed out
above, the greatest face and construct validity as measures of implicit knowledge

because they involve freely constructed responses involving the spontaneous use of an
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L2 in “continuous discourse and in a context that resembles real-life communication”
(R. Ellis, 20154, p. 427). However, OPTs have a major drawback. In addition to the fact
that some language features are more difficult to naturally elicit than others (Loschky &
Bley-Vroman, 1993, cited in Spada et al., 2015), it is challenging to design a structured
OPT that successfully elicits the grammatical structures targeted by form-focused
instruction (R. Ellis, 2015a). As the number of target grammatical structures included in
an investigation increases, it becomes increasingly difficult to design OPTSs that
successfully elicit all the structures. In the present study, a relatively large number of
grammatical structures, 14 in total, were targeted. Consequently, the EIT and TGJT
were employed as measures of implicit knowledge and the UGJT as the measure of
explicit knowledge. Reviewing a number of studies on the validation of implicit and
explicit knowledge measures, R. Ellis (2015a) points out that the EIT does not only
provide the most effective and convenient way of measuring learners’ implicit
knowledge but it also allows a task design that can elicit learner’s oral production on
any (number of) grammatical structures targeted. Despite the current unavailability of
pure measures of the explicit and implicit language knowledge, research has linked the
acquisition of the two language knowledge types to domain-general acquisition
processes as described in the next section.

2.2 Declarative and Procedural (DP) Memory Systems

Two different types of approaches, the single processes and the dual processes, have
dominated the neurocognitive research on memory systems. On the one hand, the
proponents of the single processes approach to memory system argue that there is only
one memory system that subserves all experiences (Lovibond & Shanks, 2002;
Mitchell, De Houwer, & Lovibond, 2009; Whittlesea & Price, 2001). On the other
hand, the dual-processes approach to memory holds that experiences are subserved by
multiple memory systems with functionally and anatomically separable neural circuits
(Evans, 2003; Foerde et al., 2006a; Lum, Kidd, Davis, & Conti-Ramsden, 2010;
McLaren et al., 2014; P. J. Reber, Knowlton, & Squire, 1996; Squire, 1992; 2004;
Squire & Zola, 1996; Ullman, 2001a; Ullman, 2001b). One model within the dual-
processes approach distinguishes between the declarative memory and procedural
memory (DP) systems. Squire (2004, p. 171) points out that a large amount of research
from about 1980 supports the view of multiple memory systems, with “evidence from

normal subjects, amnesic patients, and experimental animals demonstrating a
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fundamental distinction between the kind of memory that is accessible to conscious

recollection and another kind that is not”.

The DP memory systems are the most important two long-term memory systems in the
brain that support both language and non-language functions in humans and animals. In
contrast to working memory which holds information on the order of (a) second (s), the
DP memory systems can store information that can last from minutes to years (Lum &
Kidd, 2012). These two long-term memory systems are distinguished on two
dimensions: first, based on their functional differences in learning and memory
processes; and second, based on their dependency on distinct neurological structures or
brain systems. Regarding the origins of the DP memory systems, it is suggested within
cognitive neuroscience that the two long-term memory systems evolved because they
serve distinct and functionally incompatible purposes (Squire, 2004). To provide a
framework for the research design and interpretation of results, what follows is the
discussion of various conceptualisations of the DP memory systems and their

implications for L2 acquisition.

2.2.1 Declarative Memory.

Functionally, the declarative memory system is “the archetype of mainstream notions of
memory” (Carpenter, 2008, p. 3). It subserves the encoding, storage and retrieval of
semantic (facts) and episodic (events) knowledge (Lum et al., 2010; Squire, 1992;
2004). Subserving knowledge that is amenable to conscious reflection, the declarative
memory system is also referred to as explicit memory. The memory system encodes
information through creating associations between a representation and the related prior
knowledge (Eichenbaum & Cohen, 2001). Frequent exposure to a representation leads
to increased synaptic activation which in turn results in stronger representation and
faster and more accurate recall (Lovett et al., 1999; Cowan, 1999; Eichenbaum, 2002;
Engle, Kane, & Tuholski, 1999, all cited in Carpenter, 2008). Neurological research
suggests that “the ability to make associations is mediated by the hippocampus”
(Carpenter, 2008, p. 3). Because the declarative memory system has the ability “to
detect and encode what is unique about a single event” (Squire, 2004, p. 174), the

memory system is responsible for very rapid learning.
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The declarative memory system is the storehouse for both short-term and long-term
representations in which the initial storage relies on medial temporal lobe structures
while long-term storage is subserved by neocortical areas (Foerde et al., 2006a; Lum &
Kidd, 2012; Manns & Squire, 2001; P. J. Reber et al., 1996). The process to consolidate
or establish long-term representations from short-term stores may take months or even
years (Carpenter, 2008). The declarative memory system may have a limitless storage
capacity for representations (Carpenter, 2008). The retrieval of the stored
representations is dependent on the association of the representations: recalling a fact or
an event activates the associated information, making it more easily accessible (Cowan,
1999 cited in Carpenter, 2008; Eichenbaum, 2002). “Retrieval from the declarative
system, putatively a function of working memory, is thought to become more rapid and

less effortful with practice” (Carpenter, 2008, p. 4).

The primary neural correlates of the declarative system are the hippocampus and
parahippocampal area in the medial temporal lobe as well as in neocortical regions
(Eichenbaum & Cohen, 2001; Squire, Stark, & Clark, 2004). These correlates are also
responsible for the changes over time that characterise the declarative memory system
(Eichenbaum & Cohen, 2001; Eichenbaum, 2002; Fernandez et al., 1999; Sagarra &
Herschensohn, 2010; Schacter & Wagner, 1999). Initially, memory is mediated by the
parahippocampus. In the intermediate and final stages, memory is encoded and
sustained through a parahippocampal buffer and the hippocampus, respectively. In
normally developing individuals, IDs in declarative memory may arise from the
activation levels of neural substrates, lateralization (bilateral versus dominant in one
hemisphere), hormonal and gender differences (see Carpenter, 2008, for a brief

discussion on this).

2.2.2 Procedural memory

The following provides a working definition of, and an overview on encoding, storage,
retrieval processes, neural substrates, the process of change over time, and IDs in, the

procedural memory system.

The procedural memory system is defined differently in the fields of cognitive
neuroscience, psychology, and applied linguistics (Table 2.5). In this study, the

procedural memory system refers to a habit or skill system specializing in sequencing
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and serial processing such as playing the piano, riding a bicycle, skilled game playing,

swimming, and driving a car, and not to other implicit memory systems such as those

subserving conditioning, priming, and reflexive learning (Squire & Knowlton, 1994;

Ullman, 2001a; 2004). The procedural memory ability is often referred to as implicit

memory because neither the learning (encoding) nor the remembering (retrieval) of

procedures appear to be accessible to conscious memory (Lum et al., 2010; Manns &
Squire, 2001; P. J. Reber et al., 1996; Uliman, 2001a; 2001b)

Table 2.5. Definitions of the Procedural Memory System across Research Paradigms

Anderson (1993),
Cognitive Psychology

The ACT [i.e., Adaptive Control of Thought] model series
posits any manipulation of declarative units is handled by a
procedural system. The system functions through goal-driven
behaviour. Production templates for procedures are
strengthened with practice. The ACT procedural system
handles a broad range of functions. It is not tied to specified

neural correlates.

Flanagan et al. (2000),
Psychometrics

“Procedural knowledge refers to the process of reasoning with
previously learned procedures in order to transform
knowledge” (p. 30). This definition encompasses a wide range
of mental operations. It is used in psychometric paradigms

involving intelligence testing.

M. Paradis (2004)

Any implicit learning is characterized as “procedural,”

Psychology including lexical learning.
Skehan (1998), An L2 process has become “proceduralised” when the learner
SLA has achieved automaticity in using it (pp. 60-61). With

practice, learners use this non-conscious processing in
comprehending or producing the L2. Proceduralisation is not

tied to neural systems.

Squire and Knowlton
(2000),

Neuroscience

Many non-explicit memory systems are often termed
procedural, notably: skill and habit learning (striatal), priming
(neocortex), basic associative learning (amygdala or
cerebellar), and non-associative learning (reflex pathways).
However, procedural learning is used to refer solely to the

skill and habit learning system.

Adapted from Carpenter (2008, pp. 7-8)
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Procedural representations (knowledge) consist of procedures or routines (Conway &
Christiansen, 2001; Eichenbaum, 2002; Ullman, 2004) and, relative to declarative
memory, these routines are gradually encoded, with practice and without the benefit of
feedback (Carpenter, 2008; Lum et al., 2010). Once a skill is learned, it applies
automatically, rapidly, and reliably because the response is triggered by the stimulus
rather than being under any conscious control. Further, procedural routines tend to
operate not only in parallel without interfering with themselves or with explicit
processing but also without putting a heavy load on central processing capacity (K. E.
Stanovich, 2011). Thus, procedural knowledge is unconsciously retrieved while
performing the routine (Tulving, 2000). Because the knowledge is unconsciously
accessible, learners cannot accurately report or consistently replicate patterns learned
(Carpenter, 2008). The consolidation of procedural procedures is mediated by the
cerebellum and/or interactions between striatal and frontal lobe regions (see Carpenter,
2008). The neural correlates of the procedural memory system are in the basal ganglia,
cerebellum, and frontal, parietal, and temporal lobes (Squire & Zola, 1996; Uliman,
2001b; 2004; see Carpenter, 2008 for a brief discussion of these neural correlates).
While the initial procedural learning is described as data-driven and characterised by
errors as learners are simply reacting to events as they happen, the latter stage is
referred to as knowledge-driven and characterised by the emergence of pattern learning
with better accuracy and faster response times (Howard et al. 2004, cited in Carpenter,
2008).

Whether IDs exist in the procedural memory system is still contentious. On one hand,
there is research positing that IDs in the procedural memory system are minimal
relative to IDs in the declarative memory system. For instance, in his proposal of the tri-
process theory of mind, Stanovich (K. Stanovich, 2009; 2011) distinguishes the two
types of the (conscious) rational mind (i.e., the ‘‘algorithmic mind” and the “‘reflective
mind”) from the unconscious, implicit “autonomous mind”. 1Ds in the autonomous
mind are few relative to IDs in the rational mind. The few IDs in the autonomous mind
“largely reflect damage to cognitive modules that result in very discontinuous cognitive
dysfunction such as autism or the agnosias and alexias” (K. Stanovich, 2009, p. 59).
Similarly, Reber and his colleagues (A. S. Reber, 1989; 1992; A. S. Reber et al., 1991
also see P. J Reber et al., 1996, Lum & Kidd 2012, and Lum et al., 2010) argue that
“implicit cognition” (i.e., procedural memory) is an ability without or with minimal

meaningful IDs relative to IDs in explicit learning. In their experimental study
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investigating 1Ds in the implicit learning of an artificial grammar and the explicit
learning of a series-completion problem-solving task, A. S. Reber et al. (1991) found
substantial 1Ds between subjects on the explicit task but relatively small IDs in the
implicit task. They further found that their participants’ performance on the explicit task
correlated strongly with intelligence quotient while performance on the implicit task did

not.

On the other hand, research both in linguistic and non-linguist domains suggest that
procedural memory is an ability with meaningful IDs. Some experimental studies that
have employed behavioural measures (e.g.,Carpenter, 2008; Ettlinger et al., 2014;
Granena, 2013b; Kaufman et al., 2010; Kidd, 2012; Morgan-Short et al., 2014;
Tagarelli et al., 2016) provide considerable support for the fact that IDs in procedural
memory are meaningful. Neurological research also provides substantial evidence
suggesting IDs in the degree and distribution of neural activation of procedural
structures or substrates.! The research has shown that “[neural] activation in successful
procedural learners, relative to unsuccessful procedural learners, may increase,
decrease, or be redistributed” (Carpenter, 2008, p. 21). The following presents three
proposed DP models: Ullman’s DP model (e.g., Morgan-Short & Ullman, 2012;
Ullman, 2001a; 2001b; 2004; 2015; 2016; Ullman et al., 1997), Paradis’ DP model
(e.g., 1994; 2004, 2009), and Reber’s Implicit Learning Theory (e.g., A. S. Reber,
1989; 1992; A. S. Reber et al., 1991). The claims they make about the two memory

systems have different implications for L2 acquisition.

2.2.3 Declarative and Procedural (DP) Models and L2 Acquisition.

2.2.3.1 Ullman’s DP model.

Ullman’s DP model (e.g., Morgan-Short & Ullman, 2012; Ullman, 2001a; 2001b; 2015;
2016) makes two important claims regarding L2 acquisition. First, the model posits that
at the initial stage of L2 acquisition, the learning, representation and processing of
arbitrary language (i.e., the mental lexicon) and rule-based language (i.e., grammar) are
subserved by the declarative memory system and that with less experience (practice),

increasing age of exposure and strong declarative memory abilities, the grammar rule

1 Carpenter (2008) provides a brief discussion on this research.
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learning dependency on declarative memory may persist for some time and possibly
forever. In this model, the mental lexicon refers to the conceptual meanings of words,
their phonological forms and grammatical specifications (e.g., irregular morphology
and argument structure) and grammatically complex structures which are memorised as
chunks. On the other hand, rule-based grammar refers to all rule-computed structures,
across grammatical sub-domains, including phonology, morphology, and syntax. For
L1, the declarative memory system is posited to underlie the learning, representation
and processing of the mental lexicon while the procedural memory system underlies
rule-based grammar. This first claim of Ullman’s DP model suggests that only
declarative memory involvement will be evident in early stages of L2 acquisition while
evidence for procedural memory will be found only in data that isolate rule-governed

grammar at later stages of L2 acquisition (Carpenter, 2008).

The model also proposes that the declarative/procedural memory distinction and the
explicit/implicit knowledge distinction are not a one-to-one relationship. Although the
information learnt through procedural memory is implicit, knowledge learnt and stored
in the declarative memory need not be explicit. The declarative memory system may
also underlie implicit learning and knowledge. This is based on the redundancy
hypothesis which proposes that the two memory systems play at least partly redundant
roles such that “humans can learn sequences, rules, and categories implicitly in
procedural memory or explicitly (and perhaps also implicitly) in declarative memory”
(Ullman, 2016, p. 957). This claim suggests that the declarative memory system
involvement will be evident not only in the appropriation of declarative knowledge but

also in the representation of procedural language knowledge.

There is considerable empirical support for Ullman’s DP model. Carpenter (2008)
points out that the claims of the DP model were first articulated in L1 research in
patient populations. Ullman et al.’s (1997) study provides initial evidence for the DP
model; it found a double dissociation where impairment to the procedural memory
system (basal ganglia) as the result of Huntington’s and Parkinson’s diseases led to the
impairment in rule-computed (regular) morphosyntax, while the impairment of
declarative memory (hippocampus) as the result of Alzheimer’s disease resulted in the
impairment of memorised (irregular) morphosyntax. Since, neurological and
behavioural research have provided further evidence for the DP model in L1 and L2

acquisition. For overviews of this research see Carpenter (2008) and Ullman (2004). In

30



relatively recent times, empirical research (e.g., Hamrick, 2015; Kidd & Kirjavainen,
2011; Lum & Kidd, 2012; Morgan-Short et al., 2010; Morgan-Short et al., 2012;
Morgan-Short et al., 2014, discussed in section 2.6) provides further support for

Ullman’s DP model claims for L2 acquisition.

2.2.3.2 Paradis’s DP model

M. Paradis (1994; 2004; 2009) proposes a similar model to Ullman’s. As in Ullman’s
DP model, the declarative memory system sustains L2 vocabulary and early grammar
(i.e., grammar rules not yet internalised). In L1, vocabulary and grammar are subserved
by declarative memory and procedural memory, respectively. However, Paradis’ DP
model makes two important claims. The core argument of Paradis’s (2009) DP model is
that “items that are sustained by procedural memory for language are subserved by
neural substrates different from those that are sustained by declarative memory” (p. 13).
In Paradis’s DP perspective, unlike Ullman’s DP model claim, all grammatical aspects,
including the mental lexicon’s phonological forms and grammatical specifications (e.g.,
argument structure) and grammatically complex structures are subserved by the
procedural memory system. Paradis’s DP model makes a distinction between
vocabulary and lexicon. Vocabulary refers to sound-meaning correspondences of words
whose appropriation and representation is subserved by the declarative memory system.
The lexicon consists of grammatical features such as morphophonological rules and
argument structure, which form part of the speaker’s implicit competence (i.e.,
grammar) and, like the rest of the grammar, they are sustained by the procedural
memory system. This claim implies that the explicit-implicit, declarative-procedural
distinction is a one-to-one relationship and so is the explicit-implicit knowledge,
declarative-procedural memory distinction (i.e., all language knowledge appropriated
and represented in declarative memory is explicit while all language knowledge learned
and represented in procedural memory is implicit). Consequently, regardless of how
substantial the (in)direct influence may be, no interface exists between explicit

metalinguistic knowledge and implicit linguistic knowledge (Paradis, 2009).

Another claim of Paradis’ DP model is that learning condition is differential where
“[incidental] acquisition through practice is the only way to internalize implicit
linguistic competence” (Paradis, 2009, p. 7). For L1, all grammatical structures are

learned incidentally and sustained by procedural memory. For explicitly instructed L2,
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Paradis (2009) argues, there is not sufficient evidence that learners actually do acquire
(part of) the L2 grammar. Citing Roehr (2008) study that reports of a strong positive
relationship between L2 proficiency and L2 metalinguistic knowledge, Paradis asserts
that the speeded-up explicit metalinguistic knowledge accounts for the advanced
learners’ proficient use of L2 structures and vocabulary. This second claim therefore
suggests that the knowledge of explicitly instructed grammatical features will be

declarative and sustained by the declarative memory system.

2.2.3.3 Reber’s Implicit Learning Theory.

A. S. Reber’s (1989; 1992; 1993; A. S. Reber et al., 1991) implicit learning theory is
rooted in research in cognitive psychology independently investigating implicit
learning, implicit memory, and declarative and procedural knowledge. Like Ullman’s
and Paradis’s DP models, A. S. Reber’s implicit learning theory (forthwith Reber’s
implicit learning theory), proposes that declarative memory (or explicit cognition) and
procedural memory (or implicit cognition) sustain language learning. The theory’s core
argument is that implicit cognition is automatically associative and evolutionarily older
(by a considerable amount of time) than explicit cognition which is thought to have
developed later only with the rise of Homo sapiens (Kaufman et al., 2010; A. S. Reber
etal., 1991). Evolutionarily older forms and structures exhibit features that distinguish
them from the forms that develop later. Further, the model assumes that unconscious,
implicit processes are unaffected by the late arrival of explicit cognition and that these
two sets of consciousness continue to function independently. Therefore, Reber’s theory
takes the non-interface approach to the distinction between implicit learning and
explicit learning, on the one hand, and implicit (procedural) knowledge and explicit (or
declarative) knowledge, on the other hand. Thus, as is the case with Paradis’s DP
model, the explicit-implicit memory and declarative-procedural knowledge distinction

IS one-to-one (with no interface) in Reber’s theory of implicit memory.

Reber’s implicit learning theory also claims that unconscious, implicit learning is not an
ability. Since unconscious, implicit learning and memory are evolutionarily older
cognitive processes, they are (in addition to being resistant to disruption of function by
diseases and disorders and being insensitive to age and 1Q [intelligence quotient]
effects) stable with very few successful individual-to-individual differences relative to

those in the declarative memory system. Thus, only declarative memory is an ability
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with meaningful IDs. This claim is consistent with Krashen’s (1981) point of view
regarding L2 acquisition and learning contexts. Krashen proposed “that aptitude should
only predict learner success when emphasis is placed on formal accuracy and
metalinguistic explanations, which may promote more explicit learning processes and
the development of explicit knowledge” (Tagarelli et al., 2015, p. 225). A contrary view
was proposed by Skehan (2002) who suggested that aptitude is less important in
controlled and structured classroom environments, but it is more important in
naturalistic, informal and more demanding, environments as learners must rely on their
individual cognitive capacities (see DeKeyser, 2000; Harley & Hart, 1997; 2002; Ross,
Yoshinaga, & Sasaki, 2002)

Finally, Reber claims that implicit learning and memory are more effective when
learning complex, rule-governed knowledge (Kaufman et al., 2010; A. S. Reber et al.,
1991). This claim suggests that the procedural memory system will be more effective in
acquiring complex grammatical structures. This stands in stark contrast with the
semantically driven cognitive grammar proposition that “discovering and instructing the
conceptualizations of the form ... facilitate L2 acquisition, particularly in instances
when the L2 differs from the L1’ (Dirven, 1989, cited in Akakura, 2009, p. 11).

There is some empirical support for Reber’s implicit learning theory. A. S. Reber et al.
(1991) provide the initial empirical support for Reber’s implicit learning theory. The
study investigated the extent to which individual differences in performance were
observed in a group of 20 undergraduate subjects. They used two different tasks: an
implicit task, which was a standard artificial grammar learning task, and an explicit
task, which was a series completion problem-solving task. A. S. Reber and his
colleagues found minimal individual differences in subjects’ performance on the
implicit learning task relative to the task involving explicit learning. Robinson’s
(2005b) study confirmed these results. Reber et al. also found that the participants’
performance on the explicit task correlated strongly with intelligence quotient (1Q)
while the performance on the implicit task did not. Similar results are reported in
Gebauer and Mackintosh (2007) where learners’ performance on implicit learning
measures did not correlate with measures of intelligence only when instruction was

implicit.
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However, in recent years, some research reports that procedural memory is an ability
with meaningful IDs. For instance, Granena (2016), in a study in cognitive psychology,
investigated whether aptitudes for implicit and explicit learning are differentially related
to the two-main information-processing cognitive styles proposed by the dual-process
theories in cognitive psychology, namely rational-analytical and experiential-intuitive.
Rational-analytical information processing is assumed to be subserved by explicit
aptitude whereas experiential-intuitive information processing is subserved by implicit
cognitive processes (Granena, 2016). Aptitudes were measured by Llama subtests and
SRT; information processing styles were measured by the Rational-Experiential
Inventory (REI), a self-reported ability measure of the two independent processing
modes. The results showed a relationship between a rational-analytical profile and
explicit aptitude, as well as between an experiential—-intuitive profile and implicit
aptitude. Based on these results, Granena (2016) concluded that not only are implicit
and explicit (learning or processing) systems dissociable but they are also abilities with
meaningful IDs. Similar results are reported in studies such as Kaufman et al. (2010),
Granena (2013b) and Robinson (2002a; 2005b). See section 2.6 for a discussion this

research.

Since A. S. Reber et al.’s (1991) study, cognitive psychology and L2 acquisition
research has seen a surge in the number of studies investigating the association of IDs
in declarative and procedural memory abilities. It however remains an open question
whether implicit cognition is an ability with or without meaningful 1Ds relative to IDs
in the explicit memory system. Further, though the research has attempted to address
Reber’s claim that implicit learning is not an ability, it has largely ignored Reber’s
claim that a complex stimulus domain is amenable to implicit learning. Under the
approach that assumes explicit and implicit learning as dissociable, processes subserved
by implicit memory are assumed to be stored or represented only in implicit memory
system. Hence, Reber’s claim suggests not only that the representation of complex rules
is subserved by implicit memory but also that complex rules are accessible only as

implicit knowledge.

In summary, the present study aims to understand how these models and their
associated predictions explain the role of the two long-term memory systems in the
acquisition of L2 English grammar rules of varying complexity in instructed context.

The preceding review of literature links explicit learning and knowledge to the
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conscious, declarative memory system and implicit learning and knowledge to the
unconscious, implicit memory system. Reliable measures of declarative and procedural
memory are required to meaningfully address the relationship between the two long-
term memory systems and L2 acquisition. The following section presents the common
tests for measuring the memory systems and some related methodological

considerations.

2.2.4 Measures of memory systems.

The operationalisation of the two memory constructs is based on how information
retrieval processes proceed in either long-term memory system. The tasks measuring
the two memory systems are operationally distinguished by manipulation of the
instructions given to participants in a way that affects the retrieval of information
(Hulstijn, 2005). For the tasks designed to assess the declarative memory system,
participants are explicitly asked to recall past events or to recognise previously studied
events. Instructions for tasks designed to measure the procedural memory system
simply ask participants to perform the task as accurately and quickly as possible with no
reference to past events. Another important consideration regarding the testing of the
two long-term memory systems concerns the extent to which the memory systems are
domain specific (to language) or domain general (Carpenter, 2008). Described below
are several widely used behavioural tests of the declarative and procedural memory
systems, some are considered linguistic (i.e., verbal) measures and others considered

non-linguistic (i.e., non-verbal) measures.

2.2.4.1 Declarative memory measures.

There are several behavioural tests that have been used to measure the declarative
memory system. However, the MLATS5 Paired Associates (Memory) and Llama-B tests
are probably the most widely used measures. These two tests are said to be similar
because Llama-B is loosely based on the original vocabulary learning subtask of Carroll
and Sapon’s (1959) MLATS Paired Associates (Meara, 2005).
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2.2.4.1.1 MLATS Paired Associates (Memory).

Developed in the 1950s by Carroll and Sapon (Carrol & Sapon, 1959), the Modern
Language Aptitude Test (MLAT) is perhaps the best-known test of language learning
aptitude in L2 acquisition research. It is a paper-and-pencil test battery that consists of
five subtests. One of the subtests is the MLATS5 Paired-Associates which involves word
associations. It is the memory test of the ability to remember 24 Kurdish/English word
pairs which are memorised within a 4-minute timeframe (Dornyei, 2005). Testing
(which is untimed) involves presentation of a Kurdish word and five English
alternatives from which test-takers must choose the proper equivalent. All the five
alteratives are selected from the 24 words contained in the original list (Dornyei, 2005).
Therefore, the test measures the learners’ ability to form links in memory based on
explicit knowledge. Investigating IDs in learners’ language learning aptitudes in
implicit, incidental, rule-search and instructed learning conditions, Robinson (1997)
found that MLATS5 Paired-Associates significantly correlated with learners’
performance in rule-search and instructed conditions, conditions that enhance the
adoption of conscious learning strategies. In Carpenter (2008), the MLATS5 Paired-
Associates obtained marginally significant to significant moderate correlations with
other declarative and working memory measures and with learners’ language
knowledge scores at low proficiency when grammar learning in L2 is predicted to rely

on declarative memory.

2.2.4.1.2 Llama-B.

The Llama-B language aptitude test is one of the four Llama sub-tests, namely Llama-B
(a vocabulary learning test), Llama-D (a sound recognition test), LIama-E (a sound-
symbol correspondence test) and Llama-F (a grammatical inferencing test, Meara,
2005). It is a recall and recognition verbal test. As described in the Llama manual
(Meara, 2005), Llama-B is a simple vocabulary learning task which measures a
learner’s ability to learn relatively large amounts of vocabulary in a relatively short
space of time. Using picture stimuli, learners are asked to learn real words taken from a
Central American language which are arbitrarily assigned to the target images. After a
training phase involving memorising object-word pairings, test-takers are asked to
identify a correct image on a computer screen when presented with a word. Because
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Llama tests do not require any L1 input, Llama-B is independent of the languages
spoken by test-takers, and therefore suitable for use with learners of any L1.

In her exploratory validation study on the reliability of the underlying structure of
Llama sub-tests, Granena (2013a) reports an acceptable Cronbach’s alpha coefficient of
.76 for Llama-B. Further, Granena notes that Llama-B, Llama-E and Llama-F loaded
together with general intelligence (g), a construct that is biased towards attention-driven
explicit processes. In an experimental study with an artificial language, Hamrick (2015)
found that Llama-B correlated with learners’ explicit knowledge of syntax. He
interpreted the results as suggesting that declarative memory ability as measured by
Llama mediated the learning of the syntax. Other studies that have used Llama include
Granena (2016), Granena & Long (2013), and Abrahamsson & Hyltenstam (2008). In
these studies, Llama-B, Llama-E and Llama-F, the Llama sub-tests that are considered
measures of analysed, explicit learning ability, were found to correlate with the
measures of language knowledge that require an ability to think analytically. These
results provide strong evidence that the Llama-B task indexes the declarative learning

ability.

2.2.4.1.3 Continuous Visual Memory Task.

The Continuous Visual Memory Task (CVMT, Trahan & Larrabee, 1988) is probably
the most widely used non-linguistic measure of the declarative memory system. As a
test of visual recognition declarative memory, the CVMT is designed “to minimise
reliance on the verbal strategies or knowledge” (Morgan-Short et al., 2014, p. 60).
During training, test-takers view a series of complex, abstract designs at the centre of a
computer screen and then they are asked to indicate whether each complex abstract
design was novel (“new”) or had appeared previously (“old”). Some versions of the
CVMT require participants to respond orally while others require responses by pressing

a response key on a computer keyboard.

The CVMT has been used quite a lot in clinical studies. See Strong and Donders (2008)
for the discussion of the validity of the CVMT with participants with traumatic brain
injury; Vasterling et al. (2002) on attention, learning, and memory performances; and
Trahan et al. (1990) on the CVMT visual recognition memory in normal adults and

patients with unilateral vascular lesions. Investigating how individual differences in
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cognitive abilities account for variance in the attainment level of adult L2 syntactic
development, Morgan-Short et al. (2014) found that the CVMT was related to the
MLAT-V, another declarative learning ability measure while they were no such
relationships with procedural learning ability measures namely the Tower of London
task (TOL, cognitive skill learning) and the Weather Prediction Task (WPT,
probabilistic). Carpenter (2008) cites (i) clinical studies linking the CVMT to a wide
range of impairments involving declarative memory, such as Alzheimer’s disease, and
(1) neuroimaging studies that link the CVMT performance to medial temporal lobe
structures and declarative memory. In Carpenter (2008), the CVMT scores (visual
learning) correlated moderately with total scores on the California Verbal Learning
Test-11 (CVLT-II), the measure that indexes working memory, verbal learning, verbal
memory, semantic clustering, and serial clustering and was used to assess verbal
learning subserved by declarative me