I* National Library Biblioth
of Canada

Acquisitions and

ue nationale
du Canagda

Direction des acquisitions et

Bibliographic Services Branch  des services bibliographiques

395 Wellington Street
Ottawa, Onlario
K1A ON4 K1A ON4

NOTICE

The quality of this microform is
heavily dependent upon the
quality of the original thesis
submitted for  microfilming.
Every effort has been made to
ensure the highest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Some pages may have indistinct
print especially if the original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photocopy.

Reproduction in full or in part of
this microform is governed by
the Canadian Copyright Act,
R.S.C. 1970, c¢. C-30, and
subsequent amendments.

ada

*

395, rue Wellington
Qtiawa {Ontario)

Yout fily Vodees iviebronce

Ot Bty Notie 1dtidrence

AVIS

La qualité de cette microforme
dépend grandement de la qualité
de la thése soumise au
microfilmage. Nous avons tout
fait pour assurer une qualité
supérieure de reproduction.

S’il manque des pages, veuillez
communiquer avec l'université
qui a conféré le grade.

La qualité dimpression de
certaines pages peut laisser a
désirer, surtout si les pages
originales ont été
dactylographiées a laide d’un
ruban usé ou si l'université nous
a fait parvenir une photocopie de
qualité inférieure.

La reproduction, méme partielle,
de cette microforme est soumise
a la Loi canadienne sur le droit
d’auteur, SRC 1970, c. C-30, et
ses amendements subséquents.



ERRONEOUS ARTICULATORY ROUTINES:

A PERFORMANCE-PASED MODEL OF SBPEECH PRODUCTXION

by

Kathlesn Brannen

A thesis submitted to the Department of Linguistics
and the Graduate School of the University of Ottawa
in partial fulfilment of the requirements
for the degree of

MASTER OF ARTS

in

LINGUISTICS

© Kathleen Brannen, Ottawa, Canada, 1996



L et

Acquisitions and

Biblioth&que nationale
du Canada

Direction des acquisitions et

Bibliographic Services Branch  des services bibliographiques

395 Wallington Street
Ottawa, Ontario
K1A ON4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

395, rue Wellinglon
Cttawa (Ontario)
K1A ON4

Your e Votre 1élérence

Our hie  Nolto rdférence

L'auteur a accordé une licence
irrévocable et non exclusive
permettant a la Bibliothéque
nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de sa these
de quelque maniére et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
thése ‘a la disposition des
personnes intéressées.

L'auteur conserve la propriété du
droit d’auteur qui protége sa
thése. Nila thése ni des extraits
substantiels de celle-ci ne
doivent étre imprimés ou
autrement reproduits sans son
autorisation.

ISBN 0-612-07880-9

Canada




UNIVERSITE D’OTTAWA
UNIVERSITY OF OTTAWA




ABSTRACT

young children who learn a second larguage (L2) are able to
attain native pronunciation norms. However, L2 learners beyond
childhood rarely rid themselves of foreign accent. Various
hypotheses and models have been offered to explain such age-
related differences. Few of these explanations have addressed
the issue of perception/production asymnetries.

Neufeld’s research has demonstrated that some clder learners
evidence native-like knowledge of phonological distinctions at
the perceptual level, while unable to reproduce these
distinctions in output. This asymmetry led him to propose his
performance-based Pre- and Post-articulatory Verification model.
This model assumes that, although native-like phonological
representations may exist in the learner’s L2 system, last-second
morphophonological and phonetic adjustment may not take place
because of a developmentally induced shift in focus from low- to
high-level linguistic processing, i.e. to content and form.

This thesis elaborates upon Neufeld’s ideas by centering on
articulatory realization of phonetic specifications derived in
the ultimate stage of sentence planning. It is suggested that,
in order to meet real-time constraints, frequent and well-
practiced articulatory sequences are eventually encoded as
rapidly accessible routines. These routines are packaged
instructions which translate phonetic representations into
articulatory goals. This extension of Neufeld’s model seeks to
explain much of foreign accent in adolescent and adult L2

learners as the result of entrenched erroneous motor routines.
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CHAPTER ONE
1.1. Introduction

The persistence of foreign accent in second language speech
is a phenomenon that has challenged researchers and educators for
some time. Normal children always achieve community standards in
their first language (Ll). Likewise, children who learn a
second language (L2) at a very early age are able to attain
native norms at all levels including pronunciation; however,
those who have begun learning an L2 as adults rarely achieve
native-like status, especially with respect to pronunciation
skills.

Anecdotal reports as well as empirical evidence suggest that
although learners may gain mastery of other aspects of L2
grammar, such as syntax and morphology, accent-free speech, even
for advanced learners, appears to be exceptional (Makkai, 1976;
Ioup, 1984; Neufeld, forthcoming). Some researchers claim that
native-like pronunciation is in fact impossible for older L2
learners (Scovel, 1988; Patkowski, 1990). Scovel (1981) has
labelled this the “Joseph Conrad" phenomenon, after the Polish-
born avthor who wrote so eloguently in English, his third
language, and yet apparently retained a strong accent from his Ll
throughout his life.

Some studies have shown that young children are more likely
to ultimately attain native-like pronunciation than are older
children and adults when length of study/exposure and other

factors are controlled (Asher & Garcia, 1969/1982; Fathman, 1975;




seliger, Krashen, & Ladefoged, 1975/1982; Oyama, 1976/1982;
patkowski, 1980; Tahta, Wood, & Loewenthal, 1981). These studies
point to an age advantage for L2 pronunciation abilities: the
younger the better.

Various explanations attempt to account for age-related
differences in level of L2 attainment. As we shall see in detail
in Chapter 2, the best known explanation which addresses these
findings is the Critical Period hypothesis (Penfield & Roberts,
1959; Penfield, 1965; Lenneberg, 1967; Scovel, 1969; 1981; 1988;
Lamendella, 1977; Patkowski, 1990). The Critical Period
hypothesis (CPH) predicts that native-like pronunciation should
be impossible for older 12 learners due to age-related structural
changes in the brain.

The CPH developed mainly from neurological evidence which
showed that young children seem to recover from aphasia; whereas,
the prognosis for adults with comparable injuries is pessimistic
(Penfield & Roberts, 1959; White, 1961; Basser, 1962; Smith,
1966; Kinsbourne, 1971). It was hypothesized that children’s
brains retain a certain "plasticity," which disappears after
puberty. It is this plasticity which allows the child to reach a
high ievel of pronunciation accuracy in his/her L2.

Another explanation for age-related differences in L2
ability -- with primary focus on syntax, morphology, and
semantics -- involves factors attributed to cognitive maturation
(Rosansky, 1975; Krashen, 1982; Felix, 1981; 1985). As we shall

see in Chapter 2, such accounts attribute the inability to
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acquire native-like linguistic abilities to the language-specific
acquisition system either having to compete with (Felix, 1981;
1985) or being supplanted by (Rosansky, 1975) a developing nen-
language-specific cognitive system. This change in the
acquisition process is attributed to cognitive changes associated
with Piaget’s "formal operations stage" which coincides with the
onset of puberty. Proponents of this view postulate that the
increasingly powerful deductive and analytic skills of the
adolescent interfere with the language learning process in that,
instead of being acquired strictly via the language acquisition
device (Chomsky, 1959), the second language is analyzed by a more
general problem-solving systen. Since this more general
cognitive system is not fully equipped to deal with language, the
older L2 learner will find it very difficult to attain native-
like mastery of the target language (TL).

In addition to these hypotheses, other explanations have
been put forth to account for the phenomenon of foreign accent.
one obvious difference between younger and older L2 learners
which most likely contributes to accented speech is the existence
in older learners of an already well-established Ll system. This
entrenched system may induce the older learner to analyze the L2
via the structure of their Ll. Such a strategy would lead to the
superimposition of Ll phonological patterns upon L2 sounds, thus
leading to accented speech. This phenomenon is usually called
negative transfer, and was the basis of the Contrastive Analysis

approach to foreign accent (Weinreich, 1953; Lado, 1957). As we



shall see in Chapter 2, although there have been several other
accounts put forth to explain the etiology of foreign accent,
negative transfer or interference from the first language is the
major source (Briére, 1966; Nemser, 1971; Johansson, 1973;
Dickerson, 1977; Tarone, 1972; 1987a; 1980/1987b).

Yet other factors which have been implicated as contributing
to foreign accent are psychological, social, and emotional
variables (Guiora, Brannon, & Dull, 1972; Taylor, 1974; Vigil &
Oller, 1976; Guiora, Acton, Erard, & Strickland, 1980). It has
been variously proposed, for example, that older learners are
more inhibited than children when speaking the L2 (Guiora, Acton,
Erard, & Strickland, 1980) and/or may be less motivated to become
fluent in their L2 (Gardner & Lambert, 1972).

It has been 30 years since the idea of a critical period for
language acquisition was first introduced. In that time, we have
not advanced very far in our understanding of age-related
differences in 12 speech. There are several possible reasons for
this.

one important reason for lack of progress in research
regarding the effect of maturational changes upon L2 proficiency
is the presence of many complex, interacting factors. During the
maturational process, so many changes take place that it is
difficult to isolate the contribution of one particular factor,
be it biological or cognitive. For example, in order to isolate
possible neurophysiological influences, it iz necessary to

control for cognitive, psychological, social, and motivational



changes which co-occur with maturation. It is extremely
difficult, if not impossible, to control for all these factors in
experimental paradigms. This obstacle has impeded second
language researchers from rigorously testing the CPH, thus
leaving it as an a_priori (but nevertheless intuitively
plausible) assumption.

A second and obvious reason for lack of progress in research
concerning the neurologically-based CPH is the inability to
directly test it. Knowledge of visual processing in human beings
has greatly progressed, thanks to the virtual identity of visual
processing systems in genetically close primates. The same does
not apply, however, to articulatory production. Even if we had a
theory of the neuroanatomy of the speech production process, we
would be unable to physically test it on normally functioning
human brains.

A more important problem with maturational accounts of age-
related differences in second language proficiency lies in their
failure to specify which grammatical features in acquisition are
affected, and more importantly, why.

Proponents of the critical period have not been akle to
elaborate on the hypothesis much more than did Lenneberg (1967)
and Scovel (1969). The CPH has remained vague. One problenm lies
in Scovel’s (1969; 1988) refinement of the hypothesis, wherein he
claims that neurophysiological changes only affect the
phonological/phonetic component of the grammar. Why it is that

we would observe deficiencies at the level of phonolegy, without




similar consequences at other levels of the grammar such as
syntax and semantics? If failure to attain native-like
pronunciation is the result of learnability constraints, why
would these constraints be limlted to phonology? The
phonological component is as much a part of the language=-specific
system as these other subsystems; it has been shown to be subject
to systematic constraints or rules, as have the syntactic,
morphological, and semantic components. Why then would the
phonological component be singled out as unacquirable in later
life? Any theory or hypothesis of second language acquisition
(SLA) must address this issue.

Another area in which traditional maturational accounts
lack precision is in the elaboration of the exact cause of
foreign accent. In other words, just what aspect of the
linguistic system is involved in the phenomenon of foreign
accent. Are there performance deficiencies at the perceptual
level (Flege, 1980; 1981; 1985; 1986; 1987; 1990)? Is the older
learner unable to perceive phonological and/or phonetic contrasts
in the L2, while at the same time retaining articulatory skills?
or does the problem lie in the inability to internalize a second
phonological code, with perceptive and productive skills
remaining intact? Or could it be that the problem does not lie
at the level of perception, nor in the inability to acquire a new
phonological code, but instead involves difficulties in
translating native-like phonological representations into native-

like articulation?

il



Most discussion on age-related differences in SLA fails to
make such distinctions between competence and performance.
Output is assumed to represent the state of the internalized
grammatical knowledge of the L2 speaker. While this assumption
may, in large part, be valid for performance in one’s first
language, extrapolation to L2 performance may not be warranted.
Pronunciation of one’s first language remains relatively steady
under differing conditions, whereas, L2 productive performance is
subject to more variability. For instance, Il pronunciation
tends to remain stable in stressful situations and/ox during the
production of complex utterances. However, under similar
circumstances, L2 pronunciation tends to be somewhat more
variable. Empirical evidence has indeed shown that the older L2
learner’s performance is not necessarily an accurate reflection
of his/her competence. Neufeld (1988) showed that perceptual
capabilities can far exceed productive performance in older L2
learners. Guiora, Brannon, & Dull (1972) have shown that small
amounts of alcohol can have a positive effect on articulatory
performance in L2 learners, thus suggesting that learners’ true
competence does not necessarily surface in all situations. We do
not observe the same degree of fluctuation in the production of
first language speech. Therefore, the assumption that
performance in the L2 speech of the older learner reflects
his/her competence is premature.

This failure to be sufficiently explicit may actually
inhibit the development of testable hypotheses in the field of



adult SLA. If we define proficiency in L2 as encompassing both
internalization of the code as well as the capacity to use that
code in a native-like manner, then researchers must be careful to
focus on the precise nature of any proposed deficiency.

It is of considerable theoretical importance whether an
enduring foreign accent involves incomplete acquisition of the TL
phonological code or whether it is the result of an inability to
access or otherwise use native-like representations in real-time
communicative situations. If foreign accent is the result of
learnability constraints on the older L2 learner, then theories
which predict age-related differences in the ability to acquire
higher-level grammatical subsystems of a new linguistic code
would receive indirect support.

on the other hand, if it can be shown that L2 learners in
fact are not compromised in their ability to acquire the
phunological code of the TL grammar, then we may seriously
question the status of theories such as the CPH and traditional
accounts of cognitive maturation. Both the CPH and cognitive
maturation hypothesis state that the older learner will be
somehow compromised in his/her ability to acquire a new
linguistic code, be it due to biological or cognitive
constraints. The Critical Period hypothesis, as elaborated by
Scovel (1969), applies only to pronunciation abilities of L2
learners. However, if learnability problems impede the L2
learner from acquiring native-like phonology, one would expect

this to apply to otber linguistic levels as well. Therefore,




this line of reasoning leads to an a_priori rejection of this
revised version of the CPH. Evidence of native-like phonological
representations in older L2 learners (Neufeld, 1988) further
weakens the CPH. If accent is due to performance problems at the
level of production rather than competence lacunae, then it would
be reasonable to assume that the L2 learner can, in fact, attain
native-like mastery of higher linguistic levels such as
morphology and syntax as well.

Traditionally, the study of language acquisition has focused
on acquisition of the code (competence). This is only natural
since most of the work on acquisition has focused on the first
language, and as mentioned earlier, productive performance in
one’s native language is generally a reliable indication of the
state of one’s acquired competence. However, in light of the
discussion in the previous section, it might be worthwhile
including performance phenomena within the scope of acquisition,
especially in the field of second language research.

There are at least two researchers in the field of SLA whose
work focusses on the role of performance phenomena in foreign'
accent. Flege (1980, 1981, 1985, 1986, 1987, 1990) has put forth
a hypothesis which relegates the problem of accent to perceptual
strategies. He states that older L2 learners tend to classify L2
sounds with L1 sounds that are phonetically close. Flege’s
hypothesis predicts that L2 sounds without a counterpart in the
L1, e.g., French /il/ for English speakers, will be correctly

articulated because they will not be perceived as belonging to an
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L1l phonological category. We will examine Flege’s work in
further detail in Chapter 2.

Wwhereas Flege attributes foreign accent to perceptual
strategies, Neufeld (1980, 1988) postulates that accented speech
may be due to constraints on production. His (1988) work which
demonstrated perception/production asymmetries has led him to
seek answers to the persistence of accented speech in older L2
learners in the area of productive performance.

While Neufeld believes that cognitive maturation plays a
central role in adults’ inability to rid themselves of foreign
accent, his hypothesis differs in one crucial aspect from
traditional explanations based on cognitive maturation. The
latter claim that the increasingly powerful deductive and
analytic powers that accompany maturation interfere with the L2
learner’s ability to acquire the code. Neufeld, however,
believes that these reasoning powers do not interfere with the
acquisition of competence as such, but rather with the adult’s
ability to use that competence in real-time speech production.

As Neufeld’s data has shown, phonological competence and
perceptual acuity in L2 can both be native-like, and yet accent
still persists. This seems to indicate that there is something
interfering with the translation of representations into output.
He hypothesizes that increased abstract reasoning powers cause
older L2 learners to become preoccupied with grammatical
structure and semantic content of the message, at the expense of

articulatory precision. As we shall see in detail later, foreign
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accent may result from the bypassing of pre-articulatory
verification and dependence instead on erroneous motor routines
formulated during L2 learning.

The more well-known models of speech production {Fromkin,
1971; Garrett, 1975; 1984) have 1ittle to say about what
processes take place between the phonological specification of
utterances and their actual articulation. For instance,
Fromkin’s 1971 Utterance Generator incorporates a level where
phonological rules apply, producing fully specified phonetic
units which are mapped onto motor commands to the articulators.
There is little detail specified beyond this. Some more recent
models incorporate pre- and post-articulatory editors (Baars,
Motley, & MacKay, 1975; Levelt, 1989), but do not elaborate on

the possibility of articulatory routines.

1.2. Objectives

The goal of this thesis is to elakorate upon existing models
of speech production in order to provide a partial explanation
for why it is that adults seem to have so much difficulty in
ridding themselves of their accented speech. It is hoped that
the contribution made here will shed some light on how it is that
some older L2 learners demonstrate native-like phonological
competence, while at the same time producing non-native-like

pronunciation.
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1.3. Outline

In Chapter 2, we will begin with a critical review of the
1iterature which addresses foreign accent, assessing the merits
and shortcomings of different proposals. Chapter 3 will look at
some current models of speech production, and examine the
theoretical and empirical motivation for each, with particular
emphasis on the later stages in the production process. In
Chapter 4, we will elaborate upon Neufeld’s Pre- and Post-
articulation Verification Model, attempting to incorporate it
into existing production models. This extension is intended to
provide a partial explanation for the persistence of foreign
accent in older L2 learners. We will provide a detailed
examination of the hypothesis which holds that once an adequate
level of articulatory proficiency is reached, erroneous
articulatory patterns fossilize. It is claimed that, through
continual use, these patterns become unitized in the form of
motor routines. Motor routines are packaged procedures and
instructions which determine vocal tract configurations. Once
encapsulated within a motor routine, these instructions become
entrenched. Reliance upon these erroneous routines is deemed to

result in the production of accented speech.
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CHAPTER TWO

EXPLANATIONS FOR POREIGN ACCENT: A REVIEW OF THE LITERATURE

2.1. Introduction

Most people who have embarked upon the task of learning a
second language (L2) after the age of 10 or 11 will attest to the
jimmense difficulty in ridding themselves of their foreign accent.
Even after many years of naturalistic and/or classroom exposure
and practice in L2, these learners seem unable to achieve native-
like articulatory status, despite the fact that they may well
have native-like abilities at other linguistic levels such as
syntax and vocabulary.

The causes of such age-related difficulties at the level of
pronunciation have yet to be adequately explained. Even after
many years of research, there are fundamental questions which
remain unanswered. Is articulatory deviance the result of
different perceptual strategies employed by the adult learner?
Are adults compromised in their ability to learn new phonological
or phonetic representations and/or modify existing ones? Does
the problem lie in the inability to implement native-like
phonological rules and representations in real-time communicative
situations? Finally, what is special about the
phonological/phonetic component that makes it so difficult for
older L2 learners to achieve native-like proficiency as compared
to higher linguistic subsystems? These are questions which
regquire answers if we are to advance our knowledge of the second

language acquisition process.
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In this chapter we shall critically review the various
hypotheses, models, and empirical evidence which have been
offered in an effort to explain the causes of foreign accent as
well as its perseverance in the speech of the L2 learner who is
past 10 years of age. Explanations for the etiology of adult-
child asymmetries fall into four general categories:
neurophysiological, cognitive, social/sociopsychological, and
psycholinguistic. 1In the following sections, we will look 2t
each of these in turn and discuss what we view as the merits and

shortcomings of each.
2.2. Neurcphysiological Explanations

2.2.1. The Critical Period Hypothesis

During his work at the Montréal Neurological Institute, Dr.
Wilder Penfield, in collaboration with several colleagues,
developed a method of "mapping" the brain in order to delimit the
cortical speech areas. This method was used in order to avoid
excising these areas during surgery to correct focal epilepsy.
As well as helping those patients in his care, this cortical
mapping procedure and related study led Penfield and his
colleagues to formulate hypotheses about the neurophysiology of
language and speech mechanisms. Through his work, he observed
that young children who had sustained massive lesions to or had
undergone hemispherectomies of the language-dominant left
hemisphere were more likely to recover their language abilities

than were adults with corresponding insults. This led him to
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suggest that children retain the capacity to relearn language in
the non-dominant right hemisphere if injury occurs early enough
in life. According to Penfield, adults seem to lose such
"plasticity," therefore recovery of language in adults would
involve re-engaging the dominant left hemisphere, rather than
relearning in the right.

In 1967, Eric Lenneberg proposed a biologically-based
wcritical period" for language learning. This hypothesis was
based on various findings. One source of evidence for the CPH
was from the work on aphasia by researchers such as Penfield
(1965) and Basser (1962), who found that children are able to
recover from lesions to or hemispherectomies of the left
hemisphere, whereas after puberty, such recovery seems no longer
possible. In cases where Wada tests (anaesthesia of one
hemisphere) were performed on these young patients, it was shown
that the right hemisphere seemed to have taken over the function
for language. This was not so for the post-pubertal patients.
Further evidence came from studies on children with Down’s
Syndrome (Lenneberg, Nichols, & Rosenberger, 1964) which
demonstrated that language development steadily progressed --
albeit at a slower rate than in the normal population ~- until
puberty, when progress reached a standstill. Still further
evidence came from studies on pronunciation abilities of patients
with acquired versus congenital deafness (Fry, 1966}).

Based on these various findings, Lenneberg suggested that

the age span from two years until puberty represents an optimal
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period whereby human beings retain an

jnnate flexibility for the organization of brain functions

to carry out the complex integration of subprocesses

necessary for the smooth elaboration of speech and language.

After puberty, the ability for self-organization and

adjustment to the physiological demands of verbal behavior

quickly declines. (Lenneberg, 1967:158).

Lenneberg concluded that the infant’s brain is equipotential,
i.e. neither hemisphere is functionally specialized, and that
with cognitive maturation the brain becomes increasingly
specialized through neuronal changes, with speech eventually
becoming fully and permanently functionally lateralized to the
left hemisphere by the time of puberty. Termination of
organizational plasticity at the age of 12 or 13 years was deemed
to represent the end of a critical period for optimal language
acquisition.

Scovel (1969; 1981; 1988) introduced modifications to the
Critical Period hypothesis by restricting the effects of
lateralization to foreign accent. He claims that native-like
pronunciation is impossible for second language learners past
puberty, the upper limit of the critical period. Scovel proposes
that older L2 speakers may aspire to native-like status at higher
linguistic levels such as syntax and semantics, but not at the
level of articulatory proficiency. He has labelled this the
"Joseph Conrad" phenomenon, after the Polish-born author who
wrote so eloquently in English, his third language, and yet
apparently retained a strong accent from his first language

throughout his life. Scovel suggests that the reason that

pronunciation is the only aspect of the linguistic system to be
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compromised after the CP is because it "is the only part of
language which is directly ‘physical’ and which demands
neuromuscular programming....All other aspects of language are
entirely ‘cognitive’ or ‘perceptual’ in that they have no
physical reality...." (Scovel, 1988:62). He suggests that
perhaps there is a selectional advantage (in the Darwinian sense)
for the inability to acquire native-like sound patterns after
puberty. Based on work by Hill (1972), Scovel (1981; 1988)
speculates that foreign accent may have been important in our
evolutionary history, from a reproductive point of view, in order
to identify us as members of a particular demographic group.

The equation of the CPH with completion of lateralization
came under criticism when it was discovered that lateralization
is in fact complete much younger than puberty (Kimura, 1963;
Geschwind, 1970; Knox & Kimura, 1970; Geffner & Hochberg, 1971;
Krashen, 1973). For instance, Krashen (1973) reanalyzed some of
the data which Lenneberg (1967) relied upon in formulating his
hypothesis. In particular, re-examination of data from Basser
(1962) indicated that functional specialization for language in
the left hemisphere is evident as early as five years of age.
Krashen found that all cases of right hemisphere damage resulting
in aphasia occurred prior to five years old. Therefore, if the
brain is "plastic" with respect to language function until
puberty, Krashen showed that plasticity is not correlated with
lateralization.

Recent work has in fact demonstrated that cerebral
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asymmetries may be present at birth and even pre-natally (Entus,
1977; Wada & Davis, 1977; Molfese, 1977; Best, 1988; see Springer
& Deutsch, 1988 for discussion). If correct, these findings
compromise the position which links decline in pronunciation
abilities after puberty with functional lateralization. It
should be noted, however, that there is increasing evidence for
the possibility of persistent foreign accent in speakers over six
years old (Flege, 1991). If this is the case, then the link
between earlier lateralization and foreign accent may be
salvaged.

Other researchers have suggested that cerebral plasticity
may not be due to lateralization at all. Whereas Lenneberg
(1967) and Scovel (1969) associate loss of plasticity with
lateralization of linguistic functioa to the left hemisphere,
some believe it is due to other aspects of cerebral maturation
(Seliger, 1978). For instance, Seliger has proposed the Multiple
Ccritical Periods hypothesis based on findings from neurological
research relating to myelination of axonal fibres and thickening
of the corpus callosum (which joins the two hemispheres).

Because of the differing timetables involved in the completion of
biological development for areas of brain purported to subserve
different lingquistic levels -- with those areas subserving
articulation being completed first -- Seliger suggests that each
component of the linguistic system has its own "critical period."

Myelination of axonal fibres in particular has reéeived

considerable attention in recent literature on the CPH.
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Myelination refers to the formation of lipid matter around
neuronal axons (Abuhamdia, 1987), which creates a sheath which
functions as insulation for conduction, much as insulation on an

electric cable. Lecours (1975) states that

the development of myelin in the sheaths of a fiber system
has become space-committed in an invariable path...the fiber
system that has completed its myelogenetic cycle may be
assumed to have reached functional maturity (Lecours,

1975:122) .

The chronicity of the myelination process has led certain
researchers (Maxwell, 1984; Abuhamdia, 1987) to propose that
foreign accent may be due to early myelination of the Golgi type

I neuronal cells present in the motor area for speech.

2.2.2. iric ence for the tical Period Hypothesis
Since Lenneberg’s and Scovel’s initial elaborations of the
CPH, many studies have investigated the role of age as a
determinant of degree of foreign accent. Asher & Garcia
(1969/1982), Seliger, Krashen, & Ladefoged (1975), and Oyama
(1976) found a negative correlation between the degree of foreign
accent and age of arrival in the United States for groups of
immigrants who varied in age from six to 19+ years of age.
Fathman (1975) had similar results for children ranging in age
from sBix to 15 years of age who were learning English in a
naturalistic setting. Naturalistic exposure is an important
variable in these types of tests since it is assumed that only
the language-specific acquisition system is activated by
naturalistic stimuli whereas classroom learning may implicate

other more general cognitive systems. Cochrane (1980) found
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children outperformed adults in both production and perceptual
apilities. Cochrane & Sachs (1979) discovered that children were
petter than adults in an imitation task, but showed no such
superiority in their ability to learn a Spanish phonological
stress rule. This may indicate that children are better
imitators, but not necessarily better in acquiring phonolegical
rules.

These studies are interesting in that they confirm anecdotal
reports of the superiority children have in approximating native
normg in L2 pronunciation as opposed to those learners who have
embarked upon L2 learning after puberty. However, they are
purely of descriptive value and shed little light on the possible

causes of such age-related differences.

2.2.3. Critigue of the Critica) Period Hypothesis

The CPH, as outlined above, is one of the most widely held
and enduring positions accounting for the tenacity of foreign
accent with respect to the older L2 learner. The reasons for
this are evident. It makes good intuitive sense. Beginning with
Chomsky’s 1959 critique of B.F. Skinner’s Verbal Behavijor,
linguists and those from other disciplines as well have
convincingly shown that the capacity for language is innately
determined. For example, evidence has been amassed which has
shown first language development to follow a biologically
determined schedule, one that is independent of that of other
cognitive functions. This, along with the fact that all normal

children who are exposed to language eventually speak that
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language in a way that makes them indistinguishable from their
ambient linguistic community, strengthens the concept of a
biologically-determined first language acquisition schedule.
With regard to second language learning, however, the situation
is less clear.

Lenneberg’s 1967 description of a critical period for
language was intended to apply to first language acquisition.
one might therefore question whether the CPH as elaburated by
Lenneberg and Scovel is applicable to L2 acquisition. Since the
neural systems subserving language functions have already been
activated in Ll learning, it is possible that the linguistic
capacity remains available for the learning of subsequent
languages. This has been termed the nExercise hypothesis" (see
Johnson & Newport, 1989 for discussion). In fact, Lenneberg
himself briefly addressed this issue. Although he felt that
acquisition of a foreign language is compromised after puberty,
-,particularly with respect to foreign accent, he did feel there is
*féome validity to what was later termed the Exercise hypothesis.
In addressing the fact that many older learners bhecome quite '
proficient in their L2, he states:

...[W}e may assume that the cerebral organization for

language learning as such has taken place during childhood,

and since natural languages tend to resemble one another in

many fundamental aspects...the matrix for language skills is

present. (Lenneberg, 1967:176)

The fact that foreign accent is a wide-spread and persistent

characteristic of the L2 speech of older learners certainly is

strongly suggestive of some neurophysiological implication in L2
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learning. The strong version of the CPH (Scovel, 1988) predicts
in fact that no one can hope to achieve native-like status in
pronunciation when learning commences after puberty. However,
there is evidence that this may not be so. Hill (1970) has
claimed that native-like accent is possible after puberty if
cultural factors are favourable. Salisbury (1962) provided
evidence of native-like articulatory proficiency in second
language speakers of New Guinea, where multilingualism is
necessary and desirable. Other studies have also shown that
adults are capable of achieving native-like articulatory status.
Neufeld (1977, 1978, 1979, 1980, 1988) has demonstrated that in
laboratory-controlled conditions, learners are capable of passing
as native speakers in many cases. Furthermore, the strong
version of the CPH fails to account for the variability in L2
proficiency found in older learners; instead it implies a uniform
application.

Despite the intuitive appeal of the CPH, little
progress has been madé in this area during the 30 years since
this hypothesis was first proposed. There are several reasons
for this. First, as mentioned earlier, the CPH has remained a
largely speculative proposal. Since the CPH is not explicit
regarding the nature and effects of age-related differences in L2
proficiency, those studies which have found evidence of such
disparities can only be of descriptive value. For example, the
correlations made between "degree of accent" and "age of arrival"

in the host country are not indicative of a causal relationship
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between the two variables. It is quite possible, for instance,
that oider immigrants may be disinclined to rid themselves of
their accented speech because of a desire to remain within their
own ethnic community.

Oother evidence which has been taken as support for a CP is
from pathology. Extrapolation from studies on brain damaged
patients to the normal population is risky due to individual
differences in neuropathological history as well as the
omnipresent possibility that the damaged brain operates in a
fundamentally different way than does the normal brain. Tae
functional relevance of such processes as myelination are still
poorly understood, and evidence for neurological changes
corresponding to the proposed cut-~off ages for articulatory
proficiency is largely lacking at this time (Whitaker, Bub, &
Leventer, 1981).

Second, some theorists propose a relatively sudden loss of
ability (whether it be at age six or at puberty), but
neurological development seems to follow a much more gradual
course. For example, Lecours has shown that myelination is a '
progressive process, and suggests that the perfection of
linguistic abilities may likewise follow a progressive course
(1975:129). Also, it is still unclear whether proposed
neuroleogical changes are (a) the cause of foreign accent, or (b)
coincidental with other maturational changes which are themselves
the cause of foreign accent, or (c) correlated with consolidation

of the first language system. This point is important because
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effects attributed to neurobiological factors are in fact
confounded with many other changes which occur in ontological
development, as we shall see in the following sections of this
chapter.

Finally, the CPH has been very vague in not specifying
exactly what aspect of the linguistic system and/or language
processing is compromised when we speak of the phenomenon of
foreign accent. There has been virtually no discussion of
whether foreign accent belongs in the domain of competence, i.e.
an inability to internalize new phonological or phonetic rules
and representations, or whether it belongs in the domain of
performance, i.e. an inability to access and implement NL rules
and representations. It remains unclear as to why certain
linguistic subsystems should be compromised in later learning,
while others are not, or why, for instance, particular
phonological rules and representations should be difficult to
acquire while others are acquired with ease. It is encouraging,
however, to see that some researchers have begun to address these
problems. As was discussed earlier, myelination timetables put
completion of development of the motor areas for language at
around the age of six years (Yakovlev, 1962; Lecours, 1975), the
age at which foreign accent becomes difficult to overcome.
Abuhamdia (1987) addresses Neufeld’s 1980 findings of asymmetry
between native-like perceptual versus non-native-like productive
abilities in older second language learners by suggesting that

the early maturation and myelination of the Golgi type I neuronal

[3
b d
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cells in the language motor area may hinder productive
performance while not affecting perception or competence.

Another obvious reason for lack of progress in research
regarding the CPH is the inability to physically alter
neurological structures that have been cited as contributing to a
critical period. Given that speech is limited to human beings,
manipulation of variables such as degree of myelination is
virtually impossible. Knowledge of visual processing in human
beings has greatly progressed, thanks to the virtual identity of
visual processing systems in genetically close primates. The
same does not apply however to articulatory production. Although
we will eventually know more about the relationship between
neurophysiological maturation and language learning, the present
state~of-the-art does not allow for in-depth scrutiny of

hypotheses such as the CPH.

2.2.4. Other. Neurophvsiological Explapations
Besides the Critical Period hypothesis, other

neurophysiological explanations have been put forth to explain
the persistence of foreign accent in the older learner. A
popular notion among second language learners themselves is that
as one gets older, neuromuscular flexibility declines due to
years of practising the same "phonological habits" (see Tarone,
1987a, for discussion). This hypothesis is doubtful. For
instance, as will be explained later, Neufeld (1977) trained
adults with a pronunciation technigue in laboratory conditions
and found that adults were gquite capable of articulating new and
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exotic sounds. Furthermore, there has been no evidence showing
that the tongue and vocal apparatus lose muscle tone or

flexibility with age (Walsh & Diller, 1978; 1981).

2.3. Cognitive Processing and Poreign Language Accent

2.3.1. Contrastive Analysis apd Transfer

During the 1950s and early 1960s, accounts for foreign
accent were based on the theory of Structuralist Phonology.
Using the phoneme as a basic unit, the Contrastive Analysis
hypothesis attempted to explain accented speech by comparing
structural differences between the L1 and L2 sound systems. All
ljearner errors were attributed to "negative transfer" or
ninterference": pronunciation patterns from L1l being used in the
articulation of the L2 (Weinreich, 1953; Lado, 1957).

In keeping with the behaviourist tradition popular at that
time, it was assumed that pronunciation of L1 sounds was
established through "articulatory habits," and that these same
habits were called upon or transferred when the learner attempted
to produce L2 sounds. Learning an L2 sound system was deemed to
require the establishment of new stimulus-response pairs.
Transfer was recognized as a general cognitive strategy rather
than a language~specific cognitive activity (Selinker, 1972;
Tarone, 1978; James, 1986; 1988; Hammarberg, 1988).

Within the Contrastive Analysis approach, various other
units have been proposed to constitute the basis of interlingual

identification. Weinreich (1953) claimed that accented speech
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was due to interference at phonemic, phonotactic, and
suprasegmental levels. He proposed that negative transfer at the
phonemic level could occur due to:
(a) substitution (e.g. English /r/ for the Spanish trill); or
(b) underdifferentiation, where L1 allophones have phonologically
distinct counterparts in L2 (e.g. Japanese Ll /r/~/1/ versus
English L2 distinctive /r/ and /1/); or
(c) overdifferentiation, where Ll distinctive phonemes have
allophonic counterparts in L2 (e.g. Thai Ll distinctive /t/ and
/th/ versus English L2 /t/~/tV%/); or
(d) reinterpretation of distinctions, where "a bilingual
distinguishes phonemes of the secondary system by features which
in that system are merely concomitant or redundant, but which are
relevant to the primary system" (Weinreich, 1953:18). For
example, English L1 speakers may misinterpret the German L2 vowel
distinction as being one of vowel quality rather than quantity.
Phonemic similarity was essentially determined by proximity
on the phonemic chart. Unfortunately, in many cases, two or more
L2 phonemes are in equal proximity to the Ll phoneme, and there
was no theoretically motivated way of choosing between them.
Weinreich (1957) proposed that instead of phonemic units,
distinctive features were in fact the units relied upon in
interlingual identification. This represented an attempt to
specify more clearly the precise features which constitute
phonemic similarity. Again, however, two L2 sounds can be

equidistant from a feature perspective.
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Ritchie (1968) suggested that some distinctive features are
more important in a particular language’s sound system, and used
these "feature hierarchies" to explain "differential
substitution"” of L2 English interdental fricatives. Differential
substitution (Weinberger, 1990) refers to the fact that a
particular L2 sound can sometimes take more than one substitution
cross-linguistically, e.g. in the L2 English of Ll French
canadian speech /8/ is realized as /t/; whereas, L1 Continental
French speakers realize it as /s/.

More recently, Hancin-Bhatt (1994) has developed the Feature
Competition Model of segmental transfer whereby she attempts to
account for differential substitution with an algorithm that
calculates feature prominence based on the principles of
phonological underspecification (Archangeli, 1988). Hancin-
Bhatt’s model presupposes that foreign accent is due to learners’
misperceptions of L2 sounds.

Perceptual strategies are also the basis for Flege’s 1987
Equivalence Classification model. Flege’s work addresses the
issue of foreign accent from a phonetic perspective. 1In
particular, he uses acoustic analyses to measure differences
between native and non-native speakers’ pronunciations. Flege
(1985, 1987, 1990) proposes that L2 learners develop a phonetic
representation of a phoneme which is shared by both L1 and L2
based on the already established L1 target as well as instances
of the L2 sound. He postulates that this occurs via a cognitive

mechanism termed "equivalence classification." For example, the
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phonological repertoire of English includes the phonemes
/p,b,t,d.../. French alsc has these phonemes in its repertoire;
therefore, both French and English happen to shave these
particular phonological representations. However, +he phonetic
representation of these same phonemes in English is different
from that of French. For example, the voice onset time (VOT) for
/p,t/ in English is significantly longer than it is in French.
Therefore, English speakers learning Freﬁch would base their
phonetic representation of these ngimilar" sounds upon the
acoustic target from each language. However, for an L2 sound
which has no equivalent in the L1, as is the case of the vowel
/i/ for English speakers of L2 French, the learner should have no
difficulty in eventually achieving accurate pronunciation. Flege
suggests that because the phonetic representation is determined
by the acoustic target of both the Ll and L2 sound, in the case
of "similar" sounds, the most the L2 learner can achieve is a
perceptual target midway between the L1 and L2 targets. To
explain a fossilized form which can be attributed to non-native
voT for stop consonants, Flege states:

Assuming that adult L2 learners eventually achieve

their perceptual target for L2 stops in production,

they will at best produce L2 stops with VOT values that

are intermediate to the VOT values in stops produced by

monolingual speakers of Ll and L2 (1987:16) .
As with Hancin-Bhatt’/s account for transfer, Flege’s work is
based on perception. His work is intimately related to the

research done since the 1960s on categorical perception (Abramson

& Lisker, 1970; Lisker & Abramson, 1970). Flege’s model runs
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into the same type of difficulty alluded to earlier whereby it is
difficult to objectively determine which sounds are Wgimilar" and
which are "new."

Many researchers feel that the central unit for interlingual
identification is not the phoneme, phone, or the distinctive
feature, but instead the syllable (Tarone, 1972; 1976; 1980;
Greenberg, 1983; Sato, 1984; Broselow, 1983; 1984/1987). For
example, Broselow (1984/1987) found that L1 English speakers of
L2 Egyptian Arabic have a strong tendency to perceive and
pronounce Arabic word-initial consonant clusters such as in the
phrase 2ildursj gdiid ‘the chair is new’ as *?jildursiag diid,
disallowing consonant clusters which are not permissible in
English. Based on her findings, she formulated the Syllable
Structure Transfer hypothesis:

When the target language permits syllable structures that

are not permitted in the native language, learners will make

errors which involve altering these structures to those
which would be permitted in the native language (Broselow,

1987:272).

Similarly, transfer effects have also been documented as the
level of prosody (Studdert-Kennedy & Hadding, 1973; Piirschel,
1975; Esser, 1978; Anan, 1981; Scuffil, 1982).

vago (1980), Rubach (1980; 1584), and Altenberg & Vago
(1983/1987) have suggested that transfer effects are restricted
to low-level, or post-cyclic, phonological rules. These rules
occur late in the phonological derivation, are context-sensitive,

apply automatically with rio exceptions, and purportedly simplify

pronunciation. Altenberg & Vago (1983/1987) cite Hungarian
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Regressive Voicing Assimilation as a low-level or post-cyclic
rule which is transferred to L1 Hungarian speakers’ L2 English.
This rule assimilates an obstruent in voicing to a following
obstruent, e.g. accordina to rendered in L2 English as [ekordilk
tu] and about the as [aboud 4d].

In addition to these various accounts of the phenomenon of
linguistic transfer in L2 acquisition, there have been numerous
other studies which have been based upon interference effects in
L2 speech (Stockwell, Bowen, & Martin, 1965; Bridre, 1966;
Nemser, 1971; Redard, 1973; suter, 1976; Paik, 1977; Soudak,
1976; 1977; Tomaszczyk, 1980; Wode, 1976; 1977; 1978; 1981;
1983) .

Although these studies were quite informative as to the
types of transfer that occurs when learners speak in their second
language, perhaps a more interesting finding from many of these
investigations was that transfer could not account for all of L2
speakers’ errors. Sometimes speakers produce sounds that are
neither part of the L1 system nor the L2 system. And in some
cases where the Contrastive Analysis hypothesis predicted
interference, none occurred. It was unable to account for inter-
as well as intra-speaker variability, due to experimental task or
otherwise. Thus, in its strong form, Contrastive Analysis was an
oversimplified hypothesis, inadequate for predicting many errors
in L2 speech.

Aside from this important revelation provided by the

wgransfer" studies, there is one problem that has failed to be
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addressed by these accounts of foreign accent. Many of these
studies fail to specify whether transfer effects are perceptual
or productive in origin, whereas others tend to attribute
transfer effects to misperception of aural cues (Flege, 1987;
Broselow, 1984/1987; Altenberg & Vago, 1983/1987; Hancin-Bhatt,
1994). Virtually none of the aforementioned researchers
addresses perceptual/production asymmetries whereby L2 speakers
can be shown to have native-like rules and representations on
perceptual tasks, but nevertheless produce non-native-like speech
(Major, 1987; Neufeld, 1988). For instance, Major (1987)
recounts cases where students of phonetics can identity
pharyngeal fricatives but are nonetheless unable to produce them.
Likewise, many L2 speakers are well aware of their foreign

accent, yet are unable to rid themselves of it.

2.3.2 Other Cognitive Strategies

Besides transfer, other cognitive strategies have been
implicated in attempts to explain the origins of foreign accent.
Well known is the work by Selinker (1972), in which he cites five
central processes which are engaged when the older second
language learner embarks upon the task of learning L2. Selinker
believes that the majority of older learners rely on general
cognition in learning L2; whereas, young learners rely on a
language-specific acquisition device. The five processes
include:
1. Transfer, as discussed in Section 2.3.1;

2. Transfer-of-training, whereby focus on specific structures in
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classroom instruction is deemed to influence L2 speech. Selinker
gives this example: although Serbo-Croatian has the he/she gender
distinction, some Serbo-Croatian speakers of L2 English overuse
he because classroom drills were presented exclusively with the
pronoun he;

3, Strategies of seccnd-language learning, for example, the
tendency to simpliry L2 structures (e.g. consonant cluster
reduction);

4. Strategies of second-language communication, for example,
where an L2 speaker might realize that concentrating too much on
correct liaison in connected L2 French speech leads to unnatural
sounding pronunciation and therefore, s/he decides to ignore the
training s/he has received on liaison;

5., Overgeneralization of target language (TL) linguistic
material; an example from phonclogy might be the production of
the trilled /r/ in all linguistic environments which call for
allophonic variants of the /r/ in the L2 Spanish produced by Ll
English speakers.

More recently Selinker and Lakshmanan (1992) have put forth
the Multiple Effects principle, which state=z that when one or
more of these strategies acts in tandem with linguistic transfer
with respect to a particular structure, we can expect persistence
of accented speech or fossilization.

The majority of the work attributing alternate cognitive
strategies to older speakers’ abilities to generate utterances in

their 12 assumes that these strategies are used to circumvent
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deficient linguistic knowledge. Some researchers who have
investigated age-related differences in language learning ability
at the level of morphology, syntax, and semantics (Rosansky,
1975; Krashen, 1982; Felix, 1981; 1985; Bley-Vroman, 1988) have
proposed that the ability to speak L2 with native-like
proficiency is compromised by developing non-language-specific
cognitive system. These researchers adopt a Piagetian approach
to maturation whereby increasingly powerful deductive and
analytic skills begin to develop at approximately seven years of
age, and level out at Piaget’s "formal operations stage" which
coincides with the onset of puberty. Proponents of the dual
access hypothesis postulate that the increasingly powerful
deductive and analytic skills of the adolescent interfere with or
completely supplant the language-specific learning process. 1In
other words, they believe that these general skills prevent the
L2 learner from acquiring a native-like mastery of another
language.

However, all L2 speakers’ errors may not be due to
competence lacunae. Neufeld (1977) conducted an experiment in
which monolingual English subjects received intensive training on
Japanese and Chinese pronunciation to the exclusion of any
instruction on syntax or semantics. Three out of 20 subjects
received native-like status ratings by native speaker judges,
while six others received near-native-like ratings. Since half
of the group received native-like or near-native-like ratings,

Neufeld proposes that older L2 learners are indeed capable of
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attaining native-like pronunciation.

In a subsequent study, Neufeld (1988) replaced a nasal vowel
in a French sentence with an allophone of that vowel. These
replacements were judged as unacceptable by native French
speakers. Subjects were to identify an anomaly by articulating
the offending segment; they were +old that articulatory accuracy
was not required. The results from this task showed that
proficient bilingual speakers performed at near-nztive-like
levels compared with beginning bilinguals. The proficient and
beginner bilingual groups performed at similar levels on
production tasks as compared with the French controls. Neufeld
interpreted these data as suggesting that the proficient
bilingual subjects demonstrated native-like knowledge of their L2
phonological rules and representations, but that in real time
performance, somehow these native-like rules failed to manifest
themselves on the surface. Furthermore, other tasks within this
experiment revealed that the proficient bilinguals’ productive
performance was most native-like in imitation tasks, only to
progressively decline with increasingly complex tasks, from
phrase repetition to story telling. Together, the results from
Neufeld’s work (1977, 1978, 1979, 1988) led him to propose his
Pre- and Post-Articulatory Verification Model (PAVM) of speech
production. Neufeld’s PAVM holds that older L2 learners’ speech
production is constrained by changes which occur with cognitive
maturation. But in contrast to traditional cognitive

maturational accounts, Neufeld proposes that cognitive maturation
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does not interfere with acquisition per se, but instead with the
ability to use native-like rules and representations in real-time
productive performance. He suggests that these general cognitive
skille lead to an increasing preoccupation with form which
interferes with the sentence production process.

Neufeld further suggests that reliance upon metalinguistic
knowledge can likewise be disruptive during sentence planning.
Some older L2 speakers have more of a tendency to be concerned
with "correct" form at the level of morphology and syntax than
other L2 speakers. Translation of metalinguistic knowledge into
information that can be used by the linguistic output processor
takes additional time. Therefore, in order to produce speech in
real-time communication, pre-articulatory verification of
pronunciation is bypassed, resulting in reliance on previously
established, erroneous articulatory routines. We shall elaborate

upon Neufeld’s PAVM in Chapter 4.

2.3.3. The Role of Affect

Aside from general cognitive development and second language
learner strategies, other psychological factors which likewise
reside outside the language faculty have been suggested to
account for foreign accent phenomena. These factors are usually
subsumed under the rubric of "affect." In the field of
psycholegy, affect refers to emotivity, anxiety, stress and the
like which, by definition, are highly variable. However, in the
field of L2 acquisition, affect is a term which encompasses

emotions as well as more stable factors such as attitudes and
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personality traits.

one of these psychological variables that has been
positively correlated with pronunciation abilities is that of
"empathy." In a series of studies, researchers tested the
hypothesis that the degree to which one can empathize with the
thoughts and feelings of others would have a positive effect on
one’s ability to authentically articulate in a second language
(Guiora, 1967; 1970; 1972; Guiora, Lane, & Bosworth, 1968;
Taylor, Catford, Guiora, & Lane, 1971; Guiora, Brannon, & Dull,
1972; Guiora, Acton, Erard, & Strickland, 1980; Schumann,
Holroyd, Campbell, & Ward, 1978; Guiora & Schonberger, 1990).
Empathy is considered to be part of the concept of language ego.
Language ego is viewed as self-representation or identity through
one’s native language, and it is assumed that pronunciation is
the most salient expression of that linguistic identity. 1In
general, the results from these experiments did demonstrate a
positive correlation between empathy and pronunciation
proficiency, as variously measured through purportedly reliable
tests of degree of empathy (Guiora, Brannon, & Dull, 1972),
administration of alcohol or valium (Guiora, Beit-Hallahmi,
Brannon, Dull, & Scovel, 1972; Guiora, Acton, Erard, &
strickland, 1980), and through the use of hypnosis (Schumann,
Holroyd, Campbell, & Ward, 1978).

Degree of motivation has also been implicated in the ability
to achieve native-like accent. Learners’ attitudes towards the

L2 society and culture -- analogous to "language ego
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permeability” -- have been found to influence the degree to which
pronunciation approximates L2 norms (Spolsky, 1969; Brown, 1980).
Similarly, Suter (1976} and Purcell & Suter (1980) found that
concern for "good" pronunciation was a important predictor of
native~like articulation in L2.

The results from these investigations into the role of
affective factors in L2 pronunciation skills are important in a
nunmber of ways. First of all, they allow for movement towards
better pronunciation, given optimal affective conditions.

Perhaps more importantly, these studies show that affective
factors can either impede or promote native-like pronunciation.
These results help to explain the variable productive performance
so often observed in the older second language speaker. The
implication is that articulatory output does not always reveal
the state of the L2 learner’s phonological and/or phonetic
knowledge; affective factors can inhibit the older L2 speaker
from fully performing his/her competence.

Although affective factors undoubtedly play a role in L2
pronunciation, this approach has some of the same problems we saw
earlier with the neurophysiological approach. It is difficult,
if not impossible to separate out the possible confounding
factors involved with maturation. Are affective factors the
cause of or correlated with other age-related differences? Also,
none of the hypotheses we have seen specify the ways in which
affective factors impinge upon the acquisition or use of specific

linguistic features.
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2.4. Bocial/B8ociopsychological Explanations

Much work regarding L2 acquisition has focussed on the
contribution of social and sociopsychological factors in
determining degree of ultimate attainment.

Seminal work by Gardner & Lambert (1972) led to the
formulation of some hypotheses which relate social-psychological
factors with L2 learning. These researchers carried out large
scale studies which investigated various factors that come into
play when the L2 learning situation involves the interaction of
minority and majority languages. This interaction was found to
influence the degree of motivation that a person takes with
him/her to the task of L2 learning. Cultural attitudes, values,
stereotypes, and degree of ethnocentrism were all found to
influence the extent to which the learner would achieve native-
like proficiency in the L2,

Tt is obvious that one’s accent is a powerful symbol of
one’s ethnic background. Depending upon cultural attitudes, a
particular accent may be regarded favourably or negatively. For
example, Ensz (1982) conducted a study whereby native continental
French speakers rated Ll American English speakers of L2 French
as to their intelligence, appearance, financial status, and
social skills. Although not as influential as syntactic errors,
pronunciation errors led native French speakers to give poor
ratings to the L2 speakers on these points.

Similarly, Brennan & Brennan (1981) and Giles (1978) found

that in multilingual communities, near-native-like L2 speech was
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regarded with favour. However in other communities, L2 speech
which closely approximated TL norms elicited negative responses
from native listeners. Clyne (1981) explained this latter
finding by suggesting that pronunciation is often expected to
reflect the L2 speaker’s status as an "“outsider."

Another socially determined influence on the degree to which
the L2 learner approximates the target language pronunciation
norms is that of input. The nature and amount of input received
by the L2 learner has been related to the presence of foreign
accent (Larsen-Freeman, 1983). In many classroom learning
situations, the teacher is a non-native speaker of the language
being taught. Therefore, the model provided for the learner is
that of non-native-like speech. If the learner only interacts
with his/her teacher and/or peers in the classroom, accented
speech is the only type of input s/he will receive. Obviously,
if one has no access to native-like models, one cannot hope to
achieve native-like pronunciation. However, even in situations
where the teacher is a native speaker of L2, sociocultural
attitudes may keep the learner from identifying with the teacher,
instead conforming to the non-native-like models provided by
peers (Plann, 1977).

Related to the role of input in L2 learning is the
Interactive Feedback hypothesis. Vigil & Oller (1976) have
proposed a model of L2 learning which depends upon the type of
feedback the speaker receives from his/her audience. This

feedback comes through both a cognitive and an affective channel.
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The audience can either be the interlocutor or self-monitored
speech. Cognitive feedback involves whether the message is
understocd or not, and affective feedback involves whether the
expected response, positive or negative, is elicited. It is
hypothesized that the speaker will tend to fossilize in his/her
L2 development if positive cognitive and expected affective
feedback are received. For instance, even if the L2 speaker’s
speech in heavily accented, if s/he succeeds in being understood
and elicits the appropriate response, s/he will tend to be
satisfied with the state of his/her pronunciation proficiency and
not attempt further improvement. For an in-depth critique of
this model, see Selinker & Lamendella (1979) .

Sociolinguistic variation is another factor which influences
12 speech. Work by Labov (1966, 1969, 1972) has shown that Ll
speakers’ pronunciation exhibits stylistic variation. Speech
gtyles fluctuate from carefully monitored to the vernacular.
There have been several investigations of such sociolinguistic
variation in L2 acquisition (Nemser, 1971; Schmidt, 1977; Beebe,
1080; Tarone, 1982; 1983; James, 1983; Dickerson, 1987). '

For example, Schmidt (1977) investigated the pronunciation
of adolescent speakers of Egyptian Arabic on reading tasks aimed
at capturing formal versus less formal styles. The subjects were
also divided into two groups according to socioeconomic status.
The phonemes of relevance involved in the study were interdental
fricatives /6,%/ and alveolar fricatives /s,z/.

Most Ll Arabic speakers of L2 English will substitute /6,3/
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with /s,z/. This is usually attributed to interference from L1,
since collogquial Arabic has no interdental fricatives. However,
Cclassical Arabic does. Classical Arabic is a literary language,
no longer considered a "living" language. When being attentive
to style, literate Egyptian Arabic speakers will pronounce the
jpterdental fricatives of Classical Arabic. However, any
Classical Arabic word with /6,3/ may be colloguialized with
/s,2/.

In general, the results of this study showed that in less
formal speech tasks, Arabic speakers tended to pronounce both
Arabic and English interdental fricatives as /s,2/, whereas in
more formal speech tasks, these speakers pronounced them
correctly as interdental fricatives. In addition, it was found
that performance was dependent upon socioeconomic class, with the
higher, more educated socioceconomic group producing more
jnterdental fricatives. This investigation by Schmidt shows how
interlanguage (IL) phonology is subject to transfer of stylistic
variants from L1 to L2.

Beebe (1980) conducted a similar study of stylistic
variation in the speech of Ll Thai speakers of L2 English. She
found that not only did stylistic interference occur from L1, but
also that these speakers demonstrated use of their knowledge of

English stylistic variants in their L2 speech.

2.4.1 Critique of Social/Sociopsychological Explanations
obviously, social and sociopsychological factors play a

major part in determining the degree of L2 proficiency. But




43
methcdological problems plague social factors studies. These
investigations of L2 performance often use broad-based
standardized tests. Many tests are of a self-report type which
are intended to measure "attitudes." These tests are notoriously
unreliable for a number of reasons. Subjects are often unable to
assess their own attitudes and/or tend to give answers which they
feel to be socially acceptable. Also the test construction may
not give enough options or may offer inappropriate choices.
Needed are more in-depth case studies in which more fine-grained,

objective measures are used.

2.5, Psycholinguistically-Based Explanations

In Section 2.3.1, we locked at several studies which were
based upon the Contrastive Analysis hypothesis (CAH). As was
pointed out, a major finding to come out of many of these studies
was the fact that CA was unable to account for all of L2
learners’ errors. Also, in some cases where CAH predicted
problems, none occurred. 2Analysis of these errors has led
researchers to propose more psycholinguistically-based processes
which come into play in determining what factors give rise to
foreign accent (Johansson, 1973; Mulford & Hecht, 1980; Flege,
1980; Macken & Ferguson, 1981; Altenberg & Vago, 1983/1987; Flege
& bavidian, 1985; Wode, 1976; 1977; 1978; 1981; 1983; Major,
1986; 1987).

Although most articulatory errors undoubtedly are due to
transfer (Tarone, 1978; Hecht & Mulford, 1982/1987), some errors

found to occur in L2 speakers’ articulations have been attributed
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to developmental substitutions, i.e. errors not due to the
phonology of the native language, but which are found to occur in
children’s development of their Ll. These types of errors are
assumed to be governed by universal factors influencing the
production and perception of speech. They include such processes
as word-final consonant devoicing, consonant cluster
simplification (through epenthesis or deletion), hardening (i.e.
continunant -> stop), and overgeneralization.1

For example, Major (1986) found that Ll English speakers
learning L2 Spanish tended to substitute the trilled /r/ for the
flapped (allo)phone /D/. He considers this to be a case of the
Ll developmental process of overgeneralization because the
English phonological system does not include the trilled /r/ (but
see Tarone, 1978).

Research has found that developmental processes may interact
with transfer processes. Hecht & Mulford (1982/1987), in their
study of Steinar, a six-year-old L1 Icelandic speaker, found that
both developmental and transfer processes could work in tandem on
a single phoneme. Icelandic has /s/ in its phonemic inventory,
but not its voiced counterpart, /z/. In addition, a common
process in Li develcpment is that of word-final conscnant

devoicing (Macken & Ferguson, 1981). Steinar consistently

Note that these processes are not always developmental.
Many languages use rules such as these as part of the
adult phonological system. Clearly, it is crucial to
provide an adequate description of both L1 and L2
phonological systems before we can classify an error as
transfer or developmental.
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pronounced word-final /z/ in his L2 English as /s/ throughout the
14 weeks of the study. This led Hecht & Mulford to propose that
the cumulative effect of transfer and developmental processes oOn
a single segment could lead to persistent articulatory errors in
L2 pronunciation.

Tarone (1580) investigated the relative contribution of
transfer at the syllabic level in L2 speech. She found
that transfer is by far the greatest source of non-native-like
pronunciation in L2 speech. However, she also discovered that in
some cases where transfer would in fact have resulted in a
correct form, learners resorted instead to developmental
processes, which resulted in error. For example, Korean has
closed syllables which terminate in /1/ such as [kuel] ‘ninth
month.’ Despite the similarity, she found a case of an L1 Korean
speaker of L2 English pronouncing gchool as an open syllable,
[(sku:]. Tarone proposes that this type of error occurs because
of the universal tendency towards CV syllable structure. It has
been suggested that such retreat to the basic CV syllable may
occur under stress due to the experimental task or due to the
demands involved in communicating in one’s L2 (Hodne, 1985;

Benson, 1988).

2.5.1. Language Unjversals

It is assumed that units and processes which are
typologically common throughout languages of the world also
represent units and processes which are basic (or unmarked) to

the way language is represented and processed in the human mind.
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Although some typologically common features are due to inter-
language contact, phenomena such as implicational hierarchies
(where the presence of one feature always implies the presence of
another) are thought to be attributable to the universal
properties of language.

Jakobson (1941/1968) propcsed a universal hierarchy of
structural laws which determines the phonemic inventory of
languages of the world. For example, he claimed that the order
of Ll acquisition of consonants is the following: stops >> nasals
>> fricatives >> liquids. As for vowels, he claimed that back
rounded vowels are acquired before front rounded vowels.
Johansson (1973) found evidence for this in that L2 speakers of
Swedish tended to substitute the back rounded vowel [U] for the
front rounded [@] in cases where the Ll had neither. Johansson
suggested that

the same vowels which appear as phonemes in children’s

speech and which are the most basic in the languages of the

world, are also reproduced with fewest phonetic deviations.

(Johannson, 1973:159)

Yet another type of process which may operate independently
of transfer and be related to general phonological properties is
the pressure to fill the cardinal or basic peripheral points on
the vowel trapezium (Puppel, 1990).

Similarly, Tropf (1983) found that the order in which
phonemes are acquired by L1 Spanish speakers of L2 German was
related to their saliency on the "sonority hierarchy" (cf.
Selkirk, 1984). Thus, the most sonorous part of the syllable,

the nucleus, is acquired before onsets or codas. Likewise, the
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most sonorous nuclei would be acquired before those of lesser
gsonority. These influences were also found to interact with the
syllable structure of the L1, only applying in cases where the Ll
was lacking similar syllable structures.

Perhaps one of the more well-known hypotheses to relate L2
phonological acquisition to markedness conditions is the
Markedness Differential hypothesis (Eckman, 1977/1987; 1981).

The MDH is stated as follows:

The areas of difficulty that a language learner will have

can be predicted on the basis of a systematic comparison of

the grammars of the [native language (NL)], the [target
language (TL)) and the markedness relations stated in
universal grammar, such that (a) Those areas of the TL which
differ from the NL and are more marked than the NL will be
difficult; (b) The relative degree of difficulty of the
areas of the target language which are more marked than the

NI. will correspond to the relative degree of markedness; (c)

Those areas of the TL which are different from the Ni,, but

not more marked than the NL will not be difficult (Eckman,

1987:61).

Markedness is defined according to implicational relations:

A phenomenon A in some language is more marked than B if the

presence of A in a language implies the presence of B, but

the presence of B does not imply the presence of A (Eckman,

1987:60).

Eckman gives as an example of MDH effects evidence from
Moulton (1962) which showed that Ll German speakers of L2 English
seem to have more difficulty establishing word-final voicing |
contrasts than do Ll English speakers of L2 German in suppressing
such contrasts (German only has voiceless word-final consonants).
Eckman proposed a voicing contrast hierarchy whereby word-initial
voicing contrasts are least marked, followed by medial contrasts,

and with word-final contrast most marked.
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The MDH has been subject to some criticism, however. For
instance, Altenberg & Vago (1983/1987) and Hammarberg (1988}
point out that some interlanguage phenomena are difficult to
directly comps-< and, therefore, not amenable to markedness
considerations.

Some more recent work in L2 phonology has delved into the
relation of L2 phonology and universal grammar (UG). Most of
this work has been done within the general theoretical framework
of Chomsky’s 1981 Government and Binding Theory, and addresses
the nature of IL representations and principles of learning
theory which L2 learners are purported to rely upon. Young-
Scholten (1994), via her Asymmetry hypothesis, argues that IL
phonology obeys the phonological principles of UG. Young-
Scholten adopts the view espoused by White (1989) and others that
UG is directly accessible to the L2 learner, but that
learnability factors may interfere with complete acquisition.

Wexler & Manzini (1987), in reference to Ll acquisition,
developed their Subset Principle based on the claim that the
child can only set parameters based on positive evidence.
Positive evidence constitutes those structures encountered in the
input. The child is assumed to make absolutely no use of
negative evidence. Negative evidence can be either direct or
indirect. Direct negative evidence is where, for example, the
adult overtly corrects the child. Indirect negative evidence
refers simply to the failure to encounter a particular form in

the input.
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Young-Scholten assumes that if second language learners have
direct access to the principles and parameters of UG, then SLA
must also be guided solely by positive evidence. Thus she

formulated her Asymmetry hypothesis:

a. If the L1-L2 situation is such that positive evidence
can effect acquisition, then acquisition will
ultimately take place.
b. TIf the L1-L2 situation is such that negative evidence
is required, acquisition will not take place. (Young-
Scholten, 1994:201).
Young~-Scholten tests her hypothesis by examining the acquisition
of certain phonological processes. To verify the first part of
the hypothesis, she looks at the acquisition of flapping in L2
English by German speakers. To test the second part of the
hypothesis, she investigates the acquisition of weak pronouns in
L2 German by English speakers.

Flapping in English applies to intervocalic or ambisyllabic
/t,d4/. She attributes the process of flapping to
resyllabification. Nespor & Vogel (1982; 1986) propose a
Prosodic Hierarchy which contains seven nested prosodic

domains:?

2 The Prosodic Hierarchy can be regarded as a multi-valued

parameter.
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Phonoleogical Utterance (U)
|

1
Intonational Phrase (IP)
|

Phonélogical Phrase (PP)
Clit%c Group (CG)
Phonélogical Word (W)

Féot (F)
Synéble (o)

This hierarchy is implicational in that a process which applies
at a higher domain in the hierarchy must also apply at all lower
domains. We can describe flapping in English as occurring at the
Iintonational Phrase level (IP).

Young-Scholten compares English flapping with German final
devoicing processes. German obstruents are devoiced in word
final position; however, intervocalically they remain voiced.
Young-Scholten describes cases where German obstruents are not
devoiced, i.e. not word final, as instances of resyllabification.
However, unlike English resyllabification, the highest domain in
which German resyllabification can apply is the Clitic Group
(CG). Because resyllabification can occur at a higher domain in
the Prosodic Hierarchy in English than it can in German, German
resyllabification constitutes a subset of the English case.
Therefore, L1 German speakers of L2 English have positive
evidence in the L2 input as to the hierarchical level at which
resyllabification applies in English. Thus, according to the
Asymmetry hypothesis, German speakers of L2 English should easily

acquire the appropriate application. 1In a pilot study, Young-
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Scholten (1992) reported results which generally support this
hypothesis.

To test the second part of her hypothesis, she investigated
the acquisition of weak pronouns by English speakers of L2 German
(1993) . In English, rules of vowel reduction and deletion apply
to unstressed syllables. These rules can apply to pronominal
forms to yield, for example, alternations such as you versus ya.
In German, however, there are apparently no such rules which
apply to pronominals; instead, weak pronominal forms are clitic
allomorphs which can appear solely in a post-COMP position.

These clitic allomorphs are du versus de ‘you’; ihn versus n ‘him
- accusative’; and, ihm versus p ‘him - dative’. Young-Scholten
classifies German clitics as a subset of English weak pronouns.
Because L1 English speakers of L2 German would require negative
evidence to inform them of the more restricted use of clitics in
German, it is predicted that English speakers of L2 German should
have trouble with and fossilize on this aspect of the grammar,
i.e. they should freely reduce German clitics even in positions
where they do not follow COMP. The results of this study |
supported the second part of the Asymmetry hypothesis. The
English speakers showed a clear tendency to repeat ungrammatical
reduced clitics more frequently than the native speakers. While
*z.leresting, it is important to remember that these
.iﬁvestigations are only in the preliminary stages. Also, it is
not clear that processes such as flapping and devoicing are

directly comparable.
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In a similar vein to Young-Scholten, Archibald (1992,
1993, 1994) investigated prosodic phonology from a principles and
parameters perspective. However, his studies have led him to
propose that not only positive evidence is available to both L1
and L2 learners, but indirect negative evidence is available as
well. His claims are based on work by Saleemi (1992) who
proposed that indirect evidence can be of use to the language
learner depending on whether occurrences in the input reach a
certain frequency threshold within a certain time period.
Archibald (1994) suggested that this may account for L2 learners’
variable performance: until the frequency threshold is reached,
second language learners may oscillate between two or more
possible parametric settings in their ILs. This implies that
once that threshold is reached, if the L2 learner is still
producing incorrect forms and no evidence for the correct form
has become available, the learner will fossilize on the incorrect

form.

2.5.2 Other Psycholinauistic Explanations

Another type of psycholinguistic explanation to account for
the persistence of foreign accent in older L2 speakers in offered
by Bever’s 1981 formulation of a "psychogrammar." Bever assumes
that the perception and production systems involved in language
performance are distinct and develop separately. 1In Ll
acquisition, linguistic competence develops and is represented in
what he terms a "“psychogrammar." The function of the

psychogrammar is to mediate asymmetries between perception and
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production via grammatical representations. 1In other words,
discrepancies between the input the child receives and the output
s/he produces are reconciled via the psychogrammar. Bever
proposes that once both production systems attain a match, the
psychogrammar falls into disuse. Because the phonological and
phonetic levels of the grammar are more restricted than higher
levels such as syntax or semantics, they are reconciled early on
in the acquisition process. It is assumed that for the
phonological component of the grammar, the psychogrammar falls
into disuse early on. Therefore, older L2 speakers no longer have
access to this innate mechanism to drive them to reconcile input
with output. They must instead rely on other sources of
motivation.

Bever further suggests that the psychogrammar can be kept
functional if it continues to be used for second language
acquisition before Ll acquisition is complete. He proposes that
this mav explain why languages learned consecutively after L2
seem to be progressively easier to learn. This proposal has much
in common with the Exercise hypothesis, discussed in Section

2.2.3 of this chapter.

2.5.3 gritigue of Psvcholinguistic Explanatjons

These various psycholinguistic explanations for L2 learning
after childhood lend strong support to the idea that some of the

same processes that function during L1 acquisition are still
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available to the older learner. Furthermore, many recent
hypotheses and models are attempting to explain why it is that
certain L1 units are transferred to the L2, while others are not.
Some researchers have also offered some possible reasons as to
why certain units tend to fossilize in the pronunciation of older
L2 speakers.

As with other explanations, however, with the exception of
Bever’s 1981 "psychogrammar" account, most of these accounts
based on psycholinguistic processes fail to address
perception/production asymmetries, and attribute any production
deficiencies to learnability considerations. Another shortcoming
of the majority of these explanations is that they predict that
no older L2 speaker can achieve native-like proficiency with
respect to certain structures; they do not account for those
older L2 learners wheo do manage to achieve native-like
pronunciation skills. Some models also fail to address the
observed variability in L2 learners’ speech, due to linguistic or

sociolinguistic context.

2.6. Summary

This chapter has presented a review of the literature
relating to foreign accent in second language speech. We have
looked at this phenomenon from four perspectives:
1. Neurophysiological, 2. Cognitive/Psychological,
3. Social/sociopsychological, and 4. Psycholinguistic.

The most prevalent neurophysiological explanation for foreign

accent is the Critical Period hypothesis. This hypothesis
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attributes age-related differences in articulatory abilities to
development and changes in neurological structures which occur
throughout the course of maturation in the human organism. In
general, it is thought that the brain loses "plasticity"
throughout maturation, leading to a loss in the ability to
articulate L2 according to native norms.

Section 2.3 looked at cognitive explanations for accent.
Rather than attributing older learners’ difficulties in achieving
native-like articulatory proficiency to age-related
neurolinguistic changes, it is proposed that maturation imposes
different ways of processing language input or output. Cognitive
strategies such as transfer and/or use of general problem solving
skills are deemed to interfere with the older learner’s ability
to authentically produce L2 speech. For example, the Contrastive
Analysis hypothesis held that the reliance on the use of
articulatory units from the L1l for L2 preduction results in
either positive or negative transfer; negative transfer results
in accented speech. Also, affective factors such as degree
empathy and motivation are supposed to determine the extent to
which one’s L2 speech will be native-like.

In the third part of the chapter, we saw how social and
sociopsychological considerations come into play during the L2
acquisition process of older learners. The interaction of
minority and majority languages has been shown to have an effect

on learners’ motivation tc learn the second language.
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In Section 2.5, we looked at psycholinguistic explanations of
SLA. We have seen how developmental processes may surface in the
older learner’s L2 phonology. We reviewed the Markedness
Differential hypothesis which predicts that those aspects of the
L2 which are less marked (or more basic) than the Ll will be
easily learned; whereas, those which are more marked will be
acquired with difficulty or not at all. Other psycholinguistic
explanations are based upon universal grammar and learnability
constraints. For example, the relation of two languages with
respect to the Subset Principle may have an influence the
acquisition of L2 phonology. Finally, we reviewed Bever’s
"psychogrammar" construct.

This review of various investigations and explanations into
the speech of L2 learners has shown the multivariate nature and

complexity of the second language acquisition process.
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CHAPTER THREE
MODELB OF SPEECH PRODUCTION
3.1. Introduction

Before we proceed to the elaboration of a model of
articulatory production which addresses foreign accent, it is
first necessary to examine various speech production models that
have been proposed in the literature to date. This will give us
an idea of the basic and generally accepted architecture of the
speech production systen, including its levels or subsystems as
well as temporal ordering. Although not all researchers agree on
the details of the speech production process, we will see that
there appears to be some consensus as to its general functioning.
The models outlined in this chapter will provide us with a
general framework within which to situate the proposals to be put
forth in Chapter 4.

Speech production research lags behind other psycholinguistic
endeavours, such as work on perception or comprehension,
principally due to the fact that the production process is, for
the most part, covert. Conseguently, we are faced with
difficulty in the construction and interpretation of tests
intended to investigate the nature of such internal processes.
While perception research can rely on experimental methods such
as the use of synthetic speech and auditory masking to reveal
such effects as categorical perception and phoneme restoration,
production research is much more limited. For instance, delayed

response times in speech production tests are open to some degree
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of speculation as to exactly at which point in the system the
delay occurs. Most insight into the production process has been
gleaned from examination of speech errors and pausal phenomena
(e.g., Boomer & Laver, 1968; MacKay, 1970; Fromkin, 1971;
Butterworth, 1980). More recently, promising insights have come
from computational models of speech procduction (Stemberger, 1985;
Dell, 1986; 1989; Guenther, 1994; 1995).

Some pertinent questions for researchers in language
production include: How is the non-linguistic message translated
into linguistic form, and how is this linguistic form translated
into articulation? What are the psychologically-real units
employed at the articulatory level? How are these units
temporally controlled? How is it that the speech production
process proceeds so quickly, given the complexity involved in
arranging the message into syntactic and phonological form?
Related to the latter is the question of how we manage to make
relatively few errors in our productions? Each of the models
reviewed in this chapter attempts to answer one or more of these
questions.

As stated earlier, the main purpose here is to theoretically
situate the model to be proposed in Chapter 4. One important
underlying assumption of this is that speech production in the
second language proceeds in much the same manner as it does in
the first. This position is supported by many researchers in the
field of L2 production (Dechert & Raupach, 1980; 1987; Wiese,

1984; Dechert, 1984; Bialystok & Sharwood Smith, 1985; Hulstijn,
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1989; Crookes, 1991). For example, Wiese (1984) investigated
pausal phenomena in L2 speech production. He found that while L2
speech demonstrates a greater incidence of pauses and hesitations
than does L1 speech, this difference is manifest in quantity and
not in quality. In other words, the location of pauses in the
string is suggestive of similar planning units for both L1 and
L2. Even though there were more pauses in L2 speech, h.ese found
no evidence that L2 speakers use a different speech production
mechanism than that used in Ll. This makes intuitive sense: a
single production system for both L1 and L2 is economical.

It will be recalled from Chapters 1 and 2 that Neufeld’s Pre-
and Post-articulatory Verification Model (PAVM) holds that
increased abstract reasoning powers cause some older L2 learners
to become preoccupied with form and content of the message, at
the expense of articulatory precision. It is proposed that
foreign accent results from the bypassing of pre-articulatory
verification and dependence instead on erroneous motor routines
formulated during L2 learning. These motor routines are packaged
sequences of commands to the articulators which are built up '
after practice, stored as units, and triggered under the
appropriate circumstances.

To establish the feasibility of the PAVM, this chapter will
mainly focus on: 1. The temporal demands of the speech production
process; 2. The nature of articulatory monitoring; and, 3. The
practability and nature of articulatory routines. Section 3.2

begins with a look at the classic models of speech production.
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In Section 3.3, we will review models which incorporate editors
and monitors. We will examine physiological models of
production whose main focus is on motor control in Section 3.4,
Section 3.5 will provide an overview of some current information-
processing models which include articulatory routines. A

conclusion and sumnary is presented in Section 3.6.
3.2. Classical Models of Bpeech Production

3.2.1. c.kin’s 19 t ce G
Based on an extensive corpus of speech error data --
i;imarily phonological slips =-- Fromkin (1971) developed one of
the first models of speech production. Fromkin’s analysis of
these speech errors led her to postulate the psychological
reality of such theoretical concepts as phonological features,
the segment, the syllable, as well as different levels of
representation. For instance, the following example involves an
error involving the feature of [voice] (Fromkin’s (15a)):
(1) What does the course consist of --> what does the gorse
consist of
Segment metathesis is exemplified in (2) (Fromkin’s (3a)):
(2) keep a tape --> teep a cape
Syllabic reversa® is shown in (3) (Fromkin’s (19c)):
(3) phi-lo-so-phy --> phi-so-lo-phy
Evidence for independent levels in the speech production process
came from such observations as that when speech errors such as

those involving sound exchanges occur, the resulting string is
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always phonologically acceptable according to the specific ruiles
of the language in question. For example, (4) shows that
morphophonemic rules which determine the form of the plural
morpheme in English apply after segmental metathesis (Fromkin’s
(22b) :

(4) tap stops [staps] --> tap stobs [stabz]

This suggests that segmental transpositions occur at a level
previous to the application of phonological constraints.

The Utterance Generator, as it was termed, divided the
production process into six stages or levels. Each level is
divided into a representation (declarative knowledge) and a
process (procedural knowledge) which translates the
representation of that level into that of the next lower level.
Thus, this model is essentially linear and top-down, proceeding
from message to articulation without any feedback loops from
lower to higher levels. The general outline of the Utterance

Generator is as follows:

Stage I: "Meaning" to be conveyed.
syntactic and semantic structure generator.
Stage II: Syntactic-semantic structures.
Intonation contour generator.
Stage III: Structures with primary stress and intonation
specified.
Stage IV: Lexical look-up.
Phonologically underspecified lexical items.
Stage V: Phonological specification.
Stage VI: Generation of motor commands for speech.

Phonetic feature bundles mapped onto motor
commands to nuscles.
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It is at Stage IV where Fromkin proposes that phonological
segments are put into a buffer. Input to the buffer may become
mis-ordered, resulting in the transposition of one segment for
another or of one syllable for another. Stage V is where
language-specific morphophonemic (accommodation) processes occur.
Stage VI is where "automatic" phonetic and phonological (i.e.

post-cyclic and/or post-lexical) rules apply.

3.2.2. Gaxrett’s Model

Garrett’s Model of speech production resembles Fromkin’s
Utterance Generator in many respects. It too is based on speech
error data, but its main focus is on syntactic and lexical rather
than phenological errors.

Perhaps the major contribution made by Garrett is the
distinction between a "functional® and a "positional" level of
representation. He was led to this distinction by the
observation that word exchange errors involving two words of the
same grammatical category can span several phrases; whereas,
sound errors occuring between words of differing grammatical
category tend to occur within the same phrase. Furthermore,
sound errors are sensitive to similarity of phonetic shape and
location, such that initial segments or clusters tend to interact
with other initial units, medial with medial, and final with
final. Lexical transpositions do not depend on such phonetic
similarity, but rather involve semantic relations. Therefore,
Garrett (1975) proposed a functional level at which semantic and

grammatical relations are established and a positional level




63
where phonemically specified lexical formatives are inserted into
ordered frames. Garrett (1984) further provided for "double
lexical lbok—up" whereby the first lexical gselection is based
upon functional relations and the second look-up retrieves word
forms. At a more peripheral level of the production process, the
sound level of representation, full specification of phonetic
detail is filled in. This is where the language-specific,
nautomatic” morphophonemic and phonological rules apply. This
phonetic specification is then somehow translated into motor
articulation. It is interesting to note that Garrett
(1975:147,Fn.13) entertains the possibility that accommodations
may not be associated with the sound level of representation,'but
rather "can be taken as an ‘editing’ explanation...as opposed to
a view that [sound errors] are somehow antecedently prevented."

Both Fromkin’s and Garrett’s models depict speech production
as a more or‘iess serially ordered process, proceeding from a
conceptual to a syntactic to a motor level of articulation. They
say little, however, about the nature of editing mechanisms in
speech production; so it is to that issue that we turn in the

next section.

3.3, Editing and Monitoring in Speech Production

Even though the extensive corpora of speech errors collected
by Fromkin and Garrett may lead one to think otherwise, the
incidence of erroneous articulations is actually exceedingly rare
relative to the volume of speech produced by most people. To

account for the scarcity of speech errors in output, many
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researchers have included "editors" or "monitors" in their
elaborations of production models (Laver, 1980; Shattuck-
Hufnagel, 1980; 1983; Baars, Motley, & Mackay, 1975; Motley,
Baars, & Camben, 1983; Levelt, 1989). This section will
elaborate on two types of editing: A connectionist model (Motley,
Baars, & Camben, 1983) and a perceptual loop model (Levelt, 1983;
1989). As we shall see in the following sections, connectionist
models inherently incorporate editors within the production
system; whereas, the perceptual loop model places the editing
mechanism as separate and external to the speech production

system per se.

3.3.1. Motley, Baars, and Camden’s 1983 Editing Model

Work by Baars, Motley, & MacKay (1975) has given strong
evidence for covert editing in the process of speech production.
For instance, in one experimental condition, subjects were primed
with a series of word pairs intended to elicit socially
inappropriate Spoonerisms3 (e.g. tool kits -~> cool tits). Even
though in many cases, these subjects did not overtly commit such
errors, increases in Galvanic Skin Response showed that these
speakers must have covertly constructed such Spoonerisms that

were presumably edited before articulation.

3 The term "Spoonerism" is coined after the Reverend
William Spooner, the Warden of New College in Oxford from
1903 to 1924. He was (in)famous for the frequent
transpositions of words and segments in his speech. Some
believe he may have suffered from a mild form of aphasia.
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Motley, Baars, and Camben (1983) outline jssues which must
be addressed by an editing model for speech production. Scme
guestions to be asked are: 1. How does an error formulation
occur? 2. Where is editing jocated; when and how is it put into
operation? 3. Does the edit function to veto inappropriate plans
or to promote appropriate ones? 4. How can output errors occur
despite prearticulatory editing? 5. What happens after a
formulated message is vetoed?

In their effort to answer these questions, Motley et al.
formulated an editing model which centres upon a spreading
activation lexicon. Based upon experimentally induced speech
errors such as those exemplified above, Motley et al. proposed
that the semantic intent of the message as well as
extralinguistic factors such as context are simultaneously fed
into the lexicon and syntactic component of the grammar, thereby
generating competing plans on both a lexical and syntactic level
(¢c£. The Competing Plans hypothesis; Baars, 1980). Each of these
competing plans (e.g. two synonymous words and/or clauses)
respectively pass through a lexical and a syntactic "options '
filter." This "options filter" chooses the most appropriate of
the competing plans and sends it to a "message formulation"
component. This syntactically and lexically specified message is
phonologically and then neuromotorically coded. Prearticulatory
editing takes place after neuromotor coding, and prior to overt

articulation.
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Prearticulatory editing in this model (and others as well)
requires that linguistic formulations be covertly articulated
prior to overt output (similar to the popular notion of "silent
speech”). In Motley et al.’s model, this impending output plan
is checked, not against the same rule system that was used to
generate it, but against residual activation levels of nodes in
the lexicon.

This version of a spreading activation lexicon holds that
activation spreads bidirectionally through a multitude of
interconnections with semantic, phonological, syntactic, and even
extralinquistic associates of a particular lexical nedr. For
example, the lexical node for house could activate or be
activated by its semantic associate, home as well as
phonologically similar words such as hearse. In turn, each of
these associates spreads its activation to its associates, and so
on. In such a network, activation weakens the farther it
spreads; but also, the converging influence from many sources
results in a higher activation level for a particular node.

In the formulation of the message, the lexical node
receiving the highest activation "fires." After firing there is
decay in the activation level. So prearticulatory verification
entails checking the impending output against the residual level
of activation of lexical nodes, the editor accepting only those
plans which fall within a particular range of activation. 1If the
activation level of a node corresponding to the impending output

plan is unacceptably low, the editor will veto that plan.
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Similarly,_if the relevant node is too highly activated, it will
also be vetoed since it probably represents a subsequent unit in
the linguistic message.

Errors would occur when, for example, two lexical nodes were
equally activated as in cases of lexical blends. Another source
of error could be extraneous factors, such as context or
subconscious influences associated with Freudian slips. Although
not specifically mentioned by Motley et al., it is also possible
that noise in the system could serve to augment the level of
activation of a particular node.

Motley, Baars, and Camden’s model of speech production is
one of the first to elaborate upon the feasibility of editing
mechanisms in linguistic encoding processes. It is a general
model, however, and by allotting all editing criteria to the
lexicon fails to address post-lexical phonotactic constraints on

articulation.

3.3.2. v ! ept o ode

While the focus of Motley et al.’s research was on covert
editing, Levelt has directed his studies more to overt editing
and correction of speech errors. In his 1983 paper, Levelt
reports on research which analyzes the nature of self-repair of
speech errors, based on such criteria as where the utterance is
interrupted and the use of editing expressions such as "...er..."
and "...that is...." Self-repair is evidence of both covert and
overt monitoring. For instance, (5) (Levelt’s (1989) (29))

indicates covert editing processes.
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(5) I go £=, all the way straight.
Because the entire word has not been articulated before
correction, the editing mechanism must be relying upon an
internal phonetic plan rather than auditory feedback. Other
errors Seem to involve post-articulatory editing such as that in
(6) (Levelt’s (1989) (21)):
(6) Straight on to green -- to red.

To account for such errors and self-repairs, Levelt (1983;
1989) espouses a perceptual loop model of self-monitoring. This
model incorporates both an internal as well as an external
feedback loop. The internal loop operates upon the internal
phonetic plan; the external loop relies on auditory information
from overt speech. Both sources of information feed into the
speech comprehension system. By only allowing for last-second
prearticulatory verification (as opposed to separate editors for
semantics, syntax, etc.), and by feeding back into the
comprehension system, this model avoids unparsimonious
duplication of processing during the editing phase.

As noted earlier, various researchers incorporate editors
and monitors into their models of speech production. Those
familiar with the field of second language research will no doubt
have heard of another type of editor, that which forms the basis
of Krashen’s Monitor model. At this point, we would like to
briefly outline the fundamentals of Krashen’s hypothesis. The
purpose is to avoid confusion between his model and the editing

mechanisms we have surveyed in the previous sections of this
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chapter. Krashen’s Monitor is of a different nature than the
editors proposed by Motley et al., Levelt, and others.

Krashen (1985) makes the distinction between "acquired® and
n]earned" knowledge. Acguired knowledge results from the
internalization of "comprehensible input" (i.e. "intake" in
Krashen’s terms). Learned or metalinguistic knowledge results
from the overt memorization of the rules of L2 grammar. This
conscious knowledge is what comprises the Monitor. Monitoring
can occur either prior or subsequent to articulation.
Prearticulatory Monitoring will engender slow and awkward speech,
filled with false starts and dysfluent pauses. Postarticulatory
Monitoring will manifest itself in frequent self-corrections.
Krashen proposes that L2 speakers vary along a continuum as to
how much they rely on the Monitor in their L2 productions. Those
who are overly concerned with form and "correctness" are
clagsified as "over-users." The L2 productions of the over-user
are punctuated with dysfluencies. The wunder-user," however, is
1ittle concerned with form and correct usage, being more
concerned with the message. The under-user will have little or
no recourse to the Monitor; therefore, his/her L2 speech will be
more fluent (though not necessarily error-free). The basic
premise behind the Monitor is that conscious consultation with
such non-linguistic-specific metalinguistic knowledge, especially
prior to articulation, slows down the production process.

Krashen’s Monitor might be best classified as a strategy of

12 production. It differs from the production models surveyed in
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this chapter in that it is an ad hoc mechanism for L2 production.
It is solely comprised of consciously formulated grammatical
rules. In the Ll production models covered here, editors and
monitors are intrinsic to the speech production process. 1In
Krashen’s terms, these editors operate upon "acquired" knowledge,
and are usually below the level of conscious awareness.

In principle, Krashen’s Monitor might operate in Ll
production as well as in L2 production. For example, conscious
consultation of rules as to the appropriate use of "who" versus
"whom" might lead to hesitation or false starts even in L1 speech
production. But this type of Monitoring is of a different nature
than monitors which edit internal speech for semantic, syntactic,
phonological, and phonetic incongruencies. These monitors are
intrinsic to the language production system. They check on
grammatical well-formedness constraints which, in some cases,

have yet to be adequately described and explained by linguists.

3.4. Modaels of Articulatory Production

Fromkin’s and especially Garrett’s models of speech
production do not detail the specific mechanisms involved in the
articulatory component of the production process. In this
section, we will look at some models whose aim is precisely to
provide such detail.
3.4.1. Lashley’s 195} Problem of Serjal orderind

In his classic 1951 paper, Lashley proposed a hierarchical
or preplanning model for the temporal sequencing of motor

activity, including articulatory production. He objected to the
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previously postulated Associative Chain Theory (Washburn, 1916;
Watson, 1920). This latter theory holds that motor behaviour
operates as a type of servomechanism in that it is a consequence
of a chain of events, whereby the feedback received by the
accomplishment of one movement is required to elicit the next
movement. Lashley pointed out some serious drawbacks to
associative chain models. First of all, he believad that
feedback is too slow to provide information to inform the
following motor movement. Secondly, chain models seem to require
that the following speech unit be deterministically dependent
upon the previous unit; but of course, speech units are highly
permutable. Finally, he noted that evidence from speech errors,
such as anticipatory Spoonerisms, seem to require a central and

preplanned representation of articulatory strings.

3.4.2, osed- vs, Open-loo odels

Associative chain models are closely related to the concept
of closed-loop contrel, and preprogrammed Or hierarchical models
are related to the concept of open-loop control.? 1In closed-
loop systems, feedback from articulatory performance is matched

with the intention or program. Any discrepancies reguire

4 The difference between chains and closed-loop control is
that the former functions using correct or intended
feedback; whereas, closed-loop systems make use of
feedback from an erroneous articulation and adjustments
are made in order that the intended program matches
performance. Preprogramming "applies to nonsequential
dependencies among the elements in a pattern or series;
open-loop contrel usually does not carry this
implication" (Kent, 1976:80).
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adjustments in the execution of the motor units. In an open-loop
system, centrally programmed commands are issued independent of
feedback.

Much of the research and discussion in the area of the motor
production of speech over the last four decades has focussed on
the role of feedback in articulation. In their 1984 book, Borden
& Harris distinguish four types of feedback that a speaker may
rely upon during speech production: auditory, tactile,
proprioceptive, and central.

Auditory feedback includes air- and bone-conducted sounds
which inform the speaker of the result of his/her articulations.
Tactile feedback would come from receptors on the surface of
articulators which would provide information on the degree and
location of pressure from the tongue and lips during speech
production. If auditory and/or tactile feedback is used to
monitor speech, it would only be useful after-the-fact, since it
is relatively slow. Therefore, this type of external feedback
could only serve to overtly correct speech or to modify
articulatory programs for subsequent productions.

Proprioceptive feedback is a result of motor activity in the
muscles. Specialized muscle fibres called spindles provide
information on the length and tenseness of that muscle. This
type of feedback is quicker than external feedback, therefore it
is possible it could be used in time to make prearticulatory
medifications to the speech control units.

Internal or central feedback may also be used by the speech
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production system. It is hypothesized that this type of feedback
would rely upon information from the motor commands themselves,
prior to actual motor response. Borden & Harris (1984) note that
evidence has shown activity in the cerebellum and thalamus
approximately 100 msec prior to movement, but they are quick to
point out that, due to methodological restrictions, this cannot
be directly linked to a feedback loop at this time.

There have been numerous studies which have attempted to
determine the role of feedback during normal speech production.
For example, bite blocks and other prostheses have been
{ntroduced into the vocal tract in order to determine if and how
the speaker readjusts his/her speech to acconmodate such
modifications. The role of acoustic monitoring has been studied
through the use of delayed auditory feedback (DAF), whereby the
speaker listens to his/her own speech presented with a slight
time lag. Another method related to proprioceptive and tactile
feedback involves the use of anaesthesia as a nerve block to
observe how the speaker compensates.

Although speakers do initiaily have difficulty when
confronted with vocal tract alterations, most quickly adapt their
speech accordingly. With regards to DAF, some speakers are
greatly compromised in their ability to speak under such
conditions, while others seem able to ignore the aberrant
auditory signal. Similarly, under nerve block conditicns, some
speakers experience deviations in their speech patterms; whereas,

others function well (Bordon, Harris, & Oliver, 1973). Because
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of individual variation in performance, Borden & Harris (1984)
suggest that attentional factors may be involved, especially with
regard to delayed auditory feedback effects. And the fact that
speakers in general demonstrate a remarkable ability to
compensate for feedback interruption seems to indicate that the
feedback system is highly redundant. If one feedback link is
blocked, others will compensate for this lacuna.

Although researchers do not agree as to whether motor speech
production invelves closed-loop (Wickelgren, 1969) or open-lecp
control (Kozhevnikov & Chistovich, 1965/1966; Kent, Carney, &
Severeid, 1974), it is quite possible that both mechanisms may in
fact be involved (Easton, 1972; Borden, 1980). One particularly
interesting model of this type is that by Borden (1980) which
takes into consideration developmental factors in speech

production.

3.4.3. Borden’s_ 1980 Development
Borden (1980) proposes that less skilled speakers may depend
more upon external feedback than wouli more skilled speakers.
She states that:
Young children developing speech, and speakers of any age
attempting to learn a new language, must use all available
feedback channels in their efforts to match the sound
patterns of the new language with the sensations produced by
their own imitations (Borden, 1980:224).
She goes on to suggest that the ability to use feedback
appropriately may be dependent upon age factors. young children
being particularly adept at matching their own speech with that

of the model. Older L2 learners, on the other hand, nmay rely
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instead upon stored auditory. tactile, and proprioceptive images

from their first language.

Some study on feedback interruption has focussed on age-
related differences. For instance, very yound children were
shown to compensate to a different degree than adults in auditory
masking as well as amplification conditions (Siegel, Pick, Olsen,
& Sawin, 1976). However, by four years of age, children
compensated in much the same way as adults. Differences in the
effe-t of altered feedback have also been investigated with L2
learners. MacKay (1970) tested English-German bilinguals using
the delayed auditory feedback technigque and found differencas
that may indicate that less feedback control is required for
native speakers than for non-native speakers (see Borden, 1980
for discussion).

Borden & Harris’s 1984 model of speech production resembles
some of the models we have seen in previous sections; however, it
provides somewhat more detail at the level of articulation than
do these others. There are four basic levels in the model:

1. Perceptual Target: An abstract auditory representation that
relates to an abstract spatial representation of the speech
mechanism.

2. Internal Feedback: Interactions among the cerebrum, basal
ganglia, and cerebellum to prepare the system to produce a
phrase in the form of a motor schema leading to activation
of muscle groups.

3. Motor Schema: A rough (underspecified) plan of speech
production based upon an abstract representation.
Instructions are fed forward in syllable-sized chunks.
These instructions are fed to muscle groups cooperatives

such as laryngeal position adjusters, fundamental frequency
adjusters, mouth position adjusters, etc.
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4.a. Articulator Movements and Cavity Changes: Abstract
representations such as the phoneme and syllable disappear
into quasi-continuous movements. Coarticulatory variation
is accounted for by self-regulation within muscle groups.
b. Air Pressure and Acoustic Output: Air pressure variations
within the vocal tract set up audible pressure waves.

In addition to internal feedback on level 2, this model
incorporates feedback mechanisms from the muscle group
cooperatives (proprioception) and from level 4 (taction and
audition). Proprioception feeds back into the Motor Schema
centre in order to provide for self-regulation by the appropriate
muscle groups, and also to obtain information on upcoming units
from the feedforward mechanism in order to adjust general motor
instructions accordingly. External stimuli from taction and
audition feeds back into both the Motor Schema level and the
Perceptual Target level to provide the speaker with post-
articulatory information in order that s/he may subsequently
correct his/her own speech.

Borden & Harris’s 1984 model of speech production proposed
that instructions to the articulators are sent in syllabic-sized
units. Many researchers concur with this idea, while others

suggest different units of production. It is to this topic that

we turn in the next section.

3.4.4. Units of articulatory production

3.4.4.1. Distinctive featurss
~ Several researchers have proposed models in which
instructions to the articulators are based upon bundles of binary

features (Henke, 1966; Moll & Daniloff, 1971; Benguerel & Cowan,
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1974). For example, Henke (1966) developed a computational model
which incorporates a look-ahead mechanism. Coarticulation
effects occur across segmental units until a contradictory
feature occurs. For example, lip rounding from one segment will
influence all prior and subsequent segments that either agree in

rounding or are unspecified for that feature.

3.4.4.2. The phoneme

In her 1971 article, Fromkin suggested that the because of
such speech errors as metathesis and the breaking up of consonant
clusters, the phonetic segment seems a likely candidate as a
discrete performance unit. Other research has also found
evidence for the psychological reality of the phoneme. For
example, in their study of fluent backward talkers, Cowan,
Braine, & Leavitt (1985) found that these speakers had precise
representations of phonemic and phonetic units around which they
planned and structured their backward translations. However,
whether psychological reallty translates to psychomotor reality
is less clear.

one model that attempts to give psychomotor reality to the
segment is that by Wickelgren (1969). His Extrinsic Allophone
model proposer that the inpuﬁ unit to the articulators is in the
form of elementary motor responses from a detailed allophone.
The phoneme receive§ its allophonic status by virtue of
coarticulatory influences from the immediately preceding and
immediately following phonemes. To demonstrate the way in which

coarticulation functions in his model, Wickelgren gives the
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example of the phonemic anagrams, /strAk/ and /krAst/. Even
though these two representations contain the same phonemes when
instructions are sent to the articulators, the preceding and
following context are encoded with them: /gS¢,gty,eTas s nKy/
versus /Ky, TprParnSeigty/- This model has been criticized on a
number of grounds, one of which being that coarticulation effects

often extend well beyond contiguous elements.

3.4.4.3. The syllable

The syllable seems to hold special status in many areas of
linguistic theory as well as in models of speech production.
Several researchers maintain that the syllable constitutes the
basic unit of articulatory production (Crompton, 1981; Kent &
Rosenbek, 1982; Laubstein, 1985). Many models based on
coproduction (Kozhevnikov & Chistovich, 1965/1966; Perkell, 1969;
Fowler, 1980) consider the vowel (the nucleus of the‘syllable) to
be the basic substrate in coarticulatory phencmena.

Crompton’s 1981 model of speech production considers the
syllable to form the basis of articulatory routines. He proposes
that phonetically underspecified lexical items are input in
parallel into the "articulatory programmer." The address of‘each
syllabic routine is located based on the activation of the onset,
nucleus, and coda of the syllable. To use Crompton’s example
(1981:682), the lexical item gpank contains the onset gp, the
nucleus 2, and the coda ]k. The onset would prime or activate
all syllables beginning with sp, the nucleus would activate all
syllables with 2, and the coda would activate all syllables



79

ending with k. Therefore, the most highly activated syllable
would correspond to gpank. These syllabic routines are then
processed by the "incorporator," which puts them into their
correct serial order and applies intersyllabic coarticulatory
phonetic modifications.

Crompton proposes that certain speech errors can be
explained by a "malfunctioning at the addressing stage of
retrieval" (1981:682). For instance, in the case of the speech
error, its a meal mystery, he suggests that "contamination" can
occur from one onset to another during the address search. Thus
the onset of /ri:l/ in contaminated by the onset from /mIs/,
causing the syllabic routine /mi:l/ to be activated instead.

Although he is able to account for several types of speech
errors, Crompton’s model has been criticized on several points
(see Laubstein, 1985 for discussion). For example, Laubstein
notes that this model fails to account for the fact that speech
error data find no interaction between closed and open class
items. Crompton’s model treats all syllables on an equal par.

Oone interesting aspect of Crompton’s work is his
incorporation of articulatory routines. Other models of speech
production have also proposed such routines, and it is to these

models that we turn in the next section.
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3.5. Models Incorporating Articulatory Routines

3.5.1. Kennedvy’s 8 ormation=-process o]

In her 1988 paper, Kennedy applies Gagné’s 1983 general
cognitive model to language -~ specifically to second language
acquisition. Kennedy’s expansion upon Gagné’s work centres upon
unitization of procedural knowledge into automatic routines.
According to this model, learning, including language
acquisition, consists in the unitization of progressively larger
productions. Once unitized, these packaged routines will be
automatically triggered by the appropriate environmental
stimulus. These routines have the advantage of speeding up the
production process, but they also have the disadvantage of being
encapsulated, rigid, and impermutable. Bypassing these
unitizations would require a conscious effort.

Kennedy speculates that the young child’s language may
consist of non-unitized procedural knowledge which gradually gets
packaged into routines as the child matures. She proposes that
persistent foreign accent in the speech of older L2 learners may
be due to the difficulty in bypassing the unitized Ll
phonological system. To do so would require conscious effort,
hence the use of working memory. If working memory is also being
used to manipulate declarative knowledge in the formulation of
syntactic structures (i.e. metalinguistic knowledge), it may be
impossible to focus on bypassing unitized L1 phonological
routines.

This model is rather general. Kennedy does not specify, for
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example, the precise environmental stimulus required to trigger
these unitizations. In the following section we look at more
detailed models of a different nature, pbut which also incorporate

the concept of articulatory routines.

3.5.2. wmmww

In recent years, several researchers, principally in the
field of cognitive psychology, have been developing models of
speech production which emphasize the connectedness and
interaction between linguistic levels, as opposed to the
modularity of such levels emphasized in linguistic theory. These
models are generally classed as "spreading activatioen," (Dell,
1986; 1989) including ninteractive activation" (McClelland &
Rumelhart, 1981; Rumelhart & McClelland, 1982; Stemberger, 1985),
and "connectionist" (Grossberg & Stone, 1986).

In his 1985 article, Stemberger outlines the basic elements
and processes of an interactive activation model. Such computer
models are often intended to represent neural functioning in the
brain. They consist of a complex network of "units" (neurons).
and "links" (synapses) which join these units. What drives the
system is "activation," whose level varies and is in constant
flux due to multiple influences. Each unit has its own “"resting
ljevel." Activation spreads throughout the network from unit to
unit.

There are several levels within such a system, usually
representing such linguistic concepts as semantic, syntactic, and

phonological. Dell (1985) further specifies a syllabic component
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level (onset and rime) and a phonological feature level. Links
connect both units on the same level as well as units between
levels. However, links between levels are usually excitatory
whereas links on the same level are usually inhibitory.
Activation of a particular syllable on one level, for example,
would activate its onset and rime on a lower level, but would
inhibit other syllables on the same tier. At a certain threshold
of activation, a particular unit "fires," after which its
activation level quickly decays.

In a spreading activation model, speech errors arise through
noise in the system. This noise may be random in nature, due to
frequency effects, or activation from several sources, due to the
high degree of interconnectedness.

As described in Section 3.3.1 of this chapter, editors are
impliciﬁly incorporated into such a model through bidirectional
activation between levels. Similarly, articulatory and other
types of routines are "built in" to the system. Frequently usad
units and links, such as commonly used words in the lexicon and
recurrent syllakle onsets, are more easily activated. The
threshold level for the activation of frequently used units is
lower than it is for less common units, and frequency effects are
encoded upon the links between levels and units through different
Yyeightings."

Spreading activation models such as those by Stemberger
(1985) and Dell (1985; 1989) provide a different way of looking

at the speech production process, compared with the more
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traditional linguistic models such as that of Garrett (1975;
1984) . In many instances, they adequately account for the same
types of speech errors as traditional linguistic models do.
However, extensive empirical testing of both types of speech
production models is required before any conclusions can be drawn

as to the superiority of one model over another.

3.6. Conclusion

In this chapter we have reviewed various conceptions of the
speech production process ranging from the classic models of
Fromkin and Garrett to those focussing on motor articulation to
computational models such as the spreading activation model by
Stemberger. We have been interested in discovering how these
models have addressed various issues such as: How the non-
linguistic message is translated into articulation? What are the
psychologically-real units employed in articulation? How are
these units temporally controlled? How is it that the speech
production process proceeds so guickly, given its complexity and
the resulting propensity for errors? We have seen that answers
to these questions are primarily based upon speech error data,
since these data provide one of the only ways we can get a
vwindow onto the mind."

The purpose of this chapter has been to gain a general idea
of how speech production may function, in order that we may
situate the ﬁrticulatory production model we will elaborate in
Chapter 4. This model critically depends upon certain hypotheses

which we have encountered in some of the research reviewed in
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this chapter. These hypotheses are: 1. There are severe time
constraints involved in the production of utterances;

2. Production involves some type of monitoring or editing
mechanism to ensure appropriate output on various linguistic
levels; 3. Preduction incorporates the use of packaged "routines"

for frequent, well-practiced procedures, in order to leave more

time for "creative" processing.
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CHAPTER YOUR

A Performance-Based Model of Speech Production

4.1. Introduction

1f the study of speech production in L1 is complex, sentence
planning and neuromotor functioning in L2 is even more so. As we
have seen in Chapter 2, it is possible to attribute foreign
accent to a variety of factors, the interaction between which
presents numerous problems for researchers. The majority of
explanations for the persistence of accented speech in older L2
learners are competence-based. In other words, they attribute
non-native-like articulation to difficulties in acquiring the L2
code. However, while it is reasonable to assume that
learnability problems are responsible for some aspects of accent,
especially in early and intermediate stages of the acquisition
process, the persistence of deviant articulation in advanced L2
speakers may be partly attributable to performance constraints.
Evidence which demonstrates native-like competence in perceptual
tests while at the same time showing non-native-like articulation
(Neufeld, 1980; 1988) demands attention.

There are several possibilities which could account for such
asymmetries. The first would be to propose a "dual competence"
model for phonological representations (Troike, 1970). Such a
model could account for disparity in performance by postulating
that the perceptual system uses a competence base which is
separate from the one used in production. According to this

view, asymretry occurs when native-like representations are
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available for decoding and non-normative, fossilized
representations are used for sentence production. Although this
hypothesis might account for perception-production asymmetries,
it is less than economical in that many, perhaps most,
representations would be duplicated.

Another possibility pertains to the inability of the
articulators to produce new sounds after a certain "critical
age." This explanation is improbable. Second language speakers
vary along a continuum as to the quality of their pronunciation
in their L2 (Naiman, Fr&hlich, Stern, & Todesco, 1978). In fact,
some advanced learners achieve native-like gquality at the
articulatory level, retaining an accent only with respect to
suprasegmentals such as intonation and cadence (Neufeld,
forthcoming). Also, empirical evidence has demonstrated that
adults are indeed able to produce new and exotic sounds (Neufeld,
1977).

A third explanation for perception-production asymmetries,
the one adopted in this thesis, is based upon performance
constraints. Here, only a single competence base is presumed to
exist for perception and production. The model outlined in this
chapter further assumes that the L2 learner may demonstrate
native-like knowledge of morphophonoclogical rules and
representations while at the same time continuing to speak with

an accent.
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4.2. Articulatory Routines

Central to this model is the notion of articulatory or motor
routines. Underlying this concept is the assumption in
information-processing theory that many types of learning involve
the unitization of complex procedures through repeated use
(Gagné&, 1983; Peters, 1983; Kennedy, 1988). 1In other words,
during initial stages of learning, a given procedure must be
performed step by step. In contrast, during later stages of
learning, these steps become automatic due to their being grouped
together into one unit or program. Instead of reconstructing the
procedure from initial building blocks, a single routine in which
the entire procedure is encoded is executed.

A simple analogy should suffice to illustrate this concept.
At the morphosyntactic level, there exists such formulaic
expressions as "Your guess is as good as mine." Although the
initial prearticulatory construction of such an expression in
early learning might constitute the applicaticn of syntactic
rules such as agreement, through repeated use, this phrase
presumably becomes unitized.

In a similar fashion, this model proposes that many complex
instructions, used to determine the configuration of the vocal
tract, are eventually unitized into a single articulatory
routine.

In the following section, we will outline the general schema
for the model of articulatory production proposed here. We will

then elaborate upon the concepts that underlie this schema.



Finally, we will discuss how this model might function dvring

sentence planning and vocalization in L1, then L2.
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4.3. Bchema of the Model

Phonetic Representation

The final stage of linguistic
processing results in a fully-
gpecified and detailed phonetic
representation

&

Feedforward Mechanism

Operates upon the fully-specified
phonetic representation. Feeds
forward syllables one by one into
linguistic/motor interface

v

Interface

Fully-specified syllable (in terms
of phonetically~detailed feature
bundles). Feeds feature bundles
into Library of Routines

N 7

Library of Routines
search is conducted on basis
of phonetically-detailed

features corresponding to
articulatory targets.

Result of search:
i. Match not found:

Go to Syllable Generator ._________;>

ii. Match found:
Execute and go to Motor

Specification

Syllable Generator

Information from Interface
translated on a

unit by unit (possibly
feature by feature)} basis
into a form which is usable
by the motor component. An
articulatory goal is
constructed for the
syllable. Output from the
Generator bifurcates -- one
copy is sent to Library of
Routines, another to Motor

Specification.

N

Motor Specification

A buffer containing syllable-sized
units (the result of routines or
construction).

N2

Additional stages of motor
gpacification

\
Qutput
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4.4. How the Model Works

4.4.1, Phopetic representation
After the application of all morphophonological and

phonological rules, this final stage in the linguistic production
process consists of a fully-specified, finely detailed phonetic

representation.®

4.4.2. Feedforward mechanism

The fully-specified phonetic representation is fed into the
phonetic-motor interface, one syllable at a time. The syllable
is chosen as the primary unit in this model because of its
importance at both the linguistic and articulatory/perceptual
levels. At the linguistic level, it forms the basis of several
phonological processes, most importantly those which determine
rhythmic patterns. At the articulatory/perceptual level, there
ig an inextricable link between consonant and vowel, e.g. it is
the formant frequencies of the vowel that allow us to decode the

preceding and following consonants.

4.4.3. Interface
It is here that the linguistic system is linked with the

motor system. Each segment of the syllable is specified in terms
of phonetic feature bundles (Chomsky & Halle, 1968), along with

fine phonetic detail. For example, the syllable /pa/ might

5 The terminology used here does not imply espousal of any
particular theory of phonology.



contain the following features:

=son
-syl
-cont
-voice
-gonstr
-spread

=nas
+lab
+ant
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/a/ = —-cons

+syl
+cont
+voice
-constr
-spread
-nas
-lat
-lab

-low -cor
+back
+low

These binary features are composed of subcomponents that specify
phonetic detail such as duration, subtle differences in place of
articulation (e.g. more front or back), or degree of height.

Each syllable is scanned for its features and phonetic
detail. This information is sent to a parser which segments the
information in order to determine the basis upon which a search
in the Library of Routines will proceed. The result of this
parse is fed into the Library. As explained in the next section,

the parse may organize features hierarchically.

4.4.4. Library of Routines

The search for matching routines is performed using a type of
gating process. The onset of the syllable is analyzed, creating
a cohort (cf. Marslen-Wilson, 1987 on lexical access) of
possibilities in the Library. It is possible that features are

hierarchically organized and that the search for routines begins

6 1t is possible that the input to the motor system includes

all feature specifications, including those which are
redundant from a phonological point of view.
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with those features highest in the hierarchy. For example, given
a syllable /pa/, we might propose that Place of Articulation

(= [+labial]) is highest in the hierarchy. A search of the
Library based on [+labial] would result in a cohort of all
bilabials. The next highest feature in the hierarchy, possibly
Voicing (= [-voice]), would serve to narrow the cohort to all
voiceless bilabials, and so on. Routines are weighted according
to recency/frequency effects. This weighting has the effect of
making routines relatively more or less salient for selection in
a search.

Routines contain information concerning the articulatory goal
or target. The target has a range of permissible variation. For
example, if the articulatory goal is for the blade of the tongue
to make contact with the alveolar ridge, a certain amount of
latitude (perhaps in terms of millimetres) around the target
would be allowed. In effect, the goal is a prototype which
permits variation to a certain periphery beyond which the target
is no longer considered as belonging to that category.

Temporal constraints on the production process may force the
selection of a close match from the Library of Routines. Close
matches might be selected from a cohort of ten candidates, for
instance. In other words, the search will not proceed beyond
this point. In the event that within the cohort of ten, there
exists an acceptably close match, then that match will be
gselected. If no acceptably close match is located, then the

gearch will be aborted and the phonetic specification sent to the
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Syllable Generator.

4.4.5. What constitutes a "Close" Match?

As stated above, articulatory routines specify articulatory
goals or targets. That is, they do not contain information about
which muscle groups need to be activated in order to produce a
particular sound; instead, they specify the final outcome in
terms of physical parameters. For example, the articulatory
routine which corresponds to a syllable containing the vowel
specified with the features (+high, =-back, +round], /U/, contains
the target specified in terms of lip rounding and high tongue
blade. With respect to the articulatory goal of lip rounding,
there is a certain amount of latitude permitted with respect to
exact degree of roundedness. In other words, a phonetic
representation in the interface that is specified as high and
very rounded may trigger the same articulatory routine as a high
and less rounded specification. However, a specification which
is altogether out of the target range of that routine will either
trigger another routine, or if none corresponds to that
specification, construction of the syllable will necessarily take
place. Syllable generation, however, is a time-consuming process
since the articulatory configuration must be built without the
benefit of any unitized information. Therefore, as we will see
later, syllable construction is carried out as a last resort,

especially under the temporal constraints imposed by processing
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overload.

Recency/frequency effects also have an effect in determining
which routine will be selected as a close match. Conceivably,
two routines may overlap in their range of permissible distance
from each one’s prototypical goal. In a case where the phonetic
representation could select two or more routines as close
matches, that routine which had the highest activation level due
to its frequent use would be selected over the other, less

salient routines.

4.4.6. How Routines are TLost

As noted above, routines are weighted according to
recency/frequency effects. Each time a routine is called up
based upon the phonetic specifications in the interface (or
through generation), it is reinforced and becomes more salient.
The activation level of those routines that fail to be called
upon soon starts to decay. This decay continues until the point
where, eventually, the activation level falls below a minimum
threshold. Any routine below this minimum threshold will be
unavailable to a search of the Routine Library. This is how

articulatory routines are "lost."

4.4.7. Svllable Generator
Input to this stage is the syllable-sized, fully-specified

phonetic representation. Bundles of phonetically-detailed
features are scanned and generation takes place. The output of

the Syllable Generator is egqual to that of articulatory routines.
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construction (generation) may involve some type.of pre-
articulatory verification. The syllable-building process may be
continually monitored as to its conformity with the phonetic
representation. This could be achieved by backtracking,
effectively undoing the translation/construction process and
checking the result of this reversal against the phonetic

representation.’

Such pre-articulatory verification would be
temporally costly. The use of articulatory routines would
preclude the use of such time-consuming monitoring mechanisms.

The output from the Syllable Generator bifurcates, with one
copy being sent into the Library of Routines and the other to
Motor Specification. A new routine entering the Library from the
Syllable Generator is the least activated of all. It will not be
included in a search cohort due to its being below minimal
threshold level.

As envisioned in this model, the bifurcated output from the
Generator allows for parallel processing. Since one copy has
been sent on for further motor processing, the copy sent to the
Library has time to search through all the routines (those above
and below minimal threshold) in order to locate a previously
constructed counterpart, if indeed one exists. If found, this

routine is "overwritten" or its salience increased by one degree.

only when the same syllable is generated repeatedly will its

This type of monitoring would be nicely handled in a
connectionist type of model whereby the activated nodes in
the Syllable Generator would stimulate their higher level
nodes in the phonetic representation, and vice versa.
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corresponding routine in the Library surpass minimal threshold.
At this point, its (close) match with the phonetic representation

wirl trigger its execution.

4.4.8. Motor Specification

The input to this component of the motor system comes from
either the Library of Routines or the Syllable Generator.
Instructions are given regarding particular muscular activity --
which muscles, their tension, length, and temporal ordering of
movement.

In this motor subsystem, syllables are held in a buffer.
Coarticulatory adjustments are made based on upcoming information
contained in this buffer. For instance, segments early in the
string are often nasalized in anticipation of an upcoming nasal
segment. Since the lowering of the velum is a relatively slow
movement, the motor instructions which invoke its lowering must
be sent early in the string in order that the target be reached
in time for the relevant nasal segment. Such foresight requires

some way of locking ahead, hence the buffer.®

8 given the complexity of motor planning required for

articulation of a syllable, it may prove necessary to
include additional stages.
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4.4.9. Output

4.5. How the Model Functions in Ll

4.5.1. Developmental Considerations

In the development of L1l phonology, the young child begins
with non-adult-like (NAL) representations. Thus, the final stage
in the production process results in a NAL phonetic
representation. The feedforward mechanism feeds this deviant
representation into the linguistic-motor interface. At this
point, a search of the Routine Library is conducted. At this
early stage in development, we may assume that no routines exist;
therefore, no match is found. Since no match is found, the
phonetic representation is sent to the Syllable Generator.

The Syllable Generator builds the articulatory goal based
upon phonetic features and sends one copy to the Library and
another to Motor Specification for further processing. Inasmuch
as the input to the Generator is NAL, both the copy to the
Library and output will be NAL.

Phonological development in L1 proceeds in a series of
stages, with infants and young children progressing towards the
adult state through a series of plateaus. Consequently, we may
assume that for a time, this NAL representation continues to
szrve as the input to the phonetic-motor interface. Continued
construction of the same NAL syllable results in a reinforcement
of its corresponding routine in the Library until the point where

this routine surpasses the minimal threshold level. Once the
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routine surpasses minimal threshold, it becomes available for a
search. So the next time the young child articulates that same
(NAL) syllable, a search of the Routine Library will locate a
match and execute it.

However, soon the child updates his/her phoneclogical
representations. For the purposes of exposition, let us assume
that this updating results in an adult-like (AL)
representation.9 At this point, the input to the phonetic-motor
interface is normative. However, a search of the Library of
Routines may nevertheless select the NAL routine, if the input
falls within the acceptable margin of error for that routine.
The result may be a NAL pronunciation in the face of an AL
representation.

This situation will not persist for long, however. The young
child is attentive to pronunciation and most likely relies
heavily on auditory, tactile, and proprioceptive feedback (cf.
Borden, 1980). Noting incompatibility with his/her output and
the phonetic representation, the young child will focus on
his/her subsequent articulation of the syllable in question. 1In
effect, this attention to articulation translates into more time
being dedicated to this aspect of production. Time allows the
speaker to "bypass" stored routines and to construct the AL
syllable. This attentional factor may well be the crucial

difference between the child and the adult. The latter is less

9 ypsually the child proceeds through a series of varying non-

adult-like representations before finally adopting the
adult form.
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likely to dedicate extra time to constructing a syllable, relying
instead on routines where possible, as we shall see in greater
detail later.

construction of the AL syllable places a copy in the Library
of Routines; its subsequent reinforcement through further
generation leads to its surpassing the minimal threshold. At
this point it becomes available in a search of the Library, and
succeeding input from the feedforward mechanism of the now AL
representation will call upon the corresponding AL routine.

After a certain time, the young child’s phonological and
phonetic representation of this particular syllable stabilizes.
The previous NAL form never surfaces at the final stage of
linguistic production. Therefore, the NAL routine is never
called up, causing its activation level to continually drop to
the point of falling below minimal threshold, effectively being
lost.

4.5.2., How the Model Functions for Adult L1

Once the speaker reaches approximately 10 years of age, s/he
has reached a steady state in his/her phonological development.
We can assume that phonological rules and representations are AL.
This means that the final stage in the production process results
in an AL phonetic representation, thereby invoking the
corresponding AL articulatory routines.

Under normal circumstances, speech production in L1 operates
relatively smoothly and automatically. But what happens, for

example, when the speaker becomes overly concerned with syntactic
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rules?

As sociolinguistic research has shown, speakers vary along a
continuum in their speech styles -~ from vernacular to formal.
The vernacular is the most systematic of all speech styles.
However, in formal situations, the speaker may monitor and edit
his/her speech, carefully selecting the appropriate vocabulary
and perhaps using more exotic syntactic constructions. In fact,
the L1 adult speaker may appeal to prescriptively taught rules of
grammar in the formulation of his/her productions. For example,
s/he may consult such metalinguistic knowledge as when to use
nywho" versus "whom," or "I" versus "me."

The integration of such explicit knowledge inte the language-
specific processor would presumably require some sort of
translation mechanism.}® This translation process must surely
be disruptive and time-consuming from the standpoint of sentence
planning.

Given the temporal restrictions imposed upon the entire

10 proponents of 1linguistic modularity may express some
concern as to how such non-linguistic material may be used
at all in speech production. However, while supporting the
notion of modularity in principle, it appears that we must
somehow incorporate mechanisms which allow for interface
between linguistic and non-linguistic information at some
point in the derivation. It may be that the individual
sub-components of the linguistic processor, e.g. syntactic
and semantic, are informationally encapsulated while the
1ink between one level and the next may allow for extra-
linguistic information to be incorporated. Despite such
difficulties, it is evident that we must allow for some
type of interface since L1 speakers do make use of
metalinguistic knowledge in real time production. And as
we shall see later, many L2 speakers may be quite reliant
on this type of knowledge. '
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speech production process in real-time communication, it is
probable that translation of explicit knowledge into data
compatible with the input constraints of the sentence output
processor leaves significantly less time for later, low-level
processes such as phonological and phonetic fine-tuning.i!

This disruption at lower levels may result in less-than-optimal
phonetic representations at the last stage of linguistic
processing. Why then do we not observe more deviation in L1
articulation in correlation with degree of formality in style?
It is proposed here that the relative stability in
pronunciation across styles in Li speech is due to the use of
articulatory routines. In L1, any deviation in phonetic
representation due to a lack of processing time at lower levels
would presumably be quite minor. When a cohort of possible
routines is constructed, the correct adult/native-like routine is
selected. This is because the deviation in the phonetic
representation is slight enough to fall within the range of the
correct adult/native-like routine. Therefore, what we observe,
in essence, is a correction of the deviant representation by the

use of a well-established articulatory routine.

11 Note that in certain cases, metalinguistic knowledge
concerns pronunciation. For instance, in Labov’s (1966)
study of New York English, he found that in formal
situations, speakers pronounced the standard /6/ in words
such as "think;" however, in the vernacular, the /t/
variant was more likely to be realized. This demonstrates
that focus on metalinguistic matters may in fact direct
attention to articulation.
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4.6. How the Model Functions in L2

As stated earlier, this model of articulatory production is
applicable to both Ll and L2. Therefore, the process described
for L1 in Section 4.5 is the same as that which occurs in L2.
How then do we account for the presence of foreign accent in the
speech of older L2 learners, and why is foreign accent so
persistent? The answer to this question may be attributed, in
part, to the existence of a subset of erroneous routines in the

set available to the older L2 speaker.

4.6.1. Why are Some Articulatory Routines in L2 Speech Erroneous?
It is proposed here that in the initial and intermediate

stages of learning, older L2 speakers do dedicate some of their
attentional resources to the level of articulation. This is
necessary, of course, since extremely deviant pronunciation will
preclude any further linguistic decoding on the part of the
interlocutor. Preliminary evidence (Neufeld, forthcoming) has
shown that at early and intermediate stages, 12 learners steadily
and linearly improve at all linguistic levels. However, at more
advanced stages, most speakers tend to plateau at a point where
they still retain non-native-like articulation, despite continued
improvement at higher linguistic levels such as syntax and
morphology. Why do we observe such plateauing at the
articulatory level?

A possible explanation for this plateauing may involve a
shift in focus on the part of the older L2 learner. Once the

learner perceives that s/he has attained a level of articulatory
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precision that permits adequate comprehension on the part of the
interlocutor, s/he may shift attentional resources away from
articulation and toward other linguistic levels that affect form
and meaning. In particular, s/he may tend to focus more on the
content and form of the message, in some cases accessing formally
learned metalinguistic knowledge during the production process in
order to ensure the morphosyntactic well-formedness of the
utterance. This shift in focus results in less attention being
dedicated to low-level and less meaning-encoding processes such

as morphophonenic adjustment.

4.6.2. The Effects of Processing Overload

It is proposed that in L2 production, speakers are subjected
to processing overload. They are required to draw upon many
stores of information during the speech production process. When
the older L2 speaker directs his/her focus to content and form of
the message, and/or to metalinguistic rules in order to help
formulate utterances, this causes temporal disruptions in the
production process.

The older L2 speaker’s focus on meaning, form, and
metalinguistic knowledge, along with the fact the s/he must
somehow compensate for lack of competence in one or several
linguistic areas, results in a slowing down of the entire speech
production process. In order to produce speech in accordance
with real-time constraints, any available shortcuts in the
process must be exploited. Since the final stages of linguistic

processing encode the least amount of peaning, the speaker may
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adopt the (unconscious) strategy of diverting attention from
these levels in order to direct maximal attentional resources to
those linguistic levels which carry the most meaning, i.e.
lexico- and morpho-syntax. The result from this change in focus
may manifest itself in less attention being paid to
morphophonological refinement and to matching final phonetic
representations with output.

There are four ways in which erroneous articulatory
routines could contribute to non-native-like pronunciation:

1. The older L2 learner may fail to develop native-like
morphophonemic rules and representations. In this case, the
input to the interface may be close enough in range to an already
existing articulatory routine from Ll. The Ll routine, in this
event, would be executed, and we would observe what looks like
(and in fact is) L1 interference.

2. fThe L2 speaker might not take the time to construct a
syllable and rely, instead, on a close match in the Library of
Routines. As will be recalled from earlier discussion, strong
evidence exists (Neufeld, 1980; 1988) for the existence of
native-like phonological competence in advanced L2 learners.
Thus, presuming a native-like phonetic representation as input to
the interface, this assumes that there exists no native-like
routine in the Library for this particular input; instead, a
close match is selected from among the cohort of routines.

Recall from earlier discussion that it was noted that young

children are heavily dependent on feedback to ensure consistency
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between the phonetic representation and output. It is
hypothesized that many older L2 speakers may be less concerned
with matching the phonetic representation with actual output.
Therefore, when an erioneous routine is used in the articulation
of an otherwise native-like representation, little attention to
directed to the discrepancy between output and phonetic
representation: no attempt will be made to bypass erroneous
routines in order to construct the "correct" syllable. In other
words, the older L2 speaker may be choosing "the path of least
resistance," the consequence of which is a failure to create an
updated routine to accord with the native-like phonetic
representation.

It is also conceivable, however, that failure to bypass
erroneous routines in order to construct "correct" syllables may
be the result of time constraints imposed by disruptions at the
sentence planning level. In other words, the "path of least
resistance" may be forced due to a lack of time, rather than the
disinclination to match articulatory output with the intention.

3. Assuming native-like competence at the phonological
level, such competence may not be realized due to the older L2
speaker having insufficient time to apply the appropriate
morphophonemic adjustments. The result of this would be non-
native~like input to the interface and therefore the calling up
of non-native-like routines. This could be caused either by
disruption at the sentence planning level or by a simple

(unconscious) decision not to focus on low-level processing.
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Whatever the cause, the result is a non-native-like phonetic
representation at the last stage of production. 1In contrast to
the minor deviations we would find in L1, the deviations in L2
would be more serious. For example, in L1 we might find minor
deviations such as reduced VOT on an aspirated consonant-vowel
sequence. We might expect that the resulting less-than-optimal
phonetic representation to nonetheless fall within the acceptable
range for the routine corresponding to the fully aspirated
consonant-vowel segquence. However, in the case of Lz,
disruptions at higher linguistic levels might cause greater
deviation at the level of phonetic fine-tuning in that
discrepancies may occur along several parameters. With respect
to the above example, it may not only be that degree of VOT is
maladjusted, but also the precise height of the vowel and its
degree of fronting, for instance. Thus, the resulting non-
native-like phonetic representation in L2 speech could be so
discrepant from the corresponding (correct) routine, that it
would not be selected from among the cohort. However, this non-
native-like phonetic representation might fall within the range
of acceptability of another (incorrect) routine, in which case
that erroneous routine would be selected and executed.

4. Even for those forms where the native-like rules and
representations have stabilized, we may observe "pbacksliding" to
a previous stage of development. Backsliding occurs when the
learner reverts to a non-native-like rule or representation after

the native-like rule has been acquired.
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Backsliding at the morphophonemic level results in occasional
non-native-like phonetic input to the interface. At early and
intermediate stages in the development of L1 and late-learned L2,
both a non-native-like and a native-like routine exist in tandem
in the Library. In the case of the advanced older L2 learner,
however, the non-native-like routine receives reinforcement from
occasional backsliding to a non-native-~like phonetic
representation in the interface. It is never permitted to fall
below minimal threshold level, and thus is never lost.

In contrast, the young L1 learner, by allotting more
attentional resources to low-level processes, ensures that the
phonetic input to the interface is always AL. After
stabilization of the phonological system, backsliding does not
occur in Ll; thus NAL routines do not receive reinforcement and
are eventually lost by virtue of falling below the minimal
threshold of activation.

4.6.3. e of a rroneous

In early learning, French speakers of L2 English may have a
non-native-like phonetic representation for a word-initial
syllable. For instance, due to the existence of non-native-like
phonological rules, English /pPe/ may initially be represented as
equivalent to French /pe/. Therefore, the input to the interface
would be specified according to phonetic features such as:
/o/ = [+lab, -voi, -cont] and /e/ = [~hi, =-lo, -bk]. A look-up
in the repertoire of articulatory routines selects the

corresponding (French) routine.
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Later in the acquisition process, the learner updates his/her
phonetic representation to the native-like English /pPe/. The
(French) routine, however, will continue to be selected in a
search of the Library of Routines. Otherwise expressed, the
erroneous routine is selected based on the fact that the phonetic
input, /p"%/, falls within an acceptable range of the target for
/p/: both involve lip closure and differ only in the voice onset
time following release of the closure. At this point in
learning, construction using pre-articulatory verification is no
longer used to establish a match between the phonetic
representation and the impending output. This may be due either
to the speaker choosing the path of least resistance, or it may
be forced by temporal constraints imposed by disruption at higher
linguistic levels. In the interests of economy, a search is made
in the Library of Routines for the nearest acceptable match to
the phonetic representation; unfortunately, this close match is

erroneous.

4.7. Bummary

In this thesis, we have elaborated a performance-based model
for speech production which attempts to offer a partial
explanation for the persistence of foreign accent in the speech
of older L2 learners.

In Chapter 2, we have examined various proposals that have
been advanced to explain child-adult differences in the quality
of pronunciation in L2 speech. In general, young children are

better able to achieve native-like articulatory proficiency than
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those who begin learning L2 at a later stage. We have examined
accounts which attribute this difference to neurophysiological,
cognitive, social/sociopsychological, and psycholinguistic
factors. We have seen that many of these explanations attribute
differences to the older learner’s inability to acquire native-
like competence in L2. We noted that some models fail to make
competence/performance distinctions, or are otherwise too
imprecise in their formulation to permit adequate empirical
testing. Others, however, are well-developed and offer great
insight into the phenomenon of foreign accent.

In Chapter 3, we briefly reviewed some models of speech
production. Many of the concepts in that chapter have been
included, in one form or another, in the model detailed in this
thesis.

In Chapter 4, we have discussed at some length the
preliminaries of an articulatory production model that we believe
applicable to both first and second language acquisition and
performance. We propose that cognitive maturation brings with it
a shift in focus away from low-level processes such as
articulation towards higher-level processes that are more related
to language structure and content. It is our contention that it
is this shift in focus which inhibits many older learners from
ridding themselves of their accented speech. Unless the L2
speaker is predisposed to focus on pronunciation, extra time
taken in the planning of the sentence -- due to syntactic,

lexico-semantic, and/or morphological complexity, and possibly
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the integration of metalinguistic knowledge as well -- results in
less time being available for lower-level, non-neaning-related
processing.

We have claimed that erroneous motor routines become
entrenched at a point in learning where the older speaker judges
the development of his/her L2 pronunciation to have reached an
adequate level of comprehensibility. Nevertheless, the learner’s
phonological (and other linguistic) competence may continue to
develop independently.

Cconsistent with our model, lack of time, due to processing
overload in the sentence planning process, may have some of the
following consequences:

1. The older L2 learner fails to develop native-like
morphophonemic rules and representations. In this case, the
learner may be relying upon routines from his/her L1, which are
close matches with the phonetic input, or s/he may develop
erronecus routines based on non-native-like, pre-interface,
phonetic representations.

2. Even if the older L2 learner updates certain rules in
his/her phonological competence such that the resulting phonetic
input to the neuromotor interface is native-like, s/he may
nevertheless rely upon erroneous routines that are sufficiently
close matches to the input.

3. In the presence of certain native-like rules in
phonological competence, the older L2 learner may not have the

time to apply these rules, resulting in a non-native-like
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phonetic representation. These variable and possibly non-
systematic errors would be systematized through the use of
articulatory routines.

4. Even when certain native-like phonological rules and
representations have been acquired, backsliding may reinforce

erroneocus routines which would have otherwise been lost.

4.8. Conclusion

It must be pointed out that the model proposed here is a
preliminary version. In many ways it is incomplete and no doubt
oversimplified. It is evident that many questions remain to be
answered. Empirical testing is required.

In particular, the basis upon which a search is conducted may
need further refinement. Also, laboratory tests would need to
tease out whether a particular erroneous routine is due to the
failure to apply morphophonological and phonetic fine-tuning, or
to the failure to bypass erroneous routines in favour of syllable
generation.

The model developed in this thesis delineates some possible
reasons for the inability of many adolescent and adult L2
learners to rid themselves of foreign accent in their speech. We
have seen that most models of second language acquisition
attribute the existence and persistence of foreign accent to
learnability problems resulting in the non-acquisition of certain

aspects of phonological competence. Certainly some of these
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models are cogent, but not necessarily to the exclusion of
performance considerations. To communicate with native-like
proficiency in one’s L2 requires not only the internalization of
the rules and representations applicable to that language, but
also access and use of those rules and representations.
Therefore, models of performance also have their place in the

field of L2 acgquisition.
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