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Abstract
Memory and Language:
Insights from Picture Description and Past Tense Generation
in a Native and a Second Language in Bilingual Alzheimer and Parkinson Patients.
Despite the fact that bilingualism is common, little is known about the effect of
aging or age-related disorders on bilingual speech production. No previous study has
contrasted narratives or examined verb inflection in a native (I.1) versus a second
language (L2) in healthy older adults or patients. We tested 16 young and 16 older
adults, and 9 Alzheimer (AD) and 8 Parkinson patients (PD), all French/English bilingual
who learned L2 after age 8. Participants described a complex picture (Manuscript 1) and
generated the past tense of verbs (Manuscript 2) in L1 and L2. The neurolinguistic
models of Paradis (1994) and Ullman (2001) suggest that L2 grammar (when L2 is
learned late) and the lexicon are linked to declarative mémory, whereas L1 grammar is
linked to procedural memory. Given that AD affects mostly d_eclafative memory, and PD
procedural memory, AD was expected to chiefly affect the lexicon in L1 and L2, and L2
grammar, and PD to mostly impact L1 grammar. The speech and verb inflection
performance of AD patients suggests that AD affects lexical processing more than
grammatical processing in L1, and affects L1 more than L2. The speech and verb
inflection performance of PD patients suggest greater grammatical than lexical
impairment in L1, but both grammatical and lexical difficulties in L2. The L1 findings
replicate those in the literature. The L1-1.2 findings suggest that AD and PD affect L1

and L2 differently, in a manner that differs from that pfedicted, and that aging has little

effect on picture description and verb inflection.
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Memory and Language: Insights from Picture Description
and Past Tense Production in a Native and Second Language
in Bilingual Alzheimer and Parkinson Patients

This thesis examines memory and language in bilingual Alzheimer (AD) and
Parkinson (PD) patients, in the context of the neurolinguistic models of Paradis (1994,
2004) and Ullman (2001, 2004). Briefly, the models posit that for a second language
(L2) learned late, the lexicon and L2 grammar are dependent upon the declarative
memory system, whereas grammar in a native language (L1) is dependent upon the
procedural memory system. As reviewed in Gabrieli (1998), AD impairs primaﬁ%y
declarative memory, and PD primarily procedural memory. Based on this, the -
neurolinguistic models of Paradis (1994, 2004) and Ullman (2004) predict a double
dissociation with AD patients showing greater impairments on measures of the lexicon
and L2 grammar, and PD patients displaying greater difficulty on measures of L1
grammar. Two studies were conducted to test these predictions by comparing the L1 and
L2 performance of bilingual AD and PD patients, relative to that of heélthy controls, on a
picture description task and a past tense generation task. The contribution of aging was
investigated by contrasting the L1 and L2 performance of the healthy older controls to
that of a group of healthy young bilinguals.

In the sections that follow, the declarative and procedural model of the lexicon
and grammar (Paradis, 1994, 2004; Ullman, 2001, 2004) is discussed, following a brief
introduction to bilingual neurolinguistics. Empirical support for the model is discussed,
that includes a literature review on language in AD and PD. Last is an overview of the

two thesis manuscripts, which contrast the effect of AD and PD on L1 and L2, and test



whether the neurolinguistic models of Paradis and Ullman can help elucidate the process
of language deterioration in bilingual AD and PD patients.

Introduction to Bilingual Neurolinguistics .

Fabbro (1999) states that the most ancient document reporting language loss
following brain disease is a 1700 BC Egyptian papyrus. Yet, it is only in the second half
of the 19" century that significant advances were made in the understanding of the
cerebral organization of language. According té Fabbro (1999), it is based on the
observation of the symptoms of a patient named Leborgne, and on that patient’s brain
autopsy, in Paris in 1861, that Pierre Paul Broca hypothesized that the faculty of
articulated language was localized in the third convolution of the frontal lobe. Additional
autopsies of the brain of patients who had lost the ability to speak confirmed Broca’s
hypothesis and led him in addition to state iﬁ 1865 that “we speak with our left
hemisphere” (Broca, 1865; cited in Fabbro, 1999). In‘ 1894, Carl Wernicke, a German
neurologist, published a monograph describing hypotheses about cerebral organization
and reported on two cases of “sensory aphasia” (Wernicke, 1894; cited in Fabbro, 1999).
Now known as “Wernicke’s aphasia”, the syndrome is defined as an inability to
comprehend speech or to produce meaningful speech, following lesiohs to the posterior
portion of the superior temporal gyrus (e.g., Kolb & Wishaw, 1990).

These discoveries on the brain organization of language ignited the question of
how multiple languages are represented in the brain. The simplest hypothesis was that if
multiple languages were represented together in the same brain area, then brain damage
should affect each language of a bilingual or polyglot equally. Nufnerous case studies

between 1843 and 1982, translated in Paradis (1983), did not support this hypothesis, and



recent estimates reported in Fabbro (1999) suggest that whereas about 40% of bilinguals
exhibit parallel recovery of all languages after brain insult, approximately 32% and 28%
display better recovery of L1 and L2, respectively. These observations yield two very
interesting questions: First, why are there differential impairments and recovery of
languages mastered equally before brain injury (i.e., are languages represented differently
in the brain, are they processed differently, etc)? Second, what determines, in the case of
selective impairment or recovery, which language is impaired or recovered? Several
explanations, some of which are reviewed in Paradis (2004), have been proposed since
the late 1800s but none has been able to accommodate all observations. Failure to
develop a theory that could usefully predict L1 and 1.2 impairment in different liﬁguistic
domains (i.e., phonology, morphology, syntax, lexicon, and pragmatics), following brain
injury or degeneration, may be partly due to the fact that historically, language has been
studied as an entity. Inasmuch as language shares underlying brain circuitry with other
cognitive or even motor functions, examining language uniquely in isolation from other
cognitive faculties may prevent, limit, or delay, the uncovering of the rules that govern
L1 and L2 acquisition, maintenance, and attrition.

An excellent candidate to help elucidate the relationship between brain and
language 4is memory. Ribot was one of the first to write on the possible link between
memory and language in “Les maladies de la mémoire” (1881: translation in Paradis,
1983). He proposed that the earlier a language is learned, the more immune it is to brain
injury, just as earlier memories are usually better spared by brain insult. Relative to
research on memory or on language, there have been few attempts at specifying the role

of memory in acquiring and sustaining single or multiple languages since Ribot. There



have been publications on the role of implicit and explicit processes in second language
acquisition, but these contrast the role of implicit strategies (i.e., practice) and explicit
techniques (i.e., the learning of rules) in L2 acquisitibn (e.g., Levin, 1969). Their goal
was not to specifically relate language components in L1 and L2 to the implicit and
explicit memory systems of Cohen and Squire (1980). Paradis (1994) was the first to
postulate precise links between memory and language in bilinguals in his “neurolinguistic
model of metalinguistic knowledge and implicit linguistic competence”. Ullman (2001)
then developed his “declarative-procedural model of the lexicon and grammar”, which is
fundamentally complementary to Paradis’s modcl. These are reviewed next.

The Declarative-Procedural Model of the Lexicon and Grammar

Declarative and Procedural Memory: Memory is not a unitary construct.

Dissociations in the performance of patients with different brain injury, as well as
dissociations in the performance of healthy participants under certain experimental
conditions, have prompted the proposal of various taxonomies (see Haberlandt, 1999).
One of the most influential taxonomies is Larry Squire’s declarative and procedural
memory (Haberlandt, 1999). Declarative memory refers to the ability to tell about what
one knows. It is highly flexible, in that it integrates new information from various
modalities (e.g., bird-related knowledge can easily be expanded by reading from
appropriate sources and bird-watching). Converging evidence from lesion studies and
functional neuroimaging studies (reviewed in Gabrieli, 1998) suggests that regions of
mesial temporal lobe that ‘include the hippocampus, entorhinal cortex, parahippocampal
cortex, but not the amygdala, subserve declarative memory. By contrast, procedural

memory refers to memory for certain ways of doing things or for certain movements,



independent from memory used to “tell about” the ability. Procedural memory is
inflexible, in that new information or new procedures cannot easily be incorporated into
an internalized procedure. For instance, after singing an aria with a flat repeatedly, it can
be difficult to substitute a sharp for the flat while singing, despite clear knowledge of the
required change. Procedural memory is hyper-specific. Procedural knowledge cannot bé
incorporated into a knowledge base, such that for instance, one can type but not be able to
tell where specific keys are on the keyboard. It also cannot be integrated into another
procedure, as for example, knowing how to type does not make one know how to play the
piano, or knowing Spanish as an L2 does not help know Chinese as an L3. Based on
Gabrieli (1998)’s review of human memory, subcortical structures, the basal ganglia in
partiéular, as well as the striatal-thalamic-cortical pathway, are involved in skill learning
and maintenance. The dissociation between declarative and procedural memory has
received considerable support, especially from anterograde amnesics who are able to
learn new skills but not new facts. ‘Milner’s patient H. M. became amnesic after temporal
lobe surgery that involved hippocampal removal. In the 40 years that followed, H. M.
would benefit from practice on tasks such as mirror drawing, mirror reading, or
recognizing objects from fragmented pictures, despite remaining incapable of learning
new words or the names of familiar people (Cohen, 1991; cited in Paradis, 1994).

Paradis (1994, 1997, 1998a, 1998b) made explicit the link between declarative‘
memory and “metalinguistic knowledge”, and that between procedural memory and
“implicit linguistic competence”. Ullman (2001) further elaborated on the nature of these
associations and proposed the term “memorized mental lexicon” to refer to Paradis’

“metalinguistic knowledge”, and the label “computational grammar” to refer to Paradis’



“implicit linguistic competence”. The parallels drawn by Paradis (1994) and Ullman
(2001) between specific memory systems (declarative/procedural) and language
components have important implications for our understanding of the processing of
lexical items and grammar within a language, and across languages in bilinguals and
polyglots. These are defined and reviewed next.

Declarative Memory and Metalinguistic Knowledge/Lexicon: According to

Paradis (1994, 1997, 1998a, 1998b), metalinguistic knowledge (knowing “that”) is
learned consciously, is available for conscious recall, and is applied to the comprehension
and production of language in a controlled manner. Metalinguistic knowlédge relies on
declarative memory, which depends on the integrity of the hippocampal system and is
stored diffusely over large areas of tertiary cortex. Ullman (2001, 2004) refers to aspects
of language to which these characteristics apply as the “memorized mental lexicon”, and
remarks on the functional similarities betweeﬁ declarative memory and the lexicon. For

_instance, declarative memory allows for assqciations to be formed rapidly, just as
learning a new word involves the binding of the phonological input (sound of the word)
to the object or concept it refers to or is associated with. According to Ullman (2001),
the mental lexicon contains memorized words (i.e., pairings of sound and meaning),
bound morphemes (e.g., “international”’) and idiomatic phrases (e.g., “To goout on a
limb”). Ullman (2001) was)the first to explicitly posit a correspondence among lexical
items, faéts, and events, with regards to their representations and processing.

Procedural Memory and Implicit Linguistic Competence/Grammar: According to

Paradis (1994, 1997, 1998a, 1998b), implicit linguistic competence (knowing “how to”)

is acquired incidentally, is stored in the form of procedural know-how, without conscious



knowledge of its contents, and is used automatically. Implicit linguistic competence is
thought to rely on procedural memory, which is mediated by subcortical structures,
mainly the basal ganglia and cerebellum. Ullman (2001) refers to aspects of language to
which these characteristics apply as the “computational mental grammar”. According to
Ullman, the grammar contains rules, including operations and constraints, which underlie
the productive combination of lexical forms into complex structures such as sentences, or
words. An example of a grammatical computation is the generation of the past tense of
regular verbs by adding the suffix “ed” to a verb stem (e.g., “walk” + “ed” = “walked”).
Ullman (2001) was the first to explicitly posit a correspondance among grammar, skills,
and habits, with regards to their representations and processing. |

Implications of these Parallels for the Processing of 1.1 and I.2: As Fabbro (1999)

explains, comprehension in L1 presupposes the concurrent activation of declarative
memory, which is responsible for lexical recognition, and of procedural memory, which
is responsible for grammatical comprehension. Similarly, L1 language production
requires the retrieval of lexical items from declarative memory, and the synchronized
implementation of the computational and sequencing operations of grammar, based on
procedural mémory. The extent to which an L2 recruits declarative and procedural
memory in the same manner as an L.1 does is posited by Paradis (1997) to depend on at
least three factors. These are the age at which L2 was acquired, the degree of mastery of
L2, likely a function of practice in communicative situations, and the degree of
motivation in acquiring 2. According to Paradis (1997), a later age of acquisition, low
degree of mastery of L2, and limited practice of L2 in a conversational situation where

the motivation is to communicate, are all associated with decreased implicit linguistic



competence in L2, and by consequence, by an increased reliance on metalinguistic
knowledge and pragmatics in the comprehension and production of L2. Reliance on
declarative memory should be greatest, and rel-iahce on procedural memory smallest,
under these conditions. In a similar vein, Ullman (2001) suggests that later exposure to
language can impair the ability of the procedural memory system to learn or compute
aspects of grammar. As a result, forms that may be computed grammatically in L1 (e.g.,
generating the past tense of “talk” by implementing the “talk” + “ed” procedure) may
depend on lexical or declarative memory in L2 (e.g., retrieving “talked” as én entity). As
such, productivity in L2 emerges from the ability to form associations and remember
them, whereas production in' L1 emanates from the on-line implementation of rules. The
fact that there may be a critical period for language acquisition, after which grammar in
particular is negatively affected (see DeKeyser & Larson-Hall, 2005) is consistent with
the position of Paradis (1994, 2004) and Ullman (2001, 2004) that L1 and L.2 grammar
are distinct and likely sustained by different brain mechanisms when L2 is learned late.
Evidence for the declarative-procedural model of the lexicon and grammar comes from
many sources and it is extensively reviewed in Ullman (2004). Evidence from
neuroimaging, Event-Related Brain Potentials (ERPS), and aphasia, in monolinguals and
bilinguals, is summarized briefly next, followed by a review of the evidence from the
pattern of language impairment in AD and PD.

Evidence for the Declarative-Procedural Model of the Lexicon and Grammar

Evidence from Healthy Populations: Functional neuroimaging and event-related

brain potentials (ERPs) provide insight into brain-language relations. These techniques

can be used with healthy participants, and tell how a cognitive function can work. This



information nicely complements that from patient observations which show how a
cognitive function can fail. In monolinguals, several studies have documented activation
in temporal and temporo-parietal regions during the processing of semantic and lexical
information (Damasio, Grabowski, Tranel, Hichwas, & Damasio, 1996; Martin et al.,
2000; Newman, Pancheva, Ozawa, Neville, & Ullman, 2001). Conversely, many studies
have reported activation in the ventro-lateral pre-frontal cortex, and Broca’s area in
particular, during procedural memory tasks and tasks of syntactic processing (Caplan,
Alpert, & Waters, 1998; Embick, Marantz, Miyashita, O’Neil, & Sakai, 2000; Indefrey,
Hagoort, Herzog, Seitz, & Brown, 2001; Moro, Tettamanti, Perani, Donati, Cappa, &
Fazio, 2001). These observations are as expected if the lexicon is associated with
declarative memory and temporal lobe functions, and if grammar is associated with
procedural memory and its neural substrate.

In bilinguals, several neuroimaging studies have investigated single word
processing and found no consistent difference in activation patterns between L1 and L2
(Chee, Tan, & Thiel, 1999; Klein, Milner, Zatorre, Meyer, & Evans, 1995; Klein, Milner,
Zatofre, Zhao, & Nikelski, 1999; Klein, Zatorre, Milner, Meyers, & Evans, 1994, 1995).
These results are consistent with the position that the lexicon is dependent upon
declarative memory, irrespective of whether an L1 or an L2 is at issue. By contrast,
neuroimaging stu