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1. Introduction

The neural, cognitive, and computational (i.e., neurocognitive) bases of
second language acquisition and processing are still not well understood.
There has been surprisingly little empirical work in this area. Data informing
the specific neural substrates of second language and the relations between its
neural, cognitive, and computational underpinnings have been especially
sparse (e.g., what brain structures play which computational roles and how do
they interact?). Given this lack of data, it is not surprising that there have been
few attempts to offer integrative neurocognitive theories of second language,
particularly in the context of first language and of our broader understanding
of the mind and brain.

In this chapter, I discuss a neurocognitive model that begins to address
these theoretical gaps. According to this perspective, both first and second lan-
guages are acquired and processed by well-studied brain systems that are
known to subserve particular nonlanguage functions. These brain systems are
posited to play analogous roles in their nonlanguage and language functions.
So our independent knowledge of the cognitive, computational, neuroana-
tomical, physiological, cellular, endocrine, and pharmacological bases of these
systems leads to specific testable predictions about both first and second lan-
guage. The model thus brings the knowledge base and empirical approaches
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of cognitive neuroscience to bear on the study of second language acquisition
(SLA).

This chapter begins by discussing the broader linguistic and neurocog-
nitive issues, along with the neurocognitive model as it pertains to normal
early-learned first language (L1). Next, the background, theory, and extant
empirical evidence regarding the acquisition and processing of second and
subsequent languages are presented, with a focus on later-learned languages,
particularly those learned after puberty. (Note that the term L2is used in this
chapter to refer only to such later-learned languages.) Finally, the chapter con-
cludes with comparisons between the model and other perspectives and with a
discussion of implications and issues for further study.

2. The Neurocognition of Lexicon and Grammar

Language depends upon two mental abilities (Chomsky, 1965; Pinker,
1994). First, all idiosyncratic information must be memorized in some sort of
mental dictionary, which is often referred to as the mental lexicon. The lexi-
con necessarily includes all words with arbitrary sound-meaning pairings,
such as the noncompositional (“simple”) word caz. It must also contain other
irregular—that is, not entirely derivable—word-specific information, such as
whether any arguments must accompany a verb (e.g., /it requires a direct ob-
ject) and whether a word takes any unpredictable related forms (e.g., teach
takes the irregular past tense taught). The mental lexicon may comprise other
distinctive information as well, smaller or larger than words: bound mor-
phemes (e.g., the -ed or -ness suffixes, as in walked or happiness) and complex
linguistic structures whose meanings cannot be transparently derived from
their parts (e.g., idiomatic phrases, such as kick the bucker) (Di Sciullo and
Williams, 1987; Halle and Marantz, 1993).

But language also consists of regularities, which can be captured by rules of
grammar. The rules constrain how lexical forms combine to make complex
representations and allow us to interpret the meanings of complex forms even
if we have not heard or seen them before. Meanings can be derived by rules
that underlie the sequential orders and hierarchical relations of lexical items
and of abstract categories such as verb phrase. Such rule-governed behavior is
found in various aspects of language, including phrases and sentences (syntax)
and complex words such as walked or happiness (morphology). The rules are a
form of mental knowledge in that they underlie our individual capacity to
produce and comprehend complex forms. The learning and use of this knowl-
edge are generally implicit—that is, not available to conscious awareness. Last,
although complex representations (e.g., the regular past tense form walked)
could be computed anew each time (e.g., walk + -ed), they could in principle
also be stored in the mental lexicon.
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Numerous theories and empirical studies have probed the neurocognitive
bases of lexical and grammatical abilities in L1 (e.g., Damasio and Damasio,
1992; Elman et al., 1996; Friederici, 2002; Gleason and Ratner, 1998;
Goodglass, 1993; Pinker, 1994). This research has addressed several interre-
lated issues, including the following: (a) separability: Do lexicon and grammar
depend on distinct components that rely on separable neurocognitive corre-
lates? (b) mechanisms: What mechanisms underlie the learning, representa-
tion, computation, and processing of the two linguistic capacities? (c) domain
specificity: Are the underlying neurocognitive substrates dedicated to lan-
guage (domain specific) or do they also subserve nonlanguage functions (that
is, are they domain independent)? (d) biological correlates: What are the bio-
logical correlates of lexicon and grammar, be they brain structures, neural cir-
cuits, or molecular systems? What is the temporal order of their involvement
during processing and how do they interact?

Here I focus on one theoretical perspective—the declarative/procedural
(DP) model (Ullman, 2001a, 2001c; Ullman, 2004; Ullman et al., 1997)—
which addresses these and related issues. The basic premise of the DP model is
that aspects of the lexicon-grammar distinction are tied to the distinction be-
tween two well-studied brain memory systems (Ullman, 2001c; Ullman,
2004), declarative and procedural memory, that have been implicated in
nonlanguage functions in humans and other animals (Mishkin, Malamut, and
Bachevalier, 1984; Schacter and Tulving, 1994; Squire and Knowlton, 2000;
Squire and Zola, 1996). In the following two sections, I first discuss the na-
ture of the two memory systems and then present the claims and predictions
of the DP model as they pertain to L1.

3. Declarative and Procedural Memory

The declarative memory system underlies the learning, representation, and
use of knowledge about facts (semantic knowledge) and events (episodic
knowledge) (Eichenbaum and Cohen, 2001; Mishkin et al., 1984; Schacter
and Tulving, 1994; Squire and Knowlton, 2000). This system may be partic-
ularly important for learning arbitrary relations (e.g., that fact that Ouaga-
dougou is the capital of Burkina Faso) (Eichenbaum and Cohen, 2001). The
knowledge learned in declarative memory is at least partly (but not com-
pletely; Chun, 2000) explicit, that is, available to conscious awareness. The
memory system is subserved by medial temporal lobe regions (e.g., the hippo-
campus), which are connected extensively with temporal and parietal neo-
cortical regions (Suzuki and Amaral, 1994). The medial temporal structures
consolidate, and possibly retrieve, new memories (Eichenbaum and Cohen,
2001; Mishkin et al., 1984; Schacter and Tulving, 1994; Squire and Knowl-
ton, 2000). Memories seem to eventually become independent of these
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FIGURE §.1.  Structures and regions of the brain: (A) A lateral view of
anatomical structures in the lefi hemispheres of the cerebrum and
the cerebellum. The same structures are found on the right side.
There are four lobes in each hemisphere of the cerebrum. The
frontal lobe lies anterior to (in front of) the central sulcus, above
the lateral sulcus. The temporal lobe lies inferior to (below) the
lateral sulcus, going back to the occipital lobe ar the back of the
brain. The parietal lobe lies posterior to (behind) the central
sulcus and superior to (above) the temporal lobe. (B) Brodmann's
areas of the lateral aspect of the left hemisphere. The same
areas are found in the right hemisphere. Not shown are the
Brodmann’s areas of the medial aspect of the cerebrum. (C) A
whole-head view of certain subcortical structures, including the
basal ganglia. In each hemisphere, the basal ganglia consist of
several substructures, of which the caudate, putamen, and
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globus pallidus are indicated here. (D) A medial view of the
cerebrum, including the hippocampus and various structures to
which it is closely connected. Figure 5.1A from the public
domain. Figure 5.1B from The human brain: Surface,
three-dimensional sectional anatomy, and MRI (p. 44), by
Henri M. Duvernoy, New York: Springer. Copyright 1991.
Reprinted with permission. Figure 5.1C from “Human
diencephalon,” by Jacob L. Drisen, http:/] www.driesen.com/
basalganglia-2.jpg. Copyright 2005 by Jacob L. Driesen, PhD.
Reprinted with permission. Figure 5.1D from Neuroscience (2nd
ed.), “Brain areas associated with declarative memory disorders,”
by Dale Purves, George J. Augustine, David Fitzpatrick,
Lawrence C. Katz, Anthony-Samuel LaMantia, James O.
McNamara, and S. Mark Williams (Eds.). Sunderland, MA.:
Sinauer Associaves. Copyright 2001. Reprinted with permission.
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structures and dependent on neocortical regions, particularly in the temporal
lobes (Hodges and Patterson, 1997; Martin, Ungerleider, and Haxby, 2000).
Other brain structures also play a role in declarative memory. Portions of
ventro-lateral prefrontal cortex (corresponding largely to Brodmann’s area
[BA] 45 and BA 47) seem to play a role in the selection or retrieval of declara-
tive memories, while parts of the right cerebellum may underlie searching for
this knowledge (Buckner and Wheeler, 2001; Desmond and Fiez, 1998; Ivry
and Fiez, 2000; Wagner et al., 1998). Note that I use the term declarative
memory system to refer to the entire system involved in the learning and use of
the relevant knowledge (Eichenbaum, 2000), not just to those structures un-
derlying memory consolidation.

The declarative memory system has been intensively studied not only from
functional and neuroanatomical perspectives but also at cellular and molecular
levels (H. V. Curran, 2000; Lynch, 2002). The neurotransmitter acetylcholine
plays a particularly important role in declarative memory and hippocampal
function (Freo, Pizzolato, Dam, Ori, and Battistin, 2002; Packard, 1998).
(Neurotransmitters are molecules that allow communication between neu-
rons.) Evidence also suggests that the declarative memory system is affected by
estrogen (Phillips and Sherwin, 1992; Sherwin, 1988), perhaps via the modu-
lation of acetylcholine (Packard, 1998; Shughrue, Scrimo, and Merchenthaler,
2000). For example, estrogen improves declarative memory in women (Maki
and Resnick, 2000; Sherwin, 1998) and men (Kampen and Sherwin, 1996;
Miles, Green, Sanders, and Hines, 1998), and strengthens the cellular and mo-
lecular correlates of long-term hippocampal learning (McEwen, Alves, Bul-
loch, and Weiland, 1998; Woolley and Schwartzkroin, 1998). Moreover,
testosterone, which is the main source of estrogen in men, also improves their
memory (Cherrier et al., 2001).

The procedural memory system is implicated in the learning of new, and in
the control of long-established, motor and cognitive skills and habits, espe-
cially those involving sequences (Aldridge and Berridge, 1998; Boecker et al.,
2002; Mishkin et al., 1984; Schacter and Tulving, 1994; Squire and Knowl-
ton, 2000; Willingham, 1998). Neither the learning nor the remembering of
these procedures appears to be accessible to conscious memory. Thus the sys-
tem is often referred to as an implicit memory system. (I use the term proce-
dural memory to refer only to one type of implicit, nondeclarative memory
system, Squire and Zola, 1996, not to all such systems; see also section 8 be-
low.) The system is composed of a network of several interconnected brain
structures (De Renzi, 1989; Heilman, Watson, and Rothi, 1997; Hikosaka et
al., 2000; Jenkins, Brooks, Nixon, Frackowiak, and Passingham, 1994; Mish-
kin et al., 1984; Rizzolatti, Fogassi, and Gallese, 2000; Schacter and Tulving,
1994; Squire and Zola, 1996). It depends especially on structures in the left
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hemisphere of the cerebrum (De Renzi, 1989; Heilman et al., 1997; Schluter,
Krams, Rushworth, and Passingham, 2001) and is rooted in neural circuits
that encompass the frontal lobes and the basal ganglia, which are subcortical
structures that are strongly connected to frontal cortex. Evidence suggests that
particular neurotransmitters of these circuits, especially dopamine, underlie
aspects of procedural learning (Harrington, Haaland, Yeo, and Marder, 1990;
Nakahara, Doya, and Hikosaka, 2001; Saint-Cyr, Taylor, and Lang, 1988).
Within frontal cortex, two areas play particularly important roles: premotor
areas, especially the region of the supplementary motor area (SMA and
pre-SMA); and Broca’s area, especially posterior portions of this region, corre-
sponding largely to BA 44 (Broca’s area is defined here as a part of inferior
frontal cortex, including and perhaps limited to cortex corresponding to BA
44 and 45; Amunts et al., 1999). Other brain structures also form part of the
procedural system network, including portions of inferior parietal cortex and
the cerebellum (Hikosaka et al., 2000; Rizzolatti, Fogassi, and Gallese, 2001;
Schacter and Tulving, 1994; Squire and Zola, 1996; Ullman, 2004; Willing-
ham, 1998). Note that I use the term procedural memary system to refer to the
entire system involved in the learning and use of motor and cognitive skills,
not just to those brain structures underlying their acquisition.

The declarative and procedural memory systems interact in a number of
ways. Essentially, the systems together form a dynamically interacting network
that yields both cooperative and competitive learning and processing, such
that memory functions may be optimized (Poldrack and Packard, 2003). First
of all, the two systems can complement each other in acquiring the same or
analogous knowledge, including knowledge of sequences. As was initially
shown in the amnesic patient H.M., the declarative memory system need not
be intact for the procedural memory system to learn (Corkin, 1984; Eichen-
baum and Cohen, 2001; Squire and Knowlton, 2000). However, when both
systems are functioning, they can be used cooperatively to learn a given task
(Willingham, 1998). The declarative memory system may be expected to ac-
quire knowledge initially, thanks to its rapid learning abilities, while the proce-
dural system may gradually learn the same or analogous knowledge (Packard
and McGaugh, 1996; Poldrack and Packard, 2003). Interestingly, the time
course of this shift from declarative to procedural memory can be modulated
pharmacologically (Packard, 1999).

Second, animal and human studies suggest that the two systems also interact
competitively (for reviews, see Packard and Knowlton, 2002; Poldrack and
Packard, 2003; Ullman, 2004). This leads to a “see-saw effect” (Ullman, 2004),
such that a dysfunction of one system results in enhanced learning in the other
or thatlearning in one system depresses the functionality of the other (Halbig et
al., 2002; McDonald and White, 1993; Mitchell and Hall, 1988; Packard,
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Hirsh, and White, 1989; Poldrack and Packard, 2003; Poldrack et al., 2001;
Poldrack, Prabhakaran, Seger, and Gabrieli, 1999; Schroeder, Wingard, and
Packard, 2002; Ullman, 2004). The see-saw effect may be explained by a num-
ber of factors (Ullman, 2004), including direct anatomical projections between
the two systems (Sorensen and Witter, 1983) and a role for acetylcholine,
which may not only enhance declarative memory but might also play an in-
hibitory role in brain structures underlying procedural memory (Calabresi,
Centonze, Gubellini, Marfia et al., 2000). Estrogen may also contribute to the
see-saw effect, perhaps via the modulation of acetylcholine (Ullman, 2004).

The two memory systems display variability in their functioning across in-
dividuals. That is, individuals differ in their ability to learn or use knowledge
in one or the other system. Of particular interest here is that evidence suggests
sex differences in the functionality of the two systems. Women show an ad-
vantage over men at verbal memory tasks (Halpern, 2000; Kimura, 1999;
Kramer, Delis, Kaplan, O’Donnell, and Prifitera, 1997), which depend on
declarative memory (Squire and Knowlton, 2000; Wagner et al., 1998). This
sex difference does not seem surprising in light of the higher levels of estrogen
in girls and (premenopausal) women than in boys and men (Cutler Jr., 1997;
K. Klein, Baron, Colli, McDonnell, and Cutler, 1994; Wilson, Foster, Kron-
enberg, and Larsen, 1998). Conversely, evidence suggests that men show su-
perior performance at a variety of tasks, such as aimed throwing and mental
rotation (Kimura, 1999), which are expected to depend on the procedural sys-
tem network (Ullman and Pierpont, 2005). Intriguingly, across the menstrual
cycle in females, performance on some of these “male” tasks decreases with in-
creasing estrogen and increases with decreasing estrogen (Hampson, 1990;
Kimura, 1999), strengthening the view that estrogen may play a role in the
see-saw effect.

4. The DP Model and L1

According to the DP model, in L1 the declarative memory system underlies
the mental lexicon, whereas the procedural memory system subserves aspects
of the mental grammar. (For additional discussion, see Ullman, 2001a, 2001¢;
Ullman, 2004; Ullman et al., 1997). Each of the two memory systems is pos-
ited to play analogous roles in its nonlinguistic and linguistic functions. De-
clarative memory is an associative memory that stores not only information
about facts and events but also lexical knowledge, including the sounds and
meanings of words. Learning new words relies largely on medial temporal lobe
structures. Eventually the knowledge of words becomes largely independent of
the medial temporal lobe and depends upon neocortical areas, particularly in
temporal and temporo-parietal regions. Middle and inferior aspects of the
temporal lobe may be particularly important for storing word meanings,
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whereas superior temporal and temporo-parietal regions may be more impor-
tant in storing phonological word forms and possibly also for stored complex
morphological and syntactic structures. These latter regions could thus serve as
one type of interface between the declarative and procedural systems. Ventro-
lateral prefrontal cortex underlies the retrieval or selection of lexical represen-
tations stored in the temporal brain regions, while portions of the right cere-
bellum may underlie searching for that knowledge. Thus these frontal and
cerebellar structures may be less important in receptive than in expressive lan-
guage. Finally, pharmacological manipulations of acetylcholine, and endo-
crine manipulations of estrogen, should modulate aspects of lexical memory.

The procedural system network of brain structures subserves the implicit
learning and use not only of motor and cognitive skills but also aspects of a
rule-governed combinatorial grammar. The system is expected to play com-
putationally analogous roles across grammatical subdomains, including mor-
phology, syntax, and possibly phonology. [t may be especially important in
grammartical structure building—that is, the sequential and hierarchical com-
bination of stored lexical forms (e.g., walk + -ed) and abstract representations
(e.g., verb phrase) into complex structures. Pharmacological manipulations of
dopamine, and possibly the modulation of estrogen and acetylcholine, may be
expected to affect the acquisition of grammatical knowledge.

The two systems should interact both cooperatively and competitively in
the acquisition and use of language. For example, young children should ini-
tially learn both idiosyncratic and complex forms in declarative memory,
while the procedural system gradually acquires the grammatical knowledge
underlying rule-governed combinations. Increased functionality in one sys-
tem may depress the other and vice versa. Thus the improvements found in
declarative memory during childhood (Di Giulio, Seidenberg, O’'Leary, and
Raz, 1994; Kail and Hagen, 1977; Ornstein, 1978) should not only facilitate
lexical acquisition but may also eventually depress the procedural learning of
grammatical knowledge.

Individual differences in the acquisition and use of lexical and grammatical
knowledge, including sex differences, are expected. Thanks to their advantage
at declarative memory, females should show superior lexical abilities as com-
pared to males. In contrast, males may demonstrate better performance at as-
pects of grammar that depend on the procedural system. This difference in the
functionality of the two systems also leads to the prediction that females will
tend to memorize complex forms (e.g., walked) that men generally compute
compositionally in the grammatical-procedural system (e.g., walk + -ed)
(Ullman, 2004; Ullman et al., 2002).

Thus the DP model posits that lexical and grammatical functions are largely
separable and are associated with distinct computational and neural substrates
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that are not dedicated to language but are rather domain independent. These
substrates are well-studied brain memory systems, whose functionality may be
modulated by particular pharmacological and endocrine substances and which
vary with some degree of predictability across the lifespan of and between
individuals.

This view contrasts with two competing theoretical frameworks. Although
it shares the view of traditional “dual system” or “modular” theories that lexi-
con and grammar are subserved by two or more distinct systems (Chomsky,
1995; Fodor, 1983; Grodzinsky, 2000; Levelt, 1989; Pinker, 1994), it di-
verges from their claims that domain-specific components underlie each of
the capacities. (For further discussion of the issue of domain specificity, see
Ullman, 2004). Conversely, while the DP model agrees with “single mecha-
nism” (e.g., connectionist) theories that the two capacities are subserved by
domain-independent mechanisms, it diverges from their claim that both ca-
pacities are linked to a single computational mechanism with broad anatomic
distribution (Bates and MacWhinney, 1989; Elman et al., 1996; MacDonald,
Pearlmutter, and Seidenberg, 1994; Rumelhart and McClelland, 1986; Sei-
denberg, 1997).

The DP model alone predicts the following double dissociations: One set of
links is expected among neurocognitive markers (e.g., neuroimaging activation
patterns) of stored linguistic representations, conceptual-semantic knowledge,
and declarative memory brain structures. A distinct set of links is expected
among neurocognitive markers of grammar (across subdomains, including
morphology and syntax), motor and cognitive skills, and procedural memory
brain structures. My colleagues and I have previously argued in some depth
that converging evidence from a wide range of psycholinguistic, developmen-
tal, neurological, electrophysiological, and neuroimaging studies largely sup-
ports this view (Ullman, 2001a, 2001¢; Ullman, 2004; Ullman et al., 1997).

5. Late-Learned L2

People who learn a language at later ages, particularly after puberty, do not
generally acquire the language to the level of proficiency attained by younger
learners (Birdsong, 1999; Hyltenstam and Abrahamsson, 2003; Johnson and
Newport, 1989; Newport, 1990; Oyama, 1982). However, late language
learning does not seem to cause equal difficulties for lexical and grammatical
functions. In L1, studies of language-deprived children have shown that late
exposure to language results in an apparently irreversible inability to acquire
aspects of grammar (particularly in morphology and syntax), whereas lexical
acquisition remains relatively spared (S. Curtiss, 1989; S. R. Curtiss, 1977). In
L2 the picture appears to be similar. A number of studies have shown that late
L2 learning negatively affects the acquisition and/or processing of grammar



A COGNITIVE NEUROSCIENCE PERSPECTIVE 151

(Coppieters, 1987; DeKeyser, 2000; Hahne and Friederici, 2001; Johnson
and Newport, 1989; Newport, 1993; Oyama, 1982; Patkowski, 1980; War-
tenburger et al., 2003; Weber-Fox and Neville, 1996), while leaving lexi-
cal accretion (Eubank and Gregg, 1999) and lexical-conceptual processing
(Hahne and Friederici, 2001; Wartenburger et al., 2003; Weber-Fox and
Neville, 1996) relatively intact. However, it does not appear to be the case that
late learning necessarily precludes nativelike attainment, even of grammatical
abilities. Rather, a number of studies have suggested that such attainment is
not in fact all that rare, given sufficient exposure to the L2 (Birdsong, 1992;
Birdsong and Molis, 2001; Cranshaw, 1997; Van Wuijtswinkel, 1994; White
and Genesee, 1996).

6. The DP Model and L2

The DP model makes a somewhat different set of claims and predictions for
late-learned L2 than for L1 (see also Ullman, 2001b; Ullman, 2004). At least
during early adulthood (see below for a discussion of L2 learning later in the
lifespan), the acquisition of grammatical-procedural knowledge is expected to
be more problematic than the acquisition of lexical-declarative knowledge, as
compared to language learning in young children. This may be due to one or
more factors that directly or indirectly affect one or both brain systems, includ-
ing decreased rule-abstraction abilities due to augmented working memory ca-
pacity (see Newport, 1993), the attenuation of procedural memory, and the
enhancement of declarative memory. Evidence from humans and animals sug-
gests that motor skill learning associated with the procedural system is subject
to early critical period effects (Fredriksson, 2000; Schlaug, 2001; Walton,
Lieberman, Llinas, Begin, and Llinas, 1992; Wolansky, Cabrera, Ibarra, Mon-
giat, and Azcurra, 1999). In contrast, there are clear improvements in de-
clarative memory during childhood, with a possible plateau in adolescence
(Campbell and Spear, 1972; Di Giulio et al., 1994; Kail and Hagen, 1977;
Meudell, 1983; Ornstein, 1978; Siegler, 1978). The changes in both proce-
dural and declarative memory may be at least partly explained by the increasing
levels of estrogen that occur during childhood/adolescence (in boys as well as
girls, though estrogen levels are higher in girls) (Ankarberg and Norjavaara,
1999; Cherrier et al., 2001; Cutler Jr., 1997; K. Klein et al., 1994; Klein, Mar-
tha, Blizzard, Herbst, and Rogol, 1996), since estrogen may somehow inhibit
the procedural memory system as well as enhance declarative memory (Cala-
bresi, Centonze, Gubellini, Pisani, and Bernardi, 2000; Packard, 1998; Phil-
lips and Sherwin, 1992; Sherwin, 1988; Shughrue et al., 2000; Ullman, 2004)
(also see discussion above). Additionally, the competitive interaction between
the two memory systems, such that learning in one system depresses function-
ality of the other, leads to the possibility that the improvements in declarative
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memory during childhood may be accompanied by an attenuation of proce-
dural learning abilities.

Thanks to their relative facility at declarative as compared to procedural
learning, young adult L2 learners should tend to rely heavily on declarative
memory, even for functions that depend upon the procedural system in L1. In
particular, L2 learners should tend to memorize complex linguistic forms
(e.g., walked) that can be computed compositionally by L1 speakers (e.g.,
walk + -ed). Associative properties of lexical memory (Hartshorne and Ull-
man, in press; Pinker, 1999; Prasada and Pinker, 1993) may lead to produc-
tivity in L2. L2 learners can also learn rules in declarative memory (e.g., in a
pedagogical context), providing an additional source of productivity. Note
that such rules do not depend at all upon grammatical-procedural computa-
tions; indeed, what they specify could in principle differ radically from the
grammatical-procedural rules of native speakers of the target language.

Memorizing complex forms and rules in declarative memory may be ex-
pected to lead to a fairly high degree of proficiency, the level of which should
vary according to a number of factors. These include the amount and type of L2
exposure and individual subject differences regarding declarative memory abili-
ties. Thus women’s advantage at declarative memory should provide them with
advantages at L2 learning. However, not all types of “grammatical” knowledge
should be equally learnable in declarative memory. Certain complex forms will
be easier to memorize than others, such as those that are shorter or more
frequent. Constructions that cannot be easily memorized, such as those that in-
volve long-distance dependencies, should cause particular difficulties. Simi-
larly, not all declarative-memory based rules should be equally easy to learn or
apply. The limitations of lexical-declarative memory lead to the expectation
that this system alone is unlikely to provide full grammatical proficiency. That
is, by itself this system is not predicted to supply all functions subserved by the
grammatical-procedural system in L1, and so reliance on this system alone
should not lead to nativelike proficiency in all aspects of grammar.

Crucially, however, the complete dysfunction of the grammatical system in
L2 is not expected. Rather, in accordance with multiple studies of the adult ac-
quisition of nonlinguistic skills by procedural memory (Mishkin et al., 1984;
Schacter and Tulving, 1994; Squire and Knowlton, 2000; Squire and Zola,
1996), practice should lead to procedural learning and improved perfor-
mance. Thus with sufficient experience with L2, the language is expected to
become L1-like in its grammatical dependence on the procedural system, with
the potential for a high degree of proficiency. Whether or not a given individ-
ual acquires a given set of grammatical knowledge in the procedural system
will depend on factors such as the type of grammatical knowledge being
learned, the nature of the L2 exposure, and characteristics of the learner, such
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as intrinsic procedural learning abilities. Thus, whereas women should tend to
show a faster learning rate than men during early stages of L2 learning (due to
females’ superior declarative memory abilities), men may show an advantage
in later stages (due to a possible male advantage at procedural memory).

The claims and predictions laid out above for young adults differ some-
what for older adults. The ability to learn new information in declarative
memory begins to decline in early adulthood, with more notable losses in old
age (Park et al., 2002; Prull, Gabrieli, and Bunge, 2000). This pattern may be
at least partly explained by the fact that estrogen levels decline with age in
both sexes, especially during later years and especially in women (i.c., post-
menopausal declines) (Carlson and Sherwin, 2000; Carr, 1998; Ferrini and
Barrett-Connor, 1998; Sherman, West, and Korenman, 1976). To compli-
cate matters further, while some forms of procedural learning are spared with
aging, others, such as the learning of sequences containing higher level struc-
ture, appear to decline gradually across the adult years (Churchill, Stanis,
Press, Kushelev, and Greenough, 2003; T. Curran, 1997; Feeney, Howard,
and Howard, 2002; Howard, Howard, Dennis, Yankovich, and Vaidya,
2004; Prull et al., 2000). Therefore older adults may have more difficulty than
young adults with procedural as well as declarative aspects of L2 acquisition.

Thus the age-of-exposure effects in L2 acquisition that are predicted to oc-
cur across childhood and adolescence differ qualitatively from those expected
to take place during adulthood. Whereas in the former case the decline in lan-
guage-learning ability is predicted from a decreasing reliance on procedural
memory relative to declarative memory, in the latter case the decline follows
primarily from problems with declarative memory, which may be further ag-
gravated by difficulties with procedural memory. Thus age-of-exposure effects
in language learning may be explained by more than one mechanism, with
different mechanisms at play during different periods of the lifespan.

In sum, at lower levels of L2 experience, declarative memory is posited to
subserve the learning and use not only of idiosyncratic lexical knowledge but
also of complex Iinguistic representations. During Early adulthood, women
should show an advantage at 1.2 acquisition as compared to men. Due to the at-
tenuation of declarative memory, older learners (especially postmenopausal
women) should have particular difficulty acquiring an L2 even to low profi-
ciency. At higher levels of L2 experience, the procedural system should be able
to acquire grammatical knowledge (although again, this may be more difficult
for older 1.2 learners), resulting in a neurocognitive pattern similar to that of
L1—thatis, with idiosyncratic lexical knowledge stored in declarative memory,
while rule-governed complex forms are composed by the procedural system.

So dissociations between simple and complex forms are expected in high-
experience L2 and in L1 but less so or not at all in low-experience L2. In direct
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comparisons between L1 and L2 within subjects, the use of complex forms
should depend more on declarative memory brain structures in low-experi-
ence L2 than in L1 or high-experience L2, in which complex forms should
show a greater dependence on procedural memory brain structures. In con-
trast, idiosyncratic lexical knowledge should be stored in declarative memory
in all individuals, and therefore no lexical dissociations between L1 and either
low- or high-experience 1.2 are expected.

7. Empirical Evidence on the Neurocognition of L2

Here 1 present several lines of neurocognitive evidence which speak to a
number of the L2-related claims and predictions of the DP model. For further
discussion on some of these data, see Ullman (2001b).

Aphasia generally refers to language impairments that result from relatively
circumscribed lesions to the brain. In L1, adult-onset damage to neocortical
temporal regions often leads to impaired lexical abilities, while the use of
grammatically appropriate complex structures remains relatively spared. In
contrast, frontal and basal ganglia lesions often produce impaired perfor-
mance at grammar (across linguistic domains, including syntax and morphol-
ogy), leaving lexical knowledge largely intact (Goodglass, 1993; Ullman,
2004; Ullman et al., 1997; Ullman et al., 2005).

Brain damage in L2 speakers yields a different pattern. First of all, relatively
circumscribed temporal lobe damage can lead to worse grammatical perfor-
mance in L2 than in L1 (Ku, Lachmann, and Nagler, 1996; Ullman, 2001b).
More importantly, left basal ganglia and left frontal lobe lesions have been
shown to produce greater grammatical impairments in L1 than L2, as well as
in the more proficient L2 as compared to the less proficient L2 (Fabbro, 1999;
Fabbro and Paradis, 1995; Ullman, 2001b). This pattern is particularly strik-
ing because the damage leads to more severe problems in the earlier learned
and the more proficiently spoken languages. However, left frontal or basal
ganglia damage does not appear to lead to differences in lexical performance
between L1 and L2 or between high- and low-proficiency L2s, even in the
same patients who show worse grammatical performance in L1 than L2 or in
the more proficient L2 (Fabbro, 1999; Fabbro and Paradis, 1995; Ullman,
2001b). Thus frontal and basal ganglia damage appears to be at least some-
what selective, resulting in particular impairments of grammar in L1 and pro-
ficient L2.

Positron emission tomography (PET) and functional magnetic resonance
imaging (fMRI) measure changes in blood flow or oxygenation levels in the
brain. Since these changes are related to changes in neural activity, the tech-
niques provide an indirect method for pinpointing the brain structures that are
active during specific cognitive tasks. The representation and/or processing of
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both lexical knowledge in L1 and nonlinguistic conceptual-semantic infor-
mation (i.e., knowledge about the world around us) is strongly linked to ac-
tivation in temporal and temporo-parietal regions (Damasio, Grabowski,
Tranel, Hichwa, and Damasio, 1996; Martin et al., 2000; Newman, Pan-
cheva, Ozawa, Neville, and Ullman, 2001; Ullman, 2004). The selection or
retrieval of this knowledge reliably leads to activation in ventro-lateral pre-
frontal cortex, especially in BA 45 and BA 47 (Buckner, 2000; Fiez, 1997;
Poldrack, Wagner et al., 1999; Thompson-Schill, D’Esposito, Aguirre, and
Farah, 1997). A wide range of tasks designed to probe syntactic processing in
both receptive and expressive language have elicited preferential activation in
Broca’s area, especially in the region of BA 44 (Caplan, Alpert, and Waters,
1998; Embick, Marantz, Miyashita, O’Neil, and Sakai, 2000; Friederici,
2002; Friederici, 2004; Indefrey, Hagoort, Herzog, Seitz, and Brown, 2001;
Moro et al., 2001; Ni et al., 2000; Stromswold, Caplan, Alpert, and Rauch,
1996).

In later-learned second languages, tasks that involve only lexical-conceptual
processing have been found not to yield more activation in L2 than L1 (Chee,
Tan, and Thiel, 1999; Illes et al., 1999; Klein, Milner, Zatorre, Zhao, and
Nikelski, 19995 Pillai et al., 2003), suggesting a common neurocognitive ba-
sis. Such tasks have also elicited greater activation in L2 than LI in regions
that may reflect the greater demands of the less-well learned L2 on articulation
(putamen: Klein, Milner, Zatorre, Meyer, and Evans, 1995; Klein, Zatorre,
Milner, Meyer, and Evans, 1994), on working memory (left superior BA 44
and SMA: Chee, Hon, Lee, and Soon, 2001), or on lexical retrieval and selec-
tion (left BA 45 and BA 47: Chee et al., 2001; De Bleser et al., 2003).

Tasks that are expected to involve grammatical processing (e.g., sentence
comprehension) have generally elicited different activation patterns in L2 and
L1, in particular in temporal lobe regions, suggesting a greater dependence on
these structures in L2 than in L1. Perani et al. (1996) found greater activation
in L2 than L1 only in the parahippocampal gyrus, bilaterally. Similarly, in
Perani et al. (1998), the only areas of activation that were found in L2 (as
compared to baseline) and not in L1 were in the parahippocampal gyrus (bi-
laterally) and the left middle temporal gyrus. Dehaene et al. (1997) observed
greater activation in L2 than in L1 in several right hemisphere temporal
neocortical regions, in the left middle temporal gyrus, and in frontal regions
implicated in the retrieval of declarative memories (see above; Buckner and
Wheeler, 2001; Ullman, 2004). Note that although Kim, Relkin, Lee, and
Hirsch (1997) did not discuss temporal lobe activation differences, the paper
reported no data outside left posterior superior temporal cortex. Even early L2
learners have shown a pattern of greater temporal lobe involvement in L2 as
compared to L1 (e.g., parahippocampal cortex activation in Perani et al.,
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1998). However, as would be expected if early-acquired L2 relies on similar
neurocognitive correlates as L1, some studies have found no activation differ-
ences at all between L1 and very early-acquired L2 (Chee et al., 1999;
Wartenburger et al., 2003). Finally, other than the frontal regions associated
with retrieval found by Dehaene et al. (1997), greater frontal lobe activation
in L2 than L1 has generally not been observed (Chee et al., 1999; Kim et al.,
1997; Perani et al., 1996; Perani et al., 1998, in neither experiment; Warten-
burger et al., 2003, who observed greater frontal activation in late- but not
early-acquired L2, as compared to L1, in a grammaticality judgment task).

Intriguingly, a recent fMRI study examining the adult acquisition of an ar-
tificial language found that early on during learning, syntactic processing in-
volved the left hippocampus and neocortical temporal regions, including the
left middle temporal gyrus (Opitz and Friederici, 2003). However, activation
in these brain structures decreased across the experiment (i.e., as experience
and proficiency increased), while activation increased in BA 44 within Broca’s
area. This finding directly supports the DP model’s prediction of a shift from
the declarative to the procedural system during late L2 learning.

Event-related potentials (ERPs) are scalp-recorded electrical potentials that
reflect the real-time electrophysiological brain activity of cognitive processes
that are time locked to the presentation of target stimuli, such as words. Lexi-
cal processing in L1 and nonlinguistic conceptual processing elicit central-
posterior bilateral negativities (N400s) that peak about 400 milliseconds after
the presentation of the stimulus (Barrett and Rugg, 1990; Kutas and Hillyard,
1980). The N400 component depends at least in part on temporal lobe struc-
tures (McCarthy, Nobre, Bentin, and Spencer, 1995; Nobre, Allison, and
McCarthy, 1994; Simos, Basile, and Papanicolaou, 1997) and has been pos-
ited to involve the declarative memory system (Ullman, 2001b, 2001¢). Lexi-
cal stimuli that elicit N400 components in L1 also consistently elicit them in
L2, in both low- and high-proficiency speakers (Hahne, 2001; Hahne and
Friederici, 2001; McLaughlin, Osterhout, and Kim, 2004; Weber-Fox and
Neville, 1996), strengthening the view that lexical-declarative memory is
largely available to L2 learners.

In L1, tasks involving the processing of grammatical violations often yield
left anterior negativities (LANs) (Friederici, Pfeifer, and Hahne, 1993; Neville,
Nicol, Barss, Forster, and Garrett, 1991). LANs have been linked to left frontal
cortex and to automatic grammatical processing (Friederici, 2002; Friederici,
Hahne, and Mecklinger, 1996; Friederici, Hahne, and von Cramon, 1998). It
has been posited that LANs reflect processing by the grammartical-procedural
system (Ullman, 2001b, 2001¢). In lower proficiency L2, LANs are not found,
even when the same violadon elicits a LAN in L1 (Hahne, 2001; Hahne and
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Friederici, 2001; Weber-Fox and Neville, 1996). Instead of LLANG, either no
negativities are observed (Hahne, 2001; Hahne and Friederici, 2001), or sub-
jects show more posterior negativities that resemble N400s more than LANs
(Ullman, 2001b; Weber-Fox and Neville, 1996). N400s have also been found
in very low-proficiency L2 learners for grammatical anomalies that do not
elicit a LAN (or an N400) in L1 (Osterhout and McLaughlin, 2000). To-
gether, these findings suggest that grammatical processing in lower proficiency
L2 is subserved by brain structures that are at least partially distinct from those
subserving grammar in L1 and that overlap, in at least some cases, with those
subserving lexical-conceptual processing.

In contrast, an ERP study of adults acquiring an artificial language found
that grammatical violations elicited a LAN in highly proficient learners (Fried-
erici, Steinhauer, and Pfeifer, 2002), as would be expected after procedural-
ization of grammatical knowledge. Similarly, it appears that the only LAN that
has been found in a natural language learned as an L2 was elicited by subjects
who were proficient in the L2 (Hahne, Muller, and Clahsen, 2003).

Finally, it is interesting to note that the late positive P600 ERP compo-
nent, which is linked to controlled (that is, not automatic) late syntactic pro-
cessing in L1 (Friederici et al., 1996) and is not posited to depend on
procedural processing (Ullman, 2001b, 2001c¢), is (unlike the LAN) generally
displayed by L2 speakers (Hahne, 2001; Osterhout and McLaughlin, 2000;
Weber-Fox and Neville, 1996). Its absence in one experiment has been attrib-
uted to floor effects, due to higher amplitude positivities in the correct condi-
tion in L2 (Hahne and Friederici, 2001).

8. Discussion

In summary, the DP model posits that in the late acquisition of second or
subsequent languages, learning grammar in procedural memory is more prob-
lematic than learning lexical or other linguistic knowledge in declarative mem-
ory, as compared to L1 acquisition. Thus adult second language learners rely
particularly heavily on declarative memory, depending on this system not only
for storing idiosyncratic lexical knowledge, but also for memorizing complex
forms and “rules.” However, with sufficient experience with the language, the
procedural system should be able to acquire much or perhaps even all of the
grammatical knowledge that it subserves in L1. Differences in L2 acquisition
abilities are expected across the adult years and between individuals; because
learning in declarative memory and possibly procedural memory becomes
more problematic with aging during adulthood, particularly in later years, one
should find increasing problems with L2 acquisition during this period.
Women should tend to be faster than men at L.2 acquisition, at least during
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initial learning stages, thanks to their advantages at declarative memory, al-
though such advantages may be eliminated following menopause. Estrogen is
expected to play an important role in a number of these effects.

Existing behavioral evidence, as well as neurocognitive data from brain-
damaged patients, neuroimaging, and event-related potentials, largely sup-
ports this perspective. However, many gaps in the data remain. For example,
neurocognitive experiments have not probed the relation between L2 and ei-
ther sex differences or the underlying hormonal status and have ignored
changes in L2 acquisition abilities later in the lifespan. Moreover, it is impor-
tant to point out that not all evidence appears to be consistent with the predic-
tions of the DP model. Corpora studies and some research examining highly
proficient L2 learners suggest that late L2 acquisition may impact irregular
inflected forms and idiosyncratic language features as much as or more than
regular inflected forms and abstract grammatical structure (Birdsong, 1992;
Birdsong and Flege, 2001; Flege, Yeni-Komshian, and Liu, 1999; Gass and
Selinker, 1994). Moreover, whereas a number of studies suggest an L2 perfor-
mance advantage of females over males, in measures of general language profi-
ciency (Boyle, 1987; Wen and Johnson, 1997), vocabulary memorization
(Gardner and Lambert, 1972; Nyikos, 1990), and reading (Chavez, 2001),
other investigations have found no sex differences in listening comprehension
(Bacon, 1992), in reading comprehension (Phakiti, 2003), and in overall
measures of achievement (Spurling and Ilyin, 1985). Still others have reported
an advantage for males in certain vocabulary measures (Boyle, 1987; Scarcella
and Zimmerman, 1998) and in reading (Biigel and Buunk, 1996). For further
discussion on sex differences in SLA, see Bowden, Sanz, and Stafford (this vol-
ume, chapter 4).

These empirical gaps and inconsistencies indicate the need for further stud-
ies, in particular for ones that are specifically designed to directly test and po-
tentially falsify the L2-related predictions of the DP model. Crucially, these
must probe not only performance but also a range of measures of the neuro-
cognitive correlates of the learning and use of L2. Such studies should control
for a variety of item, task, and subject factors that are posited to play impor-
tant roles in the DP model, such as the idiosyncracy versus regularity of items
and the sex, age of acquisition, years of exposure, and hormonal status of
subjects.

The DP perspective can be directly compared to and contrasted with a
number of previous SLA hypotheses. Moreover, it leads to a number of issues
for further discussion, has several implications, and suggests a range of ques-
tions for further investigation.

First, it is important to emphasize that the model’s claims and predictions
regarding L2 are largely motivated by our independent knowledge of other
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areas of study, in particular of L1 and cognitive neuroscience, broadly defined.
Our understanding of these areas, including the cognitive, computational, an-
atomical, physiological, cellular, and molecular bases of the two brain systems
lead to a wide array of testable predictions. This offers far greater predictive
power than hypotheses whose motivations and claims are largely restricted to
language itself. Moreover, the two brain systems can be examined with a range
of reliable techniques that are widely used in cognitive neuroscience, comple-
menting and greatly strengthening those methods that have traditionally been
employed in the study of SLA. Together, the theoretical and empirical advan-
tages of the perspective presented in this chapter provide the potential to make
substantial and rapid advances in our understanding of L2 acquisition and
processing.

Second, the DP model offers a novel explanatory framework for age-of-
exposure effects—that is, for the greater difficulty in learning languages during
later years. The model explains these effects largely in terms of biologically
based mechanisms that affect one or both memory systems and that vary both
with age and across individuals. Importantly, distinct sets of changes are posited
to occur prior to and during adulthood, although in both cases the two memory
systems are affected, at least in part, as a consequence of modulation by the en-
docrine system. This testable neurocognitive perspective differs substantially
from previous explanations for age-of-exposure effects (Birdsong, 1999), such
as the loss of language-specific learning mechanisms (Bley-Vroman, 1990;
Pinker, 1994) and earlier learned languages interfering with L2 learning (Mac-
Whinney, 1987; Rohde and Plaut, 1999).

Third, the model’s claims that L2 learners can ultimately become L1-like
in their proficiency, as well as in their underlying neurocognitive correlates,
contradicts the strong form of the critical period hypothesis, which denies
both of these assertions (Bley-Vroman, 1990; Clahsen and Muysken, 1986;
Hyltenstam and Abrahamsson, 2003; Johnson and Newport, 1989; Meisel,
1991). Importantly, the prediction of L1-like ultimate attainment in both
performance and neurocognition is clearly testable using a number of well es-
tablished methods.

Fourth, the model strongly emphasizes variation in L2 learning aptitude,
both within and across individuals. Within individuals, L2 acquisition abili-
ties are expected to vary not only over the lifespan but even across shorter peri-
ods. Thus daily as well as seasonal fluctuations in the level of sex hormones
(Kimura, 1999) should affect L2 learning and use. Differences across individ-
uals should vary both between groups (e.g., males vs. females) and between in-
dividuals within a group, as a consequence of individual variation in the
population in factors such as hormone levels. These claims allow one to make
specific predictions regarding the rapidity and ultimate atrainment of 1.2
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acquisition. Such predictions may be made not only on the basis of general
patterns regarding how the memory systems differ over time and between
groups but also on the basis of neurocognitive and performance measures of
the two memory systems and their biological correlates (e.g., sex hormone lev-
els) in individual subjects. Moreover, this knowledge of group and individual
subject characteristics should allow one to make distinct testable predictions
for declarative and procedural aspects of L2 acquisition. For example, whereas
young women may tend to show more rapid learning than men during early
stages of L2 learning, as well as higher eventual levels of idiosyncratic lexical
knowledge, young men might be more likely to reach L1-like levels of gram-
matical proficiency.

Fifth, because the functional and biological characteristics of the two mem-
ory systems are reasonably well understood, one should be able to predict how
to manipulate them in order to improve the rate and ultimate proficiency lev-
els of L2 learning. For example, one should be able to exploit the functional
characteristics of declarative memory, such as promoting learning in rich se-
mantic contexts (Schacter and Tulving, 1994). The DP model also under-
scores the view that nativelike attainment may be achieved only through
extensive practice (i.e., experience). The amount and type of experience that
may be necessary to achieve this, and how experience relates to other factors,
such as individual subject learning characteristics, remain to be determined.
However, one should be able to optimize L2 acquisition by scheduling learn-
ing to take advantage of natural fluctuations in the endocrine system (e.g.,
daily, monthly, seasonal). The model also suggests a potential role for phar-
macological agents in SLA. Cholinergic interventions, which can enhance de-
clarative memory (Freo et al., 2002; Packard, 1998), may facilitate the initial
stages of learning posited to depend on this system. Dopaminergic interven-
tions, which under certain circumstances can enhance the procedural system
(Gerfen, 1995; Jankovic and Tolosa, 1993), might be helpful in promoting
the acquisition of grammatical rules by this system. Morecover, as discussed
above, the time course of the shift from declarative to procedural memory can
also be modulated pharmacologically (Packard, 1999). Further research is
clearly needed to investigate these issues.

Sixth, the model may contribute to our understanding of the much-studied
distinction between explicit and implicit knowledge in SLA (Bialystok, 1978,
1979; DeKeyser, 2003; N. C. Ellis, 1994, 2002; Krashen, 1985; Krashen,
Scarcella, and Long, 1982; Norris and Ortega, 2001). At first blush, this dis-
tinction may seem to correspond quite closely to the declarative-procedural dis-
tinction proposed by the DP model, given that declarative memory has been
claimed to underlie explicit knowledge while procedural memory subserves im-
plicit knowledge. However, there are a number of critical differences. First of



A COGNITIVE NEUROSCIENCE PERSPECTIVE 161

all, the DP model is based on claims about neurocognitive systems, whereas the
explicit-implicit distinction is premised on claims about awareness. This latter
distinction is somewhat problematic in that awareness is difficult not only to
define but also to test (DeKeyser, 2003; Doughty, 2003; Schmidt, 1994). In
contrast, the distinction between the declarative and procedural brain systems
is relatively clear, and the dichotomy can be tested with a variety of method-
ological approaches.

It is also important to note that the mapping between declarative-proce-
dural memory on the one hand, and explicit-implicit knowledge on the other,
is by no means isomorphic (one-to-one). Information stored in declarative
memory may very well be explicit (accessible to conscious awareness in some
sense), but there is no requirement that it must be, and recent data suggest that
at least certain kinds of knowledge acquired by the declarative memory system
are not explicit (Chun and Phelps, 1999; Chun, 2000). Additionally, evidence
suggests the existence of more than one nondeclarative implicit memory sys-
tem (Eichenbaum and Cohen, 2001; Squire and Knowlton, 1995). Procedural
memory, as it is defined in the DP model and by many memory researchers,
refers only to one type of nondeclarative memory system (Eichenbaum and
Cohen, 2001; Squire and Knowlton, 1995; Ullman, 2001¢; Ullman, 2004;
Ullman and Pierpont, 2005). Unfortunately, the term procedural memory has
sometimes been used interchangeably with implicit memory, resulting in quite
a confusing situation (Eichenbaum and Cohen, 2001; Schacter and Tulving,
1994). Finally, most previous treatments of explicit-implicit memory in SLA
have not focused on, or even clearly acknowledged, the distinction between
lexicon and grammar (Bialystok, 1978; N. C. Ellis, 2002; Gass, 1997; Krashen
et al,, 1982). In sum, it is difficult to draw simple parallels between the ex-
plicit-implicit and declarative-procedural distinctions. Nevertheless, the clear
and testable dichotomy between declarative and procedural memory and the
examination of how these two brain systems relate to lexicon and grammar,
across different periods of the lifespan and across individuals, may encourage
SLA researchers to consider how these factors relate to the constructs of explicit
and implicit knowledge.

Seventh, the DP model can be directly compared to and contrasted with
other neurocognitive perspectives of SLA. The model is perhaps most similar
to the view espoused by Friederici and her colleagues on the basis of their fMRI
and ERP data. They have concluded that low-proficiency L2 learners do
not have the neurocognitive abilities of native speakers for automatic parsing
and syntactic structure building in sentence comprehension, which are as-
sumed to depend on BA 44 and certain other structures in L1 (Friederici et
al., 2002; Hahne, 2001; Hahne and Friederici, 2001; Opitz and Friederici,
2003). Instead, low-proficiency learners initially depend on medial and lateral
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temporal lobe structures, and possibly on strategy-dependent compensatory
right-hemisphere processes (Hahne and Friederici, 2001; Opitz and Friederici,
2003). However, as L2 proficiency increases (with experience with the lan-
guage), medial and lateral temporal lobe involvement decreases, while BA 44
involvement increases (Opitz and Friederici, 2003). In contrast, conceptual-
semantic integration seems to remain largely L1-like in L2 learners (Hahne
and Friederici, 2001). Friederici’s data and conclusions are thus highly com-
patible with the DP model. The two views seem to diverge in a number of the
details (e.g., the role of the basal ganglia) and in that Friederici’s perspective is
primarily driven by data from L2 studies, whereas the DP model’s claims and
predictions follow largely from our independent knowledge of the two mem-
ory systems.

The DP model can also be directly compared to the view embraced by
Paradis. He has proposed a model that links SLA notions of explicit and im-
plicit knowledge to specific neural structures (Paradis, 1994, 1995, 1997,
1999, 2004). Like the DP model, Paradis emphasizes a greater dependence on
declarative than procedural memory in 1.2 as compared to L1 and in low-pro-
ficiency L2 as compared to high-proficiency L2. However, unlike the DP
model, Paradis seems to assume a direct correspondence between explicit
knowledge and declarative memory and between implicit knowledge and pro-
cedural memory (Paradis, 1994, 2004). Moreover, Paradis discusses the in-
creased reliance on procedural memory (in L1 and high-proficiency L2)
largely in terms of greater automatization and implicitness across various do-
mains of language, including at least portions of the lexicon. For Paradis, only
consciously accessible lexical elements are declarative, in both L1 and L2. This
seems to correspond largely to vocabulary items—that is, consciously accessi-
ble knowledge of the sound-meaning pairings of words. More abstract lexical
knowledge (i.e., lexicalized knowledge of grammatical properties, such as ar-
gument structure) is not declarative (Paradis, 2004). Even vocabulary items
do not depend on declarative memory when they are processed implicitly
(nonconsciously) in sentence contexts (Paradis, 1994). Thus Paradis” claims
for the lexicon differ at least partly from those of the DP model: Whereas the
DP model assumes that «// lexical knowledge resides in declarative memory
(whether or not the knowledge is available to conscious awareness), Paradis
takes seriously the divide between explicit and implicit knowledge, and claims
that only the conscious use of lexical knowledge depends on declarative mem-
ory. Paradis also diverges somewhat from the DP model with respect to
neuroanatomy. He focuses on medial temporal lobe structures for declarative
memory and on the basal ganglia, cerebellum, and neocortex for procedural
memory; particular neocortical regions do not appear to be implicated, other

than left perisylvian areas (Paradis, 1999, 2004). Finally, unlike the DP
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model, Paradis does not seem to make further predictions based on our inde-
pendent knowledge of the two memory systems, such as sex differences or
modulation by sex hormones. Together these predictions enable Paradis’ view
to be empirically distinguished from the DP model.

Finally, it is important to point out that a number of theoretical gaps re-
main to be addressed in the DP perspective of L2 acquisition and processing.
For example, the precise relation between late SLA on the one hand, and both
native language acquisition and early SLA on the other, remains to be deter-
mined. In all cases, declarative memory is predicted to acquire information
much faster than procedural memory. Thus even in very young children
learning their native language, complex forms as well as idiosyncratic knowl-
edge are predicted to be memorized in declarative memory before grammati-
cal rules are abstracted in procedural memory. Indeed, at least some evidence
appears to be consistent with this view (e.g., Marcus et al., 1992). Second and
subsequent languages learned during early childhood should follow much the
same partern. However, in both of these cases, the fact that language acquisi-
tion occurs early, prior to the posited changes in the two memory systems,
leads to the prediction that the grammar will be acquired with greater facility
than would occur in later years, particularly following puberty. Other issues,
such as the rapidity of vocabulary learning during childhood (Bloom, 2000)
and the role of transfer or interference from previously learned languages, also
remain to be investigated.

9. Summary

The DP perspective constitutes a novel alternative to previously proposed
explanatory hypotheses of SLA. It leads to an array of specific predictions that
are largely generated by our independent knowledge of the two memory sys-
tems and are directly testable using a range of widely used behavioral and
neurocognitive methods. The predictions allow the model to be directly com-
pared against alternative accounts and provide the means for it to be both
falsified and further specified. Thus the DP model may provide a useful para-
digm for the study of SLA.

10. Exercises
The following exercises are designed to increase your understanding of the
neurocognition of SLA.

10.1 QUESTIONS
1. Briefly describe an experiment, using any methodology that you feel is ap-
propriate, that could test one or more of the L2-related predictions of the

DP model.
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2. According to the DP model, might individual differences in working mem-
ory capacity lead to individual differences in SLA? Explain your answer.

3. A monolingual adult male suffers from a stroke that leads to damage to
Broca’s area, the basal ganglia, and surrounding structures, and to the onset
of Broca’s aphasia and agrammatism in his L1. Should he be able to learn

an L.2? Explain your answer. How might pharmacological agents improve
his SLA?

4, Adult-onset bilateral damage limited to medial temporal lobe structures
leads to an inability to learn new knowledge in declarative memory—that
is, information about facts, events, and words. In contrast, such amnesic pa-
tients are generally able to acquire new motor and cognitive skills and other
procedures, even though they do not remember the individual testing ses-
sions. Should such patients be impaired at SLA? Explain your answer.

5. Specific Language Impairment (SLI) is a congenital disorder that affects
language. It generally compromises grammatical abilities more than lexical
abilities. It is also associated with a variety of impairments of nonlinguistic
functions that are linked to the procedural memory system, while declara-
tive memory appears to be relatively spared (Ullman and Pierpont, 2005).
Thus it has been suggested that many individuals with SLI may suffer from
abnormalities of brain structures underlying the procedural memory sys-
tem (Ullman and Pierpont, 2005). Do you think that such individuals
should show age-of-exposure period effects in language learning? Why or
why not?

10.2 GUIDED CRITIQUE

To practice your skills at reading and critiquing articles on the neuro-
cognition of SLA, please read the following article and answer the questions
below.

Weber-Fox, C. M., and Neville, H. J. (1996). Maturational constraints on
functional specializations for language processing: ERP and behavioral evi-

dence in bilingual speakers. Journal of Cognitive Neuroscience, 8(3), 231-256.

1. Motivations and hypotheses
a. What are the primary motivations and goals of the study?
b. What hypothesis or hypotheses are the authors testing?

2. Methodology
a. ERPs. What are ERPs? What do they reveal about neural and cognitive

processes? What are their strengths and weaknesses as compared to
other neurocognitive methods?
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b. Subjects. What subject groups were examined? What factors (e.g., age,
education, etc.) are the subject groups matched or not matched on? Are
there confounds between the subject factors of interest (e.g., age of ex-
posure and length of exposure to the L2)?

c. Materials and procedure. Why were both behavioral and ERP measures
acquired? Why was only receptive language examined with ERPs? Do
you think that 14 electrodes were sufficient in this study? What advan-
tages or disadvantages might such a small number of electrodes confer?

d. List the main strengths and weaknesses of the methods of this study.

3. Results.
a. Explain the main behavioral results. What do you think are the most
important results, and why?
b. Explain the main ERP results.What do you think are the most impor-
tant results, and why?
c. Did one or more of the subject groups yield a pattern of results that was
particularly different from that of the others? Why might this be?

4. Discussion and conclusions.
a. What conclusions do the authors draw from their results?
b. Are all of their conclusions justified by the data?
c. Do their data suggest additional questions for study? Suggest one or
more experiments to investigate any additional questions of interest.

Further Reading

Birdsong, D. (2004). Second language acquisition and ultimate atrainment. In
A. Davies & C. Elder (Eds.), Handbook of Applied Linguistics (pp. 82-105). Oxford,
UK: Blackwell.

Opitz, B., & Friederici, A. D. (2003). Interactions of the hippocampal system and the
prefrontal cortex in learning language-like rules. Neuroimage, 19%4), 1730-1737.
Paradis, M. (2004). A neurolinguistic theory of bilingualism. Amsterdam: John

Benjamins.

Ullman, M. T. (2004). Contributions of memory circuits to language: The declara-

tive/procedural model. Cognition, 92(1-2), 231-270.
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