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Nonnative and second-language speech
perception

Commonalities and complementarities’

Catherine T. Best and Michael D. Tyler

Language experience systematically constrains perception of speech contrasts
that deviate phonologically and/or phonetically from those of the listener’s

native language. These effects are most dramatic in adults, but begin to emerge in
infancy and undergo further development through at least early childhood. The
central question addressed here is: How do nonnative speech perception findings
bear on phonological and phonetic aspects of second language (12) perceptual
learning? A frequent assumption has been that nonnative speech perception

can also account for the relative difficulties that late learners have with specific
L2 segments and contrasts. However, evaluation of this assumption must take
into account the fact that models of nonnative speech perception such as the
Perceptual Assimilation Model (PAM) have focused primarily on naive listeners,
whereas models of L2 speech acquisition such as the Speech Learning Model
(SLM) have focused on experienced listeners. This chapter probes the assumption
that L2 perceptual learning is determined by nonnative speech perception
principles, by considering the commonalities and complementarities between
inexperienced listeners and those learning an L2, as viewed from PAM and SLM.
Among the issues examined are how language learning may affect perception of
phonetic vs. phonological information, how monolingual vs. multiple language
experience may impact perception, and what these may imply for attunement of
speech perception to changes in the listener’s language environment.

Best, C. T., & Tyler, M. D. (2007). Nonnative and second-language speech perception: Commonalities and
complementarities. In M. J. Munro & O.-S. Bohn (Eds.), Second language speech learning: The role
of language experience in speech perception and production (pp. 13-34). Amsterdam: John
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Introduction

No one can step into the same river twice ... both river and person are ever-changing.
Heraclitus [540-480 BC] (paraphrased)

Heraclitus’ metaphor for the continual reshaping of an individual’s experience of life
events by the convergence between their actively changing environment and their un-
folding personal history is familiar as a viewpoint in existential philosophy (cf. Kahn,
1981). Yet it may also provide new perspective on our understanding of how an indi-
vidual’s language environment and their progress in acquiring a native and/or a sec-
ond language together shape the way they perceive speech. As research has undeniably
shown, the way listeners perceive phonetic information depends on their linguistic
experience and developmental history. Prior contact with the stimulus language, and
position along the trajectory of native or first language (L1) development, converge
in some crucial way to shape one’s perception of phonetic details and phonological
structure in speech. Perception differs in important ways between naive listeners and
those who have experience with the stimulus contrasts as elements of a second lan-
guage (L2). Experiential influences vary as well with age at onset of L2 acquisition,
and/or with other crucial aspects of fluency and usage in both L1 and L2. Thus, to the
extent that Heraclitus metaphor applies to experiential effects on speech perception,
the infant and the adult could never truly perceive the same speech in the same way,
nor could the L2 learner or bilingual perceive L2 or L1 speech in exactly the same way
as native monolinguals of either language. '

We hope to uncover new insights about these issues by examining commonalities
and complementarities between naive listeners’ perception of nonnative speech con-
trasts and second language (L2) learners’ perception of L2 contrasts. The centerpiece
of this examination will be a critical comparison of two influential theoretical models:
Flege’s (1995a, 1999, 2002) L2 Speech Learning Model (SLM), and Best’s (1993, 1994a,
1994b, 1995; Best, McRoberts, & Sithole, 1988) Perceptual Assimilation Model (PAM)
of nonnative speech perception. We will attempt to extend the principles of PAM to L2
speech perception, and to present testable hypotheses as a guide for future research.
We focus our comparison here on the two listener groups that have been the focus of
those two models — late second language learners and functional monolinguals, re-
spectively. In the concluding section, we offer suggestions that may guide research and
theory on developmental and experiential influences on speech perception, including
that by fluent bilinguals.

Heraclitus’ metaphor provides a useful analogy for the fact that young listeners
encounter an ever-changing flow of phonetic information across speakers and com-
municative contexts as they acquire a native language. That phonetic flux differentiates
further if a listener begins establishing an L2, which adds the fluctuation between L1
and L2 speech environments, and mixed (code-switched) speech in bilingual environ-
ments. Thus, we will begin this chapter by considering the role of the environment in
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groups of listeners that have been the focus of PAM and
s

SI.M: naive nonnative listeners and L2-learning listeners, respectively.

speech perception for the two

The role of the environment in the development of speech perception

From early notions of critical periods, we now understand better the important role
that the environment plays in language acquisition across ages. The contribution ofage
to L2 perceptual learning occurs primarily through interactions with length of resi-
dence (LOR), relative usage of L1/L2 (Flege, 1999, 2002; Flege & MacKay, 2004), and
relative quantity and quality of input from native L2 speakers (see Flege & Liu, 2001;
Jia & Aaronson, 2003; Jia, Strange, Wu, Collado, & Guan, 2006).

Not only is the amount of exposure important, but the phonetic properties of the
language input to learners appears to dynamically interact with their developmental
level and L2 learning status. For example, along with prosodic properties that convey
positive emotion and affiliation (e.g., Kitamura & Burnham, 2003; Singh, Morgan, &
Best, 2002), infant-directed speech (IDS) also contains hyper-articulated vowels (An-
druski, Kuhl, & Hayashi, 1999; Kuhl et al., 1997). The fact that emotional prosody,
but not vowel hyper-articulation, is observed in speech directed to pet cats and dogs
suggests that hyper-articulation may reflect a didactic function of language learners’
speech input properties (Burnham, Kitamura, & Volmer-Conna, 2002; see also Eng-
lund & Behne, 2005; Liu, Kuhl, & Tsao, 2003). Importantly, this didactic function is
not only apparent in IDS: foreigner-directed speech (FDS) also shows vowel hyper-
articulation, though not the emotional prosody of IDS (Knoll & Uther, 2004).

While systematic shifts in speech to language learners are important in indicat-
ing that the linguistic environment is responsive to the addressee’s developmental and
linguistic status, our primary concern is with how the Jistener’s status on those two di-
mensions affects their perception of nonnative speech. The target stimuli in studies of
experiential influences on speech perception have classically been nonnative minimal
distinctions, that is, single phonetic feature contrasts that are linguistically irrelevant
in the listener’s native language. Therefore, perception of minimal contrasts will be
our main concern.

To focus our comparison of naive listeners and L2 learners, we conceptualize their
characteristics, as studied in speech perception research, as lying somewhere along
three separate dimensions: 1) L1 acquisition at onset of L2 learning; 2) ratic of L1/12
usage on an average daily basis, and; 3) ratio of L1/L2 in the language environment.
L2 learners will be defined as being engaged in the process of acquiring an L2 (SLA:
second language acquisition). By comparison to research on “fluent bilinguals,” the
participants of L2-learner studies generally have commenced learning at older ages
(later childhood, adolescence or adulthood), show a wider range of L1/12 usage, and

tend to live in more L.2-biased environments.
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These idealized dimensions obviously cannot do justice to the complexity of vari-
ation and overiap among real-world language users, who range from monolingual to
fluently multilingual, and vary along multiple and often nonlinear dimensions. Al-
though “fluency” (proficiency, competency) and “balance” (language dominance) are
often used in discussions of L2 learners and especially bilinguals, these terms can be
fraught with ambiguities, operational measurement vagaries, and theoretical disputes.
We have chosen, instead, to identify our three criterial dimensions in presumably more
objective terms. However, operationalizing and measuring even these characteristics
is likely to be difficult and often indirect. Our conceptualization also differs in cer-
tain respects from that of experts who study other aspects of bilingual and L2 learner
language skills (see, e.g., Kroll & de Groot, 2005). These differences are not meant to
challenge those experts, but rather to serve as a heuristic for our narrower and more
circumscribed topic: the effects of developmental language experience on perception
of phonetic and phonological information in speech.

Within this simplified framework, we define nonnative listeners more strictly than
has often been done in the past. For us, they are functional monolinguals, i.e., not
actively learning or using an L2, and are linguistically naive to the target language
of the test stimuli.? By comparison, L2 learners are people who are in the process of
actively learning an L2 to achieve functional, communicative goals, that is, not merely
in a classroom for satisfaction of educational requirements. We will next summarize
relevant findings and controversies regarding these groups.

Perception of speech as a function of linguistic experience

Naive nonnative listeners

For adults who lack active language-learning experience with a non-L1, especially the
stimulus language, the pattern of nonnative speech perception is relatively well-estab-
lished: functional monolinguals have notable difficulty categorizing and discriminat-
ing many phonetic contrasts from unfamiliar languages that are not used to distinguish
lexical items in their own language, including both nonnative consonants and vowels
(e.g., Abramson & Lisker, 1970; Goto, 1971; Lisker & Abramson, 1967a; Polka, 1992;
Polka & Werker, 1994; Strange, Akahane-Yamada, 'Kubo, Trent, & Nishi, 2001; Veleva,
1985; Werker & Lalonde, 1988; Werker & Logan, 1985; Werker & Tees, 1984a).

More recent work, however, has found that not all nonnative segmental contrasts
are equally difficult. Some are discriminated moderately well and others at nearly native-
like levels (Beddor & Strange, 1982; Best, Hallé, Bohn, & Faber, 2003; Best, McRoberts,
& Goodell, 2001; Best et al., 1988; Best & Strange, 1992; Best, Traill, Carter, Harrison, &
Faber, 2003; Kochetov, 2004; Polka, 1991; Polka, 1995). In addition, the relative ease or
difficulty of a given contrast varies according to the listener’s native language (Best, Hallé
etal., 2003; Best & Strange, 1992; Best, Traill et al., 2003; Flege, 1989; Hall¢, Best, & Lev-
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itt, 1999). For example, English-speaking adults discriminate click consonant contrasts
from southern African languages quite well (Best & Avery, 1999; cf. Best et al., 1988),
indeed better than listeners of other African click languages for certain nonnative click
contrasts (Best, Traill et al., 2003). Variations in discriminability of nonnative speech
contrasts extend beyond vowels and consonants, to perception of tonal contrasts from
tone languages (Burnham & Francis, 1997; Burnham, 2000; Hall¢, Chang, & Best, 2004;
S0,2005). These variations across stimulus contrasts and listener languages are generally
thought to reflect the perceived similarities/dissimilarities between phonetic properties
of the nonnative stimuli and those of the listener’s native phonology.

Consistent with that notion, listeners are responsive not only to phonetic details
that are of potential phonological relevance to the native language, but also to gradi-
ent-like (non-contrastive) phonetic variation within consonant or vowel categories.
They show systematic contextual influences and within-category organization when
rating phonetic variants within a native category as ranging from “good” to “poor”
(or “hyper”) (Allen & Miller, 2001; Brancazio, Miller, & Paré, 2003; Miller, 1994; Mill-
er, Connine, Schermer, & Kluender, 1983; Miller & Volaitis, 1989; Volaitis & Miller,
1992). Discrimination of exemplars has also been reported to be asymmetrical, that
is, worse among good exemplars of the category than among poor exemplars, which
has led to a proposal that language experience causes a “warping” of perceived simi-
larity around the ideal, or prototypical, representative of a known phonetic category
(Grieser & Kuhl, 1989; Iverson & Kuhl, 1995, 1996; Kuhl, 1993).3 Given the evidence
of sensitivity to within-category phonetic variations, it should perhaps not be surpris-
ing that nonnative speech perception is systematically affected by fine-grained pho-
netic similarities and dissimilarities between native and nonnative phones (e.g., Best,
Faber, & Levitt, 1996; Best, Hallé et al., 2003; Best & Strange, 1992; Hallé et al., 1999),
and is not constrained only to potential phonological distinctiveness. Monolingual
adults’ perception of nonnative phonetic contrasts is also systematically influenced
by native phonotactic biases (Flege, 1989; Hallé, Best, & Bachrach, 2003; Hallé, Segui,
Frauenfelder, & Meunier, 1998; Kochetov & So, 2005; Strange et al., 2001; see also We-
ber, 2001), coarticulatory patterns (Beddor, Harnsberger, & Lindemann, 2002; Bohn
& Steinlen, 2003), and allophonic or other phonetic variations (Flege & Hillenbrand,
1987; Gottfried & Beddor, 1988; Harnsberger, 2000, 2001a). Relatedly, specific pho-
netic properties of speaker and/or token variations can impact on listeners’ discrimi-
nation and categorization of a nonnative phonological contrast (e.g., Kingston, 2003).
Finally, discrimination asymmetries for some nonnative contrasts may reflect with-
in-category perceptual differentiation for the closest native consonant(s) or vowel(s)
(Iverson, 2005; Iverson et al., 2003; Polka, 1995; Tsukada et al., 2005). However, the
asymmetry has sometimes reflected better discrimination for the exemplars that are
more like the native ideal (Best et al., 2001), or failed to show a clear relationship with
perceived similarity to the native category (Flege, Munro, & Fox, 1994). Some asym-
metries, moreover, have been observed across both native and nonnative listeners,
suggesting universal rather than experience-tuned biases (Polka & Bohn, 2003).
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Thus, perception is not confined to differences that are relevant to native phono-
logical contrasts. Adult monolinguals also show systematic perceptual sensitivities to
non-contrastive phonetic variation in both native and nonnative speech. With nonna-
tive speech, some aspects of sensitivity to phonetic variation are related to similarities
between nonnative stimuli and native speech patterns, but others reflect language-uni-
versal perceptual tendencies. The implications of these experience-tuned vs. universal
phonetic sensitivities have not yet been fully resolved.

L2-learning listeners

We turn next to adult L2 learners, who are somewhere along in the active process of
becoming speakers of a language other than their native one.

~ Numerous L2 speech researchers have posited that a learner’s L1 and L2 phono-
logical systems are not completely separate, but are instead situated within an encom-
passing interlanguage. A key question, then, is whether L2 learning-related perceptual
adjustments result in systematic changes in LI speech perception, implying a perceptual
influence of L2 learning beyond the L2 itself. One can also imagine a more global possi-
bility, that a listener’s perception of phonetic information generally behaves as a coherent
dynamical system in which changes in any subregion may affect the lay of the remaining
landscape. That is, contact with a different dialect of the L1 could conceivably cause per-
ceptual changes. Comparisons among L2, native, unfamiliar native (dialects) and non-
native speech perception would help elucidate how phonological and phonetic informa-
tion is organized within, between, and beyond the listeners’ language(s), and would help
determine how that organization changes with increasing knowledge and use of another
language or dialect, thus elucidating the effects of language experience on speech percep-
tion. Unfortunately, there have been almost no investigations on L2 learners’ perception
of unfamiliar nonnative contrasts or of native contrasts (and none for other dialects).
Existing findings are essentially limited to perception of L2 speech contrasts.

The picture appears similar, though not identical, to that for functional monolin-
guals. Initial findings with late L2 learners suggested difficulties developing perceptual
differentiation of L2 contrasts that are not used in their L1. However, those partici-
pants had rather limited L2 experience, particularly as produced by native speakers.
Subsequent work with a wider range of L2 experience, learning contexts, phonetic
contrasts, and specific L1s and L2s has shown that a larger number of factors impinge
on perception in L2 learners as compared to monolinguals.

A critical question has been whether and how perceptual learning of L2 phono-
logical and phonetic properties may occur. Numerous laboratory-based training studies
have addressed this. While training studies are of potential interest for understanding L2
learning in fairly controlled situations such as classrooms, our interest lies instead with
natural communicative situations, which more broadly engage the multi-tiered gram-
matical and phonological structure of the L2. This is more consistent with theories of sec-
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ond language acquisition (SLA) that hypothesize meaningful conversation is the main
context in which the properties of a new language are learned (e.g., Carroll, 1999).

The distinction between learning an 12 in natural communicative contexts vs. in
more constrained contexts also arises in comparing SLA (in environments where the
target language is predominant) and FLA (classroom foreign language acquisition in
environments where the target language is not widely used; see also Piske, Chapter 17
in this volume). In many respects, FLA is notably less than ideal with respect to the
natural ecology of language learning: It usually occurs in a pervasive L1 setting and
does not extend much outside the classroom. It often employs formal instruction on
lexical and grammatical information to a much greater extent than in live conversa-
tion. When spoken in the classroom, the L2 is often uttered by Li-accented teachers or,
at best, by speakers from diverse L2 varieties, thus presenting a variable (or incorrect)
model of L2 phonetic details. Indeed, dialect differences can interfere with perception
even for native listeners of the L2 (Bundgaard-Nielsen & Bohn, 2004). Thus FLA is a
fairly impoverished context for L2 learning, and perceptual findings for FLA listeners
should not be conflated with those for L2 listeners (SLA). Nonetheless, FLA conditions
do provide a potentially useful (though not tightly controlled) basis of comparison to
SLA. FLA listeners, like L2 listeners but unlike monolinguals, have exposure to the tar-
get language. Yet unlike L2 listeners or monolinguals, FLA listeners have L2 exposure
primarily through formal instruction in a restricted setting, with little or unsystematic
conversational experience with native speakers. These issues could serve as an impor-
tant focus for future research. However, we restrict the following discussion to SLA,
the context of L2 learning that has been the focus of SLM.

For SLA in adulthood, initial reports found that perception was fairly poor for
L2 consonant contrasts that do not occur in the listeners’ L1s, similar to early stud-
ies of monolinguals (e.g., /1/-/1/ for Japanese SL-American English: MacKain, Best,
& Strange, 1981). Also, as noted for naive nonnative listeners, more recent SLA per-
ception findings indicate that categorization and discrimination performance levels
vary across L2 contrasts and across L1s, in ways that are systematically related to the
contrastive phonological and gradient phonetic properties of the Lis (/t/-/1/, /b/-/v/
vs. /f/-/v/ for Japanese vs. Mandarin SL-Canadian English: Brown, 1998; /w/-/v/ for
Sinhalese vs. German SL-British English: Iverson, 2005), and even between L1 dialects
(/£/-/8/ for Quebec French vs. European French [vs. Japanese] SL-Canadian English
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learners: Brannen, 2002). Again in line with monolinguals, SL learners’ perception of

L2 contrasts varies systematically according to L1 phonotactic, allophonic, and coar-
ticulatory patterning (e.g., word-final /t/-/d/ for Mandarin vs. Shanghainese vs. Tai-
wanese SL-American English: Flege, 1989).

Much research on SLA adults’ perception of L2 contrasts has focused on vowels.
Vowels are important to examine for effects of perceptual experience because they dif-
fer in many respects from consonants, both physically (e.g., acoustic and articulatory
properties) and linguistically. For example, vowels place fewer constraints on lexical
selection than do consonants, even across languages that differ substantially in the size
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and distinctiveness of their vowel systems, and in the way their vowels are affected by
the language’s rhythmic characteristics (syllable- vs. stress- vs. mora-timing, e.g., Cut-
ler, Sebastidn-Gallés, Soler-Vilageliu, & van Ooijen, 2000). Yet despite those phonemic
class differences, findings on SLA adults’ perception of L2 vowels in large part mirror
the patterns found with L2 consonants.

Native and SLA listeners often differ as to which stimulus dimensions most
strongly influence their perceptual differentiation of the L2’s vowels (Bohn & Flege,
1990; Fox, Flege, & Munro, 1995) and consonants (Iverson, 2005; Iverson et al., 2003).
Moreover, not only can different L1s have different effects on perception of the same
L2 vowels, but in addition, L1 and L2 dialect differences can both systematically affect
perception of L2 vowel contrasts (Escudero & Boersma, 2004; Ingram & Park, 1997).

A core question has been whether SLA listeners show perceptual learning of 1.2
contrasts that are initially difficult to differentiate. The findings suggest that the an-
swer is a qualified “yes” Perceptual learning occurs for some L2 contrasts, but seems
to depend on their phonological and phonetic relationship to the L1, specifically on
perceived similarities vs. dissimilarities to L1 phonemes. In addition, some evidence
suggests that perceptual learning is influenced by familiarity with the L2. Much of the
evidence comes from comparisons between learners who are relatively inexperienced
vs. more experienced with conversational speech in an L2-speaking country. More
experienced listeners categorize and discriminate certain nonnative L2 contrasts sig-
nificantly better than less experienced listeners, but generally less well than native L2
speakers (e.g., L1 Japanese and L1 Arabic learners of American English: Best & Strange,
1992; Flege, 1984a; MacKain et al., 1981), except in subjectively familiar words (Flege,
Takagi, & Mann, 1996). By comparison, for other L2 phonemes and contrasts that are
less difficult for monolinguals and fairly inexperienced L2 listeners, 1dent1ﬁcat10n and
discrimination is not dramatically affected by level of experience.

L2 vowels also show evidence of systematic variations in perceptual learning.
Vowels that are perceived to differ notably from any L1 vowels yield larger percep-
tual learning differences than those perceived to be identical or similar to some L1
vowel(s). Also, the perceptual dimensions along which more experienced listeners dis-
tinguish these vowels are more similar to those of native listeners, that is, L.2-appropri-
ate vowel perception improves with experience and ability. Moreover, perceptual skill
level is positively correlated with accuracy in producing the 1.2 vowels (German, Span-
ish, Mandarin, Korean, Japanese SL-American English learners: Bohn & Flege, 1990;
Flege, Bohn, & Jang, 1997; Fox et al., 1995; Korean vs. Japanese SL-Australian English
learners: Ingram & Park, 1998; Yoneyama, 1997), and with ratio of L2/L1 usage (Ital-
ian SL-American English learners: Flege & MacKay, 2004; Flege, MacKay, & Meador,
1999). 1t is important to note, though, that greater L2 usage and proficiency are asso-
ciated not only with increased L2 production experience, but also with increased L2
listening experience in meaningful conversation.

An important caveat must be noted, however: the definitions of “experienced” vs.
“inexperienced” L2 learners have not been standardized, and vary widely from study
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to study.* Perceptual benefits with experience have been reported in some studies for
listeners who have lived for as little as 6 months in an L2-speaking country when com-
pared to listeners with even less or no such experience (Aoyama, Flege, Guion, Aka-
hane-Yamada, & Yamada, 2004; MacKain et al., 1981). Other studies, though, have de-
fined the cut-off for “experienced” as 2, 3, 5 or even 10+ years in an L2 environment. We
would argue that none of these later cut-offs is likely to be optimally informative, par-
ticularly if “inexperienced” is correspondingly defined as less than 2, 3, 5, or especially
10 years in the L2 environment. We suspect, instead, that the “experienced” cut-off
should be set fairly low (e.g., at 6-12 months of experience), for the following reasons.
First, significant L2 perceptual learning has been observed in late learners after as little
as 6-12 months of SL immersion, as compared to those with 0-6 months of experience.
Second, very little perceptual benefit seems to accrue from additional experience past
that initial period for most late learners (see, e.g., Flege & Liu, 2001; Jia et al., 2006)*:
No significant differences have been found between SLA adults with 6-12 months of
experience and those with 1.5 years, or between those with +/- 2 years, or +/- 5 years of
experience (see Aoyama et al., 2004; Jia et al., 2006; Tsukada et al., 2005).

Thus, the bulk of perceptual learning may actually take place fairly early in late-
onset SLA.° It would make both intuitive and theoretical sense for perceptual adjust-
ment to take place early in acquiring a language, before the lexicon and higher-order
linguistic structures (morphology, syntax) are well-established. Higher-order struc-
ture and meaning, including lexical organization, may somehow help to establish the
language-specific relationship between phonetic details and phonological structure,
whether in the L1 or an L2. A number of researchers have posited that in L1 acquisi-
tion it is the rapid expansion of the lexicon, which coincides with the emergence of
morphology and the beginnings of syntax for most toddlers, that may serve as the
primary impetus for lexical phonology to emerge from earlier perceptual attunement
to language-specific phonetic properties of the native language.

Theoretical models: extending nonnative perception to meet L2 perception

Nonnative speech perception and L2 speech perception have frequently been assumed
to be essentially identical, that is, to reflect the same L1 influences. Theoretical models
of each have sometimes been cited as though they are interchangeable, or as though
each approach is intended to account for both naive monolinguals and L2 learners.
But the links and/or similarities between the two theoretical foci have not, in fact,
been systematically examined, either theoretically or empirically. The two models that
are most frequently cited this way are the Perceptual Assimilation Model (PAM: e.g,,
Best, 1994a, 1994b, 1995) and the Speech Learning Model (SLM: e.g., Flege, 1995a,
1999, 2002). PAM was developed specifically to explain nonnative speech perception
by naive listeners, whereas SLM was designed to address production/perception of
L2 speech by L2 learners. Neither model was developed to address both situations,
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1ough each has been cited as though it had been. Our aim is to probe the common-
alities and complementarities of the two models, and especially to explore whether and
how SLM can be used as a starting point to extend PAM’s nonnative speech perception
framework to L2 learners.

A few additional caveats should be noted first. Whereas both PAM and SLM have
sometimes been characterized as being based solely on L1 phonological distinctions
(i.e., conceptually comparable to the Contrastive Analysis Hypothesis: CAH), and/or
on L1 interference (i.e., phonological suppression), these characterizations are mis-
representative. Neither PAM nor SLM restrict their predictions about native language
influences solely to the influence of phonological contrasts in the L1. Both have con-
sidered at length, and in numerous publications, the importance of non-contrastive
phonetic similarities and dissimilarities between L1 and nonnative/L2 phones, includ-
ing notions of phonetic goodness of fit, and the relationship between phonetic details
and phonological categories and contrasts. Flege, in particular, has rejected the CAH
account of L2 speech learning in his discussions of SLM. PAM, for its part, rather than
invoking phonological interference, has characterized the nature of L1 influence as
being based on perceptual learning of phonetic-articulatory patterning at both the
abstract contrastive level and, importantly, at the level of non-contrastive gradient
phonetic detail. Thus, evidence favoring allophonic or phonotactic or sub-phonemic
(phonetic) influences of the L1 on perception of L2 or nonnative speech can be quite
consistent with the principles of PAM (e.g., Best & Strange, 1992; Hallé et al., 1999)

and/or SLM (e.g., Flege, 1989; Flege & Hillenbrand, 1987).

The perceptual assimilation model of naive nonnative speech perception

A core aim of this chapter is to extend PAM to address the issues of L2 learners’ per-
ceptual difficulties and biases across variations in target languages and contrasts. This
extension, like PAM itself, is founded on the ecological direct-realist premise that the
focus of speech perception is on information about the distal articulatory events that
produced the speech signal (e.g., Best, 1994a, 1994b, 1995). That metatheoretical as-
sumption is, in turn, compatible with the principles of Articulatory Phonology, which
posits that the dynamic parameters of articulatory gestures in speech production serve
as the primitives for (language-specific) phonology (e.g., Browman & Goldstein, 1989,
1990, 1992, 1995). Whereas the traditional subject groups for PAM and SLM are dif-
ferent, the two theoretical approaches overlap or diverge in other ways. We will also
examine whether and how the L2 extension of PAM may converge or contrast with the
principles and predictions of SLM.

Both SLM and PAM have been described in detail in previous theoretical and em
pirical reports, so we will summarize them just briefly. PAM posits that, when listening
to an unfamiliar nonnative phone (phonetic segment), naive listeners are likely, due
to their native language experience, to perceptually assimilate the nonnative phone to
the most articulatorily-similar native phoneme. That is, it will be heard as a good or
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even a poor exemplar of a native phonological segment (Categorized), or as unlike any
single native phoneme (Uncategorized) or, rarely, as a non-linguistic nonspeech sound
(Non-Assimilated).

To predict how naive listeners will identify and discriminate nonnative phonologi-
cal contrasts, PAM takes into account how each phone in a contrasting nonnative pair
is perceptually assimilated. Each pattern of contrast assimilation entails expectations
about discrimination performance. Very good to excellent discrimination is predicted
for Two Category (TC) assimilation, in which the two nonnative phones are perceived as
acceptable exemplars of two different native phonemes. Poor discrimination is predicted
for Single Category (SC) assimilation, in which the two nonnative phones are judged as
equally good or poor tokens of the same native phoneme, Discrimination is intermedi-
ate for a Category Goodness (CG) difference, in which both of the contrasting nonnative
phones are heard as tokens of a single native phoneme, but they differ in goodness of fit
to that phoneme. These cases, which all involve categorization of the nonnative phones
to native phoneme(s), differ from those in which one or both nonnative phones fail to
sufficiently match any given native phoneme, that is, one or both are Uncategorized.
One nonnative phone may be perceived as a native phoneme while the other is heard as
an uncategorized speech sound, i.e., (Uncategorized-Categorized assimilation). Such a
contrast should be discriminated very well because it reflects a phonological distinction
between an exemplar of a known phoneme versus something that is not an exemplar of
that phoneme. Alternatively, both nonnative phones may be Uncategorized (an Uncate-
gorized-Uncategorized assimilation), which may be discriminated poorly to moderately
well depending on the proximity of the two phones to the same or different sets of par-
tially-similar native phonemes. Finally, the rarest case is when both nonnative phones
are so deviant from the articulatory properties of native phonemes that they are not
perceived as speech sounds at all: both are Non-Assimilable. In these cases, discrimina-
tion may range from good to excellent, depending on degree of perceived similarity of
the two phones as nonspeech events.’

PAM considered both phonological and phonetic levels in explaining how the L1
system constrains the perception of nonnative phones that are completely unfamiliar
to the listener. Naive perceivers are unaware of which phonetic distinctions constitute
phonological differences in the unfamiliar target language, and could not possibly dif-
ferentiate phonetic and phonological levels in nonnative stimuli. They can only rec-
ognize phonological distinctions in their own language, and phonetic deviations of
the unfamiliar phones from their L1 phonemes. For these listeners, the phonetic and
phonological levels are related only in the L1, in which perceived differences at the
phonetic level became systematically related to the functional linguistic categories of a
phonelogical system during early lexical and grammatical development. We argue that
the phonological level is central to the perception of L2 speech by SL learners, who are
developing an L2 (or interlanguage) system, in a way that it cannot be for L.2-naive lis-
teners perceiving unfamiliar nonnative speech. Below, after comparing and contrast-
ing the theoretical underpinnings of SLM and PAM, we offer some hypotheses about
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how the dynamic interaction between L1 and L2, at both phonetic and phonological

levels, might affect the likelihood of learning to perceive L2 phones as distinct from L1
phonemes, and the concomitant effect on L1 phonetic categories and contrasts.

SLM postulates from a PAM perspective

In this section we review the central postulates of SLM, highlighting areas where the
metatheoretical assumptions of SLM and PAM diverge or converge. We then outline
how findings from PAM studies with naive listeners might complement existing SLM
findings on L2 learners. From there, we generate novel testable hypotheses for future
research on listeners who are developing experience with nonnative contrasts as aspects
of a language they are actively acquiring. To frame this discussion, we present below the
‘original SLM postulates (P1 to P4) from Flege (1995a) and evaluate each from a PAM
perspective. We hope that this comparative discussion of PAM and SLM will offer useful
insights for research on L2 speech perception.

P1: The mechanisms and processes used in learning the L1 sound system, including
category formation, remain intact over the life span, and can be applied to L2 learning.
Although SLM is not framed in terms of direct realism, the notion that perceptual learn-
ing processes remain intact throughout life is compatible with PAM’s direct realist per-
spective, most specifically with the classic perceptual learning principles of the ecologi-
cal theory of perception (Gibson & Gibson, 1955). Throughout the lifespan, perceivers
continue to refine their perception of speech even for their native language. Changes in.
the ambient language environment, for example, dialectal innovation or contact with a
previously unfamiliar dialect of the L1, may require perceptual learning of new higher-
order invariants over age. Learning a different language is a functional extension of this.
However, this is not to say that adults learn new speech information, in either their L1 or
L2, in exactly the same way as children exposed to the same information. Linguistic and
communicative knowledge evolves during an individual’s perceptual history. The envi-
ronment also changes, including the response of others to the individual’s appearance
and behavior as a physical, cognitive and social being, and particularly as a language-
user. For these reasons, an adult is a different sort of L2 learner than a child, not merely
for biological or maturational reasons. We are reminded again of the quote from Hera-
clitus that the same person can never enter the same river twice - both the individual
and the waters are inevitably and continually renewed and changed.

Whereas PAM agrees with SLM that the same basic perceptual learning abilities
are available to adults learning an L2 as to children learning an L1 or L2, it differs from
SLM on other assumptions entailed in P1. Most importantly, PAM posits that perceiv-
ers extract invariants about articulatory gestures from the speech signal, rather than
forming categories from acoustic-phonetic cues. This theoretical distinction is central
to discussing SLM’s P2.

P2: Language-specific aspects of speech sounds are specified in long-term memory
representations called phonetic categories. PAM’s ecological approach rejects the as-
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sumption of mental representation that underlies P2. Rather, the listener directly per-
ceives the articulatory gestures of the speaker and, through perceptual learning, comes
to detect higher-order articulatory invariants in speech stimuli. As Gibson and Gib-
son (1955) argued, expert perceivers have not developed abstract “categories” in long-
term memory, but instead have become funed as special purpose devices for perceiving
invariants across instances of specific types of objects and events (actions). Similarly,
we argue that language users become special purpose devices for perceiving transfor-
mational invariants in the locations, amplitudes and phasings of speakers’ vocal tract
gestures in the L1 and/or L2. Mental representations of phonetic categories are not
required for L2 perceptual learning, from this perspective.

An important implication of the PAM-L2 view is that the perceptual objects/
events of interest depend upon the perceiver’s perceptual goals or focus of attention.
Some tasis may require attentional focus only at a gestural level: the expert listener
does not need to detect very fine-grained stimulus details to discriminate [p] from a
choking sound. But other contexts of speech perception might require focus at a pho-
netic level, or at a phonological level. We suggest that perceptual objects/events that
are relevant to L2 speech learning are not merely phonetic. Language-relevant speech
properties are differentiated not only at the phonetic level but also at the higher-order
phonological level, as well as at the lower-order gestural level. L1-L2 differences at a
gestural, phonetic, or phonological level may each influence the L2 learner’s discrimi-
nation abilities, separately or together, depending on the context or the perceiver’s
goals.

These levels of attentional focus, and the relationship between the L1 and the L2
at each, are essential to explaining L1 and L2 perceptual learning from common theo-
retical principles. For the remainder of this chapter, we will focus on the phonetic and
phonological levels, where the linguistic-functional relationships within the sound
system of a language are determined. We use the term phonological category heuris-
tically to indicate speech information that is relevant to minimal lexical differences in
a given language. Phonetic category, on the other hand, is used heuristically to refer to
invariant gestural relationships that are sub-lexical yet still systematic and potentially
perceptible to attuned listeners, for example, positional allophones, or differing reali-
zations of a given phonological category across dialects or languages. Such phonetic
differences do not signal lexical distinctions, but may instead provide perceptual in-
formation about the speaker’s identity, or their region or language of origin.

P3: Phonetic categories established in childhood for L1 sounds evolve over the life
span to reflect the properties of all L1 or L2 phones identified as a realization of each
category. This SLM postulate relies on the theoretical claim made in P2 that speech
sounds are specified as phonetic categories, a conceptualization with which PAM disa-
grees. That metatheoretical issue aside, however, PAM’s viewpoint is compatible with
the essence of P3. To put it in PAM terms, perceivers continue to refine their percep-
tion of speech gestures throughout the lifespan (as in P1). Exposure to L2 phones that
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are assimilated to an L1 phonological category may require the perceiver to discover a
different set of invariants to encompass the new shared phonological category.

It is important to note that one issue, fundamental to this postulate, has not yet
received adequate treatment in any model of nonnative or L2 speech perception: How
listeners identify nonnative phones as equivalent to L1 phones, and the level(s) at
which this occurs. PAM’s assumptions differ from those of other models in an impor-
tant way that would affect how this question is addressed. Other models, including
SLM, implicitly take the process to involve passive reception of intrinsically meaning-
less proximal stimulus details (acoustic features) and computation of their statistical
distribution in the input, whereas PAM adheres to the direct-realist stance that per-
ceivers actively seek intrinsically meaningful distal event information. In speech, this
distal information refers to vocal tract gestures and their coordination. Thus, we posit
that L1/1.2 phones are identified as realizations of the same inter-language phonologi-
cal category when they are recognized (correctly or incorrectly) as involving function-
ally the same gestural constellation, for which the parametric details (gestural phasing, -
constriction location and degree) may or may not differ in a phonetically gradient,
rather than phonologically functional, way. That is, contrasts at the functional linguis-
tic level of the L1 phonology and their relationship to phonological contrasts in the L2
are as important to perceptual learning as phonetic categories in the two languages ac-
cording to PAM but not SLM. In the PAM-L2 framework, it is at the phonological level
that listeners may identify L1 and 1.2 sounds as functionally equivalent (assimilated

~ phonologically). Importantly, such phonological assimilation need not imply that the
associated phones are perceived as identical at the phonetic level (e.g., French vs Eng-
lish /r/, see below).

P4: Bilinguals strive to maintain contrast between L1 and L2 phonetic categories,
which exist in a common phonological space. PAM-L2 would agree with SLM that L1 and
L2 phonological categories exist in a common space. However, PAM diverges from SLM
in positing that both phonetic and phonological levels interact in L2 speech learning,
and that this depends crucially on the relationship between the phonological spaces of
the L1 and 1.2. For example, if an L2 phonological category has been perceptually as-
similated (PAM) or perceived as equivalent (SLM) to an L1 phoneme, and if the L1 and
L2 phonetic versions of this “in-common” category are discriminable, then we posit that
the listener should be able to maintain the L1 and L2 phones as separate phonetic reali-
zations of the one phonological category. The listener could become increasingly per-
ceptually attuned to this phonetic distinction within the single phonological category,
and this may cause a shift in the exact details of the L1 and L2 versions of the phoneme
relative to those of monolinguals of either language. Thus, perceptual changes may arise
as a result of having two phonetic categories for a single interlanguage phonological
category. However, as we suggested in our review of L2 speech perception findings, the
time window for this L2 learning may be brief and occur early in L2 acquisition; it may
possibly be curtailed by increases in learning of higher-order aspects of the 12, such as
an expanding lexicon and the acquisition of morphological and syntactic structure. In
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other words, the focus of attention and learning may shift away from the phonetic level
as the learner focuses increasingly on higher levels of linguistic structure.

Another possible type of L2 phonetic category differentiation might result from
contrasts at the phonological level. Consider the case of an English L1 listener learning
French as an L2, who may develop separate English and French phonetic categories
for each of /p/ and /b/, which contrast phonologically in both languages. However,
there is a mismatch between the phonological and phonetic properties of stop voic-
ing contrasts in these two languages. French short-lag unaspirated [p] as the phonetic
category for the phoneme /p/ overlaps phonetically with the English phoneme /b/,
which is often realized phonetically as short-lag unaspirated [p] word-initially. It is
specifically at these regions of conflict or ambiguity between language-specific pho-
netic categories and interlanguage phonological contrasts that we should expect bilin-
guals to strive to maintain a systematic difference between their overlapping L1 and 1.2
phonetic categories. That is, we propose that dissimilation may occur between French
[p] and English [p], and perhaps between the two interlanguage phonemes /p/ and
/b/, which might cause a global shift of all related L1 and L2 categories at the phonetic
level, for example, on dimensions other than the primary voice onset time (glottal
phasing) differences.

This example illustrates a range of possibilities that open up if we examine both
the phonological and phonetic levels in L2 perceptual learning. In the next section
we consider more systematically the possible L1-L2 relationships at the phonological
level, and predict the likelihood of success of perceptually learning an L2 phonetic
category in each case.

Interactions between L1 and L2 phonological systems, and L2 perceptual learning:
PAM-L2

The following examples assume, for simplicity’s sake, that the learner begins acquiring
the L2 as a functional monolingual, that is, as the type of listener that the original PAM
focused on. This type of perceiver has developed an L1 phonological system and L1-
specific phonetic attunement, as a result of monolingual language acquisition. PAM’s
assimilation types describe the possible outcomes of first contact with an unfamiliar
phonological system and phonetic patterning. From that point on, for an L2 learner,
the goal is to learn the higher order invariants of the L2. Assuming a common L1-L2
system will emerge which incorporates phonetic and phonological levels, our goal is to
outline how that system changes over the course of L2 development.

The first question is whether or not the learner has perceived equivalence between
an L2 and an L1 phonological category, that is, has perceptually assimilated the L2
phone to this L1 phonological entity. This is compatible with Flege’s equivalence clas-
sification (e.g., Flege, 1987). However, as we noted above, PAM-12 addresses equiva-
lence not only at the phonetic level addressed by SLM, but also at the phonological
level. Equivalence at the lexical-functional level means that the phonological category
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has a similar contrastive relationship to surrounding categories in the phonological
space. It does not automatically imply equivalence or even perceived similarity at the
phonetic level. For example, the French /r/, when it is pronounced as a voiceless uvular
fricative, bears relatively little phonetic similarity to the English liquid /r/, yet English
L2 learners of French tend to equate the lexical-functional category /r/ across the two
languages. The fact that the two phonemes are represented identically in the orthogra-
phies of both languages may contribute to that bias, but the orthographic commonali-
ty may itself reflect the similar patterning of rhotics across the two languages in terms
of syllable structure, phonotactic regularities, and allophonic and morphophonemic
alternations (Ladefoged & Maddieson, 1996; Lindau, 1985). What is important is that
English L2 learners of French recognize French /r/ as phonologically equivalent to
English /r/ despite clear, perceptible differences between their phonetic realizations.
The crucial point we wish to make is that different phonetic realizations may be learned
for the phonological /r/ of each language. That is, the L2 learner of French could learn
“English” [1] versus “French” [g] phonetic versions of /r/. Moreover, perceptual learn-
ing of this type is not limited to the L2 learning situation. The same sort of phonetic
differentiation could occur within the L1 for allophones (i.e., non-lexically contras-
tive phonetic differences such as aspirated and unaspirated /p/ in English /#pV.../ vs.
/#spV.../: Whalen, Best, & Irwin, 1997, cf. Pegg & Werker, 1997), or for dialectally
differing realizations of phones in contexts of high inter-group contact, such as in most
large English-speaking cities (e.g., realization of the interdental fricative /d/ as a stop
[d] in some New York dialects). '
| To demonstrate how PAM’s framework could be extended to predict success at L2

perceptual learning, we will elaborate on four possible cases of L2 minimal contrasts
that L2 learners initially perceive as speech segments:

1) Only one L2 phonological category is perceived as equivalent (perceptually assimi-
lated) to a given L1 phonological category. At the phonetic level, if only one member of
the L2 contrast is perceived as a good exemplar of a given L1 category, then no further
perceptual learning is likely to occur for it. All contrasts with other L2 categories would
be either two-category assimilations or uncategorized-categorized assimilations, thus
the learner would have little difficulty discriminating minimally contrasting words for
those distinctions. In this case we would predict not only that the learner has perceived
an L1 and an L2 phonological category as equivalent, but also that the L1 and L2 phonet-

ic categories are perceived as equivalent. To the extent that perceivers continue to fine-
tune their perception of higher-order invariants across the lifespan, the common L1/1.2
phonetic category could theoretically shift from its previous monolingual setting as the
learner accommodates to the new language environment. However, given the perceived
phonetic equivalence of the L2 phone as a “good” L1 exemplar, the likelihood of such
a shift would seem rather low, or at least small in magnitude. These sorts of questions
could be tested with categorial discrimination of the L1-1.2 phone pair (see, e.g., Guion,

Flege, Akahane-Yamada, & Pruitt, 2000), using multiple speakers of each language.
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An alternative possibility is that one L2 phone is perceived as deviant with respect
to the closest corresponding L1 phonetic category. That is, the learner perceives that
the L2 sound behaves in the same way as the L1 sound at the phonological (functional,
lexical) level, but nevertheless perceives a notable phonetic difference between them.
The learning of French /r/ by native English listeners would fit this situation. Pho-
nologically and phonotactically, the French /r/ behaves very similarly to English /r/,
therefore learners may equate them phonologically. But phonetically, they are quite
deviant from one another and should be easily dissimilated at the phonetic level, with
French [¥] forming a second phonetic category under the common phonological cat-
egory, /r/. Again, this could be examined with categorical discrimination of the cross-
language contrast.

2) Both L2 phonological categories are perceived as equivalent to the same L1 pho-
nological category, but one is perceived as being more deviant than the other. In PAM
terms, this would constitute a category goodness assimilation contrast. We would ex-
pect learners to be able to discriminate these L2 phones well, though not as well as two-
category assimilation types. The perceiver should also be able to fairly easily recognize
the lexical-functional differences between these L2 phones in minimal lexical contrasts.
Therefore, we would predict that a new L2 phonetic and phonological category is rea-
sonably likely to be formed eventually for the deviant L2 phone, while the 1.2 phone
that is perceived as a better exemplar would be perceived as phonologically and pho-
netically equivalent to the L1 category. No new category is likely to be learned for the
latter. The exact developmental progression for the deviant phone remains a topic for
future research. We speculate that, initially, it would be perceptually learned as a new L2
phonetic variant of the L1 phonological category. With continued exposure, the learner
should learn to perceive the lexical-functional contrasts between the L2 phones, and to
develop a new phonological category for the phonetically “deviant” phone.

The likelihood of the learner developing a new phonetic category for the “bet-
ter-fitting” L2 phone depends upon the degree of its perceived similarity to the L1
category. Two possibilities arise: a good exemplar will be assimilated to a common L1/
L2 phonetic category, with little further perceptual differentiation from the L1 entity,
whereas a new phonetic category is likely to be perceptually learned for a less-good
exemplar of the L1 category.

3) Both L2 phonological categories are perceived as equivalent to the same L1 pho-
nological category, but as equally good or poor instances of that category. This situation
describes a case of single-category L2 contrast assimilation. The learner will initially
have trouble discriminating these L2 phones, which would be assimilated both pho-
netically and phonologically to the single L1 category, and minimally contrasting 1.2
words would be perceived as homophones. In SLM terms, both L2 phones would be
merged with the L1 phonetic category (e.g., Flege, 1995a; Flege, Schirru, & MacKay;
2003). Whether or not L2 listeners can learn to perceive a difference between single-
category assimilated L2 phones may depend on whether they are perceived as good or
as poorer exemplars of the L1 phoneme. However, we would not expect most learners
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to be able to do so very well. To the extent that a learner could perceptually attune to
this type of L2 contrast, we hypothesize that they would first have to perceptually learn
a new phonetic category for at least one of the L2 phones before they could establish a
new phonological category or categories.

A key factor that might influence the likelihood of perceptually learning a new
phonological category for this assimilation type is the adaptive significance of detect-
ing the difference between minimally contrasting L2 words. If they are high frequency
words, or come from two dense phonological neighborhoods which contain many
minimally contrasting words, and if many of these words need to be discriminated for
adequate interaction with the surrounding cultural environment, these factors would
increase the communicatively relevant pressure to perceptually learn the distinction.
If, on the other hand, most contrasting words are low frequency, or from sparse pho-
nological neighborhoods in which there are no minimal-pair words, then the ho-
mophony of single-category assimilated contrasts would not greatly disadvantage the
L2 learner. This reasoning appears compatible with both PAM and SLM.

4) No L1-L2 phonological assimilation. If the naive listener does not perceive ei-
ther of the contrasting L2 phones as belonging clearly to any single L1 phonological
category, but rather as each having a mixture of more modest similarities to several L1
phonological categories (Uncategorized, in PAM terms), then one or two new L2 pho-
nological categories may be relatively easy to learn perceptually. This suggestion may
appear similar to the SLM concept of the new phone, but it differs in some key respects.
In PAM’s formulation, it is not only the similarity or dissimilarity of a given L2 phone
to the closest individual L1 phonetic category that is crucial to perceptual learning,
but its comparative relationships within the interlanguage phonological system. That
is, it will also be affected by any other L1 phones that are perceived as similar, and the
overlap between those and the ones perceived as similar to the contrasting L2 phone.
If each of these uncategorized L2 phones has similarities to different sets of L1 phones,
that is, they are relatively distant from one another within L1 phonological space, then
the listener should easily recognize relevant L2 lexical-functional differences, and two
new L2 phonological categories should be perceptually learned. However, if the un-
categorized L2 phones are perceived as similar to the same set of L1 phonemes, that
is, are close to each other in phonological space, then the listener should find them
difficult to discriminate, and should not easily perceive relevant L2 lexical-functional
differences. In this case, a single new phonological category would be learned, encom-
passing the two L2 phones. In fact, if there are more than two contrasting L.2 phones
that are positioned close to one another among the same L1 categories, they may all
converge into a single new but undifferentiated phonetic and phonological category.
Over the course of L2 learning this category could theoretically split into contrasting
L2 categories (e.g., under the sorts of lexical pressures described in 3) above), but it
could also remain intact. In the latter case, minimally contrasting L2 words would
remain homophonous for the L2 listener.
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Learning of phones outside of the phonological space

Tn the four preceding cases, we considered only L2 phones that are perceived as speech,
that is, that lie within the L1 phonological space of the learner. Best, McRoberts and
Sithole (1988) examined perception of nonnative consonants that were found, on
the other hand, to be non-assimilable to L1 phonological categories. American Eng-
lish ‘monolinguals perceived the isiZulu click consonants as nonspeech sounds, and
discriminated the minimal contrasts very well. A further study found that, although
isiZulu and Sesotho languages have click consonants in their inventories, native listen-
ers of these languages discriminated certain nonnative !Xdo click contrasts worse than
American English monolinguals, despite their obviously greater experience with clicks
as speech sounds (Best, Traill et al,, 2003). In the case of the click contrast on which
Americans performed significantly better than isiZulu and Sesotho listeners, the two
African language groups had assimilated the nonnative clicks as equally good exem-
plars of a single L1 click category.

We know of no studies of L2 perceptual learning of clicks by speakers of non-click
L1s, who discriminate clicks well, it would seem, precisely because they tend to hear
them as nonspeech sounds, that s, as lacking phonetic or phonological significance.
Can speech segments like these that lie outside the listener’s L1 phonological space
altogether ever become perceptually integrated into that space as speech categories?
We do not yet know the answer. Non-assimilated sounds might eventually be percep-
tually incorporated into the phonological space of the L2 listener as uncategorized
speech sounds, possibly resulting in the perceptual learning of 1-2 new phonological
category(s). Alternatively, L2 learners may never incorporate these sounds into their
phonological space. In this case, these L2 phones could effectively continue to be ig-
nored as nonspeech sounds in linguistic tasks such as word recognition, which L2 lis-
teners could accomplish based only on the remaining phonemes that are perceptually
assimilated to speech. The latter possibility would not necessarily preclude learning to
produce clicks, at least in isolation. Non-click L1 learners of 1.2 click languages may be
able to articulate the clicks without being able to perceive them as speech. However,
our intuition is that if they do not perceive or produce clicks as speech, but only as
nonspeech “mouth sounds,” they will likely have difficulty coarticulating them prop-
erly with vowels, and hence producing them correctly in lexical items.

The L2 learning possibilities for non-assimilable phones suggest a particularly ex-
citing line of future investigation on L2 perceptual learning. The extensions of PAM
principles to the L2 learning situation thus offer a good range of empirical and theoreti-
cal issues for further investigation. The answers promise new insights into the percep-
tual side of L2 learning, complementing Flege's important contributions to understand-
ing L2 perception and production within the SLM framework.
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Concluding comments: considerations for experiential research on perception
Among the key remaining questions for research and theory to address, regarding
the relationship between nonnative speech perception in functional monolinguals and
that in L2 learners is how variations in language input and the listener’s level of L1
development (and L2, if being acquired) may influence perception of a given nonna-
tive contrast. These considerations bring us back to our opening section, where we
extended Heraclitus’ river-crossing metaphor to the topic of experiential effects on
speech perception. If both the language environment and the individual who is expe-
riencing it are ever-changing, listener and input variations are likely to have substan-
tive impact on perception of native and nonnative speech, especially if the perceiver is
acquiring an L2.

When comparing naive and L2 listeners, multiple factors are likely to differ be-
tween them beyond their difference in exposure to the target speech contrasts. With
perception of a given nonnative contrast by naive listeners versus by L2 learners of the
target language, at the same age and thus the same number of years of native language
(L1) development, one might be tempted to assume that the groups differ solely in
exposure to the target nonnative/L2 contrast. However, they will certainly also dif-
fer on other dimensions: General effects of acquiring a non-native language that may
(SLA) or may not (FLA) involve regular active contact with a non-native language
environment and culture; exposure to native (SLA) and/or nonnative (FLA) pronun-
ciation of the target and other speech elements; experience attempting to produce the
target contrast; effects of establishing lexical items in the target language; and so on.
In particular, establishing lexical items in the target language is likely to exert forceful
linguistic pressure for the L2 learner to “re-phonologize” perception of the target con-
trasts, whereas the naive listener has no such motivation. Relatedly, it would be quite
informative to test whether some critical point in expansion of the L2 lexicon may
indeed curtail perceptual learning, which appears most likely to take place relatively
early in L2 acquisition, as we described earlier.

When evaluating changes in speech perception over learning or development, the
passage of time is likely serving as a surrogate for the real underlying sources of influ-
ence: the listener’s level of accomplishment in learning to recognize the linguistic struc-
ture and phonetic properties of their L1 and L2, and other individual and environmen-
tal factors that co-vary with their language development. The general developmental
progression is that infants initially display universal capabilities to discriminate low-
level properties of speech, then move on to recognizing certain language-specific pho-
netic details of the ambient language between 6-12 months, and then to an emerging
recognition of contrastive phonologic aspects of lexical items by around 18-20 months.
Further refinement in perceiving native phonetic and phonological properties occurs
across the third and fourth years, with acquisition of reading skills at 5-6 years adding
an orthographic-mapping contribution to greater phonological awareness (at least, for
alphabetic orthographies, see e.g., Burnham, Tyler, & Horlyck, 2002). Approximately
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adult-like perception of both native and nonnative speech is apparent by about 8 years
of age. On the input side, as noted earlier, conversational partners’ speech displays
marked adjustments in prosodic, phonetic, and syntactic properties according to the
listener’s developmental and linguistic characteristics. Ideally, future research should
systematically examine both sources of influence on speech perception.

A number of other intriguing research questions are brought to the fore by the
issues considered in this chapter. It will be of particular interest to investigate not
only the PAM-L2 predictions we have offered, but also to fill various other gaps in the
cross-language research literature. For example, as discussed earlier, it would be quite
informative to examine perception of unfamiliar nonnative as well as native speech
conirasts by L2 learners versus simultancous versus early bilinguals; to examine 1.2
learners’ and bilinguals’ perception of L2 contrasts that constitute assimilation types
other than Single Category assimilations in the L1; to compare perceptual attunement
to L2 contrasts under classroom FLA versus immersion SLA contexts; to assess the
posited narrow window for L2 speech perception learning in adults versus children,
and to probe whether it interacts with L1 acquisition level in ultimate attainment of L2
speech perception. Additionally, key insights about fluent simultaneous or very early
bilinguals would accrue from systematic examination of L1/dominant and L2/non-
dominant speech contrasts in language environments that differ in critical ways, for
example, strongly bilingual environments, such as Montreal (French and English) and
Barcelona (Spanish and Catalan), versus mixed multi-lingual environments, such as
Vancouver, Canada (L1s of French, Cantonese, Hindi, etc.), and Sydney, Australia (L1s
of Greek, Italian, Mandarin, Vietnamese, Arabic, etc.), where the majority of residents
are monolingual speakers of a single dominant language but communities of numer-
ous other L1s co-exist, for whom the dominant language is an early-learned L2.

We stand at an exciting threshold in research on experiential influences on speech
perception. The coming decades of cross-language perception research promise to of-
fer a wealth of new insights about L2 learners and multilinguals in various types of
language environments.
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2. This does not rule out relatively passive exposure to a language other than the L1, that is, for
which the listener has made little or no active attempt to learn the language. Nor does it rule out
limited L2 instruction, especially classroom-only instruction with instructors who have a strong
L1 accent.

3. Note, however, that the pattern of asymmetry and perceptual warping has failed replication
in several laboratories, and the phenomenon and/or its explanation have been questioned by
some researchers (Lively & Pisoni, 1997; Sussman & Gekas, 1997; Sussman & Lauckner-Mo-
rano, 1995; Polka & Bohn, 2003).

4. There also has been variability in definition of “late onset;” though generally it is assumed
to be after puberty, for example, after 13 years (or 15, or 19-20). As age of onset has heen the
subject of numerous discussions in the literature, we will instead focus on the issue of how much
SL experience counts as “experienced.”

5. We claim this only for perceptual modifications, not for changes in production, which may
continue to adjust to L2 phonetic and phonological properties over a longer time span (though
rarely to native-like levels), as work by Flege and others has indicated. The implied difference
in L2 learning on the perceptual versus the productive side could converge toward support of
claims that “perception precedes production” and that “perceptual abilities underlie production
abilities in 12,7 but a definitive answer requires more systematic examination of LOR (length of
residence) effects on perception.

6. However, the time frame for learning may vary according to type of contrast (e.g., stop
voicing vs. place of articulation: Tees & Werker, 1984).

7. Two other assimilation patterns for nonnative contrasts are also possible but have not been
described in detail in treatments of PAM, for example, Uncategorized-Nonassimilable, Cate-
gorized-Nonassimilable, either of which should be discriminated very well as speech versus
nonspeech distinctions.
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