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Perception, production and acoustic inputs  

in loanword phonology*

Andrea Calabrese

1. Introduction

�is work started as a purely linguistic investigation of the phonological adapta-
tions found in loanwords. However, the importance that speech perception plays 
in accounting for them soon became apparent, and a number of interesting obser-
vations resultantly came to light. Accordingly, this paper has become a study of 
both loanword phonology and speech perception. Central to this topic is the issue 
of how one perceives and learns unfamiliar sound con�gurations, or better, words 
containing unfamiliar sound con�gurations, and how these sound con�gurations 
are adjusted during this process.

As we will see, loanwords are generated by bilinguals when they take words 
from one of the languages they know and use them in another of the languages 
they know. In this case the adjustments that the loanwords undergo occur during 
speech production. However, there is still another situation in which loanwords 
are produced: monolinguals may learn new words from a language they don’t 
know, or know poorly, to �ll a lexical gap in their language. In the present study I 
will focus on loanwords generated in this way. �e issues of speech perception, and 
of word learning, are fundamental in this latter case, and will therefore be central 
in the analysis in this paper.

Generally speaking, the goal of speech perception is the determination of the 
meaning of an utterance that generated a given acoustic input. �is is achieved 
by identifying the words present in the utterance, and establishing their syntactic 
organization. When we want to learn foreign words, or even new words in our 
own language, however, the main goal of speech perception is the identi�cation 
of their phonological shape so that we can properly memorize them. �is involves 
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constructing—by means of an inferential computation— a mental representation 
of the words in terms of articulatory features, including fully speci�ed syllabic and 
prosodic structures.

I will argue that identifying, or perhaps more aptly, “understanding”, a sound, 
or a combination of sounds, means identifying the “instructions”, i.e. the feature 
con�gurations,1 characterizing its articulation in the production component. When 
a learner is faced with a new language, he must deal with sounds that are not 
included in the inventory of his language. �e featural con�gurations character-
izing these segments or combinations of segments are therefore absent in the 
production system, and the foreign sounds cannot be articulated.2 It follows that 

1. See later in this section on features as “instructions”. 

. In Calabrese (1995, 2005) this means that there are active marking statements forbidding 

these feature configurations/combinations.

In this paper I will try to avoid using any particular formal theory of phonology. However, 

my own way of seeing phonology (see Calabrese (2005)) will surely influence some of my 

theoretical choices. To make those theoretical choices more clear, I will give a brief synopsis of 

the theoretical beliefs relevant to this work in this footnote.

�e phonological system of a language is a historically determined complex set of output 

phonological representations derived from mnemonic representations by phonological 

operations. �e input and output representations of the derivation must be such that they 

are able to interface properly with the relevant physical/mental component. �erefore, output 

representations must be able to be properly articulated by the motor system and properly 

perceived by the sensory system. Input representations must be such that they can be encoded 

in long-term representations in the memory. �e proper interface properties of output 

representations, i.e. their ability to be pronounced and perceived, are determined by the 

constraints and rules contained in the markedness module. �ese constraints and rules trigger 

operations that convert illicit configurations into licit configurations that can be interpreted 

by the sensory-motor system.

�e markedness module includes universal negative constraints such as the prohibitions 

and marking statements. Prohibitions identify configurations that are never possible for 

articulatory and/or acoustic/perceptual reasons. An example is *[+high, +low] which is 

necessarily articulatorily impossible insofar as the tongue body cannot be raised and lowered 

simultaneously.

Marking statements identify phonologically complex configurations that may be found in 

some but not all phonological inventories.  An example is *[−back, +round] which “marks” the 

feature configuration [−back, +round] as phonologically complex. Another is *Complex Onsets 

which “marks” complex onsets as difficult. �e reasons for their complexity or difficulty are 

due to independent properties of the sensory motor system that are reflected in the grammar 

through these constraints (see below). Marking statements may be active or deactivated. If a 

marking statement is active in a language, the complexity of this configuration is not accepted 

in this language, and segments containing this configuration are absent from the language.
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the learner cannot “understand” them when they are heard. He lacks a mental rep-
resentation of them. �rough auditory exposure and motor training, the learner 
can learn to produce them, and therefore “understand” them in the perception 
process. However, such learning is di�cult and time consuming. �e other way 
is to adjust their featural representations to make them familiar, and therefore 
the learner can “understand” them in perceptual mental representations. �ese 
adjustments are implemented through the same repair operations used in the pro-
duction system. �e perceptual mental representation that is so obtained is then 
stored in long term memory, and becomes the adjusted underlying representation 
for the non-native sound con�guration.

I assume that this process is common to all experiences of non-native sounds, 
in particular learning a new language or borrowing words with foreign sounds or 
sound combinations from a di�erent language. In the latter case, given that there 
is no need to preserve the phonological and morphological shape of the foreign 
word, as in language acquisition, the foreign word can fully undergo adjustments 
that can be both phonological and morphological.

If perception involves interpretation and computation, as discussed above, it  
loses its primary function of tracking external reality, the environment; it becomes 
detached from reality and prone to illusions. Although illusion-like, interpretative 
failures may occur, as discussed in later sections, I assume that listeners always 
have a direct access to the acoustic signal. I will further assume that a represen-
tation of the acoustic signal is stored in a short-term acoustic memory (“echoic 

If a marking statement is active in a language, the configuration marked by this statement 

is not accepted in this language. �is configuration is illicit. Illicit configurations are fixed up 

by set of repairs provided by UG.

In this text when a segment or another structure cannot be articulated because it is 

“foreign” this implies the existence of marking statements characterizing the segment or 

structure in question as illicit; therefore it requires repair.

Marking statements and prohibitions belong to the grammar; they are grammatical 

statements about phonological representations. However, they are also interface conditions, 

i.e. the means through which the linguistic computational system is able to interpret and 

read the properties of the sensory-motor system. �e markedness constraints represent the 

sensory-motor system in the linguistic computational system.

In particular, active marking statements indicate the absence, or unavailability, of 

computational programs converting phonological representations into articulatory ones. 

When a marking statement becomes active, the targeted phonological configurations cannot 

be transformed into articulatory commands; the repair procedures that occur in this case must 

then refer to the manipulations of phonological configurations that make this transformation 

possible (see Calabrese (2005) for more discussion of this model).
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memory” see Neisser (1967)). I will propose that there is also an echoic long term 
memory, and argue that the acoustic representations preserved in echoic memory 
tie perception to external reality.

We will see evidence for two perceptual systems. One is dedicated to picking 
up environmental information, bottom-up; the other one is the reverse, function-
ing top-down, and is dedicated to analysis, identi�cation, and recognition. �e 
�rst system is tuned to the environment. In the case of speech, it collects and 
stores the acoustic signal—echoic memory is part of it. �is system implements 
the acoustic analysis of the signal extracting its invariant spectral properties. It also 
discriminates new, unfamiliar sounds and sound strings from familiar, previously 
heard ones. What is new is sent for further analysis to the second perceptual sys-
tem while it is temporarily stored for possible comparisons. �e second system is 
then active in analyzing those new or unfamiliar con�gurations. �e production 
component plays a basic role in it insofar as this system analyzes linguistic mate-
rial by synthesizing it anew—it is an analysis-by-synthesis system (Halle & Stevens 
1962). �is system is fundamental in learning insofar as analysis of what is new is 
crucial for learning.

As in Calabrese (2005), here I assume a realistic approach to language  
(Bromberger & Halle 1992, 1997, 2000; Halle 2002), according to which. “phonol-
ogy is about concrete mental events and states that occur in real time, real space, 
have causes, have e�ects, [and] are �nite in number.” (Bromberger & Halle 2000:21). 
If we look at production, this realistic view of language assumes that phonological 
theory investigates the system of knowledge that allows concrete occurrences of 
real time computational steps that convert mnemonic representations of utter-
ances into articulatory representations. �is knowledge involves representations 
and computations that have concrete spatio-temporal occurrences allowing for 
the production of concrete articulatory events which stem from the workings of 
an actual brain with all its limitations.

When we turn to perception, especially if we interpret the term “realism”, 
naively, such an approach should lead us to focus on the concrete reality of the 
linguistic signal that is perceived. �is reality is acoustic. Perception should 
then simply involve bottom-up processes that extract all the relevant percep-
tual information from the acoustic input as it comes in, without recourse, or 
with minimal recourse, to top-down processes involving independent linguistic 
knowledge. All of the information needed for the identi�cation of the words and 
morphemes contained in an utterance should be present in the acoustic signal 
according to this view.

Evidence shows that this concept cannot be maintained. Problems with this 
idea are brought to light by Liberman (1957). One very striking �nding in his 
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research was that, due to coarticulation, acoustic cues for consonants especially are 
highly context sensitive. For example, take the syllables /di/ and /du/. �e infor-
mation critical to the identi�cation of these syllables is the transition of the second 
formant. However, that transition is high in frequency and rising in /di/, but low 
and falling in /du/. In the context of the rest of each syllable, the consonants sound 
alike to listeners. Separated from context, they sound di�erent, and they sound 
the way they should sound: two “chirps,” one high in pitch and one lower. Acousti-
cally, they do not have a plausible common denominator, an invariant property, 
despite the fact that they are perceived as the same sound. Liberman recognized 
that, despite the context sensitivity of the acoustic signals for /di/ and /du/, naturally 
produced syllables do have one thing in common: they are produced in the same 
way. �erefore, articulatorily, the consonants have a single common denominator. 
Both syllables are produced by using the tongue tip to make a constriction in the 
alveolar region. Listeners’ percepts are based on the articulatory reality of sounds.

Facts such this show that the identi�cation of sounds in acoustic inputs needs 
information that is not immanently contained in these inputs, and that therefore 
cannot be simply extracted bottom-up from them, rather must be computed—
top-down—through processes that can access the production system.3 Notice that 
this does not contradict the realistic approach to language proposed above which 
assumes that linguistics deals with concrete mental events and states. In this view, 
both bottom-up and top-down processes involve concrete mental events and states 
that are an organic part of the perceptual experience.

Top-down processes in perception are also needed for other reasons. We 
know that listeners may “restore” missing phonetic segments in words (Samuel 
1981; Warren 1970), and talkers shadowing someone else’s speech may “�uently 
restore” mispronounced words to their correct forms (see Marslen-Wilson & 
Welsh 1978). �is ability to restore missing phonemes or correct erroneous ones 
can be explained only if we assume top-down processes that access information 
in the lexical entries. Even more signi�cant departures of perceptual experience 
from the stimulus may be observed in some mishearings (for example “popping 
really slow” heard as “prodigal son” (Browman 1980; Fowler 1986)) or “mow his 
own lawn” heard as “blow his own horn” (Garnes & Bond 1980; Fowler 1986). 
As for mishearings, Garnes and Bond (1980) argue that “active hypothesizing on 
the part of the listener concerning the intended message is certainly part of the 

. �e computational module that performs these operation was called the phonetic module 

by Liberman and Mattingly (1985).
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speech perception process. No other explanation is possible for misperceptions 
which quite radically restructure the message … ” (p. 238).

Access to the production system, to lexical information, and the ability to recon-
struct, or even construct phrases and sentences in the percept indicate that percep-
tion clearly involves top-down processes. In this work, as mentioned previously,  
I propose that a top-down system plays a fundamental role in speech perception. 
�e speech production component is part of this top-down system. �is is the 
system that implements the analysis-by-synthesis of linguistic inputs.

One could propose, as in the motor theory of perception (Liberman & Mattingly 
1985; Liberman & Whalen 2000), that perception is essentially a top-down pro-
cess of construction and interpretation where bottom-up processes accessing the 
acoustic input have a minimal role. In this article I will also argue against this 
hypothesis, and point out a fundamental problem faced by top-down perception: 
if perception is essentially analysis through production, we should expect that 
sounds that cannot be articulated in production, e.g. foreign sounds, should also 
be unperceivable. �erefore, a learner could never be able to access them and 
learn them. �is is contrary to the common human experience of foreign sounds. 
A learner can hear a foreign sound even though he cannot articulate and recog-
nize them, and will try to learn them—“apprehend” them, as proposed later—by 
constructing articulatory representations that approximate their acoustic reality. 
�e acoustic reality of the speech input must also be accessible in perception. 
To account for this fact, I will propose that a fundamental role in perception is 
played by echoic memory where acoustic images, that is, acoustic representations 
of inputs, are stored. As proposed above, echoic memory is part of the bottom-up 
component of perception where a preliminary acoustic analysis of the speech 
input is implemented. �us following a model such as Trace (McClelland &Elman 
1986; see also Klatt 1980), but in a strictly computational formulation, I will argue 
that perception must contain both a bottom-up and a top-down component that 
run in parallel and interact with each other.

Finally, a fundamental assumption of the present paper which must be made 
explicit before concluding the introduction is that in long term memory mor-
phemes and words are represented as sequences of discrete segments each of 
which is characterized by a bundle of distinctive features. �ere is overwhelm-
ing phonological evidence that this is the correct interpretation, though I will not 
discuss this evidence here, but refer to Kenstowicz (1994), Halle (2002) and others 
for the compelling phonological arguments supporting this view. It is also impor-
tant to highlight that acoustic evidence also supports such a view. Acoustic studies 
(Stevens 1972, 1989, 2002) of sounds produced by various manipulations of the 
vocal tract show that certain distinctive and stable acoustic patterns occur when the 
vocal tract is in particular con�gurations or performs particular maneuvers—these 
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con�gurations or maneuvers correspond to distinctive features. As Stevens (2002) 
points out, these combinations of acoustic and articulatory patterns are based on 
the physics of sound generation in the vocal tract, including theories of coupled 
resonators, the in�uence of vocal-tract walls on sound generation, and disconti-
nuities or stabilities in the behavior of sound sources. Evidence for features also 
comes from quantal aspects of auditory responses to sound, such as responses to 
acoustic discontinuities and to closely-spaced spectral prominences (Chistovich & 
Lublinskaya 1979; Delgutte & Kiang 1984; Stevens 2002).

Distinctive features have a dual function. First, they serve as mnemonic devices 
that distinguish one phoneme from another in speakers’ memories, a function that 
is fundamental during speech perception. Each feature also serves as an instruc-
tion for a speci�c action of one of the movable parts of the vocal tract, a function 
that is fundamental during speech production (cf. Halle 2002).

�e phonetic substratum for each feature establishes a link between a speci�c 
articulatory action and an acoustic and perceptual consequence of this action. 
As proposed by Liberman and Mattingly (1985, 1989), Halle (2002), Halle and 
Stevens (1991), the computational system that makes them capable of acquir-
ing command of one or more languages includes a module, which I will assume 
is part of the top-down perceptual component, that selects speci�c actions of 
the articulators and links them to selected aspects of their acoustic consequences 
(Halle &Stevens 1991). �ese correlations between articulatory activity and acous-
tic signal are controlled by the distinctive features. For example, the forward and 
backward placement of the tongue body is correlated with speci�c di�erences in 
the frequency of the second formant – this correlation is controlled by the feature 
[back]. Other examples include the correlations of the di�erent placements of the 
tongue blade, be it before or behind the alveolar ridge, with the di�erences in the 
acoustic spectrum between hissing and hushing sounds, a di�erence controlled by 
the feature [anterior]. Similar relations between articulatory activity and acoustic 
signal are provided for each of the roughly nineteen features that comprise the 
universal set of phonetic features (Halle 1992; Halle & Stevens 1991).

In the next section, I will brie�y review the most recent theoretical models in 
loanword phonology. A�er this brief review, I will discuss the perception model 
proposed here and demonstrate that this model o�ers the most adequate account 
for the adaptations of the foreign sounds found in loanwords.

. Loanwords

I begin by considering the nature of loanwords. First of all, one can distinguish 
two types of loanwords: integrated loanwords and on-line adaptations (Peperkamp  
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2002). Integrated loanwords are words that have entered the lexicon of the bor-
rowing language. Monolingual speakers who use these loanwords never hear their 
source forms, and so the phonological analysis of the modi�cations these words 
have undergone when entering the borrowing language has no direct psychologi-
cal reality. Rather, it receives a diachronic interpretation, in that it accounts for the 
adaptations applied by those speakers who originally introduced the loans. �e 
on-line adaptations are foreign words that are borrowed ‘here-and-now’ (see, for 
instance, Shinohara (1997, 2000) and Kenstowicz & Sohn (2001)). In this paper, fol-
lowing Peperkamp, I treat integrated loanwords and on-line adaptations on a par, 
assuming that the former re�ect on-line adaptations by those speakers who once 
introduced these words.4

Consider now the conditions under which linguistic borrowing occurs, i.e. 
the conditions that lead to the formation of loanwords. Assume two languages 
L1 and L2. L1 is the borrowing language and L2 the loaning language. Borrowing 
occurs when a speaker of L1 “borrows” a word of L2 to �ll a lexical gap in L1. �e 
reasons for this lexical gap can be many: lexical or cultural innovation may intro-
duce objects or actions that do not have a name in L1; certain words may be felt 
as non-prestigious; certain words may simply be unknown, or just forgotten; new 
words may be created for playing, etc.

In any case, there are two possible scenarios in which borrowing occurs:

I.  A speaker is bilingual in L1 and L2. A lexical gap in L1 is �lled in by taking 
a word from L2. �e speaker retrieves the underlying representation of this 
word from his L2 mental dictionary (the long-term memory storage for L2 

. In the case of the integrated loanwords, we also need to distinguish loanwords that under-

went morphological nativization like the Italian loanwords (ia) from those that did not (b):

(i) a. bistecca (bistecc+a) from English beef-steak

  birra (birr+a)  German bier

  giulebbe (giulebb+e)  Arabic :andula‒b

 b. sport

  jeep [dŠip]

  killer

�e morphologically nativized loanwords in (a) are characterized by the addition of affixes 

and by other morphological and phonological changes characteristic of the native grammar. 

O�en it is difficult to distinguish these words from those that etymologically belong to the 

native lexicon. �ese loanwords can be treated with the other integrated loanwords, but they 

also require an analysis of the processes of morphological nativization that applied to them. 

I will not deal with this type of processes here (see Repetti 2003, 2006, �is volume, for an 

analysis of changes of this type in the English loans to Italian.)
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lexical items) and generates its surface representation while speaking in L1.  
If the surface representation of the word is generated by using the phonologi-
cal, or more generally the grammatical, system of L2, the word is pronounced 
as in L2. �ere are no adjustments or adaptations. However, if the surface 
representation of the word is generated by using the phonological, or more 
generally the grammatical, system of L1, the word undergoes adaptations and 
adjustments. It is nativized according to the L1 grammar.

Examples of this type of borrowing can be found in utterance below, directions 
that were given to me in the Boston North End by an Italian American shopkeeper 
when I asked him where I could park my car to get to his store, a notoriously dif-
�cult enterprise. We had known each other for a long time. His response to my 
question, which I asked in Italian, appears below:

 (1)  Gira al corno di quella stritta. Poi prendi la seconda stritta a destra e vai stretto 

per due blocchi. Puoi parcare il carro proprio li.

 (2) Lexical Borrowings from English into Italian

  English Loanword Italian counterpart

  corner corno angolo
  street stritta strada
  straight stretto diritto
  blocks blocchi ——-
  park parkare parcheggiare
  car carro macchina

He was born in the Campania region of Italy, and had come to the USA when he 
was a teenager. He spoke Italian pretty well, although in his regional accent.

In the example above, we can see that my friend replaced the appropriate 
Italian roots, which may have slipped his mind while speaking, with their English 
counterparts. �e English roots were adjusted by modifying their phonology (in 
terms of changing vowel quality and the gemination of word-�nal obstruents) 
and by adding Italian su�xal morphology. �ese adjustments were obviously 
done on-line while he was producing his utterance.

II.  �e speaker of L1 does not know L2 well. He �lls a lexical gap in L1 by 
learning the relevant word from a L2 speaker. Once the learned word will 
be uttered publicly or even silently, it becomes a loanword. Given that the 
speaker does not speak L2 well, the word will display adjustments and 
adaptations. �ere are two possible hypothesis to account for this. �e �rst is 
that during perception and learning, the acoustic representations of the non-
native segments is faithfully mapped into abstract featural representations 
(Jacobs & Gussenhoven (2000)). �is featural representation is then modi�ed  
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during production. �e second is that the modi�cations already occur 
during perception and learning. Below we will see evidence supporting the 
second hypothesis.

�erefore, adjustments and adaptations may occur during speech production, 
and during speech perception and analysis, and the situation appears to be iden-
tical in both cases. �ere is, however, an obvious di�erence in the inputs. In the 
�rst case, the input to the adaptations and adjustment is an abstract long-term 
memory representation, an underlying representation. In the second case, the 
input is the acoustic signal produced by the surface phonetic representation of 
the word. �is di�erence, obviously, determines the �nal shape of the loanword. 
We will consider the consequences of this di�erence in the next section.5

. �e current major accounts of non-native phonological adaptations

�ere are two models of loanword phonology: one assumes that borrowing occurs 
only in scenario I; the other assumes that borrowing occurs only in scenario II.

.1 �e phonological repair model

�is model proposes that nativization is brought about by the phonological pro-
cesses characterizing speech production. �us, LaCharité and Paradis (2005) (see 
also Paradis & Tremblay (this volume) and Jacobs & Gussenhoven (2000) as well as 
the analysis of loanwords in Calabrese (1988, 1995) and Connelly (1992)) attempt 

5. It is important to note that during the process of adaptation, the adapter, exposed to a 

foreign sound from a language X, may also opt to acquire it as-is. �us this sound may appear 

in the loanwords from language X. �e same may occur for foreign syllabic and prosodic 

structures. For example, in Itelmen (J. Bobaljik (p.c.)), voiced stops occur only in loanwords. 

�is type of innovation leads to situations in which the loanwords form X have a different 

phonology—different segments and possibly also other phonological and morphological phe-

nomena derived from X—from that of the native words. �ey will thus form a special lexical 

stratum or co-phonology (Ito & Mester (1999). See Bobaljik (2006) for arguments in favor of 

this approach to loanword phonology.

Bobaljik (pc.) also referred me to Boberg (1991) who shows that for many speakers of 

American English there is a general phoneme “foreign A” [a:] which is used for foreign words 

like “pasta”, “Mazda”, “llama”, “spa”, “tobacco” regardless of source, but which are distinct from 

any other particular phoneme of (native) American English. As Bobaljik observes, in this case 

it is not surface phonetic similarity to the target that predicts the nativization pattern in the 

case of these words, just identification of them as belonging to a special [+foreign] class of 

words, and then regional and sociological factors.

I will not discuss cases of this type here.



 Perception, production and acoustic inputs in loanword phonology 69

to build production-based repairs into their nativization model. �ey assume that 
adapters start with underlying representations containing the non-native segments 
because the adapters are bilingual (LaCharité & Paradis 2005). Repairs to these 
non-native segments are implemented so as to avoid the production of marked or 
illicit segments or strings. A characteristic feature of these approaches is that speakers 
adapt loanwords by operating on a phonological/phonemic level that abstracts away 
from the details of allophonic and phonetic realization. �e input to the adaptations  
is an abstract morphophonemic representation of the L2 word. For example, 
LaCharité and Paradis (2005) discuss the adaptation of English loans into French 
where the English lax high vowels /I/ and /U/ are mapped to French /i/ and /u/ 
instead of the acoustically closer /e/ and /o/. If loanwords are adapted in terms of 
operations on distinctive features then the con�guration [+high, −ATR] of English 
/I/ and /U/ can be repaired into the con�guration [+high, +ATR] of the French high 
vowels /i/ and /u/ regardless of the fact that French mid /e/ and /o/ are better acoustic 
matches in surface phonetic representations

Adaptations occur only during speech production in this model (cf. scenario 
I above).

. Acoustic approximation model

According to this model, the adaptations we observe in loanwords are based on 
phonetic approximation/similarity. �is model was �rst proposed by Hermann Paul 
in 1880. In his discussion of loanword phonology, he hypothesizes that a host 
speaker, upon encountering a foreign segment, matches this phonetic signal with 
the native segment with which it is most closely related. Paul implicitly assumes 
that this match involves a perceptual similarity judgment based on Sprachgefühl, 
the feeling of language: speakers adapt a non-native segment to one which they 
‘feel’ most closely resembles the former acoustically.

New models of loanword phonology that acknowledge the importance of per-
ception in determining similarity as the basis for the treatment of the loanwords 
(Silverman 1992; Yip 1993; Kenstowicz 2001, 2003 (see also Hsieh, Kenstowicz & 
Mou (this volume)) go back to this nineteenth century framework. According to 
them, the replacement operation between the non-native segment and the native 
one is strictly based on phonetic similarity between the outputs of the donor and 
recipient languages. �us, according to Peperkamp and Dupoux (2003), the equiv-
alences in loanword adaptation are based on a similarity that is de�ned as “acoustic 
proximity or proximity in the sense of �ne-grained articulatory gestures.”

In this model, the input to the adaptations is a surface phonetic representation 
of the L2 word and the similarity judgments producing the adaptations occur only 
during perception (cf. scenario II above)
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. Ito, Kang and Kenstowicz (2006)

Ito, Kang and Kenstowicz (2006) demonstrate that both models fail to account for 
the adaptation of Japanese vowels in Korean. �e standard phonemic vowel inven-
tories of the two languages are given in (3):

 

(3)

 

i u i i u

e o e, ö v o

a ε a

Japanese Korean

�e Japanese vowels are a subset of the Korean inventory. If we assume the acoustic/
perceptual model of nativization, given their di�erent sizes, the vowels of the two 
systems might be expected to partition the articulatory- acoustic space di�erently. 
However, when we examine the loanword correspondences, we �nd that most vowels 
pick out exactly the phonologically matching Korean vowels (see (4)).

 (4) Japanese Korean

  beNtoo pent*oo ‘boxed lunch’
  azi  aci   ‘horse mackerel’
  hako  hak*o   ‘box’
  ka:ami  kakami  ‘mirror’
  sebiro  sepiro ‘suit’
  teNpura tenp*ura, temp*ura ‘tempura’

�ere is one systematic exception. Japanese /u/ is adapted with the Korean central 
vowel /G/ when it appears a�er the coronal sibilants [ts], [s], and [(d)z]. Elsewhere, 
it is adapted as Korean /u/ as shown in (5).

 (5)  Japanese Korean

  a. baN:umi  pa]kumi ‘program’
   una:i  unaki ‘eel’
   jurumi  jurumi ‘relaxed’
   :aku kak*u ‘frame’

  b. [ts]umi  s*Gmi ‘stack, pile’
   jaki[ts]uke jak*is*Gk*e ‘glazing, baking’
   ko[ts]uzai  kos*Gcai ‘iron bar’
   susi  sGsi  ‘sushi’
   suimono  sGimono ‘type of soup’
   mizua:e  micGake ‘unloading catch of �sh’
   kazunoko kacGnok*o ‘herring roe’

�is apparent exception is easily explained. Japanese /u/, frequently transcribed 
as the unrounded high back vowel [Y], is realized as centralized [G] a�er [ts], 
[s], and [z] (Homma 1973:352–3; Fitzgerald 1996). �is is an example where a 
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nondistinctive variant in the source language coincides with a phoneme in the 
borrowing language (Iverson & Lee 2004).

Ito, Kang and Kenstowicz argue that although the Japanese /u/ lacks lip round-
ing, it is articulated with vertical lip compression (Vance 1987; Ladefoged & 
Maddieson 1996; Okada 1999). In other words, the Japanese high back vowel is 
produced with narrowing of the lip opening but without lip protrusion. �e allo-
phonic realization of the laryngeal fricative /h/ as a bilabial fricative [ϕ] before /u/ 
is indicative of this labial component. Here, to account for the these facts, I propose 
a modi�cation of the feature [round], splitting it into two di�erent features [labial] 
and [lip protrusion] where [+labial] is implemented by the narrowing of the lip 
opening. �ese two features are related by the marking statement in (6a) and the 
prohibition in (6b):6

 (6) a. *[+labial, −lip protrusion]
  b. **[−labial, +lip protrusion]

(6b) characterizes the con�guration [−labial, +lip protrusion] as being always 
impossible. (6a), though, is characterized by high complexity and is therefore it is 
rarely deactivated (although there are some exceptions, like Swedish and Japanese). 
�us, vowels with lip compression, like [+labial], are usually produced with 
lip protrusion, i.e. they are [+round]. However (6a) is deactivated in Swedish. 
Accordingly, a contrast between front rounded vowels with [+lip protrusion] and 
[−lip protrusion] can be observed in this language as in (7) (from Ladefoged & 
Maddieson (1996)):

 (7) +labial (lip compression) +labial (lip compression) −labial
  +lip protrusion −lip protrusion −lip protrusion
  ry˜ta r}˜ta ri˜ta
  ‘roar’ ‘window pane’ ‘draw’

(6a) is deactivated in Japanese, but not in Korean. �e feature speci�cations of the 
relevant vowels are given in (8):

 (8) a. Japanese i  G  Y

   [back] − + +
   [labial] − − +
   [lip protrusion] − − −

  b. Korean i  G  u

   [back] − + +
   [labial] − − +
   [lip protrusion] − − +

6. See Note 2 for a brief discussion of the notions of marking statement, prohibition and 

repairs in the model of phonology adopted here.
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�erefore, in borrowing Japanese words, Koreans repairs the illicit con�guration 
[+labial, −lip protrusion] of Japanese by delinking [−lip protrusion] and inserting 
the unmarked [+lip protrusion], as in (9), where Lip is the articulator node from 
which the two features [labial] and [lip protrusion] are dependent:

 

(9)

 

→ →

/Y/

Lip

+labial –lip protrusion

Lip

+labial

[u]

Lip

+labial +lip protrusion

In the case of the post-sibilant [G] allophone of Japanese, we must assume that 
it is [−labial] as shown in (8).7 �erefore this allophone is featurally identical to 
the Korean [G].

Ito, Kang and Kenstowicz show that the Korean adaptations of Japanese vowels 
are problematic for the two models of loanword adaptation discussed above. �e 
fact that the Korean adaptation takes account of the Japanese [G] allophone is prob-
lematic for the phonological model of LaCharité and Paradis (2005). �is segment 
would not be expected to be present at the phonemic level, where the loanword 
phonology operates in their model. Yet it is precisely in the post-sibilant context 
that Japanese /Y/ is adapted as Korean /G/, strongly suggesting that the adaptation 
is taking account of this predictable allophone.8

A model of loanword adaptation that assumes that mapping is strictly based 
on phonetic similarity between the outputs of the donor and recipient languages 
(Silverman 1992; cf. Peperkamp 2002; Peperkamp & Dupoux 2003) would also fail 
to provide a straightforward account for the adaptation of Japanese /Y/. When 
we examine the acoustic properties of these vowels, given the close proximity of 
the Japanese /i/, /e/, /a/, and /o/ and their Korean counterparts in acoustic space, 
the adaptation of these vowels can be accounted for in terms of acoustic similar-
ity. However, this model incorrectly predicts that Japanese [Y] should be adapted 
as Korean [G], and not [u], since they are the most similar in the acoustic map, as 
illustrated in (10) (�gures from Ito, Kang & Kenstowicz (2007)).

.  Evidence for this is that in the Yonaguni dialect of Okinawa (Joo 1977, p. 125) /u/ a�er /s/, 

/z/, /t/ and /d/ has merged with /i/ (see Ito, Kang & Kenstowicz (2006)).

8. Note that /u/ occurs without problems a�er the sibilants in Korean (e.g. supak ‘watermelon’), 

thus precluding an independently motivated adjustment /u/ → [i] a�er sibilants.
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No matter how the various formants of the high vowels are weighted, as Ito, Kang 
and Kenstowicz observe, Japanese [Y] is best matched by Korean /G/ in purely 
acoustic terms. Nevertheless, in loanword adaptation Japanese [Y] is adapted as 
Korean /u/ except a�er sibilants.

In light of these observations, Ito, Kang and Kenstowicz argue for a third 
model of loanword adaptation: �is model assumes that enough phonetic detail 
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must be retrieved from the donor language so as to distinguish the two allophonic 
variants of Japanese /Y/. It follows that the input to the adaptation must be a sur-
face phonetic representation, At the same time, this model also assumes that the 
adaptations operate on abstract featural representations of the source language: 
they involve involve phonological operations on features.

. Evidence for loanword adaptations in perception

Peperkamp and Dupoux (2003) review psycholinguistic evidence showing that 
all aspects of non-native phonological structure, including segments, prosodic, 
and syllable phonotactics, are systematically distorted during speech percep-
tion; i.e. non-native sound structures are adjusted both by monolinguals and by 
bilinguals. Comparing loanword adaptations to experimental speech perception 
data, they point to a number of striking correspondences. For instance, Korean 
listeners �nd it hard to distinguish between the English consonants [r] and [l] in 
CV stimuli (Ingram & See-Gyoon 1998), and in English loanwords word-initial 
[l] is adapted as [r] (Kenstowicz & Sohn 2001). In a similar vein, French listeners 
have severe di�culties perceiving stress contrasts (Dupoux et al. 1997) and in 
loanwords, stress is systematically word-�nal, regardless of the position of stress 
in the source word.

A striking case which demonstrates the fundamental role played by speech 
perception in the nativization of loanwords is the perception of illusory vowels in 
consonant clusters by Japanese speakers. �ese individuals perceive illusory epen-
thetic vowels in sequences of segments that do not �t the syllable structure of their 
native language. Moreover, Japanese speakers o�en insert epenthetic vowels when 
they pronounce loanwords involving these same clusters:

 (11) a. [ma.kY.do.na.rY.do] ‘MacDonald’ (Japanese)
  b. [sY.to.ra.i.ko] ‘strike’ (Japanese)

At this point, an obvious question arises: Are such epenthetic vowels inserted in 
production or perception? In a series of behavioral experiments, Dupoux and col-
leagues (Dupoux et al. 1999; Dupoux et al. 2001; Dehaene-Lambertz et al. 2000) 
compared Japanese listeners with French listeners in their perception of consonant 
clusters. For instance, Dupoux et al. (1999), give an o�-line phoneme detection task 
(Experiment 1) in which they used a series of six items created from naturally pro-
duced nonce words (e.g. [abuno], [akumo], [ebuzo], [egudo], etc.) in which they 
gradually reduced the duration of the vowel [u] to zero milliseconds. While listen-
ing to a recording of the sounds, participants were asked if the item they heard 
contained the sound [u]. Japanese listeners, unlike French listeners, overwhelmingly 
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judged that the vowel was present at all levels of vowel length. Strikingly, this was 
the case seventy percent of the time even when the vowel had been completely 
removed. �e French participants, on the other hand, judged that the vowel was 
absent in the no-vowel condition about 90% of the time and that a vowel was 
present only in 50% of the intermediate cases. �ese results were con�rmed in 
other experiments, which have led Dupoux and colleagues to conclude that the 
in�uence of native language phonotactics can be so robust that listeners perceive 
illusory vowels to accommodate illicit sequences of segments in their L1.

Similarly, Kabak and Idsardi (2006) show that Korean listeners perceive illu-
sory vowels within consonantal clusters that are illicit in that syllable structure.  
As was observed for Japanese, Korean speakers also insert epenthetic vowels within 
the same clusters. (cf. [a.i.sY.khY.rim] ‘ice cream’, [khY.ri.sY.ma.sY ] ‘Christmas’).

Given the overall similarity between speech perception data and loanword 
adaptations, Peperkamp and Dupoux (2003) propose that all loanword adapta-
tions apply in perception. �ough this is too strong, loanwords with adaptations 
can appear in situations of bilingualism as in the North End/Italian example dis-
cussed previously. However, it seems that many or even most borrowings do not 
occur in a situation of bilingualism, but in a situation of language contact between 
monolingual or imperfectly bilingual speakers. Here the role of perception and 
learning is fundamental. Observe that, as discussed above, for loanwords that 
develop in this situation, the input is a surface phonetic representation. In this 
paper I will focus on such borrowings.

Peperkamp and Dupoux (ibid) also assume that the adaptations observed in 
perception involve phonetically minimal transformations. �at being said, it is 
unclear how adaptations such as epenthesis or stress shi�s, are phonetically mini-
mal. Furthermore, the adaptations discussed by Ito, Kang and Kenstowicz which 
have surface phonetic representation as inputs, and therefore must have occurred 
in perception, are not phonetically minimal, but actually appear to involve clear 
phonological operations.

In this paper, I will follow Peperkamp and Dupoux (ibid) in assuming that at least 
some, if not most, of the phonological adaptations characterizing loanword phonol-
ogy occur during perception. Moreover, I will also propose that these adaptations 
involve the same phonological processes that characterize speech production.9

Before going on, however, I would like to address a fundamental problem of 
a philosophical nature: if perception involves production, or better construction 
of a representation through production, we would be experiencing only fallible 

9. See Kim (this volume) and Boerma and Hamann (this volume) for a similar approach to 

loanword phonology.
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representations – illusions. We would be detached from the hardness of real-
ity. �is cannot be correct. We do experience reality directly, or in the case of 
speech, we do have a direct access to the acoustic reality of the message. I will try 
to address this issue in the next section.

5. Perception

As �rst pointed out by Immanuel Kant in the 18th century, perception is not neu-
tral, or passive, but rather involves a complex inferential computation by which 
sensory data from a given object are organized, categorized and adjusted by access-
ing abstract cognitive categories and previous knowledge.

At the same time, perception must be anchored to reality. As observed by 
Gibson (1979) and Merleau-Ponty (1945), perception must be tied to our being in 
the environment. Individuals must also have a direct, unmediated experience of 
their surroundings so that they can interact with it properly. Perception through 
inference is obviously indirect and prone to mistakes and does not capture the 
concrete experience of the world obtained through perceiving bodies immersed in 
the moving texture of reality.

Following Norman (2001), I will propose that these two aspects of percep-
tion correspond to two di�erent but interacting perceptual systems: the “ventral” 
system dedicated to the identi�cation and recognition of objects and events in the 
environment and the “dorsal” system dedicated to picking up information for a 
proper interaction with the reality. In the �rst system perception is indirect, mediated 
by the cognitive system and memory; in the second system it is direct, immediately 
given in the process of sensory-motor integration.

Recent work in the cortical organization of vision has emphasized that sen-
sory input must interface both with conceptual systems (for object recognition) 
and with motor systems (e.g. visually guided reaching/grasping) (Ungerleider & 
Mishkin1982; Milner & Goodale 1995).

It has been demonstrated empirically that these two interface systems com-
prise functionally and anatomically di�erentiated processing streams in which a 
ventral (occipital-temporal) stream supports object recognition/understanding 
(the “what” pathway), and a dorsal (occipital-parietal) stream supports visual-motor 
integration functions (the “where” pathway).

�e primary function of the ventral system is the recognition and identi�ca-
tion of objects and events in one’s environment (Norman 2001). It compares visual 
inputs to stored information in an attempt to achieve a meaningful interpreta-
tion of those inputs. �e ventral system deals mainly with the utilization of visual 
information for interpreting one’s environment, �e recognition and identi�cation 
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processes that are part of this interpretation require comparisons with stored rep-
resentations. �is system is therefore memory-based, using stored representations 
to recognize and identify objects and events.

In contrast, the primary function of the dorsal system is the analysis of visual 
inputs from the ambient array in order to allow interaction with the environment 
and the objects in it e.g. pointing, reaching, grasping, walking towards or through 
something, climbing, etc. (Norman 2001). �e dorsal system picks up visual infor-
mation to allow the organism to function in the environment. It is a system that 
picks up invariants in the ambient array by directly “resonating”—to use Gibson’s 
(1979) ecological terminology — to the features to that array. It is a system that has 
a direct relationship with the environment. It anchors the perceiving individual to 
the external reality. Some have suggested that all the information pick up for the 
performance of well-ingrained actions or behaviors is implemented by the dorsal 
system. �e dorsal visual stream is thus particularly geared for visual-motor inte-
gration, as required in visually guided reaching and orienting responses (Rizzolati, 
Fogassi & Gallese 1997).

�e dorsal system deals mainly with the utilization of visual information for 
the guidance of behavior in one’s environment. Much of our day-to-day pick up 
of visual information is carried out by the dorsal system without much conscious 
awareness. As Norman (2001) points out, this system is ecological in the sense 
of Gibson (1979). It directly picks up information from the ambient array for or 
through action. From now on, I will refer to the outputs of this perceptual system 
as “sensory intuitions” insofar as they have a unmediated, direct, or “naive” relation 
to objective reality as in Kantian empirical intuitions.

�e ventral system is instead, a “higher” system that deals with the interface 
between the visual input and cognition, and we are normally conscious of its output. 
It is the system that tries to make sense of situations. �is is achieved via an indi-
rect, post-sensory, inferential nature. Interpretation is an inextricable part of the 
perception processes characteristic of the ventral system. �is is the system that 
implements the type of indirect, inferential perception advocated by constructivist 
models of perception (see Helmholtz 1867; Rock 1977, 1983, 1997; Gregory 1993; 
Boring 1946; Epstein 1982; see also Piaget (1937, 1969); Marr (1982); Anderson 
(1985); Kanisza (1979).10 I will refer to the outputs of this perceptual process with 

10. In this way, following Van Leuween (1998) and Norman (2001), the Gibsonian approach 

on perception, in which perception is simply the pick up of information from invariants in the 

ambient environment, and which by itself, is inadequate as a general model of perception, can 

be integrated with a more adequate constructivist model of perception.
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the term “apprehensions”. In the terminology adopted here, visual perception thus 
includes both “sensory intuitions” and “apprehensions.”

6. Speech perception

Following Hickock and Poeppel (2004), I assume that two similar perceptual 
systems are also active in speech perception. But in order not to create confu-
sion between visual perception and speech perception, this text will refer to the 
linguistic ventral system as the top-down system, and the dorsal system as the 
bottom-up system.

�e objective of listeners during the act of speech perception is to access the 
meaning of the utterance they hear, this can be accomplished only via the identi-
�cation of the vocabulary items (morphemes/words) used in it and the interpre-
tation of their structural signi�cance in the syntactic environment in which they 
occur. Crucially this identi�cation/recognition depends on the identi�cation of 
the sounds comprising the vocabulary items. In classical semiological terms, one 
must identify the signi�cans (the form of the expression) in the utterance to access 
its signi�catum.

Given that identi�cation and recognition are characteristic functions of the 
top-down (ventral) system, one could propose that speech perception is imple-
mented only by the top-down system. However I propose that the bottom-up 
(dorsal) system also has a role insofar as it picks up information and provides it 
to the top-down system for analysis. �us, the bottom-up system picks up acous-
tic data and converts them into acoustic representations —“sensory intuitions”—
that are provided to the top-down system which converts them into articulatory 
representations — a process of “apprehension”. �ese articulatory representations 
can be used to identify and recognize the vocabulary items, which, as discussed 
in Section 1, are represented in terms of articulatory features. �us, whereas the 
dorsal system in vision functions as a parallel perceptual system dedicated to 
visual-motor integration, in the case of speech perception where the main goal is 
identi�cation and recognition of signi�canta in the acoustic input, a goal that can 
be achieved only by the top-down system, the bottom- up system must pick up 
acoustic information from the input and produce “sensory intuitions” or the top-
down system where these representations are interpreted/apprehended.11

11. But note that later, following Hickock and Poeppel (2004) I will propose that there is 

a direct path between acoustic representations in echoic memory and meaning/concepts, 

therefore a speech perception stream that by-passes the top-down system. �is path between 
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Following Blumstein and Stevens (1981), Stevens and Blumstein (1981), and 
Stevens (1998), I assume that the acoustic signal is analyzed to extract invariant 
acoustic properties or patterns which excite designated acoustic detectors in the 
bottom-up system. An acoustic representation is produced through this parsing 
of the acoustic signal. As proposed above, this retrieval of linguistic information 
from the acoustic signal is implemented by the bottom-up system.

�e point is that in contrast to the discretely speci�ed phonological representa-
tion of an utterance, the acoustic signal that is produced by a speaker is continuous. 
It is an analog signal that is generated by continuous movements of a set of articula-
tory and respiratory structures. However, as mentioned in Section 1, the relations 
between the articulatory and the acoustic representations of speech have certain 
quasi-discrete or quantal characteristics that are exploited in speech production 
(Stevens 1972, 1989). �ese quantal attributes help to simplify the process of 
uncovering the discretely speci�ed segmental and categorical representations that 
are building blocks of words (Stevens 2002).

As proposed by Stevens (2002), the retrieval of linguistic information from 
the acoustic signal proceeds as follows. First, the locations and types of the basic 
acoustic landmarks in the signal are established. �ese acoustic landmarks are 
identi�ed by the locations of low-frequency energy peaks, energy minima with no 
acoustic discontinuities, and particular types of abrupt acoustic events. From these 
acoustic landmarks certain articulatory events can be hypothesized: the speaker 
produced a maximum opening in the oral cavity, or a minimum opening without 
an abrupt acoustic discontinuity, or a narrowing in the oral cavity su�cient to cre-
ate several types of acoustic discontinuity (Stevens 2002). Such landmarks provide 
evidence for distinctive features such as [consonant], [sonorant], [continuant], 
[strident], the so-called articulator-free features in Halle (1995). �e second step 
consists of the extraction of acoustic cues from the signal in the vicinity of the 
landmarks. �ese cues are derived by �rst measuring the time course of certain 
acoustic parameters such as the frequencies of spectral peaks or spectrum ampli-
tudes, in particular frequency ranges, and then specifying particular attributes of 
these parameter tracks (Stevens 2002). �ese acoustic parameters provide evi-
dence that articulators are involved in producing the landmarks and demonstrate 
how these articulators are positioned and shaped.

However, coarticulation and other contextual and prosodic adjustments a�ect 
cues and landmarks reducing their strength or just eliminating them. �us, uncov-
ering of the segments and features that underlie the words in an utterance, then, 

“acoustic” significantia and significata, however, is possible only under special circumstances, 

namely an established familiarity of the significans.
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involves using acoustic data to make inferences about the gestures that the speaker 
uses to implement these features, since the gestures tend to bear a closer relation to 
the features than do the acoustic patterns, as �rst pointed out by Liberman (1956) 
and discussed in Section (1). �is inferential activity is part of the top-down system. 
Stevens (2002) proposes that once the sequence of landmarks has been identi�ed 
and a set of acoustic cues has been evaluated in the vicinity of each landmark, 
the next step is to convert this landmark/cue pattern into a symbolic or quantal 
description consisting of a sequence of feature bundles. �is conversion is carried 
out in a specialized phonological module, which, according to my proposal, forms 
part of the top-down system. �is module consists of a set of submodules, one for 
each feature. Every submodule examines the acoustic landmarks and cues that 
are relevant to the feature and analyzes them in term of their overall environment 
and prosodic context. It then produces an inference concerning the speci�cation 
of the feature. �e details of each of these submodules, including the selection and 
design of acoustic cues that form possible inputs for each module, are beyond the 
scope of this article (see Stevens (2002) for more discussion).

�rough the activity of the phonological module, the acoustic signal of an 
utterance is converted into an array of articulatory features. I assume here that each 
submodule interprets the acoustic data autonomously from the other submodules. 
It is the duty of a special component called the synthesis component, to read out 
all of the articulatory information provided by these submodules to construct an 
underlying representation which is necessary to access the meaning of the utter-
ance and then derive from it the surface representation which is behind the utter-
ance that produced the acoustic input. Recognition/identi�cation/apprehension 
of the acoustic input consists of this process of interpretation and construction 
(see Section 10 for some hypotheses on how this occurs). One of the �rst steps in 
the synthesis component, a�er the piecing together of the information provided by 
the phonetic module, is the identi�cation of the morphemes and words present in 
them by matching them with morphemes and words that are stored in a long term 
memory dictionary as arrays of features. �is matching process is then followed 
by a top-down construction of a sentence which attempts to make sense of the 
morphemes and words that have been activated in long-term memory. I propose 
that speech perception thus also involves activation of the production component 
of the grammar that implements the computation involved in this construction 
(see Section 10 for more detail).

I assume that the mapping into articulatory representations, the analysis and 
top-down construction of the sentence discussed above are implemented in the ver-
bal working memory, the so called phonological loop (Baddelley 1992). It is here 
that the analysis-by-synthesis of the sentence is implemented. Hickok and Poeppel 
(2004) argue that verbal working memory relies on a auditory–motor integration 
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network (Aboitiz & GarcF¢a 1997). Indeed, verbal working memory (and perhaps 
working memory in general) can be viewed as a form of sensory– motor integration 
(Wilson 2001). For example, in Baddeley’s model (1992), the phonological loop is 
essentially a mechanism for using motor systems (articulatory rehearsal) to keep 
sensory-based representations (the phonological store) active. Hickok and Poeppel 
postulate an explicit neural network for verbal working memory. In their model, the 
phonological store is identi�ed with the Superior Temporal Gyrus systems support-
ing acoustically-based representations of speech which the articulatory rehearsal 
component maps onto frontal systems supporting articulatorily-based represen-
tations of speech. Evidence from Awh et al. (1996) indicates that the articulatory 
rehearsal component involves le� frontal cortices, notably portions of Broca’s area 
and more dorsal pre-motor regions.

Notice that a working memory phonological bu�er (the phonological loop of 
Baddeley (1992)) is fundamental to understanding language acquisition (Doupe & 
Kuhl 1999): in fact, for the child to learn to articulate the speech sounds in his or her 
linguistic environment, there must exist the following components: (i) a mechanism 
by which sensory representations of speech uttered by others can be stored (echoic 
memory); (ii) a mechanism by which the sensory input is analyzed and converted 
into an articulatory representation (the analysis-by-synthesis component of the pho-
nological bu�er (see Section 10), (iii) a mechanism by which the child’s articula-
tory attempts can be compared against these stored representations, and by which 
the degree of mismatch revealed by this comparison can be used to shape future 
articulatory attempts (the “comparator” in the top-down system (see Section 10)). 
Although such a network obviously assumes less importance in adult speakers, the 
fact that new words from one’s own language and from foreign languages can be 
learned at any age show that it continues to operate throughout life.12

We expect the motor system to be active in this working memory compo-
nent. And in fact, recent neurological studies have shown that perceiving speech 
involves neural activity of the mirror neurons and the motor system. �e mirror 
neurons are a particular class of neurons that exhibit excitations not only when an 
individual executes a particular action but also when the same individual observes 
the action being executed by another individual. �e existence of these neurons  
(see Di Pellegrino, Fadiga, Fogassi, Gallese & Rizzolati 1992) provides direct neural 
evidence for motor system involvement in perception. (Rizzolati & Craighero 2004; 

1. Further evidence that the phonological loop plays a role in adults is provided from 

articulatory decline following late-onset deafness (Waldstein, 1989), from the effects of 

delayed auditory feedback on speech articulation (Yates, 1963), and from altered speech 

feedback experiments (Houde & Jordan, 1998).
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Rizzolati, Fogassi & Gallese 2001). In Rizzolati and Arbib’s (1998) words, “taken 
together, the human and monkey data indicate that, in primates, there is a fun-
damental mechanism for action recognition. … Individuals recognize actions 
made by others because the neural pattern elicited in their premotor areas dur-
ing action observation is similar to that internally generated to produce that 
action.” (p. 190)13

Two recent studies involving the use of transcranial magnetic stimulation of 
the motor cortex have demonstrated activation of speech-related muscles dur-
ing speech perception. Fadiga et al. (2002) found that when listeners hear utter-
ances that include lingual consonants, they show enhanced muscle activity in the 
tongue. Watkins and colleagues (Watkins, Strafella & Paus 2003) found that both 
while listening to speech and while seeing speech-related lip movements, people 
show enhanced muscle activity in the lips. Complimentarily, two fMRI studies 
(Pulvermüller et al. 2006; Wilson, Saygin, Sereno & Iacoboni 2004) demonstrated 
that there is overlap between the cortical areas during speech production and those 
active during passive listening to speech. As shown by Fadiga et al. (2002), the 
same motor centers in the brain are active both in the production of speech and in 
speech perception, where the perceiver engages in no overt motor activity.14, 15

1. Recently researchers have shown that Rizzolati and Arbib’s (1998) “fundamental mecha-

nism for action recognition” also has ties with general audition. Kohler et al. (2002) found 

neurons in the pre-motor cortex of monkeys that respond not only when the monkey per-

forms a specific action (e.g. breaking a nut) or sees the action performed by someone else, but 

also when the monkey merely hears the sound that is caused by the specific action (e.g. the 

cracking noise of the nutshell being broken).

1. Still, as discussed below, it is possible to have basic speech perception, in the sense of access 

to meaning of an utterance, without accessing the top-down system and the motor systems.

15. Fadiga, along the lines of the motor theory of speech perception proposed by Liberman 

and Mattingly (1985, 1989), or better in terms of the Direct Realism model of Fowler (1986, 

1994, 1996), states that “speech perception and speech production processes use a common 

repertoire of motor primitives that during speech production are at the basis of articulatory 

gesture generation, while during speech perception are activated in the listener as the result 

of an acoustically evoked motor ‘resonance’” (Fadiga et al. 2002). Fadiga, therefore, assumes 

that there is direct perceptual relation between acoustic stimuli and motor activity, which 

he calls an acoustically evoked motor ‘resonance’, as in the ecological theory of perception 

of Gibson (1979). But how this resonance is implemented is unclear. Infact, at the neural 

 activity of the motor and premotor systems does not need to be seen in terms of Gibsonian 

‘ resonance’ but could be seen rather in a more indirect, memory-mediated manner in which 

these neural activations are brought about by the phonological loop, as discussed above.
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. Phonological adaptations in perception

In the normal situations of speech interaction, the goal of speech perception is 
comprehension, the identi�cation of the signi�catum, the meaning carried by the 
signi�cans of the utterance. Identi�cation of the signi�cans is fundamental in the 
learning of new words regardless of whether the new word belongs to the learner’s 
native language. In either case, a mental representation of the signi�cans of the 
word to be committed to memory must be constructed. �is representation must 
include both phonological and morphological information. In order to be com-
mitted to memory, however, the signi�cans must be interpretable, i.e. identi�ed 
and recognized by the cognitive systems �erefore, if it contains unfamiliar or 
illicit, con�gurations, i.e. uninterpretable con�gurations, they must be adjusted so 
to be identi�ed.

When faced with an unfamiliar linguistic sound, a perceiver has an obvious 
problem insofar as a con�guration that is uninterpretable in terms of his own 
 system of linguistic knowledge must be analyzed in terms of this system. A �rst 
rough account of what happens in this case is the following. If a segment, or 
a syllabic combination of segments, is unfamiliar, foreign, i.e. absent fom L1, a 
speaker has no instructions for how to produce it, i.e. no representation of it with 
the right combinations of features, or segments in the case of syllable con�gura-
tions. In particular, as proposed in Calabrese (2005) (see also Footnote 2), the 
absence of a segment, or a syllabic combination of segments, indicate the absence, 
or unavailability, of computational programs coordinating their featural con�gu-
rations into articulatory commands. �e absence of such a program is formalized as 
an active constraint against the con�gurations. Con�gurations violating an active 
constraint are repaired. �e repair that occur in this case then indicate the featural/
con�gurational manipulations that adjust the representations and make their con-
version into articulatory commands possible (see Calabrese (2005) for more dis-
cussion of this model). As proposed in Calabrese (2005), active constraints are 
checked throughout the derivation, and if violated, repairs apply.

If production plays a role in perception, then it follows that active constraints 
and repairs play a role as well. Accordingly, unfamiliar sounds disallowed by active 
constraints must be repaired in perceptual representations, thereby resulting in a 
perceptual adaptation of the unfamiliar sounds.

At this point it is useful to focus a hypothetical instance of this process. �e 
event begins with the production of an utterance by a foreigner in his or her own 
language. �e native listener does not speak this language well. �erefore, this 
utterance contains sound con�gurations that are novel to him/her and are disal-
lowed by an active constraint in his grammar. �is utterance produces a certain 
acoustic signal, which enters the bottom-up perceptual system and is recorded in 
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the acoustic short-term memory storage, the short-term echoic memory. In the 
acoustic analysis component, this signal is analyzed in terms of its invariant acous-
tic properties, as discussed in the preceding section, but it is still an uninterpreted 
“sensory intuition”. �erea�er, this acoustic information is sent to the top-down 
perceptual system for identi�cation/recognition. �e phonological module con-
verts it into articulatory information by converting the acoustic invariant proper-
ties present in the acoustic data into articulatory features/structures. Remember 
that each submodule of the phonological module interprets the acoustic data 
autonomously from the other submodules and that the synthesis component of the 
phonological working memory bu�er uses the pieces of articulatory information 
(feature speci�cations, prosodic and syllabic articulatory cues, etc.) provided by 
the submodules to construct an underlying representation and then derive from it 
a surface representation. If the acoustic input contained new or unfamiliar sounds 
or sound con�gurations, the synthesis component cannot put together the pieces 
and cues provided by the phonological module in the case of these sounds, or 
sound con�gurations. In fact, if these pieces and cues were put together as indicated 
in the acoustic input, they would form illicit, “unpronounceable” con�gurations 
blocked by active constraints of the grammar. �ese illicit con�gurations must then 
be adjusted and repaired. �e application of these repair operations will produce a 
“more familiar” nativized representation.16

Consider a concrete example. Take an Italian listener like me. �e Italian 
vowel system does not have the [+low, −back] vowel /æ/ of the English word /kæt/. 
In the terminology developed above, this means that there is an active constraint 
disallowing the feature con�guration [+low, −back]. �e acoustic input of this 
vowel will be characterized by a low �rst formant and a higher second formant. 
�e submodule for the feature [low] detects the �rst acoustic property and assigns 
the speci�cation [+low] to the articulatory representation of the word /kæt/ that 
is being built in the synthesis component. �e submodule for the feature [back] 
assigns to it the feature speci�cation [−back]. �e information provided by the 
acoustic input through the phonological module also requires the simultaneous 
articulation of these two features in the vowel. However, the synthesis component 
operates according to the grammar of L1. �us the fact that there is an active con-
straint disallowing this feature combination in L1 prevents the synthesis compo-
nent to put together these two feature speci�cations into the same feature bundle. 
�us, this feature combination cannot be created in the mapping from the acoustic 
invariant properties of the signal into the articulatory representation of the synthesis 

16. See Kim (this volume) for a model in which acoustic cues for L2 sounds are mapped into 

L1 featural representations without repair operations.
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component insofar as it is illicit in Italian. �is featural con�guration must then 
be repaired; it may either by changing the feature [+low] into [−low], deriving [ε] 
from /æ/, or by changing the feature [−back] into [+back], deriving [a] from /æ/. 
It follows that I may interpret/apprehend /kæt/ as [kεt] or as [kat]. Accordingly, 
the acoustic con�guration characterizing this vowel (with its low �rst formant and 
higher second formant) cannot be associated with the appropriate articulatory 
feature con�guration ([+low, −back]), resulting in a “phonetic illusion”.17

1. �e input to the analysis and interpretation in linguistic perception is the word in its 

surface representation. �is is how the L2 word is “heard”. Assuming a general principle of 

economy of operations is executed during perception, just as in production, as proposed in 

Calabrese (2005), only the configurations of the L2 word that are illicit in L1 must be repaired, 

i.e. and not those that are licit in L1. Only the minimum that is necessary to fix the input is 

changed, the rest must be preserved. �e preservation of the licit aspects of the input may 

explain why the treatment of L2 words in L1 o�en involve processes that are not part of L1 

phonology. One such discrepancy between processes in native and loanword phonology is 

provided by the treatment of English loanwords into Korean. In Korean, [s] is not allowed in 

syllable codas. In the native phonology, an underlying /s/ is realized as [t] when it occurs in 

coda position (ia). However, in English loanwords, words with [s] in coda position systemati-

cally undergo epenthesis (ib) (Kenstowicz & Sohn 2001).

 (i) a. /nas/ [nat] ‘sickle-nom’

   /nas + Gl/ [nasGl]
  b. [posG] < ‘boss’

   [kGrasG] < ‘glass’

   [mausG] < ‘mouse’

   [kharisGma] < ‘charisma’

�e reason for the selection of epenthesis instead of neutralization to remove the coda 

consonant results from the desire to preserve the featural composition of [s] that is otherwise 

licit in the language (see Boersma & Hamann (this volume) for an account of these facts in a 

framework similar to the one proposed here but adopting OT).

However, not all cases of a discrepancy between processes in native and loanword 

phonology can be accounted for in a similar way. Consider, for illustration, the treatment of 

loanwords from French into Fula. In the latter language, neither onset nor coda clusters are 

permitted. In loanwords from French, an epenthetic vowel is added a�er the second consonant 

in liquid+obstruent clusters see (iiai), but between the consonants of obstruent+liquid clusters 

see (iiaii) (Paradis & LaCharité 1997). In the native phonology, however, the epenthetic vowel 

is always inserted a�er the second consonant, both in the case of liquid+obstruent clusters, 

as in (iibi), and in the much rarer case of obstruent+liquid clusters, see (iibii) (data from 

Paradis (1992)).

 (ii) a. i. [karda] < Fr. carde [kard] ‘card (comb)’

    [ffrsf] < Fr. force [ffrs] ‘force’

   ii. [kala˜s] < Fr. classe[klas] ‘flag’
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At this juncture it is important to deal with a common aspect of the speaker/
listener’s experience of foreign sound that is aptly described in the following 
anecdote (from Jacobs & Gussenhoven (2000: 203)): “Valdman (1973) reports the 
reaction by a Haitian-Creole-speaking maid who attended evening literacy classes 
to her teacher’s pronunciation of oeuf ‘egg’ as [ze]: she decided to leave the class. 
Although she herself pronounced it that way, she was aware that her bilingual 
employers realized it as [zø]”. In other words, she did not know how to pronounce 
the word, but she did know how it sounded. A listener can be aware of the acoustic 
shape of a given sound, although his own pronunciation is di�erent.18

�e simplest hypothesis to account for a situation like the one above is that 
upon presentation of a foreign word/sounds, a learner/listener learns perfectly 
faithful representations of them without access to the production system which 
we know is impaired in lacking relevant articulatory instructions for the foreign 
sounds. �ese faithful underlying representations would be modi�ed by the speak-
ers when they are pronounced during production; at the same time they could be 
used as criteria to judge the di�erence between their correct forms in L2 and their 
adapted forms in the speaker pronunciation, as in the above event. �is would 
require a perceptual system that is independent of the grammatical system which  
faithfully converts acoustic inputs into underlying featural representations (Jacobs & 
Gussenhoven (200); Hale & Reiss (2000)).

�e evidence provided earlier that the perceptual representations of listeners 
are distorted by their native grammar (Dupoux et al. 1999; Dupoux, et al. 2001; 
Dehaene-Lambertz et al. 2000) shows that this hypothesis cannot be maintained. 
Learning the exponent of a new or foreign word means learning the articulatory 
patterns expressed in its featural composition. If there are grammatical constraints 
against the featural organization of these patterns, the word cannot be learned as 
such and its featural organization must be adjusted, as discussed above. �erefore 

 b. i. /talk+ru/ → [talkuru] ‘amulet’

  ii. /sokl+ka/ → [soklaka] ‘need’

It is unclear to me how preservation of the licit featural configurations of the input can account 

for the difference between native and loanword phonology in this case. Such cases are perhaps 

better analyzed by hypothesizing a special loanword phonology grammatical component. 

�is component would include the active marking statements of the native language and the 

related repair processes that were grammaticalized/istitutionalized during the contact with 

the foreign language. Further research is required to establish if such a special grammatical 

component is needed.

18. �e same occurs in children. When my daughter was about two year old, she used to pro-

nounce [∫] as [s]; therefore, she said [sIp] instead of [∫Ip] ‘ship’. So once I tested her and, while 

pointing to the picture of a ship, I asked: “Is this a [sIp]?”. She replied, “No! it is a [sIp]!” 
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it follows that a faithful conversion of a foreign word into a long-term memory 
underlying representation is impossible.

Furthermore, Section 9 will address evidence that children older than 5 or 6 
and adults are “behaviorally deafened” to foreign contrasts not shared with the 
native language. �is further weakens the idea that it is possible to convert a for-
eign linguistic input into a faithful featural representation. It is true, as will soon 
be evident, that by focusing attention on the acoustic input and intensive training, 
this “deafness” can be overcome. But this training involves articulatory exercises 
that teach the learner to acquire the articulatory pattern that are constrained in 
his L1 grammar. Once these articulatory patterns are acquired, the L2 sound is 
learned and its accurate “perception” becomes possible. But this is precisely what 
is argued here. An accurate perception of a sound requires learning how to pro-
duce that sound articulatorily.

However, if what is perceived is simply identical to what is produced – as can 
be concluded at �rst from the above proposal, awareness of the acoustic shape of 
the given sound by a listener, when his own pronunciation of this sound is dif-
ferent, should be impossible. A more careful consideration of the theory shows 
that this consequence is incorrect. �e bottom-up system in fact must include an 
echoic short-term memory (Neisser 1967) where aural acoustic representations19 
of speech sounds are preserved. �ese are the acoustic representations that are 
analyzed in the preliminary phase of speech perception.20 We can also assume that 
such representations can be stored in long- term echoic memory with all other 
non-linguistic sounds.21 Observe that, in the preliminary phase of speech analysis, 
where acoustic patterns are analyzed in terms of their invariant properties, there 
must be a basic ability to distinguish sounds so as to extract their characteriz-
ing features. It follows that we must be able to distinguish aural representations 

19. �e term image is o�en used in this case “aural acoustic image”. I prefer to use represen-

tation to indicate that there is always a degree of symbolic conversion between the sound in 

itself and the sensory representation of it provided by our neural networks.

0. �e output of this analysis must already be somewhat abstract insofar as linguistically 

irrelevant properties, such as the voice characteristics of the speaker that uttered the word, the 

rate of speech, distortions caused by a cold or sore throat and so on, can be neglected in the 

formation of the memorized linguistic representation of the sound. Obviously an issue here is 

how we store words in memory, be they as word-type or word-tokens (Goldstone & Kersten 

2003; Hintzman 1986; Goldinger 1986, 1988). �is issue falls outside the aegis of this article.

1. Anyone that has ever played with a short-wave radio knows that it is possible to 

understand if the language of the tuned station is Chinese, Russian, Arabic, etc. without 

knowing these languages – this is possible by accessing an aural memory of how those 

languages are spoken.
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of sounds preserved in long-term echoic memory, and use them for comparison 
with items stored in the short-term echoic memory. It is therefore in the echoic 
long term memory of the Haitian maid that the standard sound [ø] for [zø] ‘egg’ 
was stored. �us, although she could not pronounce it, she could use that echoic 
memory representation for comparisons.

Neurolinguistic evidence suggests that echoic memory is located in the 
auditory cortex (Näätänen 2001). If this is correct, one expects evidence of 
analytic activity in this part of the cortex though the fact is that several stud-
ies suggest that more complex events such as stream segregation – extracting 
the abstract sound patterns and invariant sound relationships – and categorical 
speech perception guided by language-speci�c memory traces may take place 
preattentively in the auditory cortex (Sussman et al. 1998, 1999; Tervaniemi et al. 
1994; Paavilainen et al. 1999, 2001; Dehaene-Lambertz 1997; Phillips et al. 2000; 
Phillips 2001; Shestakova et al. 2002).

Distinguishing aural images of sounds, however, does not mean being able to 
recognize or identify them. Recognition and identi�cation of a string of sounds 
involves determining how the feature speci�cations detected in the preliminary 
parse of the utterance acoustic input are organized into feature bundles and how 
these bundles are distributed in a syllabic string, i.e. it means identifying how these 
feature speci�cations are combined in the featural con�gurations of the string. To 
put this in Kantian terminology, we can say that only at this point could we have 
perceptual judgments and thus state whether or not a certain sound is /ø/ or /æ/, 
i.e. a feature bundle containing the con�guration [−consonantal, −back, +round], or 
a feature bundle containing the con�guration [−consonantal, +low, −back]. Insofar 
as the lack of relevant articulatory instructions block these feature con�gurations, 
the possibility of these judgments is prevented, and in so doing thus the recognition 
and identi�cation of the relevant sounds is not possible.

It follows that a listener can be aware of distinctions among unfamiliar sounds 
without being able to identify them – this awareness is possible because of acoustic 
images of the sounds stored in echoic memory. However, although this listener 
may feel that these sounds are di�erent, he cannot know how they are di�erent, 
and when forced to represent them in the construction of the linguistic represen-
tation in apprehension, he must adjust them into more familiar con�gurations.

�e problems pointed out by Ito, Kang and Kenstowicz (2006) are then eas-
ily addressed. �e input to perception is a surface phonetic representation. If an 
allophonic property is licit and can therefore be interpreted it will appear in the 
loan. �us Japanese back unround vowel [G] found a�er sibilants, an allophone, 
can be adopted as such in Korean loanwords insofar as such a vowel is present in 
the Korean phonological system.
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Furthermore, given that acoustic proximity does not play a role in the model 
proposed here, the Japanese back vowels with the con�guration [+labial, −lip com-
pression] will be repaired by Korean speakers as discussed in Section 3.3.

Japanese vowel epenthesis may be accounted for as follows: Japanese disallows 
complex onsets and complex codas. Simple codas are restricted to the �rst mem-
ber of a geminate, or to a nasal glide. When presented with a word with such illicit 
clusters in the phonological working memory bu�er, a Japanese speaker cannot 
construct a mental representation of it because of the active constraints active in 
his grammar. �e listener resorts to epenthesis to �x this problem. �e presence of 
the illusory vowels in perception then occurs.

Just as in the nativization of the high [−ATR] vowels of English to high [+ATR] 
vowels in loanwords to French, Spanish and Italian, I assume that we are dealing 
with a case of repair. �e con�guration [+high, −ATR] of English I, U is blocked 
by an active marking statement in these languages which is addressed by delinking 
the feature speci�cation [−ATR] and replacing it with [+ATR]. �is can occur 
both in perception or production as in all other cases discussed previously.

Following Dupoux et al. (1999), I used the term “phonetic illusion” to charac-
terize the perceptual adjustments discussed above. But these are not “sensory illu-
sions” in the sense that something is heard which is actually not part of the stimulus, 
rather, I assert that they are representational illusions which are generated by the 
linguistic operations that are used to construct adequate mental representations 
of linguistic objects. Given that these representations are memorized, the illusions 
are accessible only through recall. �e Japanese listeners, in fact, report that there 
is a vowel in the consonantal clusters, but in that case they are “reporting” on the 
memorized representation of the stimulus, not on what they actually heard. To put 
this di�erently, they hear a certain acoustic input, say [eb—zo], as is but they can-
not make sense of it perceptually because they lack this type of syllable structure 
in the production grammar. So they adjust the representation of this stimulus by 
epenthesizing a vowel [ebuzo]. It is on this memorized representation that they 
report, not on what they heard.

Once this is clear we have an account of the illusions found in the human expe-
rience of foreign speech sounds. Interestingly, these illusions are also observed in the 
experience of the native language, as most famously observed by Sapir (1933). While 
studying the Canadian Athabaskan language Sarcee, Sapir was puzzled by his infor-
mant John Whitney’s insistence that there was a di�erence between dini ‘this one’ 
and dini ‘it makes a sound’ even though the two were phonetically homophonous 
to Sapir’s trained ears. In order to explain his informant’s intuition, Sapir postulated 
that the �nal vowels of words like dini make a sound with a “latent” consonant. Put 
di�erently, this suggests that there was another psychologically more accurate 
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representation of the word that records the presence of this intuited sound: [dinit]. 
As Sapir observed, this was the phonological representation of the word.

Sapir called this experience by his informant a phonetic illusion. Two objectively 
identical stimuli dini were judged as di�erent when associated with di�erent pho-
nological representations. Additional examples of this type of illusions are easy 
to �nd. Kenstowicz (1994), for example, reports that English speakers tend to 
perceive the intersyllabic consonantal material in camper and anchor as analo-
gous to clamber and anger. �is is an illusion, however. In most dialects (Malecot 
1960) the nasal consonant is phonetically absent before such sounds as [p,t,k,s], so 
that camper and anchor have the same gross phonetic shape (C)V

~
CVC (V

~ 
a nasal 

vowel) as (C)VCVC wrapper and acre. While V
~
CVC anchor belongs with VCVC 

acre  phonetically, English speakers have the strong intuition associating it with 
VCCVC anger. �is perceptual judgment is likewise based on the abstract phono-
logical representations of these words.

In the model proposed here, these illusions are accounted for by assuming 
that the perception process involves access to the abstract phonological represen-
tation computed in the mind.22

8. Echoic memory and sensory intuitions

�e echoic memory in the auditory cortex stores the acoustic features of the 
stimulus (Neisser 1967). �e sensory information stored by echoic memory covers  

. Another model that assumes that adaptation of sounds in perception is due to the access 

to the articulation system is the Perceptual Assimilation Model of Best (1994, 1995). Best 

treats the adaptations found in the pronunciation of foreign sounds as assimilations to the 

closest native phoneme category on the basis of articulatory similarities and discrepancies.

Best assumes that listeners perceive information about articulatory gestures in the 

speech signal. �us, they can perceive in non-native phones information about their gestural 

similarities to native phonemes. If the listener perceives the phones to be very similar in their 

articulatory-gestural properties to a native phoneme category, then the nonnative phones will 

be assimilated to this native phoneme category.

Besides the fact that this model rejects the use of phonological features for which there is 

overwhelming evidence, as discussed in Section 1, it remains unclear how information about 

the similarity of articulatory gestures in native and non-native phones is actually extracted 

from the acoustic signal without detecting that there are also acoustic discrepancies. It seems 

that there is a fundamental circularity in this approach to loanword adaptations. Notice 

furthermore that without recourse to phonological features the notion of gestural similarity 

become quite arbitrary. What makes an articulatory gesture more similar to a certain gesture 

than to another gesture?

Unfortunately, lack of space prevents a deeper discussion of this model.
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all aspects of the stimulus.23 I assume that echoic memory allows direct access 
to the acoustic input, it stores what I call the sensory intuition of the acoustic 
message, and involves the sensory system that closely tracks the acoustic stimuli. 
Experiments of duplex perception provide evidence for this system. Mann and 
Libermann (1983) conduct one such experiment in which the components of a syl-
lable were presented dichotically. �e base, presented to one ear, included steady-
state formants for /a/ preceded by F1 and F2 transitions consistent with either /d/ 
or /g/. An F3 transition, presented to the other ear, distinguished /da/ from /ga/. 
Perception is called duplex because the transitions are heard in two di�erent ways 
simultaneously. Listeners perceive a clear /da/ or a clear /ga/ in the ear receiv-
ing the base depending on which transition was the other ear was exposed to. In 
the ear receiving the transition, listeners hear a non-linguistic chirp. �e listeners 
could be asked to attend the syllable or the chirps and make quite di�erent judg-
ments on them. �ey responded quite di�erently, even though the judgments were 
based on the same acoustic input. On the one end, this can be seen as evidence of 
a special system interpreting the combined sensory input of both ears and produc-
ing a linguistic percept; this is the Top-Down system advocated here. On the other 
end, it provides evidence of a system tracking the acoustic signal and storing it as 
such, a system referred to here as echoic memory, part of the bottom-up system.

�ere is also evidence that the auditory cortex maintains more permanent 
representations of the auditory past. Recent neurological evidence suggest that 
there is a set of sound memory traces, and of memory traces of sound combina-
tions representing syllables and words, of the language involved in the le� auditory 
cortex (Näätänen 2001; Pulvermüller et al. 2001; Pulvermüller et al. 2006) When 
a familiar speech sound is presented, it activates the corresponding phonetic trace 
or recognition model (in addition to the di�erent sound-analysis mechanisms 
common to speech sounds and equally complex non-speech sounds).24

I propose that learning to speak a new language, in addition to learning 
how to articulate the di�erent combination of features and syllabic organiza-
tion which characterizes that particular language, also involves the formation of 
discrimination and recognition patterns for the acoustic counterparts of these 
features. �is acoustic discrimination and recognition patterns help the further 
analysis and processing of the acoustic signal into featural representations by the 
top-down system.

. Experimental evidence suggests that the memory-trace durations for echoic memory 

last between 5 and 10 seconds. Echoic memory can occur outside of conscious experience and 

attention-independently; (Woldorff, Hackley and Hillyard, 1991).

. �is auditory cortex process itself is pre-perceptual, but tends to trigger frontal cortex 

activity which probably underlies the initiation of attention switch to sound change.
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Hickock and Poeppel (2004), furthermore, provide evidence for a cortical network 
which performs a direct mapping between acoustic representations and conceptual-
semantic representations. Learning words, and any sublexical process requiring the 
analysis of phonological exponents requires the mapping of acoustic invariant prop-
erties of the signal including these words into articulatory feature representations and 
subsequent processing in the top-down system. But, once a word is learned, used, 
and heard many times, becoming thus totally familiar, it is obviously uneconomical 
to go through the phonological module and analysis by the top-down system every 
time that the same word is heard. One could assume, instead, that recognition of 
familiar and commonly used words and constructions may simply bypass analysis by 
the top-down system, and directly activate the exponents of the dictionary in the pho-
nological working memory bu�er through a direct association between acoustic rep-
resentations stored in long-term memory echoic memory and word exponents in the 
dictionary. Hickock and Poeppel demonstrate that this must be the case by providing 
a variety of evidence, the most compelling of which is the dissociations we observe in 
aphasia patients. Namely, Broca aphasiacs demonstrate an ability for word recogni-
tion and comprehension despite widespread damage to the production system, and 
to what is known here as the phonological working memory bu�er. Comparatively, 
Wernicke aphasiacs and Word deafness syndrome patients are characterized by their 
inability to access the dictionary, and a subsequent lack of word comprehension; on 
the other hand, both have an intact production system, and an ability to repeat syl-
lables and words, which is explainable only if we also assume an intact phonological 
module and phonological working memory bu�er.

9. Acoustic inputs and phonological discrimination

It is o�en stated that children become “deaf ” to foreign phonological contrasts in 
the process of language acquisition.

Prior to the period of six to nine months of age, infants apparently can dis-
criminate any sounds contrasts in any language. By the end of the �rst year, how-
ever, they apparently can no longer discriminate most sounds that do not contrast 
in the ambient language (Aslin, Jusczyk, & Pisoni 1998; Best, McRoberts, LaFleur, & 
Silver-Isenstadt 1995; Polka & Werker 1994; Werker & Lalonde 1989; Werker & Tees  
1984). �is developmental change is accounted for in language learning models 
(cf. Best’s Perception assimilation model: Best 1994, 1995; Flege’s speech learn-
ing model: Flege 1991; Kuhl’s Native Language Magnet: Grieser & Kuhl 1989; 
Iverson & Kuhl 1996; Kuhl 1991, 1992; Kuhl et al. 1992) as a side e�ect of the  
infant having learned the phonological categories of the ambient language during 
this six to nine month period. It is proposed that by attracting both the ambient 
and foreign sounds the infant hears, these categories learned by 12 months deafen  
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him to di�erences detectable six months earlier when he had not yet learned 
any categories. �is defeaning is temporary until apparently 5 to 6 years of age 
when, if the child does not get sustained exposure to the foreign language early 
enough, he will be permanently deafened behaviorally to foreign contrasts not 
shared with the native language. For example, adult speakers of languages with 
�xed stress (French, Finnish, Hungarian) are signi�cantly less able to detect a 
shi� in stress position in a word than a change in one of its segments (Dupoux, 
Pallier, Sebastian, & Mehler 1997; Dupoux, Peperkamp, & SebastiánGallés 2001; 
Peperkamp & Dupoux 2002). Even highly �uent bilinguals are deafened, too, 
if their exposure to the second language is too late. For example, some Spanish 
dominant Spanish-Catalan bilinguals who did not learn Catalan before 5–6 years 
of age cannot discriminate Catalan contrasts not shared with Spanish, high-mid 
versus low-mid vowels, /e, o/ versus /ε, f/, or voiced versus voiceless fricatives, / z / 
versus / s / (Pallier, Bosch, & SebastiánGallés 1997).

If I am correct in assuming that acoustic di�erences can always be detected by 
the bottom-up system, the “deafening”, or lack of discrimination mentioned above 
must be a consequence of the top-down system. �e presence or lack of contrasts 
between sounds is governed by grammatical constraints (Calabrese 2005).25 Con-
sider the low-back vowel a/ and the front-low vowel /æ/. A language will contrasts 
these two sounds if and only if the constraint *[+low, −back] is non-active (see 
Calabrese (2005)). Comparatively, a language has only /a/, and therefore lacks this 
contrast, if this constraint is active. Constraints are obviously part of the gram-
mar and therefore are also components of the top-down system. In Section 7,  
I discussed how active constraints trigger repairs that adjust non-native segments 
in the top-down perceptual system. �ese repairs lead to perceptual neutraliza-
tions of contrasts. When this occurs, two sounds cannot be recognized/identi�ed  

5. I assume that learning a language involves learning which configurations are admis-

sible. �e hypothesis is that the child starts with an inability to produce all segments and 

combinations of segments except the basic, unmarked ones such as /a/, /m/, /t/, /ta/, /ma/, etc. 

(see Jakobson (1941)). Learning involves learning to produce the “marked” segments of the 

ambient language. If the approach proposed here is correct, the child must also be unable to 

recognize the “marked” sounds before s/he learns to produce them. However, s/he can hear 

them: s/he has a raw sensation of them in terms of the aural image of the signal present in 

echoic memory, as proposed earlier. Exposed to the featural configurations extracted from these 

“raw” stimuli, what I called the sensory intuitions, a child eventually constructs the appropriate 

combinations of articulatory features in the representations of words and vocabulary items and 

learns how to articulate them in production and to identify them in perception.

A�er the end of the critical period, the child loses the ability to easily learn to produce 

new phonological configurations. A possible way to look at this fact is by noting that the 

neural motor pathways become set a�er the critical period so that learning a new array of 

articulatory movements becomes difficult.
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as phonologically/linguistically di�erent. Phonological discrimination means 
recognition by the top-down systems that two sounds are linguistically/phono-
logically di�erent. For example, given the case that I discuss in that section, in my 
own pronunciation of English, there is no contrast between vowels /a/ and /æ/ 
insofar as I adjust the latter in a di�erent vowel; therefore the contrast between 
these two vowels is neutralized in my perception of English. I do not discriminate 
between them in the sense that I cannot recognize them as linguistically di�er-
ent. I can hear that they are acoustically di�erent but I do not know how they are 
phonologically di�erent, in the sense that I do no know how to account for their 
di�erence in articulatory terms, as discussed in Section 7.

Sounds that are recognized as linguistic by the top-down system obviously trig-
ger special linguistic behavioral responses insofar as they are recognized as linguisti-
cally relevant in the construction of vocabulary items. Notice that acoustic properties 
characterizing the foreign sounds will be considered linguistically irrelevant by the 
linguistic attentional system, and neglected by it—listeners will not pay attention 
to them, and the acoustic discrepancies brought about by them will be di�cult to 
detect linguistically, although they can be heard granted special attention. �erefore, 
as Kingston (2003) observes, the deafening observed in children does not mean an 
inability to hear di�erences between acoustic stimuli but rather refers to the weaken-
ing in the behavioral response to these di�erences. An infant is behaviorally deafened 
to foreign contrasts because he no longer responds di�erently when the stimulus 
changes from one member of a foreign contrast to the other. Although the infant can 
still hear the di�erent acoustic stimuli, he just does not respond to them, as it would 
to native phonological contrast, insofar as they are linguistically unimportant.

For adults, deafening likewise does not imply an inability to hear or access the 
acoustic signal, but rather a lack of an ability to recognize acoustic con�gurations as 
phonological entities, and therefore to discriminate acoustic di�erences as instances 
of phonological contrasts. However these acoustic di�erences can be heard if the 
adult speaker is made aware of them and pays su�cient attention. If adults were 
really deaf to foreign sound categories, they would never be able to learn a second 
language. Indeed, with enough focus adults can hear the phonetic contrasts of a 
foreign language, and can try to learn how to produce them articulatorily.

�is proposal is su�cient cause to warrant a reinterpretation of the Best’s �nd-
ings (1994, 1995). Best investigates how the adaptations of foreign sounds in�uence 
the listeners’ ability to discriminate di�erent foreign sounds from one another. �e 
primary di�erence in adaptations is between assimilation of two foreign sounds to 
two versus just one native sound, “two category” (TC) versus “single category” (SC) 
assimilations, respectively. Best observes that listeners discriminate the members 
of TC assimilations far better than SC assimilations. For example, English listeners 
can discriminate Zulu lateral fricatives /S - V/ well, insofar as they assimilate these 
two sounds to two di�erent segment categories. However, they do quite poorly with 
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the �ompson Salish ejective velar /k’/ and uvular /q’/ that are likely to assimilate 
to English [kh]. SC assimilations are further distinguished between those in which 
both foreign sounds assimilate equally to the single native category, as in the Zulu 
lateral fricative case, versus those in which the nonnative pair are both assimilated 
to a single native category, yet one may be more similar than the other to the native 
phoneme. �is is the case of Zulu aspirated /kh/ and ejective /kÁ/: they both assimi-
late to English /k/ but / kh/ is more similar to the English surface allophone /kh/. 
In the latter case, according to Best, the two foreign sounds di�er in “category 
goodness” (CG) with respect to the native category. �e members of such CG 
assimilations are more easily distinguished than the other type of SC. �us Best 
suggests that listeners’ success in distinguishing di�erent foreign sounds is ranked: 
TC > CG > SC. She also reports that listeners perform very well in discriminating 
sounds that cannot be easily assimilated to English sounds like the Zulu clicks.

Observe that all of these sounds are acoustically distinct for the listeners 
regardless of whether they are assimilated to native sounds or not assimilated (as with 
the clicks). Even in the case of the sounds entering a SC contrast, Best says that 
they are “heard as discrepant” by listeners (Best 1994:191). What changes is the 
listeners’ capacity to interpret non-native acoustic discrepancies as phonological 
contrasts by processes of identi�cation in the top-down system. �erefore, if the 
non-native sounds are identi�ed by the top-down system as involving distinct 
native phonological categories, they can be discriminated as di�erent. However, if 
the non-native sounds are identi�ed by top-down interpretation and adjustments 
as involving a single native phonological category, i.e. if there is perceptual “neu-
tralization”, then discrimination is obviously impossible. In the CG, one of the 
sounds does not undergo any adjustment in the top-down system (as there is no 
active constraint against it) while the other does. �is di�erence a�ects the perceptual 
process, and hence the actual perception of that sound.

10. A model of speech perception

Building on what is outlined above, I propose a speech perception model based on 
two components: (1) the assumption that both a bottom-up and top-down system 
are active in perception and (2) the idea that production in the top-down system 
has a fundamental part in perception of new words/utterances. To do this I turn 
to the analysis-by-synthesis model of speech recognition proposed by Halle and 
Stevens (1962) and adopted by Mattingly and Liberman in their motor theory of 
speech perception.

According to this analysis-by-synthesis model, the listener analyzes the 
acoustic input by deriving how it is produced by the speaker, synthesizes a virtual 
acoustic signal based on the output of this derivation, and matches the virtual 
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�e block diagram in (12) describes the architecture of the speech perception model 
proposed here. Italicized numbers in the text refer to the di�erent arrows in (12).26

�e input acoustic signal enters the bottom-up system and is placed in tempo-
rary memory storage pending completion of the analysis (1).

�e acoustic analysis in the bottom-up system identi�es its invariant acous-
tic properties and provides a discrete decomposition of the acoustic signal into 
acoustic landmarks and cues (2). �is analysis is generated by a general acoustic 
module, not speci�cally dedicated to linguistic signals.

�e representation that is so obtained is checked by the long term echoic 
memory storage system (3). �ere are two possibilities at this point. (I) If this 
acoustic representation does not match an already stored representation, that is, it 
is new or unfamiliar, it needs to be “apprehended”, i.e. identi�ed/recognized by the 
top-down system and goes to step (5). (II) If the acoustic representation matches 
an already stored representation, the latter becomes active. Once activated, the 
acoustic representation of familiar words/utterances in the echoic memory system 
on their turn directly activates the relevant conceptual structures (4). �e mean-
ing of an utterance can therefore be directly accessed from the acoustic input in 
this case. �is occurs when we are dealing with commonly used words, construc-
tions and sentences which need to be analyzed only when they are �rst learned 
and perceived. Eventually the analysis becomes automatic, and their meaning is 
automatically associated with the acoustic representation generated in the acoustic 
analysis phase in the bottom-up system. A new analysis by the top-down system 
would therefore be unneeded and non-economical. In this case, perception simply 
bypasses the top-down system.

If the acoustic representation needs to be “apprehended” by the top-down system, 
it is �rst sent to the phonological module where the invariant acoustic properties 
(landmarks and cues) are interpreted as articulatory features (5). For each feature 
there is a submodule that interprets the acoustic cues/landmarks of the signal and 
assigns a speci�cation to the feature. Intonational, metrical and other prosodic cues 
should provide a segmentation of the utterance into phrases and words.

�is surface representation of the utterance, which is “hypothetical” in so far 
as it is the outcome of inferences/interpretation by the phonological module, is 
sent to the working memory bu�er. Here it is parsed/analyzed in the synthesis 
component in (12) and the production system of the working memory bu�er (7).

6. I currently consider the architecture in (12) and the relative discussion of this section 

speculative. It is a way of putting together my hypotheses on how language is produced/per-

ceived and my ideas on how this system of perception/production is positioned in the mind/

brain architecture.
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A fundamental step in the analysis of this surface representation is the extrac-
tion of its underlying representation. �is is done by checking cohorts of vocabu-
lary item URs from the Dictionary against the hypothetical surface representation 
of the words provided by the phonological module. When a vocabulary item 
UR is chosen for the UR of a word, its morphosyntactic features and meaning is 
accessed in the dictionary and in the encyclopedia. �ese morphosyntactic features 
and meanings are checked against the morphosyntactic and semantic structures 
that are in the meanwhile generated in the synthesis component to account for 
the order of the elements and the phrasing in the representation of the utter-
ance ((9)–(10)). �e meaning of the generated structures is also checked against 
the general pragmatic context. I assume that all of these processes/derivations 
occur in parallel and will eventually converge in producing a morphosyntacti-
cally and semantically well-formed surface sentential representation. Recognition/
identi�cation/“apprehension” occur at this point, namely, when a well-formed and 
licit representation is constructed from the inputs provided by the phonological 
module. To see if this process is successful, however, it is necessary to wait for the 
further steps in (12)–(14) when a virtual acoustic image of the representation is 
produced and then compared with the acoustic input stored in the echoic memory 
bu�er, as discussed below.

In fact, the generated surface articulatory representation built from the 
inputs provided by the phonological module must be checked against the acous-
tic input to determine whether or not it is correct. �is is done by generating a 
virtual acoustic synthesis of this articulatory representation. First the articula-
tory representation is converted into complex sets of articulatory commands/
gestures (12). �ese commands are then implemented silently without actual 
muscular activity, thereby creating a virtual acoustic synthesis that is sent to a 
comparator module (13). In the comparator, virtual acoustic synthesis is checked 
against the acoustic input stored in the acoustic memory bu�er (14). If there is a 
successful match, the comparator instructs (15) the phonological working memory 
bu�er to read out the representation whose phonological content and morphologi-
cal, syntactic and semantic structure produced the match and to release it (16) as a 
perceptum to other cognitive modules (17).

At this point it is necessary to consider how the checking and matching of VI 
URs from the dictionary against the inputs provided by the phonological module 
is implemented. For the sake of simplicity I consider only what happens in the 
case of a word simply composed of a root. �e same must be done for all of the 
words and morphemes composing the utterance. �ere are several possibilities: 
(I) there is one UR that matches the featural con�gurations of the word provided 
by the phonological module; (II) �ere are more URs that have this perfect match 
(a case of homonymy); (III) �ere is a UR that matches the featural con�gurations 
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of the word provided by the phonological module only partly; or (IV) �ere are 
more URs that partly match these featural con�gurations. Consider possibility  
I and II �rst. In case I, there is no problem, the UR is chosen unless the morpho-
syntactic or semantic context are incompatible with that choice. In case II it is the 
morphosyntactic and semantic context that determines the selection of the UR.  
In this case, other similar URs must be tried and the one that is compatible with the 
context is chosen. In the cases III and IV, it is necessary to access the phonological 
component (11). �e processes (rules and repairs) included in this component are 
applied to the URs in the relevant order to generate surface representations (see 
Chapter 14 of Anderson (1992)). �e UR of the generated surface representation 
that matches the acoustic input of the word under analysis is chosen as the UR of 
this word unless this selection is incompatible with the context. Just as before, if 
there are more possible selections, the one compatible with the context is chosen. 
Again I assume that all of these derivations and processes run in parallel until a 
successful match is reached.

�e idea that speech is perceived by reference to production assumes that in 
the perception process, in particular in what I call apprehension, the listener has an 
active role: he is able to access abstract morphological and syntactic levels of rep-
resentation of the perceived utterance and compute its surface articulatory shape 
from these abstract levels. A successful perceptual act occurs when the acoustic 
shape of the articulatory representation derived in this perceptual computation 
matches the acoustic input in the auditory memory.

It is important to stress the fundamental role that the production system has 
in the model. Utterances are generated following the same steps as those discussed 
in the analysis above. �e morphosyntactic component generates the hierarchical 
organization of the sentence (10) which is also computed by the semantic compo-
nent (9). In this hierarchical structure the UR of the vocabulary items stored in the 
Dictionary are inserted (8). �e surface representation is then derived by applying 
the phonological and morphophonological processes of the morphophonological 
component (11). �e crucial di�erence is that the articulatory commands orga-
nized in the articulatory interface (12) are implemented in the muscular system, 
and therefore an actual acoustic signal is produced (18).

Observe that in addition to apprehension where the listener has an active 
role, simultaneously a more passive perceptual process can also occur as in the 
case of commonly used words, constructions and sentences. Although such items 
are analyzed when they are �rst learned and perceived, the analysis becomes 
automatic, and their meaning is automatically associated with the acoustic rep-
resentation generated in the acoustic analysis phase in the bottom-up system. 
As proposed above, in this case perception bypasses the phonetic module and 
working memory.
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�e model in (12) predicts both Top-down and Bottom-up e�ects in speech 
perception. �ese kinds of �ndings are o�en described as evidence for an inter-
action of “bottom-up” and “top-down” processes in perception (e.g. Klatt. 1980). 
Bottom-up processes analyze the acoustic signal as it comes in. Top-down pro-
cesses draw inferences concerning the signal based both on the fragmentary 
results of the continuing bottom-up processes and on stored knowledge of likely 
inputs. As discussed in the introduction, top-down processes can restore miss-
ing phonemes or correct erroneous ones in real words by comparing results of 
bottom-up processes against lexical entries, or they can generate gross departures 
of perceptual experience from the stimulus as observed in mishearings.

�e model in (12) accounts both for bottom-up analytic processes and a top-down 
constructions and restoration processes. �ey interact in the phonological working 
memory bu�er where the structures underlying heard utterances are constructed.

Consider how new words are learned according to (12). First of all, in this 
case, the dictionary will not play any role in the analysis. �e crucial component 
is the phonetic module that provides the featural inputs of the new words to the 
synthesis component that then constructs their complete representation. In partic-
ular it hypothesizes possible underlying representation for the new word and then 
derives their surface representation by applying to it the processes (rules/repairs) 
of L1. In the case of foreign words with unfamiliar sounds, the featural input pro-
vided by the phonological module cannot be used to construct licit featural repre-
sentations of segments/syllabic con�gurations. �e synthesis component must then 
adjust the featural input and construct representations that are licit according to the 
grammar of L1.

11. �e construction of underlying representations

As proposed above, learning a word requires an analytical process that involves the 
grammatical knowledge that is used in production. In this section, I consider the 
analytical process involved in the construction of URs and demonstrate that the 
URs that are constructed in the case of foreign words must be consistent with L1 
grammar. �ey must be “familiar”, or “interpretable” in terms of grammar of L1,.

Before committing a foreign word to long-term memory, its underlying rep-
resentation must be constructed. In Generative Grammar it is assumed that a 
UR ABC is postulated for a surface form AED in a language L when phonologi-
cal alternations or distributional patterns in L provide evidence for two ordered 
processes in (13):

 (13) a. C→  D/ ___ #
  b. B→ E/ ___ D
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As is well known, postulating a base form implies postulating a rule, and 
viceversa, given the evidence provided by the alternations in the language. �e 
L2 learner may have a limited access to the alternations needed to identify the 
UR of the L2 words. �is limited access may be due to the time constraints of 
language acquisition or to the fact that as an adult the learner no longer has the 
ability to recognize and appropriately analyze the phonological alternations of L2, 
�erefore faced with a non-native form, the learner tends to analyze it in terms 
of his L1 system.

Given the analysis-by-synthesis model proposed here, the analysis of a word 
requires the reverse application of the phonological derivation. �erefore given 
the two rules in (13), if the surface shape of the word is AED, an underlying ABC 
must be postulated so as to derive the surface AED.

In many cases the postulated UR does not need to be di�erent from the sur-
face L2 form. For example, if the L1 has an underlying distinction between voice 
vs. voiceless obstruents, and word-�nal devoicing, as in German, a speaker could 
assume an UR /gUd/ for English “good”, despite the fact that he will pronounce 
this word [gUt].

In some cases, however, a di�erent UR must be postulated. Take the Brazilian 
indigenous language Maxacalí. Wetzels (this volume) shows that Maxacalí nasal-
ity is contrastive only in the case of vowels. Nasal consonants are always derived 
by spreading the nasal feature of this vowel. In particular there is a rule spreading 
nasality from the vowel onto the syllabic onset of this vowel, making words such 
as *[bã]õn] impossible in this language.

 

(14)

 

s

R

N

X
X

+cons

+voice [–cons]

[+nasal]

Wetzels shows that in Brazilian Portuguese (BP) loanwords to Maxacalí, the 
original nasal onsets of the loanwords are analyzed as being the outcome of this 
spreading rule. As he puts it, “confronted with a nasal onset of an oral syllable, the 
speaker of Maxacalí interprets the nasal onset as an indication of the nasality of its 
nucleus.” �erefore faced with BP words such as those in (15), a Maxacalí speaker 
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postulates a UR where the nasality is a property of the vowel. �e rule in (14) then 
spreads the nasality onto the preceding voiced stop onset. �e result is that the 
speaker postulates a UR consistent with the L1 phonological system.

 (15)    BP Maxacalí

  Margarida ‘Margarida’ [mahganida] [mã]:adit]
  carneiro ‘sheep’ [kahnejnω] [kahnε«n]
  mesa ‘table’ [mez!] [me«ndŠa]
  moto ‘motorbike’ [mftω] [mo«tok]

Observe that if the vowel is interpreted as [−nasal] in the borrowing, its onset is 
also non- nasal, just as expected if nasality is a property of the vowel and nasality 
in onset is derived by rule.

 (16)    BP Maxacalí

  martelo ‘hammer’ [mahtεlω] [mbahtεt]
  canivete ‘pocketknife’ [kanivεt∫i] [kYdibεt]

Awareness of the rules and constraints of the L1 grammar, therefore, leads to the 
postulation of more abstract representations for L2, in particular the postulation 
of a representation for L2 consistent with the rules and constraints of L1. Consider 
some other examples. Nevins and Braun (this volume) discuss the following case 
involving the pronunciation of English by Brazilian Portuguese speaker in light of 
a BP rule changing the rhotic /r/ to a laryngeal fricative in word-initial position:

 (17) direto [dŠirεtu] vs. reto [hetu]

Interestingly, in their pronunciation of English, Brazilian speakers replace word-
initial /h/ with [r]:

 (18)  BP pronunciation

  home [rom] (or [hom])
  hug [r%:] (or [h%:])
  hunger [r%«:әr] (or [h%«:әr])

Nevins and Braun propose that when exposed to English words, a Brazilian 
learner observes that the rule debuccalizing [r] into [h] does not apply to English. 
When faced to word-initial /h/ in English, he then hypothesizes that it derives 
from underlying /r/ as in his own language. Given that he has postulated that 
r-debuccalization does not apply in English, this hypothesized /r/ surfaces in the 
English word as can be seen in (18). Again the UR postulated for these words is 
consistent with the grammar of L1.

Another example involves my own pronunciation of English. Italian does not 
have the laryngeal fricative /h/. When I speak English, I delete it especially when 
word initial. However, I also o�en insert a laryngeal fricative in the same context.
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 (19)  My pronunciation

  harbor [arbor]
  aisle [hayl]

A possible analysis would be that in the UR of the relevant English words in my 
long term memory, I do not have laryngeal fricatives as required by the Italian 
grammar. Given that I observe that English has /h/, especially in word-initial 
position, I hypothesize a rule of /h/-insertion to mask my problem. �e point is 
the UR of English h-initial words in my own lexicon is consistent with my own 
native grammar.

1. Galileo, Saturn and the pharyngeal vowels

In this concluding section, I will consider Jacobs and Gussenhoven’s (2000) objec-
tion to the idea that a model that assumes that foreign sounds are modi�ed in  
perception predicts that people cannot hear segmental contrasts that do not occur 
in their own language. According to this argument, if this is true, we would expect 
major problems when the speaker of languages with small segment inventories, 
like Tahitian or Maori are exposted to languages with larger inventories such as 
English. For example, as the former languages lack the /t/ and /s/, one may pre-
dict that speakers of these languages would be incapable of hearing the di�erence 
between these two segments given that their languages do not have this opposition. 
However, as Jacobs and Gussenhoven observe, this is di�cult to reconcile with the 
common �nding that language users appear to be capable of hearing (at least some) 
non-native segments with ease. I agree with them. Kant also observed that raw 
sensation is di�erent from interpretation; i.e. having a sensation is di�erent from 
understanding it. A monolingual Tahitian or Maori speaker will hear that the 
English /s/ and /t/ are di�erent sounds. �e issue is that he cannot understand how 
they are produced, and therefore their identi�cation remains fuzzy and unclear.

With this in mind, I want to draw a parallel from the history of science to 
explain this idea better. Eco (1977) conveys that when Galileo looked at Saturn for 
the �rst time, he saw something never seen before. In his various letters to friends 
and colleagues, Galileo described the e�orts he made (as he looked) to understand 
the shape of Saturn. For example, in three letters (to Benedetto Castelli, 1610, to 
Belisario Giunti, 1610; and to Giuliano de Medici, 1611), he says he saw not one 
star but three joined together in a straight line parallel to the equinoctial; he rep-
resented this in an drawing like the one below:

 
(20)
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But in other letters (e.g. to Giuliano de Medici, 1610; and to Marco Velseri, 1612) 
he admits that owing “to the imperfection of the instrument and the eye of the 
observer”, Saturn might also appear, as in (21), “in the shape of an olive”.

 
(21)

 

�e �gure clearly reveals that, since it is wholly unexpected for a planet to be sur-
rounded by a ring (which apart from anything else clashed with every notion held 
at the time with regards to heavenly bodies), Galileo was trying to understand 
what he could see; he was laboriously attempting to construct a (new) mental rep-
resentation of Saturn.

A�er looking at the star and studying the situation for some time, (see his let-
ter to Federigo Borromeo in 1610) Galileo �nally decided that it was not a matter 
of two small round bodies but of larger bodies “and of a shape no longer round, 
but as can be seen in the enclosed �gure, two semi-ellipses with two very obscure 
little triangles in the middle of the said �gures, and contiguous to Saturn’s middle 
globe.” �is consideration led Galileo to a third representation, (22):

 

(22)

 

Note that Galileo did not recognize the existence of rings, otherwise he would 
have written not of two semi-ellipses but of an elliptical band. It is only in trying to 
convey on paper the essential features of what he observed that Galileo gradually 
began to “see”, to perceive Saturn and its rings. He �nally “understood” its nature. 
Prior to that, Galileo could not recognize or identify what he was seeing, and he 
had to interpret it by trying di�erent mental representations.

Observe that the sensation, or better the “sensory intuition”, is still there 
before the interpretation. Our interpretation of the world does not change that. 
�erefore, Galileo was obviously able to distinguish what he was seeing in the case 
of Saturn from what he was seeing in the case of Jupiter. If, a�er his �rst viewing 
of Saturn, he had been asked if this new planet resembled Jupiter, he would have 
answered that it did not.

I claim that the same occurs in our perception and representation of foreign 
sounds. Once I attended a �eld method course with an Abhkaz speaker. In one 
of the classes, the informant uttered words with pharyngealized vowels. I had the 
distinct feeling that they were di�erent from the plain ones, but I was not certain 
about the nature of this di�erence. Upon a second hearing, I mistakenly perceived 
them as fronted vowels, as diphthongs composed of a plain vowel plus something 
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else, and even as plain vowels. Only in later classes, a�er being told how to pro-
nounce them, and having read some literature on the topic and having practiced 
pronouncing them, did I gain the ability to distinguish them from the plain ones in 
words that were pronounced slowly. Only a�er all this background could I begin 
to identify them, albeit only tentatively and in slow speech.

I wonder how to characterize this learning that had occurred to me. I heard these 
strange sounds, which were totally new to me (though admittedly there is a certain 
advantage in being a phonologist and knowing that pharyngealized vowels exist). 
While hearing utterances with these vowels, my phonological module constructed 
a �rst articulatory mental representation of these words, a sensory intuition. In the 
case of the pharyngealized vowels, the representations may have included the feature 
[+RTR]. In the phonological working memory bu�er where phonology is accessed, 
incomplete representations or representation with the feature combination 
[−consonantal, +RTR] were illicit, and had to be adjusted by phonological opera-
tions, i.e. by repairs, in an attempt to produce a recognizable, familiar representation 
of these sounds, so as to apprehend them. �ese were illusory representations.

When, with training and e�ort, I learned to coordinate a [+RTR] con�gura-
tion of the tongue root with a [−consonantal] stricture, I was able to match my 
internal representation of these sounds with their acoustic shape and I recognized 
them more or less well. But this was just tentative, and temporary, insofar as being 
an adult, I could not learn to articulate pharyngeal vowels, and I will always have 
both articulatory and perceptual problems with them. Obviously all of this was 
occurring in a very special context, a �eld method course, and I was being taught 
about pharyngeal vowels. Normal speakers are not so lucky and they will normally 
stop at the stage of the illusory representations. �ey may indeed feel that for-
eign sounds are auditorily di�erent from other sounds, but they cannot identify or 
understand them because they cannot articulate them. In this case they will adjust 
them phonologically into sounds that are licit and articulatorily possible.

Articulating a sound and perceiving it, in the sense of apprehending it, is the 
same thing. To conclude with Giovann Battista Vico (1688–1744), verum et factum 

reciprocantur seu convertuntur. �e human mind can know only what the human 
mind has made. Still, reality (acoustic reality, in the cases discussed here) is out 
there to check us, to control us, to stimulate us to change…
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