
The motor theory of speech perception (see, e.g., Liber-
man, Cooper, Shankweiler, & Studdert-Kennedy, 1967; 
Liberman & Mattingly, 1985) is among the most cited 
theories in cognitive psychology.1 However, the theory 
has had a mixed scientific reception. On the one hand, it 
has few proponents within the field of speech perception, 
and many authors cite it primarily to offer critical com-
mentary (e.g., Sussman, 1989). On the other hand, it is 
perhaps the only theory of speech perception recognized 
outside the field of speech, and there, its reception has 
been considerably more positive (e.g., Rizzolatti & Arbib, 
1998; Williams & Nottebohm, 1985).

With the deaths of Alvin Liberman and Ignatius Mat-
tingly, the two investigators who contributed most to the 
development of the theory, it is timely to review its main 
claims in order to determine which of them should be set 
aside and which deserve further consideration. The three 

main claims of the theory are the following: (1) Speech 
processing is special (Liberman & Mattingly, 1989; Mat-
tingly & Liberman, 1988); (2) perceiving speech is per-
ceiving vocal tract gestures2 (e.g., Liberman & Mattingly, 
1985); (3) speech perception involves access to the speech 
motor system (e.g., Liberman et al., 1967).

We will argue that the first claim is difficult to evaluate 
because it has several readings: (1a) that speech perception 
is special with respect to audition, in that its objects are not 
the proximal acoustic patterns but the distal gestures that 
generated the acoustic patterns; (2a) that speech is special 
with respect to audition, in that it implies recruitment of 
the motor system in perception; and (3a) that speech is 
produced and processed by a piece of neural circuitry that 
represents a specialization in the biological sense. We will 
argue that unless (1a) and (2a) are interpreted very nar-
rowly, they are disconfirmed by the available evidence and 
that evidence for (3a) is difficult to obtain. However, we 
will argue that (2) and (3), the most radical claims of the 
theory, should not be dismissed.

As for (2), we will review some of the evidence relevant 
to the claim and argue that although each piece of evidence 
can be individually explained by alternative accounts, these 
accounts differ for each piece of evidence, whereas (2) pro-
vides a single coherent account of all of the findings.

As for (3), the core claim of the theory, we will review 
an extensive body of evidence compatible with the claim. 
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Our review will cover findings of perception–motor links, 
both at the neural and at the behavioral levels, in domains 
of increasing generality. We will begin with the specific 
domain of speech perception, then will consider the more 
general domain of animal communication, and finally, 
will move beyond communication, covering the domain of 
perception in general. In this context, we will review both 
findings that motor competence3 is accessed in perception 
and findings that the motor system itself is involved in 
perceptual tasks. Our conclusion will be that the evidence 
supports (3) in its most general sense.

This article has five sections. In the first section, we 
will describe the successive versions of the motor theory 
of speech perception, illustrating how the theory has un-
dergone progressive abstraction and has progressively 
placed more emphasis on speech as an evolutionary ad-
aptation special to humans. In the next three sections, we 
will discuss each of the three main claims of the theory 
individually. In the final section, we will offer a summary 
evaluation of the motor theory of speech perception and 
remark that the core lesson learned by Liberman and col-
leagues from half a century of empirical research is, in the 
end, rather simple: Cognition, like any product of evolu-
tion, cannot be understood in isolation but needs to be un-
derstood as embedded in a meaningful ecological context 
and embodied in biologically plausible perceiving–acting 
systems. We will conclude by arguing that the pursuit of 
such a broad scientific perspective places the motor the-
ory of speech perception in close connection with much 
of the theorizing and research in contemporary cognitive 
science.

The moTor Theory  
of speech percepTion

speech perception as Association Learning
Liberman and colleagues first developed their motor 

theory (Liberman, 1957; Liberman, Delattre, & Cooper, 
1952) to explain some surprising experimental findings. 
The experiments had been stimulated by an unexpected 
failure of a reading machine, intended for the blind, in 
which an acoustic alphabet composed of arbitrary sounds 
substituted for an orthographic one (see Liberman, 1996, 
chap. 1). The failure of participants to learn appeared to 
be due to their inability to perceive alphabetic sequences 
at practically useful rates. At those rates, the participants 
could not identify the individual sounds in the sequence; 
rather, the sounds merged into a holistic blur. The prob-
lem, it seemed to Liberman and colleagues, was that the 
sequences of discrete sounds exceeded the temporal re-
solving power of the auditory system. This outcome led 
to the question of why listeners can perceive speech at the 
rapid rates that they do and to research designed to reveal 
how the acoustic signal encodes the consonants and vow-
els of spoken words.

Liberman and colleagues (Liberman, 1957, 1996; 
Liberman et al., 1952; Liberman, Delattre, Cooper, & 
Gerstman, 1954) used the sound spectrograph to explore 
the acoustic structure of speech and the Pattern Playback4 

to test their hypotheses about how the acoustic signal 
specifies the phonetic segments of syllables, words, and 
sentences. In this way, they discovered that phonetic seg-
ments are coarticulated. That is, vocal tract gestures for 
successive consonants and vowels overlap temporally. For 
Liberman, coarticulation was a very important feature of 
speech because, if information for the phonetic segments 
overlaps, information for each segment can span a lon-
ger interval of time, and the ear can resolve the segments 
temporally. In Liberman’s words, speech is not an acoustic 
“alphabet” or “cipher,” but an efficient “code” (Liberman 
et al., 1967).

However, coarticulation has other consequences as well: 
The acoustic speech signal is highly context sensitive, 
and it has no discrete phone-sized segmental structure. 
For example, Liberman and colleagues (Liberman et al., 
1952; Liberman et al., 1954) found that both of the main 
acoustic cues for stop consonants—the bursts of energy 
generated during release of the stop constriction and the 
formant transitions that occur as the constriction for the 
consonant gives way to that for the following vowel—are 
highly context sensitive.

As for energy bursts, Liberman et al. (1952) found that 
an invariant burst, centered at 1440 Hz, sounded like /p/ 
before the vowels /i/ (ee) and /u/ (oo) but like /k/ before 
/a/ (ah). Liberman et al. (1952) recognized that due to 
coarticulation, getting a stop burst centered at 1440 Hz 
required a labial constriction before /i/ and /u/ but a velar 
constriction before /a/. In other words, information about 
coarticulation caused the same bit of acoustic signal to be 
identified as different phonetic segments.

As for formant transitions, Liberman et al. (1954) found 
that the second formant transitions of the two-formant 
synthetic syllables /di/ and /du/ are markedly different 
(see Figure 1). The transition of /di/ is high and rising to 
the level of the high second formant for /i/. That for /du/ 
is low and falling to the low level of the second formant 
for /u/. In these synthetic syllables, there is no invariant 
acoustic structure for the /d/s, but they sound alike. Liber-
man (e.g., 1957) recognized that there was something 
common to the two /d/s—namely, the way in which they 
are produced. Both are produced by a constriction gesture 
of the tongue tip against the alveolar ridge of the palate. 
Whereas, in the /pi/–/ka/–/pu/ example, the same bit of 
acoustic signal—which, due to coarticulation, has to be 
produced by different constriction gestures—causes dif-
ferent percepts in the context of different vowels, in the 
/di/–/du/ example, acoustically very different transitions 
underlie an invariant percept when the underlying conso-
nantal articulation is the same.

These findings led to a generalization. When acoustic 
patterns are different but the articulatory gestures that would 
have caused them in natural speech are the same, or vice 
versa, perception tracks articulation (Liberman, 1957).

The earliest version of the motor theory reflected Liber-
man’s training as a behaviorist (see Liberman, 1996). 
Liberman (1957) proposed that infants mimic the speech 
they hear and that this leads to associations between ar-
ticulation and its sensory consequences, on the one hand, 
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and the acoustic signals that the movements generate, on 
the other hand. Accordingly, for the syllables /di/ and /du/, 
a tongue tip constriction and its sensory consequences are 
associated with the context-sensitive acoustic information 
for /d/ in each syllable. Perhaps by a process of acquired 
similarity, whereby associating different acoustic signals 
for the syllables to the same response makes the syllable-
initial consonants sound alike, the /d/s come to sound the 
same to listeners (cf. Lawrence, 1949, 1950). Another 
process, of acquired distinctiveness, may explain how 
similar acoustic signals (such as similar energy bursts) 
with different underlying articulations come to sound 
distinct. eventually, overt mimicry is short-circuited. For 
skilled perceivers, the consequence of the memory repre-
sentations established by mimicry is that “the articulatory 
movements and their sensory effects mediate between 
the acoustic stimulus and the event we call perception” 
(Liberman, 1957, p. 122).

As we will see in the next section, this version of the 
motor theory did not endure.

speech perception as a  
human evolutionary Achievement

Beginning in the 1960s, there was a paradigm shift 
in experimental psychology from behaviorism to cogni-
tive psychology, and language was at its core (Chomsky, 
1959; Skinner, 1957). Consistent with this paradigm shift, 
two lines of research began to challenge the association-
 learning mechanism invoked by Liberman (1957). On the 
one hand, there was research on animal communication that 
demonstrated the existence of many species-typical innate 
communicative behaviors (e.g., Nottebohm, 1970). On the 
other hand, there was research on prelinguistic infants that 
demonstrated that babies were able to detect most phonetic 
contrasts at birth (e.g., eimas, Siqueland, Jusczyk, & vig-
orito, 1971).5 Influenced by these findings (see Liberman, 
1996, chap. 1), Liberman and colleagues changed their 

explanation for the motoric nature of the speech percept. 
Whereas the explanation offered in the 1950s invoked on-
togenetic learning processes (Liberman, 1957), the new 
account invoked phylogenetic adaptations unique to our 
species (Liberman et al., 1967). In particular, Liberman 
et al. (1967) argued that the adaptations consisted of the 
skills to coarticulate speech and to perceive coarticulated 
speech. Given that neither skill would be useful without 
the other, they concluded that the two skills had to have 
coevolved. To Liberman and colleagues, the simplest way 
to ensure the coevolution of the two skills was for them 
to be linked via a single mechanism (cf. Alexander, 1962, 
whose similar argument will be presented below). Liber-
man et al. (1967) suggested either of two possibilities for 
such a mechanism. They proposed analysis by synthesis 
(cf. Halle & Stevens, 1962; Stevens, 1960), in which the 
listener analyzed the acoustic input, guessed at how it was 
produced by the speaker, synthesized a virtual acoustic 
signal based on the guess, and matched the virtual to the 
actual signal. Given a sufficiently close match, the lis-
tener achieved a percept that corresponded to the invari-
ant motor commands sent to the musculature underlying 
the vocal tract actions that produced the acoustic signal. 
These, like articulation and its sensory consequences in 
the early motor theory, were presumed to be invariant for a 
given phoneme. A second, undeveloped proposal was that 
neural networks for production and perception allowed 
for crosstalk (cf. Liberman, Cooper, Studdert-Kennedy, 
Harris, & Shankweiler, 1968).

speech perception as the  
output of a phonetic module

The notion of module, introduced in Fodor’s (1983) 
Modularity of Mind, offered a new context within which 
the speech mechanism proposed by Liberman and col-
leagues in 1967 gained credibility (Liberman & Mat-
tingly, 1985). A module, in Fodor’s view, is a neural sys-
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figure 1. spectrographic patterns for the two two-formant synthetic syllables 
/di/ and /du/. note the difference in formant transitions, marked by the dotted 
ovals.
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tem forged by evolution to perform a specific task that 
requires eccentric processing—that is, processing spe-
cial to its particular domain. According to Fodor, there 
are many such modules, including, for example, neural 
systems underlying sound localization in audition and 
depth and color perception in vision. The speech mecha-
nism proposed in the 1960s by Liberman et al. (1967) was 
now seen by Liberman and Mattingly (1985), as well as 
by Fodor, as a phonetic module—that is, as just another 
example of a common kind of system.

Findings of duplex perception (Mann & Liberman, 
1983; Whalen & Liberman, 1987) provided evidence for 
a phonetic module. In one version of the finding, most of 
a three-formant syllable (the base) is presented to the lis-
tener’s left ear. The remaining part of the syllable—either 
of two third-formant transitions that, when integrated with 
the base, sound like /da/ or /ga/—is presented to the right 
ear. Listeners’ perceptions are duplex. They hear unam-
biguous /da/ or /ga/ in the left ear, and they hear the tran-
sition as a nonspeech “chirp” in the right ear, a percept 
like the one elicited by the third-formant transition when 
presented alone. Moreover, when a continuum of transi-
tions between those for /da/ and /ga/ is presented in the 
ear opposite the base, speech discriminations look cat-
egorical; chirp discriminations do not. A finding that the 
same acoustic fragment is perceived in two ways at the 
same time suggested to Liberman and colleagues that two 
perceptual systems underlie the distinct percepts (but see 
Fowler & Rosenblum, 1990, for an alternative explana-
tion). That one percept is phonetic and the other is homo-
morphic6 (Liberman & Mattingly, 1989) with the acoustic 
signal suggests that one of these perceptual systems is the 
phonetic module; the other is the auditory system.

In the modular version of their theory, Liberman and 
Mattingly (1985) retained from the previous version the 
idea that the objects of speech perception are motoric, but 
they developed a new understanding of these objects.

In the 1967 version of the theory, the motoric objects 
were understood by Liberman and colleagues as invari-
ant motor commands to muscles that moved anatomical 
structures—that is, the individual vocal tract articulators. 
However, this idea faced two challenges. First, there was 
evidence for considerable context sensitivity in the mus-
cle activity driving the articulators’ movements and, by 
implication, in the motor commands that underlay that 
activity (e.g., MacNeilage, 1970). Second, three related 
theoretical developments made the idea that the phonetic 
invariances were to be found in motor commands to ana-
tomical structures ever more implausible. Turvey (1977) 
developed a theory of action in which the motor system 
was to be understood in terms of functional units—called 
coordinative structures (cf. easton, 1972)—rather than 
anatomical structures. Next, Fowler, Rubin, Remez, and 
Turvey (1980) extended Turvey’s theory to the domain 
of speech production. Finally, Browman and Goldstein’s 
articulatory phonology (Browman & Goldstein, 1986) 
identified coordinative structures as fundamental linguis-
tic units that they called phonetic gestures (see note 2).

Liberman and Mattingly (1985) adopted Browman and 
Goldstein’s (1986) phonetic gestures as motoric objects 
of speech perception, but, due to their belief that coar-
ticulation irreparably distorts gestures when they are im-
plemented in the vocal tract, they were forced to make a 
distinction between the gestures intended by the speaker 
at a prevocal, linguistic level and the actual movements 
that occur in the speaker’s vocal tract. And given that, for 
speech to serve its communicative function, speakers and 
listeners must converge on one and the same linguistic 
currency (see the Speech Perception as Parity Preserv-
ing section below). Liberman and Mattingly identified in-
tended gestures, and not actual vocal tract actions, as the 
fundamental objects of speech perception.7

speech perception as parity preserving
A theoretical concept that Mattingly and Liberman de-

veloped in the last years of their theorizing was that of 
parity (Mattingly & Liberman, 1988). In its last formula-
tion, this time by Liberman and Whalen (2000), the no-
tion of parity was interpreted in three ways. One is that 
listeners and talkers have to converge on what counts as 
a linguistic action. As Liberman and Whalen put it, “/ba/ 
counts but a sniff does not” (p. 189). A second is that pro-
totypically, phonetic messages sent and received must be 
the same. The third one is that the production and percep-
tion specializations for speech must have coevolved and 
have done so because, for Liberman and colleagues, they 
are most likely one and the same specialization.8

Liberman and colleagues recognized that parity is a 
very important constraint on the design of language: If it 
is broken, speech does not serve its communicative func-
tion. For this reason, Liberman (1996) adopted parity as a 
theoretical touchstone. Any theory of speech must explain 
how the parity requirement is met.

speech processing is speciAL

As we noted above, the evaluation of the claim that 
speech processing is special is difficult because the claim 
has at least three readings, which, for convenience, we will 
reiterate here: (1a) is that speech perception is special with 
respect to audition in that its objects are not the proximal 
acoustic patterns; (2a) is that speech is special with re-
spect to audition in that it implies recruitment of the motor 
system in perception; and (3a) is that speech is produced 
and processed by a piece of neural circuitry that represents 
a specialization in the biological sense.

To complicate matters, the three readings are difficult 
to interpret themselves, primarily because the term spe-
cial is ambiguous. For example, (1a) cannot be interpreted 
as meaning that speech perception is the only auditory 
process whose objects are distal properties, because, as 
Liberman and colleagues understood (e.g., Liberman & 
Mattingly, 1985), there are other well-known auditory 
processes whose objects are distal properties, such as pro-
cesses underlying sound localization.9 However, if we take 
(1a) in a weaker sense, as meaning that speech percep-
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tion is one of the auditory processes whose objects are 
distal properties, the aptness of the term special seems to 
depend on how common the state of affairs described by 
the claim is. Recent evidence suggests that listeners quite 
generally perceive distal properties auditorily (Carello, 
Anderson, & Kunkler-Peck, 1998; Carello, Wagman, & 
Turvey, 2005; Kunkler-Peck & Turvey, 2000).10 Moreover, 
even the best evidence in favor of (1a), duplex perception 
(Mann & Liberman, 1983; Whalen & Liberman, 1987), 
has been replicated in a domain (perception of slamming 
doors) in which inferences from duplex perception to a 
special perceiving mechanism are highly implausible 
(Fowler & Rosenblum, 1990).

(2a) is also open to different interpretations. The claim 
can be read in a strong sense, to mean that audition is 
the only perceptual system that implies recruitment of the 
motor system. Or it can be read in a weaker sense, to mean 
that speech perception is special because, within audition, 
it is the only process that implies recruitment of the motor 
system. There is plenty of evidence that in its strong sense, 
(2a) is false. In fact, as we will show below, motor recruit-
ment in perception is general and widespread. Moreover, 
some of the evidence concerns auditory processes that 
have nothing to do with speech (Kohler et al., 2002), sug-
gesting that (2a) is likely to be false even in its weaker 
form.

As for (3a), we will not take a stand here on whether 
there is a bit of neural hardware specifically dedicated to 
speech. In our view, the only evidence that would support 
(3a) in full would be findings that some circuit of the ner-
vous system is active if and only if speech is perceived or 
produced. At the moment, such evidence is difficult to ob-
tain. Research conducted under a weaker criterion—that 
is, a finding that some circuit of the nervous system is 
active if speech is either perceived or produced—suggests 
that speech is processed by a neural circuit different from 
the circuit that processes nonvocal sounds (Belin, Zatorre, 
Lafaille, Ahad, & Pike, 2000; Whalen et al., 2006). How-
ever, the neural circuit that processes speech seems to 
be the same as the one that processes other nonphonetic 
vocal sounds (e.g., laughs or coughs). In other words, (3a) 
may also be false; the neural specialization for speech, if 
it exists, may be for vocal sounds in general (or even more 
generally, for the acoustic consequences of action; Kohler 
et al., 2002), not for speech per se.11

perceiving speech is  
perceiving gesTures

A controversial claim of the motor theory of speech 
perception is that the objects of speech perception are the 
speakers’ vocal tract gestures and not the acoustic pat-
terns that the gestures generate in the air. Given that under 
normal circumstances, the acoustic patterns and the ges-
tures that caused them necessarily co-occur, what would 
count as evidence that perceptual objects are gestural and 
not acoustic? Here, we will consider four diverse kinds 
of evidence (see Goldstein & Fowler, 2003, for a more 
extensive review).

The first was proposed by Liberman (1957). He asked, 
“when articulation and sound wave go their separate ways, 
which way does perception go?” (p. 121). His answer was 
that perception goes with articulation. Liberman knew 
that the question as posed was not wholly accurate. As 
we remarked above, articulation is the cause of the sound 
wave, and hence, they cannot “go their separate ways.” 
However, due to coarticulation, sometimes they seem to, 
providing an opportunity to assess the nature of percep-
tual speech objects. The relevant evidence was provided 
by the findings reviewed earlier (Liberman et al., 1952; 
Liberman et al., 1954) that very different second-formant 
transitions can signal /d/ in the synthetic syllables /di/ and 
/du/ and that identical stop bursts can signal /p/ and /k/ 
before different vowels.

A second kind of evidence is provided by the fact that 
some gestures may be specified by information other than 
that in air pressure waves. In particular, information pres-
ent in reflected light or skin pressure patterns may specify 
some phonetic gestures (e.g., labial gestures). When it 
does, we can ask whether speech perception is responsive 
to these additional sources of information. The answer to 
the question is yes. For example, seeing a speaker produce 
one syllable while listening to a different syllable can af-
fect how the heard syllable is perceived (the McGurk ef-
fect; e.g., Massaro, 1987; McGurk & MacDonald, 1976). 
Another example is the finding that listeners perceive 
speech in noise more accurately when they can see the 
speaker than when they cannot (Sumby & Pollack, 1954). 
These effects have been replicated when the syllable is not 
seen but is perceived haptically (Fowler & Dekle, 1991; 
Gick, personal communication, August 25, 2004).

A third kind of evidence derives from the prediction 
that if listeners perceive gestures, speech imitation should 
be very fast, because speech percepts may serve as in-
structions for imitation. Imitative responses to speech are 
very fast (Fowler, Brown, Sabadini, & Weihing, 2003; 
Kozhevnikov & Chistovich, 1965; Porter & Castellanos, 
1980; Porter & Lubker, 1980). In order to explain why 
these findings imply perception of gestures, we need to 
undertake a brief detour.

Two of the tasks commonly used in the reaction time lit-
erature are the simple and the choice tasks. In simple tasks, 
participants produce the same detection response to differ-
ent stimuli. For example, they might hit the same response 
button with their right hand when they see either a square 
or a rectangle. In choice tasks, participants make different 
responses to different stimuli. For example, they might 
hit a button with their right hand when they see a square 
and hit a button with their left hand when they see a rect-
angle. According to Luce (1986), choice reaction times 
typically exceed simple times by about 100–150 msec, 
because there is an element of choice in the choice task that 
is absent in the simple task. That is, to make a response in the 
simple task, participants merely have to detect the stimulus, 
whereas in the choice task, they have to identify the geomet-
ric shape and choose which button to press on that basis.

However, the element of choice in the choice task can 
be reduced when the stimulus provides nonarbitrary in-



366    GALANTuCCI, FOWLeR, AND TuRvey

formation useful for the response. In our example, if the 
square (which calls for a right-hand response) is presented 
on the right and the rectangle (which calls for a left-hand 
response) is presented on the left, choice response times 
are shorter than response times to stimuli presented in the 
center (umiltà, Rubichi, & Nicoletti, 1999; see also Hi-
etanen & Rama, 1995).

In choice tasks that use spoken stimuli and spoken re-
sponses, the element of choice may be similarly reduced if 
the stimuli provide nonarbitrary information useful for the 
responses. Several studies have shown that this is the case 
(Fowler et al., 2003; Kozhevnikov & Chistovich, 1965; 
Porter & Castellanos, 1980; Porter & Lubker, 1980). For 
example, Fowler et al. (2003) presented the speech of a 
model speaker producing an extended /a/ vowel, followed 
at an unpredictable time by one of the three Cv sylla-
bles /pa/, /ta/, or /ka/. In the simple task, the participants 
shadowed the /a/ vowel, and as soon as they detected the 
model shifting to one of the Cv syllables, they always pro-
duced the same designated syllable: /pa/ for one third of 
the participants and /ta/ and /ka/ for the remaining thirds. 
In the choice task, the stimuli were the same, but now 
the participants produced an imitative response. That is, 
they shadowed /a/, and as soon as they detected the model 
shifting to /pa/, /ta/, or /ka/, they produced /pa/, /ta/, or 
/ka/, respectively. Fowler et al. (2003) found a 26-msec 
difference between the two tasks, a result that replicates 
earlier findings by Porter and Castellanos and by Porter 
and Lubker (see also Kozhevnikov & Chistovich, 1965). 
These differences are far less than the 100- to 150-msec 
differences between simple and choice tasks reported by 
Luce (1986). Moreover, the simple response times are in 
the range of those of the simple task studies summarized 
by Luce (1986). In other words, the results by Fowler et al. 
(2003), as well as those by Porter and colleagues, sug-
gest that the element of choice in the choice task had been 
reduced. This reduction is understandable if perceiving 
speech is perceiving gestures.12 In that case, what is per-
ceived provides instructions for the required response—
indeed, reducing the element of choice. However, if per-
ceiving speech is perceiving acoustic objects per se, the 
element of choice remains substantial; the stimuli are 
acoustic, but the responses are actions.

A second finding of the study by Fowler et al. (2003), 
reinforcing the interpretation that perceiving speech is per-
ceiving gestures, was obtained in the simple task. On one 
third of the trials in this task, the Cv syllables produced by 
the model matched the participant’s designated syllable. 
For example, the model’s Cv might have been /pa/, and 
the designated response was also /pa/. On two thirds of 
the trials, the model’s Cv mismatched the participant’s 
designated response. Response times on matching trials 
were significantly shorter than those on mismatching tri-
als. Again, if perceiving speech does not imply perceiving 
gestures, this difference is difficult to explain. However, if 
listeners do perceive gestures, the model’s matching sylla-
ble may have served as a goad for an imitative response. 

A final kind of evidence tests the prediction that if lis-
teners perceive gestures, their parsing of the speech signal 

should be sensitive to the acoustic effects of coarticulated 
gestures. That is, the signal should be processed so that 
acoustic information for a given gesture is used as informa-
tion for that gesture even when its acoustic consequences 
overlap with the acoustic consequences of another gesture. 
Figure 2 illustrates this idea metaphorically. Figure 2A 
shows the acoustic consequences of two gestures that 
overlap in time, captured in a space in which the x-axis is 
time and the y-axis reflects the relative prominence of the 
gestures’ acoustic consequences. As Figure 2A illustrates, 
during the time in which the two gestures overlap (the gray 
region in the figure), the acoustic consequences for the 
two gestures are mixed. In Figure 2B, the mixing of the 
acoustic consequences of the two gestures is eliminated 
by situating the acoustic signal in a space that captures the 
signal’s gestural causes.

There is considerable evidence that listeners situate the 
acoustic signal in a space that captures its gestural causes 
(summarized by Fowler, 2006). On the one hand, there is 
evidence that listeners perceptually separate the acoustic 
information for, say, Gesture A in the acoustic domain of 
Gesture B from the acoustic information for Gesture B 
( perceptual separation). On the other hand, there is evi-
dence that listeners ascribe the acoustic consequences of 

Time

Time

A

B

figure 2. metaphorical illustration of the concept of gestural 
parsing. panel A shows the acoustic consequences of two gestures 
that overlap in time, captured in a space in which the x-axis is 
time and the y-axis reflects the relative prominence of the ges-
tures’ acoustic consequences. As panel A illustrates, during the 
time in which the two gestures overlap (the gray region in the 
figure), the acoustic consequences for the two gestures are inextri-
cably mixed. in panel B, the mixing of the acoustic consequences 
of the two gestures is eliminated by situating the acoustic signal in 
a space that captures the signal’s gestural causes.
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Gesture A in the acoustic domain of Gesture B to Ges-
ture A (acoustic ascription).

Mann and Repp (1980) have provided an example of 
perceptual separation. They found that listeners report 
more ss along an /s/ to /S/ (sh) continuum when the con-
sonant precedes /u/, a lip-rounded vowel, than when it pre-
cedes /a/. Coarticulatory lip-rounding in the consonant 
has the acoustic consequence of lowering its frequency 
spectrum, lowering the high frequencies of /s/ toward the 
lower frequencies of /S/. The finding of more s responses 
preceding /u/ suggests that listeners are separating the 
spectrum-lowering effects of anticipatory lip rounding 
from the acoustic consequences of the consonant (Mann 
& Repp, 1980).

Whalen (1984) has provided an example of acoustic as-
cription. He presented listeners with /s/ or /S/ consonants 
followed by /u/ or /a/ vowels and asked them to identify 
the vowels. Half of the syllables were cross-spliced so 
that, for example, an /u/ vowel was spliced onto an /s/ 
or /S/ consonant that had been produced in the context 
of an /a/. The other half of the syllables were spliced so 
that, for example, an /u/ vowel was spliced onto an /s/ or 
/S/ consonant that had been produced in the context of a 
different /u/ vowel. Response times to identify the vowels 
were longer for cross-spliced than for spliced syllables. In 
other words, listeners used coarticulatory information for 
the vowel in the domain of the consonant as information 
for the vowel. They were misled when the information was 
misleading—that is, in cross-spliced syllables. In short, 
listeners ascribed to the vowels the acoustic consequences 
of the vowels present in the consonants, the same acoustic 
consequences that Mann and Repp (1980) showed were 
separated from the /s/ and /S/ consonants.

The different classes of research findings reviewed in 
this section can be given alternative explanations in theo-
ries that negate the claim that the vocal tract gestures are 
the objects of speech perception. For example, Massaro 
(1998) has proposed that the McGurk effect is the result of 
prototypes in memory that specify the optical and acoustic 
cues for syllables, and Lotto and Kluender (1998) have 
invoked spectral contrast to account for some cases of ap-
parent perceptual separation (compensation for coarticu-
lation). As for the findings of Liberman et al. (1952) and 
Liberman et al. (1954), we are not aware of an alternative 
explanation. However, one might propose some as yet un-
specified perceptual context effects that could explain the 
data. Similarly, although we are not aware of alternative 
accounts for the imitative responses to speech, an account 
that does not assume that perceiving speech is perceiving 
gestures might be devised. However, it is very unlikely 
that such an account would invoke prototypes in memory, 
spectral contrast, or the as yet unspecified context effects 
that might explain the findings of Liberman et al. (1952) 
and Liberman et al. (1954).

Indeed, all of these explanations, actual and imagined, 
are likely to differ from one another. In contrast, the hy-
pothesis that gestures are the objects of speech perception 
provides a unified account of all of the findings: Perceiv-
ing speech is perceiving phonetic gestures.

The moTor sysTem is recruiTed  
for perceiving speech

There is little direct evidence for motor system or motor 
competence involvement in speech perception—not be-
cause evidence has been sought but not found but, rather, 
because it has not frequently been sought. In the follow-
ing, we first will review the available evidence within the 
domain of speech. Next, we will assess the likelihood of 
motor involvement in speech perception in an indirect way, 
by situating the motor theory of speech perception in the 
larger context provided by findings that (1) perceptual–
motor links mark other natural communication systems, 
(2) human perception of motion is informed by motor 
competence, and (3) the motor system itself is recruited 
for perceptual tasks.

motor involvement in speech perception
One finding of motor involvement in speech percep-

tion has been provided by Cooper (1979). Many earlier 
studies had reported a selective adaptation effect (see the 
pioneering study by eimas & Corbit, 1973). Repeated pre-
sentation of a syllable such as, for example, /pa/ leads to 
fewer identifications of ambiguous syllables as /pa/ along, 
say, a /ba/-to-/pa/ continuum. Cooper showed not only 
that perception of speech is affected by selective adapta-
tion, but also that production of speech is affected as well. 
He found small but reliable reductions in the voice onset 
times of /pi/ and /ti/ syllables produced by speakers after 
adapting to acoustically presented /pi/, a finding that sug-
gests a perception–production link in speech.

Bell-Berti, Raphael, Pisoni, and Sawusch (1979) have 
provided additional evidence for a production–perception 
link involving the english vowels /i/, /I/ (the vowel in bit), 
/e/ (the vowel in bait), and /E/ (the vowel in bet). The pho-
netic differences among the vowels can be described in 
two ways. The vowels decrease in “height” in the series 
as listed above. Alternatively, /i/ and /e/ are tense vow-
els; /I/ and /E/ are lax. Within the tense and lax pairs, the 
vowels differ in height. Bell-Berti et al. found individual 
differences in the production of the vowels. Consistent 
with the phonetic distinction in height, 4 speakers showed 
a gradual decrease in activity of the genioglossus muscle 
(a muscle of the tongue that affects tongue height) in the 
series of four vowels as listed. Consistent with the pho-
netic distinction between lax and tense vowels, 6 speak-
ers showed comparable levels of activity for /i/ and /e/ 
that were higher than the activity levels for the two lax 
vowels.

In a perception test, the 10 participants partitioned into 
the same two groups. Listeners identified vowels along an 
/i/ to /I/ continuum. In one test, the vowels along the con-
tinuum were equally likely to occur. In the other, called 
the anchoring test, the vowel at the /i/ end of the con-
tinuum occurred four times as frequently as other mem-
bers of the continuum. The latter manipulation tends to 
decrease /i/ identifications for the ambiguous members 
of the continuum. The participants who showed a height 
distinction in their production of the four vowels showed 
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much larger anchoring effects than did the 6 speakers who 
produced /i/ with more activity in the genioglossus muscle 
and, presumably, a higher tongue than for /I/. The authors 
concluded that for the second group of listeners, /i/ and /I/ 
were not adjacent vowels (differing in height), whereas 
they were for members of the first group.13 Whether or 
not this is the appropriate account, it is telling that the 
participants grouped in the same way as talkers as they 
did as listeners. This provides some evidence suggesting 
that how a listener perceives speech is informed by how 
the listener, as a speaker, produces it.

Interactions between action and perception have also 
been demonstrated in tasks in which exposure to vis-
ible speech gestures is involved. Kerzel and Bekkering 
(2000) found a compatibility effect in speech production. 
The participants in their experiment saw a video of a face 
mouthing /ba/ (as in box) or /da/ (as in doll) on each trial. 
At a variable interval after the visual presentation of this 
task-irrelevant material, they saw either of two symbols 
(in one experiment, ## or &&) that they had learned to 
associate with the spoken responses /ba/ and /da/. The 
participants’ task was to respond as quickly as possible to 
these symbols (by saying /ba/ or /da/), and they were told 
to ignore the video clips. Nevertheless, the results showed 
that there was an effect of the irrelevant visible speech 
gesture. In particular, the latency to produce the syllables 
cued by the symbols was affected. The /ba/ responses were 
faster when the face mouthed /ba/ than when it mouthed 
/da/. Likewise, /da/ responses were faster when the face 
mouthed /da/ than when it mouthed /ba/. Kerzel and Bek-
kering invoked the motor theory of speech perception and 
suggested that perceiving the mouthed gestures activates 
a corresponding motor code that interacts with the codes 
activated by the simultaneous planning of the same action, 
as elicited by the relevant cue.

In addition to this slim amount of behavioral evidence 
suggesting a production–perception link in speech, there is 
some neural evidence, which will be reviewed below in the 
Neural evidence: Mirror Neurons in Primates section.

perceptual–motor Links as  
marks of parity-Achieving systems

The requirements for parity that the speech module is 
meant to satisfy are specific instances of general require-
ments that constrain the development and preservation 
of interindividual communication systems.14 That is, for 
any communicating conspecifics, (1) there must be con-
vergence on what count as communicative messages, and 
(2) messages sent and received must be the same. More-
over, as for parity in speech, meeting these requirements 
is more easily guaranteed if the production and perception 
systems of communicating animals coevolve.

Studies conducted on the acoustic communication sys-
tems for mate recognition in crickets and frogs (Doherty 
& Gerhardt, 1983; Hoy, Hahn, & Paul, 1977) suggest that 
the mechanisms that support the achievement of com-
munication parity in these species are similar in kind to 
those proposed by the motor theory of speech perception. 

In particular, these studies provide evidence supporting 
the idea that there exists a linkage between the systems 
underlying the production of sounds (in this case, in one 
animal) and those underlying their perception in its mate. 
Doherty and Gerhardt and Hoy et al. agree that this link-
age is due to genetic coupling. Their main argument relies 
on the fact that when two species are bred to create hybrids 
with different calls, the mates receptive to the call—the 
hybrid females here—show a strong preference for the 
call of the males coming from the same breed of hybrids, 
relative to the calls of other hybrids or the original breeds. 
Tight genetic linkages must preserve communicational 
parity. Alexander (1962) further proposed the existence of 
a common neural mechanism that supports production of 
calls by the sender and perception of them by the receiver. 
In his words,

In the evolution of any communicative system, whenever 
change of any sort occurs, there must be a change in two 
respects: the signal and the receiver. In the case of cricket 
stridulations, this means that the song of the male and the 
ability of the female to respond to it (correctly) must evolve 
together as a unit . . . . But the kind of differences that occur 
among the songs of closely related species usually do not in 
any way involve the structure of the stridulatory apparatus 
(at least externally). Likewise, the differences in the ability 
of the female to respond (properly) probably do not in any 
way involve the auditory apparatus itself. In both cases the 
difference seems to reside in the central nervous system. 
Indeed . . . song differences among closely related species 
always (and usually only) involve those unalterable com-
ponents of the patterns that must derive from the central 
nervous system. Is it possible that in some or many cases 
the song difference—perhaps even the particular difference 
in the structure of the central nervous system itself—is ex-
actly the same as the difference which causes the response 
difference? . . . If there is a linkage—or an identity—here, 
it would represent an interesting simplification of the pro-
cess of evolutionary change in a communicative system—
something of an assurance that the male and the female or 
the signaler and the responder—really will evolve together 
and possibly an increased likelihood through this that the 
entire system will persist. (p. 465)

Although the idea of direct genetic coupling has been 
challenged in recent times by proponents of a coevolution-
ary process that relies on genetic correlations, rather than 
on genetic coupling (Boake, 1991; Butlin & Ritchie, 1989; 
Jarvis & Nottebohm, 1997), there is substantial agreement 
about the fact that the production and perception systems 
of communicating animals must coevolve in order to 
preserve the communicating species (e.g., Blows, 1999). 
Moreover, in a way that is remarkably similar to linguistic 
differentiation among humans, whenever the parity con-
straints between the motor system of the sender and the 
perceptual system of the receiver are violated, there is the 
potential for speciation (Ryan & Wilczynski, 1988; Shaw, 
2000). In Ryan and Wilczynski’s words,

Mate recognition requires congruence between the struc-
ture of the signal and the response properties of the sensory 
system that decodes the signal. This occurs in visual, olfac-
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tory, and electrosensory modalities and has been especially 
well documented in acoustic mate recognition systems. 
This congruence is necessary for efficient communication, 
and during evolution must be maintained by correlated 
changes in the signal and the receiver. By promoting as-
sortative mating, these correlated differences in signal and 
receiver can restrict genetic exchange and promote genetic 
divergence among populations. Thus divergence in court-
ship signals can be an important component of the specia-
tion process. (p. 1786)

Finally, there is ample evidence in favor of the idea that 
linkages between the perceptual and motor systems exist 
within the nervous system of the same animal. For ex-
ample, for songbirds, such as zebra finches (Williams & 
Nottebohm, 1985), canaries (Burt, Lent, Beecher, & Bren-
owitz, 2000; Nottebohm, Stokes, & Leonard, 1976), and 
white-crowned sparrows (Whaling, Solis, Doupe, Soha, 
& Marler, 1997), as well as for other birds, such as par-
rots (Plummer & Striedter, 2000), the neural motor cen-
ters that control song production have been shown to be 
sensitive to acoustic stimulation, particularly to the songs 
that are specific to the species of the bird (but see Dave, 
yu, & Margoliash, 1998, for a cautionary note about the 
interpretation of these results).

Over different taxa and through different pieces of 
neural circuitry, one sees the same design principle: The 
system that produces a signal of communicative value is 
connected to the system that perceives the signal. Similar 
evidence of linkages between perception and the motor 
system is available for monkeys and humans and will be 
reviewed below.

motor competence in perception
We now will move outside the realm of communica-

tion systems to review the evidence for the involvement 
of motor competence in perception. The review will cover 
the following aspects of motor competence: (1) motor 
competence with regard to anatomical constraints on 
body movements, (2) motor competence with regard to 
the general dynamical constraints on biological motion, 
and (3) motor competence with regard to the subtle indi-
vidual differences in performing body movements.

motor competence about general anatomical con-
straints. Research by Shiffrar and Freyd (1990, 1993) sug-
gests that knowledge of anatomic constraints affects what 
people perceive. Their research made use of the phenom-
enon of apparent motion. Apparent motion may be seen if, 
for example, light flashes are presented in alternation on 
the left and right sides of a display. If the timing relations 
are appropriate, viewers report seeing a light that moves 
smoothly back and forth across the screen. The motion 
path is typically the most direct, shortest path between the 
two locations at which light flashes or other stimuli were 
presented. Shiffrar and Freyd’s results were different.

Shiffrar and Freyd (1990) presented photographs of 
human figures in alternation. example pictures are shown 
schematically in Figures 3A and 3B. To get from the arm 
posture in Figure 3A to the arm posture in Figure 3B, 

only one body movement is possible, that illustrated in 
Figure 3C. However, a shorter path would be the move-
ment shown in Figure 3D, which is impossible because of 
anatomical constraints on the joints of the arm. Shiffrar 
and Freyd (1990) found that at short stimulus onset asyn-
chronies (SOAs) between picture presentations, viewers 
did see the shorter path; however, at longer SOAs, they 
saw the longer, anatomically possible path shown in Fig-
ure 3C. At both long and short SOAs in which pictures of 
inanimate objects (e.g., a clock) were presented, the mo-
tion path was always the shortest, most direct path.

In later research, Shiffrar and Freyd (1993) eliminated 
the possibility that viewers see longer motion paths with 
longer SOAs by including stimuli in which the shorter 
path was the anatomically possible one. In that case, the 
short path was seen at all SOAs.

motor competence about general dynamical con-
straints. Further evidence of exploitation of motor com-
petence in perception has been provided by the work of 
viviani and colleagues (e.g., Kandel, Orliaguet, & vivi-
ani, 2000; viviani, Baud-Bovy, & Redolfi, 1997; vivi-
ani & Mounoud, 1990; viviani & Stucchi, 1989, 1992a, 
1992b). In evidence that we will review below, viviani and 
colleagues found that perception of the properties of an 
event—for example, a motion trajectory—is sensitive to 
the law that specifies the motion when the trajectory is the 
product of a biological motor system. On the basis of find-
ings such as these, viviani and Stucchi (1992b) argued 
that “If a visual pattern can only correspond to a specific 
motor behavior, and if humans are genetically equipped to 
produce that behavior, one can speculate that specialized 
motor competencies are called upon in the perception of 
the pattern” (p. 233). As was mentioned above, the kind 
of specialized motor competence viviani and Stucchi re-
ferred to is a law that governs biological movements in 
a two-dimensional space. The law, called the two-thirds 
power law, expresses a constraint on the relation between 
the kinematics and the geometry of biological movements, 
so that velocities are slower the more curved the motion 
paths.15

viviani and colleagues (e.g., viviani & Stucchi, 1989) 
have investigated the consequences for perception of the 
two-thirds power law by presenting traces over time of a 
two-dimensional movement in which the geometry of the 
trajectory (the radius of curvature), the kinematics of the 
motion (the velocity profile), or both were manipulated. 
The results were clear: Compliance with the law affected 
the perception of the trace. For example, if the trace fol-
lowed a circular trajectory but had a velocity profile that 
under the two-thirds power law would characterize an el-
liptical biological motion, the motion was perceived as 
elliptical (viviani & Stucchi, 1989).

Moreover, uniform kinematics of a visible planar mo-
tion were perceived as nonuniform if they violated the two-
thirds power law, and nonuniform kinematics of a planar 
motion were perceived as uniform if they abided by the 
law (viviani & Stucchi, 1992a). The latter phenomenon is 
consistent and robust. velocity profiles with differences 
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between the slowest and the fastest velocities on the order 
of 200% were judged uniform, and the misjudgments re-
mained when the participants were shown examples of 
true uniform velocities.

Compliance of visible planar trajectories with the two-
thirds power law also had consequences for simple pursuit 
tracking, whether or not the trajectories were predictable. 
Motions consistent with the law were pursued more accu-
rately than motions inconsistent with the law (viviani, Camp- 
adelli, & Mounoud, 1987; viviani & Mounoud, 1990).

The law’s influence extends to kinesthetic perception 
(viviani et al., 1997). For passive movement of an arm 
along an elliptical trajectory, adherence to the law affected 
both verbal judgments of trajectory direction and active 
reproduction of the passive trajectory by the other arm.

motor competence about specific individual sig-
natures. viviani and colleagues identified the motor 
competence manifest in their perceptual tasks as a law 
expressing a general dynamical constraint on biologically 
produced movements. However, motor competence may 
also include constraints that are not general but, rather, 

are idiosyncratic to the movements of an individual. If, 
as viviani and colleagues suggested, motor competence 
is called upon in perception of movement, perceptual 
performance may be enhanced in the case of movements 
produced by the same individual who perceives them, be-
cause the maximal amount of motor competence is avail-
able to support perception.

Several studies (recently reviewed by Knoblich & 
Flach, 2003) suggest that such enhancement indeed oc-
curs. For example, Repp (1987) found that participants 
were more accurate in recognizing recordings of their own 
hand-clapping than they were in recognizing the clapping 
of other, familiar persons. Similarly, Knoblich and Prinz 
(2001) found that individuals looking at a dynamic dis-
play of a symbol being traced over a two-dimensional 
surface distinguished between symbols that they had pro-
duced themselves in a previous session (without seeing 
the outcome of their productions) and the same symbols 
produced by others. The ability was not affected signifi-
cantly by familiarity with the symbols being traced (e.g., 
Roman vs. Arabic script for european participants) and, 

A B

C D

figure 3. illustration of an anatomical constraint on the rotation of 
the arm. panels A and B illustrate the end points of an arm movement. 
given the anatomical constraints on the joints of the arm, the movement 
can occur along the trajectory illustrated in panel c, but not along the 
trajectory illustrated in panel d.
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consistently with the findings by viviani and colleagues, 
depended on the presence of information about the veloc-
ity profile of the motions.

There are also indications that not only are humans par-
ticularly skilled at distinguishing their own productions 
from those of other people, but also, when they perceive 
themselves, they are more accurate in predicting move-
ment outcomes.16 Knoblich and Flach (2001) found that 
when watching video clips representing an arm throwing 
a dart toward a target, participants were better at predict-
ing the outcome of a throw when the video clips were of 
their own arm, rather than of that of someone else. Similar 
results have been obtained for participants’ predictions 
about whether or not a new stroke will follow a dynami-
cally presented handwritten symbol (Knoblich, Seiger-
schmidt, Flach, & Prinz, 2002).

In sum, there is reason to believe that perception is par-
ticularly attuned to the general anatomical and dynamical 
constraints on biological movements, as well as to the spe-
cific subtleties of individual movements. In other words, 
the same conclusion that Liberman and colleagues (e.g., 
Liberman et al., 1967) drew specifically for speech, that 
speech motor competence must inform speech perception, 
can be drawn, on very different bases, for motor compe-
tence and perception quite generally.

motor system involvement in perception
We now will turn to evidence that not just motor com-

petence, but the motor system itself, is recruited in percep-
tion. We first will review neural evidence for motor sys-
tem recruitment in perception and then will review neural 
and behavioral evidence that a divide between perception 
and action is difficult, if not impossible, to identify.

neural evidence: mirror neurons in primates. The 
discovery of mirror neurons (Di Pellegrino, Fadiga, Fo-
gassi, Gallese, & Rizzolatti, 1992) provides direct neural 
evidence for motor system involvement in perception. 
Since the discovery, research on mirror neurons has grown 
quickly, and reviews have recently been provided else-
where (Rizzolatti & Craighero, 2004; Rizzolatti, Fogassi, 
& Gallese, 2001). Here, we will provide a brief chrono-
logical overview of the findings that are most relevant for 
the purposes of this article.

In the late eighties and early nineties, Rizzolatti and 
colleagues (e.g., Rizzolatti et al., 1988) were investigating 
the activity of individual neurons in the premotor cortex 
(area F5) of monkeys engaged in hand manipulations of 
objects. Area F5 is involved primarily in the control of 
hand movements and includes neurons that code goal-
 directed actions (e.g., grasping, tearing, holding, etc.) in 
a highly specific way, responding selectively to subtle de-
tails of the movements to be performed. While recording 
the activity of the motor neurons in area F5 of the mon-
key’s brain, they discovered that some neurons that fired 
when the monkey performed a specific grasping move-
ment of the hand also fired when a human experimenter 
was performing a similar grasping movement in front of 
the monkey (Di Pellegrino et al., 1992). Not only were 

these neural activities in the premotor cortex correlated 
with abstract visual properties of specific movements, but 
also they were correlated with these movements in a way 
that was independent of who was performing the action.

Soon after the discovery of the mirror neuron system in 
monkeys, evidence for a corresponding system in humans 
was obtained for finger, hand, and arm movements in ex-
periments in which transcranial magnetic stimulation was 
used (Fadiga, Fogassi, Pavesi, & Rizzolatti, 1995; Strafella 
& Paus, 2000). Similar results have been obtained using 
PeT data (Grafton, Arbib, Fadiga, & Rizzolatti, 1996; 
Rizzolatti et al., 1996) and fMRI data (Iacoboni et al., 
1999).

In Rizzolatti and Arbib’s (1998) words, “taken together, 
the human and monkey data indicate that, in primates, 
there is a fundamental mechanism for action recognition. 
. . . Individuals recognize actions made by others because 
the neural pattern elicited in their premotor areas during 
action observation is similar to that internally generated to 
produce that action” (p. 190).

Recently, researchers have shown that Rizzolatti and 
Arbib’s (1998) “fundamental mechanism for action rec-
ognition” has ties with general audition, as well as with 
speech perception.

As for general audition, Kohler and colleagues (Kohler 
et al., 2002) found neurons in the premotor cortex of mon-
keys that respond not only when the monkey performs a 
specific action (e.g., breaking a peanut) or sees the action 
performed by someone else, but also when the monkey 
merely hears the sound that is caused by the specific ac-
tion (i.e., the cracking noise of the peanut’s shell).

As for speech perception, there is now evidence that 
perceiving speech involves neural activity of the motor 
system. Two recent studies involving the use of transcra-
nial magnetic stimulation of the motor cortex have dem-
onstrated activation of speech-related muscles during the 
perception of speech. Fadiga and his colleagues (Fadiga, 
Craighero, Buccino, & Rizzolatti, 2002) found that when 
listeners hear utterances that include lingual consonants, 
they show enhanced muscle activity in the tongue. Wat-
kins and colleagues (Watkins, Strafella, & Paus, 2003) 
found that both while listening to speech and while see-
ing speech-related lip movements, people show enhanced 
muscle activity in the lips. Complementarily, two fMRI 
studies (Pulvermüller et al., 2006; S. M. Wilson, Saygin, 
Sereno, & Iacoboni, 2004) demonstrated that there is 
overlap between the cortical areas active during speech 
production and those active during passive listening to 
speech.

The meshing of perception and action. Another kind 
of neuron found in the ventral premotor cortex of monkeys 
is called the canonical neuron, a type of neuron that re-
sponds both when the monkey grasps an object and when it 
sees the same graspable object (Murata et al., 1997). visi-
bly different objects that can be handled in a similar fashion 
evoke similar responses. In other words, canonical neurons 
are responsive to the actions that an object potentially af-
fords, even when acting on the object is not required. Chao 
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and Martin (2000) found compatible evidence in humans. 
using fMRI, they found that the left ventral premotor area 
and the left posterior parietal region showed more activity 
when humans viewed tools than when they viewed animals, 
faces, or houses. They suggest that these regions link the 
visible properties of objects, such as tools, with the hand 
and finger movements involved in making use of them.

Moreover, visuo-tactile neurons in area F4 have been 
shown to have receptive fields that code visual space in 
a way that is more easily explained by assuming motor 
body-dependent coordinates, rather than visual body-
 independent space coordinates (Rizzolatti, Fadiga, Fo-
gassi, & Gallese, 1997). 

In brief, there is reason to believe that the original do-
main of the mirror neuron system may be extended be-
yond action execution and action recognition to the do-
main of the general perception of objects and space in 
motor terms. In other words, the perceptual relationship 
between an animal and its surrounding physical world is 
reflected in the nervous system in a way that is intimately 
intertwined with the neural means for preparing to pro-
duce compatible actions.

The action-effect and common-coding principles. 
Another recent body of evidence that is compatible with 
the idea of a meshing between perception and action in 
the nervous system is that collected by Prinz and his col-
leagues. Prinz (1997) proposed that “‘event codes’ and 
‘action codes’ should be considered the functional basis of 
percepts and action plans, respectively. It is held that they 
share the same representational domain and are therefore 
commensurate” (p. 133). This idea, called the common-
coding principle, contrasts with the more traditional view 
that perception and action are coded in incommensurate 
formats and, consequently, each has to be translated into 
the format of the other (e.g., Massaro, 1990; Posner, 1978; 
Sternberg, 1969). To solve the problem of incommensu-
rability, Prinz invoked the action-effect principle: Planned 
actions are represented in terms of the effects they pro-
duce in the world (cf. Bernstein, 1967; Pribram, 1971). 
Therefore, their representation becomes indistinguishable 
from those of any other perceived events, because both are 
about the distal world.

Prinz’s (1997) proposal leads to the prediction that 
when simultaneous activation of the perceptual and motor 
codes occurs, the two codes may interact. Prinz and his 
colleagues have found substantial evidence for this pre-
diction (see Hommel, Müsseler, Aschersleben, & Prinz, 
2001, for a review).

One piece of evidence is the well-known stimulus–
 response compatibility effect. Responses to stimuli located 
in spatial positions compatible with the effectors that make 
the responses tend to be executed more quickly than re-
sponses to stimuli located in noncompatible spatial posi-
tions (Fitts & Deininger, 1954). For example, responses to 
a sound presented to the right ear are faster with the right 
hand than with the left hand (Simon, Hinrichs, & Craft, 
1970). Prinz (1997) considers the compatibility effect a di-
rect demonstration of the common coding between percep-

tion and action. Compatible locations induce faster actions 
of the effectors because they activate part of the very same 
codes (e.g., right) that planned actions require.

In its original formulation, the notion of compatibil-
ity was in terms of body-side correspondences, as above. 
However, Hommel (1993) extended the notion of compat-
ibility beyond anatomical correspondences to correspon-
dences between environmental events. He demonstrated 
that inversion of the compatibility effect can be induced 
not only by manipulating the effectors’ spatial setting 
(e.g., by doing the task with the hands crossed; cf. Simon 
et al., 1970), but also when the focus of the task is shifted 
from the movements of the effectors to the events that are 
caused by these movements. In his experiment, each of 
the participants’ hands operated a switch that turned on 
a light on the opposite side of space. If the experimental 
instructions stressed that the movements of the hands on 
the switch were the relevant responses for the task, the 
participants showed a typical compatibility effect: each 
hand responded more quickly to go signals presented 
auditorily on the same side of space. The location of the 
lights had no impact on responses. However, when the in-
structions emphasized that the consequences of the hand 
movements—the lights switching on—were the relevant 
responses for the task, the compatibility effect reversed: 
each hand responded more quickly to go signals presented 
on the opposite side of space. This finding shows that the 
symmetries underlying the compatibility effect can arise 
in task space as well as in body space and that the sym-
metries can differ one from the other. The results are fully 
compatible with the action-effect principle.

Following a similar line of reasoning, Mechsner, Ker-
zel, Knoblich, and Prinz (2001) demonstrated that given 
appropriate visual feedback, participants can produce 
bimanual movements that ordinarily are very difficult. 
In one experiment, they used a bimanual task in which 
the participants moved each hand to control the circular 
movement of a flag. The participants could not see their 
hands, and their task was to make the flags move either in 
phase or in antiphase. When the cranks that regulated the 
movements of the flags were set so that the participants 
had to produce complex polyrhythms to synchronize the 
movements of the flags (e.g., three full cycles of one hand 
for every four full cycles of the other), the participants 
were successful at the task after a brief period of prac-
tice. This is surprising because complex polyrhythms are 
extremely difficult to perform for untrained participants 
(e.g., Treffner & Turvey, 1993). The authors explained the 
findings in terms of the action-effect and common-coding 
principles. They suggested that the difficulty of perform-
ing movement patterns does not depend on their intrinsic 
motor difficulty but on the ease with which their perceiv-
able consequences can be controlled.

Other evidence in favor of the common-coding principle 
has come from Stürmer, Aschersleben, and Prinz (2000), 
who had participants produce a grasping gesture (first 
close the hand from a neutral posture, then open it) or a 
spreading gesture (first open, then close). These responses 
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were cued by abrupt color changes of a hand that was vis-
ible on a computer monitor, with different colors signaling 
which gestures to perform. Crucially, this change in color 
occurred—with different onset times—while the hand on 
the monitor was producing a task-irrelevant gesture, start-
ing and ending from a neutral half-open position. The ir-
relevant gesture reproduced one of the two gestures that 
the participants were cued to perform, and the participants 
were told to ignore it, selecting their responses only on 
the basis of the color change. The participants’ response 
latencies were shorter when their movements matched the 
irrelevant gestures, demonstrating that an interaction took 
place between their perceiving and their acting.

A complementary result was obtained by Niedenthal, 
Brauer, Halberstadt, and Innes-Ker (2001), who demon-
strated that preventing a motor response consistent with 
what is being perceived causes interference in perception. 
In particular, they presented dynamic images of faces that 
morphed from a happy to a sad expression or vice versa. 
The task of the participants was to stop the movie where 
they first detected an expression that was different from the 
one displayed initially; alternatively, they stopped the movie 
when they first detected the offset of the original expres-
sion. One group of participants performed the task with a 
pen held between lips and teeth, to prevent facial mimicry. 
The finding was that the participants in whom mimicry was 
prevented detected both the onset of a new expression and 
the offset of the original expression at a later point than did 
those in whom mimicry was permitted to occur.

The results by Niedenthal et al. (2001) can be related to 
the finding that when humans are preparing to execute an 
action on an object, they show facilitation in the process-
ing of visual stimuli that are congruent with the intrinsic 
motor properties of the object they are about to handle 
(Craighero, Fadiga, Rizzolatti, & umiltà, 1999). That is, 
preparedness to act seems to imply a state of perceptual 
selectivity toward properties of the environment that are 
congruent with the actions to be executed. For example, 
when participants are prepared to grasp a bar with a given 
spatial orientation upon the appearance of a go signal, the 
processing of the go signal is faster when its orientation 
matches that of the bar to be grasped (Craighero et al., 
1999). Crucially, this facilitatory effect on perception is 
present not only in the latency to grasp the bar, but also in 
alternative responses, such as the latency of eye blinking. 
This indicates that the effect does not reflect stimulus–
 response compatibility between the go signal and the ac-
tion to be produced.

In conclusion, there is substantial behavioral evidence 
that the architecture of cognition is permeated by link-
ages between the perceptual and the motor systems (Prinz 
& Hommel, 2002). Moreover, the theoretical perspective 
proposed by Prinz and colleagues introduces a new pos-
sible explanation for a motor theoretical account of per-
ception. Whereas for most of the theorists reviewed ear-
lier, perception is grounded in motor competence and/or 
processes that are enclosed within the anatomical bound-
aries of the perceiver, in Prinz and colleagues’ proposal, 

perception shares common coding with action, because 
both are grounded outside of the physical boundaries of 
the perceiver, in the distal world.

concLusion

We have reviewed the three main claims of the motor the-
ory of speech perception to determine whether they deserve 
further consideration. Our review suggests that two claims—
namely, that perceiving speech is perceiving gestures and 
that perceiving speech involves the motor system—warrant 
extended scientific scrutiny but the claim that speech is spe-
cial, to the extent that it can be evaluated, does not.

Here, we will conclude with a general remark about 
the intellectual enterprise undertaken by Liberman and 
colleagues.

The main lesson learned by Liberman and colleagues in 
50 years of empirical research is, in the end, rather simple: 
Cognition, like all products of evolution, cannot be un-
derstood in isolation (e.g., Clark, 1997). Rather, under-
standing cognition requires comprehending that it is both 
embedded in a meaningful ecological context and embod-
ied in living perception–action systems (Bernstein, 1996; 
Dewey, 1896; Gibson, 1979; James, 1892; Pillsbury, 1911; 
Sperry, 1952; Thelen & Smith, 1994; Turvey & Shaw, 
1995).17 The concept of parity, developed by Liberman 
and colleagues (Liberman & Whalen, 2000; Mattingly & 
Liberman, 1988) in their later theorizing, captures well 
the extent to which Liberman and colleagues attempted to 
implement in their thinking the lesson they learned from 
their experiments. In fact, the concept of parity, the three-
fold nature of which we illustrated earlier in the article, can 
be seen as an attempt to integrate, through a set of simple 
constraints, the two contexts within which cognition must 
be understood. On the one hand, parity is intended by 
Liberman and colleagues as two abstract constraints on 
the speaker–listener linguistic interaction—that is, con-
straints arising from the meaningful ecological context 
within which spoken communicative acts are embedded 
(cf. Pickering & Garrod, 2004). On the other hand, parity 
is intended to be an abstract constraint on the symmetric 
coevolution of the machinery for producing and perceiv-
ing speech—that is, a constraint on the embodiment of 
spoken communication.

The concept of parity also captures another important 
aspect of the intellectual enterprise undertaken by Liber-
man and colleagues. As we documented earlier in the ar-
ticle, in order to understand the facts of speech perception 
ever better, Liberman and colleagues had to broaden the 
scope of their scientific perspective progressively, making 
it increasingly abstract. Such broad scope and abstractness 
may seem unjustified in a theory meant to address some 
specific facts about speech perception (e.g., Ohala, 1996), 
and this may well have been the reason for the skeptical re-
ception of the theory within the field of speech. However, 
we suspect that it is exactly because of its broad scope 
and abstractness that the theory has had a positive recep-
tion outside of its own field. Indeed, today, the theory is 
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more closely connected with research and theorizing in 
the broad context of cognitive science (e.g., Fadiga et al., 
2002; Kerzel & Bekkering, 2000; Rizzolatti & Arbib, 
1998; viviani, 2002; S. M. Wilson et al., 2004) than it is 
with research and theorizing in the field of speech.

It is our hope that this recent connection, which the 
present article is meant to highlight, will not only enhance 
recognition of the valuable contributions of the motor the-
ory of speech perception to the history of science, but also 
lead to new research that will develop the theory further.
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Listening to speech activates motor areas involved in speech produc-
tion. Nature Neuroscience, 7, 701-702.

noTes

1. According to the ISI Web of Knowledge (February 2005), the article 
by Liberman et al. (1967) has been cited 1,236 times, and that by Liber-
man and Mattingly (1985) has been cited 497 times.

2. By vocal tract (or phonetic) gestures, we mean coordinated actions 
of vocal tract articulators that achieve some linguistic goal. It is impor-
tant to note that according to this definition, gestures are not movements 
of individual articulators. For example, a bilabial consonant such as /b/ 
corresponds to one gesture—the complete closure of the lips—achieved 
by the coordination of the movements of three articulators: the jaw and 
the two lips (Kelso, vatikiotis-Bateson, Tuller, & Fowler, 1984).

3. By motor competence, we refer to the set of laws that manifest them-
selves in coordinated action (e.g., Haken, Kelso, & Bunz, 1985; Kawato, 
1999; Kelso, 1995; Kugler & Turvey, 1987; viviani & Flash, 1995). By 
motor system, we refer to the physical manifestations of those laws in the 
body. Although the distinction may not withstand future investigations, 
some of the empirical findings that we will review below suggest it.

4. This is a device that transforms painted spectrographic patterns 
back to sound.

5. Although both of these influences were recognized by Liberman 
(1996, chap. 1), he did not provide specific references. Hence, we de-
cided to provide two illustrative references. However, we could not find 
appropriate references predating 1967, the time period Liberman was 
referring to in his chapter.

6. That is, the percept mirrors the structure in the acoustic signal. 
This contrasts with the phonetic percept, which is heteromorphic with 
respect to the acoustic signal but is homomorphic with respect to the 
articulation.

7. Within the gestural perspective on speech perception, there are alter-
native views. According to an account that we favor, the very distinction 
between intended gestures and actual vocal tract actions is problematic, 
because it reflects the traditional division between the discrete mental 
categories identified by formal phonology and the gradient physical enti-
ties that are the subject matter of phonetics. That is, traditionally, cogni-
tive phonology is held distinct from physical phonetics (e.g., Pierre-
humbert, 1990). Thus, the utterance that one intends and the utterance 
that one effects are logically separable. To the extent that this phonology– 
phonetics gap exists, theories of speech perception (including that of 
Liberman and Mattingly) are forced to emphasize that the objects of 
perception are intended (cognitive phonology), not actual (physical pho-
netics). By the same token, if the phonology–phonetics gap does not 
exist, if it were to be dissolved through conceptual advances, theories of 
speech perception would more simply equate the objects of speech per-
ception with actual gestures. In other words, intended and actual gestures 
would be the same.

The aforementioned conceptual advances are to a significant extent in 
progress (Browman & Goldstein, 1986; Goldstein & Fowler, 2003). Artic-
ulatory phonology is at the forefront. In developing the low-dimensional 
cognitive phonology and the high-dimensional physical phonetics as 
complementary aspects of a single complex dynamical system, articula-
tory phonology promises to dissolve the phonological–phonetics gap 
(Gafos, 2002; Goldstein & Fowler, 2003; Saltzman & Munhall, 1989). 
More general pursuits of a phonetically informed phonology can also be 
noted. Their intent likewise is to minimize the division between phonol-
ogy and phonetics (e.g., Boersma, 1998; Hayes, Kirchner, & Steriade, 
2004; Mohanan, 1993). Presuming that these related enterprises are suc-
cessful, future accounts of speech perception may have no difficulty with 
the claim that hearers perceive speakers’ actual gestures.

8. Other theorists acknowledge the existence of a linkage between 
speech perception and production. However, whereas for the motor the-
ory the linkage reflects biological coevolution of the production and per-
ception systems, for these theorists it reflects a bias for language com-

munities to select articulations that have auditorily distinctive acoustic 
consequences (e.g., Diehl, Lotto, & Holt, 2004). These accounts are not 
mutually exclusive.

9. That is, the acoustic structure underlying our perception of sound 
in space includes time of arrival differences, intensity differences, and 
spectral differences at the two ears. However, we do not perceive these 
differences; rather, we perceive a distal property: the location of the 
sounding event in space.

10. For example, Carello et al. (1998) demonstrated that people can 
perceive the length of a dowel by the sound that it makes when dropped 
on the floor.

11. This idea would not have appealed to Liberman and colleagues 
because, for them, the phonetic module was especially adapted to the 
production and perception of coarticulated speech.

12. We do not mean to imply that this pattern of results for imitative 
responses is special to speech (M. Wilson, 2001). In particular, Fowler 
et al. (2003) predicted that their results would replicate in other imitative 
tasks. For example, they suggested tasks in which the stimuli are visual 
(e.g., video clips of finger movements) and the responses are manual 
(finger movements) or tasks in which the stimuli are nonspeech mouth 
sounds (e.g., lip smacking) and the responses are vocal. In these exam-
ples, as for speech, the reason for predicting that choice response times 
should approach simple response times is the same. Perceivers perceive 
distal events (finger movements, lip smacks, speech gestures) and not the 
proximal stimulation (reflected light and acoustic signals) that stimulates 
the sense organs.

13. These results may be at odds with a strict reading of the parity con-
straint that phonetic messages sent and received must be the same. Liber-
man and colleagues never specified what should count as sameness. Our 
opinion is that sameness of phonetic messages sent and received ought 
to be interpreted as sufficient equivalence (Fowler & Galantucci, 2005). 
If that were not the case, in fact, speakers of different dialects could not 
communicate with one another, and nonnative speakers could not be 
understood by native speakers.

14. Liberman and colleagues often noted the ubiquity of the parity 
requirement for communication systems (e.g., Liberman, 1996; Liber-
man & Mattingly, 1985). However, they never extended the scope of their 
theory beyond the domain of speech perception.

15. As presented, the law is formulated in its simplest form (Lacqua-
niti, Terzuolo, & viviani, 1983). Over the years, the law has been revised 
and refined in order to account for new empirical observations (viviani 
& Flash, 1995). However, the changes are not directly relevant to the 
argument made here. For our present purposes, any proposed law, as long 
as it correctly captures properties that are unique to biological move-
ments, works well to predict perceptual performance and judgments. 
(Note that such a law does not necessarily generalize to nonbiological 
movements. For example, the motion of an object that is subject to a 
gravitational field—say, the earth rotating around the sun—follows a 
pattern that is opposite to that specified by the two-thirds power law, 
accelerating when the radius of curvature increases.)

16. M. Wilson and Knoblich (2005) have recently generalized this 
conclusion. They proposed that not only does perceiving oneself facili-
tate predicting the outcome of one’s own actions but also, more generally, 
perceiving conspecifics’ actions in motor terms facilitates predicting the 
outcome of their actions.

17. Although the core of Liberman and colleagues’ theorizing is co-
herent with the tradition of thought identified here, their enterprise, it 
should be remarked, was not driven by it. It seemed to be largely un-
known by Liberman and his colleagues or of little interest to them. The 
motivation for their motor theory of speech perception is to be found 
in the data provided by their experiments: explanations derived from a 
nonembodied, nonembedded theory of cognition were not able to handle 
the facts.
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