
ural learning environment for infants to facilitate linguistic pro-
cessing. Audio, visual, and body movement data were collected si-
multaneously. The non-speech inputs of the learning system con-
sisted of visual data, and head and hand positions in concert with
eye gaze data. The possible meanings of spoken words were en-
coded in this nonlinguistic context, and the goal was to extract
those meanings from raw sensory inputs. Our method first utilized
eye and head movements as cues to estimate the speaker’s focus
of attention. At every attentional point in time, eye gaze was used
as deictic reference (Ballard et al. 1997) to find the attentional ob-
ject from all the objects in a scene, and each object was repre-
sented by a perceptual feature consisting of color, texture, and
shape features. As a result, we obtained a temporal sequence of
possible referents.

Next, a partitioning mechanism categorized spoken utterances
represented by phoneme sequences into several meaning bins,
and an expectation-maximization algorithm was employed to find
the reliable associations of spoken words and their perceptually
grounded meanings. Detailed descriptions of machine learning
techniques can be obtained from Yu and Ballard (2004). The
learning result is that this system can learn more than 85 percent
of the correct word-meaning associations accurately, given that
the word has been segmented. Considering that the system pro-
cesses raw sensory data, and our learning method works in unsu-
pervised mode without manually encoding any linguistic informa-
tion, this level of performance is impressive.

Such results are very consistent with Arbib’s proposal that these
body constraints served to start language development on an evo-
lutionary scale. However, this leaves unanswered the question of
why Homo sapiens evolved without language. Arbib’s argument
seems to be that if a plausible sequence of steps is laid out, and
the “height” or difficulty in transiting each step is small, then
somehow evolution should have been compelled to follow this
path. But our sequence of steps in the model of infant language
learning also has small steps – recognize body movements, recog-
nize intentions as communicated with body movements, recog-
nize attentional objects in a scene, recognize the sounds that ac-
company these movements. These steps would be accessible for a
variety of social species, and yet they were traversed only by hu-
mans.

Arbib makes special use of the hand representations, suggest-
ing that perhaps humans had an edge in this category that pro-
vided the needed leverage. This is again very plausible, yet our
studies show that you can get quite far just by hanging sounds on
the end of the eye fixations and hand movements. From our point
of view, any animal species that could communicate intention
through body movement had the possibility of developing some
kind of language. Hence, it is likely that some other constraints
must be brought into play to account for the uniqueness of lan-
guage in humans. Surprisingly, Arbib does not mention Miller’s
hypothesis that language is a product of sexual selection. Miller
(2001) argues that the human brain must have been the kind of
runaway process driven by sexual selection in a similar manner to
Bower bird’s nests and peacock’s tails. Miller’s arguments are ex-
tensively developed and show how Homo sapiens could have got-
ten a jump start on very similar species with very similar brain ar-
chitectures.
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The mirror system hypothesis stands but the
framework is much enriched
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Abstract: Challenges for extending the mirror system hypothesis
include mechanisms supporting planning, conversation, motiva-
tion, theory of mind, and prosody. Modeling remains relevant. Co-
speech gestures show how manual gesture and speech intertwine,
but more attention is needed to the auditory system and phonol-
ogy. The holophrastic view of protolanguage is debated, along with
semantics and the cultural basis of grammars. Anatomically sepa-
rated regions may share an evolutionary history.

R1. Introduction

R1.1. The commentaries in perspective

The original mirror system hypothesis (MSH) states that:

H1. The parity requirement for language in humans is
met because Broca’s area evolved atop the mirror system
for grasping with its capacity to generate and recognize a
set of actions.

The target article (TA) goes beyond MSH to distinguish
a language-ready brain (equipping the child to learn a lan-
guage) from a brain that “has” language (in the sense of,
e.g., an innate “principles and parameters” universal gram-
mar) and then to assert that:

H2. Language readiness evolved as a multimodal man-
ual/facial/vocal system with protosign providing the scaf-
folding for protospeech – these then co-evolved in an 
expanding spiral to provide “neural critical mass” for pro-
tolanguage

and further that:

H3. Protolanguage was holophrastic – “protowords”
were semantically more akin to phrases or sentences of
modern language than words “as we know them.”

H4. Biological evolution gave humans a language-
ready brain, but the emergence of human languages
from protolanguage was a matter of history, not biology.

H5. Whereas the original MSH focused on macaque
F5 and Broca’s area, F5 is part of a larger F5-PF-STS sys-
tem in the macaque, and this “lifts” to a larger frontal-
parietal-temporal language-ready system in the human
brain.

Among them, H2 to H5 constitute an extended MSH.
What needs stressing is that these four hypotheses are al-
most independent – and thus each must stand on its own.
My response to the commentaries is grouped as follows:

Section R2 shows that complex imitation must be com-
plemented by planning (R2.1) and viewed in developmen-
tal perspective (R2.2).

Section R3 generally endorses the role of the mirror sys-
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tem in evolution of the language-ready brain, but mecha-
nisms supporting conversation (R3.1), motivation (R3.2),
and theory of mind (R3.3) must also be taken into account.

Section R4 considers lessons from modeling biological
neural networks (4.1) and evolving artificial networks (R4.2).

Section R5 reviews the debate over the claim (H2) that
the path to protospeech was indirect. Discussion of co-
speech gestures (R5.1) shows how strongly manual gesture
and speech are intertwined. Future work must factor in
new data on the auditory system (R5.2). Data on primate
vocalization challenge H2 but do not topple it (R5.3). How-
ever, any claim that protosign had a large head start (if any)
on protospeech in the expanding spiral is questionable. The
challenge of evolving a phonological system remains (R5.4).

Section R6 discusses the transition from protolanguage
to language with special attention to the debate on H3, the
holophrastic view of language (R6.1). Issues on bringing se-
mantics into MSH (R6.2) are followed by a brief discussion
of H4, emphasizing the cultural basis of grammars (R6.3).

Section R7 revisits the overview in Figure 6 of the TA.
Unfortunately, the figure was mentioned only in one com-
mentary and then only in passing, but I discuss commen-
tary relevant to the issues of whether anatomically sepa-
rated regions may share an evolutionary history (R7.1) and
how action planning supplements mirror systems in lan-
guage evolution (R7.2).

In addition to the commentaries published here in this
issue, I had the privilege of receiving equally fine com-
mentaries from Yoonsuck Choe; Jean-Louis Dessalles &
Laleh Ghadakpour; Peter Dominey; James Hurford; Masao
Ito; David Kemmerer; Takaki Makino, Kotaro Hirayama &
Kazuyuki Aihara (Makino et al.); Emese Nagy; Massimo Pi-
attelli-Palmarini & Thomas Bever; Friedemann Pulver-
müller; Andreas Rogalewski, Andreas Jansen, Ann-Freya
Foerster, Stefan Knecht, & Caterina Breitenstein (Ro-
galewski et al.); Martin Ruchsow; Markus Werning; and Pa-
tricia Zukow-Goldring. These commentaries are posted on
the BBSOnline Web site and have been given a fuller Au-
thor’s Response. The supplemental commentaries with Au-
thor’s Response are retrievable at the following URL:
http: / /www.bbsonline.org /Preprints /Arbib-05012002/
Supplemental/. I am particularly grateful to the many com-
mentators whose correspondence allowed me to more fully
understand the issues they raised. I cannot do justice to this
“conversation” in 10,000 words here, but hope to develop
many of the issues in Beyond the Mirror: Biology and Cul-
ture in the Evolution of Brain and Language, which I am cur-
rently preparing for publication by Oxford University Press.

I use boldface for commentators’ names when respond-
ing to the present published commentaries and italic when
discussing (more briefly) the supplemental ones. A com-
mentator’s name followed by the notation (p.c.) refers to the
follow-up correspondence (personal communication), not
the original commentary.

R1.2. Et cetera

A number of interesting points do not fit into the above
framework:

R1.2.1. Birds and others. Pepperberg applies my criteria
for language readiness to the behavior of the Grey parrot,
Alex, that she has taught to communicate with humans us-

ing rudiments of English speech. Despite the lack of strong
neural homologies between parrots, songbirds (Doupe &
Kuhl 1999), and primates, we may still hope to model rele-
vant circuitry (R4) to better understand what allows a
neural network to achieve different language-related func-
tions. Fitch notes that some species may have vocal but not
bodily imitation, and vice versa. This is irrelevant to MSH,
which asserts that humans had a particular history. This
does not deny that comparative study of neural mechanisms
underlying different forms of imitation may help us better
understand the workings of the human brain – though the
closer the homology, the more likely the payoff.

Pepperberg’s assertion that little about my criteria for
language readiness is unique to humans seems a blow to my
claim to characterize what allows human children to learn
“full language” where other species cannot. Perhaps there
are differences of degree: for example, Alex does not meet
my full criteria for “complex imitation.” What enriches the
discussion is that chimpanzees raised in a human environ-
ment can exhibit far more “protolanguage” than their wild
cousins – observing animals in the wild does not define the
limits of complexity of their behavior.

R1.2.2. Lateralization. Kaplan & Iacoboni show that mo-
tor activation to sight of an action is typically bilateral,
whereas action sounds activate the motor cortex only in the
left hemisphere. This may be related to evolutionary pro-
cesses that lateralized language. Since lateralization has
been debated extensively in BBS (Vol. 26, No. 2, Corballis
2003a), I will not comment here (but see R5.3) beyond the
observation that, because children who receive a hemi-
spherectomy early enough can gain fairly good command of
language (though comprehension of syntax does show some
left-hemisphere superiority [Dennis & Kohn 1975]), later-
alization would seem to be not so much the genetic speci-
fication of different kinds of circuitry in the two hemi-
spheres as a developmental bias which favors, but does not
force, differential development of skills there.

R1.2.3. Sexual selection. Yu & Ballard cite the hypothe-
sis that language is a product of sexual selection. I am un-
able to evaluate this hypothesis, but raise two questions:
Does sexual selection function differently in early hominids
and early great apes? Why does it not yield stronger di-
morphism between male and female language use?

R1.2.4. Genetic underpinnings. Théoret & Fecteau note
attempts to implicate the FOXP2 gene in language. How-
ever, FOXP2 is implicated in many systems, from the gut to
the basal ganglia. It has been argued that because the gene
changed only once from mouse to our common ancestor
with the great apes but changed twice in the hominid line,
it may hold the key to what distinguishes us from the great
apes. However, the mutation of the gene seen in a number
of members of the family KE does not reverse the two “re-
cent” mutations to yield humans with a chimpanzee-like
FOXP2 gene. The KE language deficits seem more a func-
tion of motor problems than proving a causal relation be-
tween changes in FOXP2 and the evolution of the language-
ready brain (Corballis 2004). Pepperberg’s description of
the use of expression of the ZENK gene to form a functional
map of avian brains for behavior related both to auditory
processing and vocal production and the coupling of this to
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neurophysiology, provides an encouraging model for future
studies in macaques.

R2. Complex imitation

R2.1. Complex imitation and planning

I hypothesize that the mirror system for grasping evolved in
two stages: first to provide feedback for dexterous manual
control, then to underwrite the ability to act with other
brain regions to make information available for interacting
with others. Makino, Hirayama & Aihara (Makino et al.)
observe that success in complex imitation requires the abil-
ity to recognize the goal of an action as the basis for mas-
tering the action which achieves that goal. Indeed, Arbib
and Rizzolatti (1997) gave the equation Action � Move-
ment � Goal, and the mirror neurons system (MNS) model
recognizes an action in terms of the goal of successful grasp-
ing of an affordance. Complex imitation takes us further. It
rests on recognizing how different actions fit together to
achieve various subgoals of the overall goal.

Bickerton and Prudkov assert that there cannot be im-
itation unless someone has first created something to imi-
tate, and that mirror neurons offer no clue as to how totally
novel sequences could have been created. Actually, new
skills can emerge by trial and error. The problem is to pre-
serve them. The data on chimpanzee cultures (Whiten et
al. 2001) show how few skills chimpanzees acquire. I sug-
gest that it is complex imitation that enables humans to
move beyond such limited repertoires, cumulatively ratch-
eting up the available stock of novel skills.

Complex imitation presupposes a capacity for complex
action analysis – the ability to analyze another’s perfor-
mance as a combination of actions (approximated by vari-
ants of) actions already in the repertoire. In modern hu-
mans, imitation undergirds the child’s ability to acquire
language, whereas complex action analysis is essential for
the adult’s ability to comprehend the novel assemblage of
“articulatory gestures” that constitute each utterance of a
language. However, the adult does not imitate this assem-
blage but rather factors it into the planning of his reply. I
agree with Bridgeman that mirror systems must be sup-
plemented by a planning capability to create, store, and ex-
ecute plans for sequences of actions and communicatory
acts. These apparent sequences are the expression of hier-
archical structures. In Figure 5 of the TA, interpretation of
actions of others is coupled to planning of one’s own actions;
Bridgeman stresses the need for the complementary evo-
lution of these two capabilities. They underlie perception
grammars and production grammars, mentioned in discus-
sion of Figure 1 of the TA.

Bickerton observes that when someone addresses you,
you do not just imitate what they said. True. The human
mirror system creates a representation that can be used for
feedback control, imitation (which monkeys do not exhibit),
or generating some appropriate response while inhibiting
mimicking. Only in pathology does this inhibition fail, yield-
ing compulsive imitation (echopraxia; Podell et al. 2001).

R2.2. Imitation in developmental perspective

Zukow-Goldring sees affordances and effectivities (what
the body can do; Shaw & Turvey 1981) as two sides of the

mirror system. By directing the child’s attention to its own
effectivities in relation to affordances, the caregiver nar-
rows the search space for learning, and thus enhances that
learning (Zukow-Goldring 1996). These practices may pave
the way to early word learning. The prolonged period of in-
fant dependency in humans combines with caregiving to
provide conditions for complex social learning.

Neonatal imitation is based on moving single effectors
and thus differs from goal-directed imitation. (Studdert-
Kennedy [2002] discusses data consistent with the view that
the infant at first imitates sounds by moving one articulator
and only later coordinates articulators.) Social reciprocity in
neonatal imitation (R3.1) may be a necessary precursor for
complex imitation, establishing that “I am like the other.”
Biological evolution may have selected for neonatal imita-
tion as a basis for complex imitation.

Yu & Ballard found that body cues signaling intention
can aid word learning in adults, suggesting the utility of
such cues for children. Their computational model reliably
associates spoken words and their perceptually grounded
meanings. This model employs “small steps” which, they
suggest, would be accessible by a variety of social species,
and “yet they were only traversed by us.” However, they
seem accessible to parrots and bonobos as well as the 2-
year-old child – which is why I emphasize complex imita-
tion.

R3. Complementing complex imitation: Motivation
and theory of mind

Conversation, motivation, and theory of mind – and pros-
ody (R5.3) – must all be addressed in a satisfactory account
of the language-ready brain. This requires expanding MSH
rather than weakening it.

R3.1. Conversation

Kotchoubey emphasizes pragmatics, for example, what we
say depends on the mental state (R3.3) of our “hearer.”
However, his claim that “We do not use language to trans-
mit information, but to persuade and motivate” (R3.2)
seems a false dichotomy. “Look at this beautiful flower”
combines information – “This flower is beautiful” – and
persuasion – “Look at this flower.” Kotchoubey (personal
communication) stresses that his starting point is coopera-
tion between two or more humans, reinforcing the claims
of MSH for relating praxic and communicative actions.

Nagy suggests an innate basis for conversation that pre-
cedes its pragmatic function – newborn infants communi-
cate by using “imitation” right after birth (Nagy & Molnar
2004). She suggests that language develops from these early
intersubjective “conversations” (Trevarthen 2001). The cy-
cle of turn taking in “imitating” a small repertoire of “almost
innate” gestures is crucial in establishing the social pattern
of turn taking (R2.2). (Cf. “motherese”; R5.3.)

R3.2. Motivation

Prudkov downplays complex imitation, arguing that the
complexity of languages builds on the ability of the human
brain to construct diverse goals. He suggests that animals
can form learned motivations only when basic drives are ac-
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tivated. However, animals can acquire secondary rein-
forcers, and so on. Chimpanzees have the ability to develop
non-innate subgoals (e.g., cracking nuts). The mirror sys-
tem is well linked to the motivational system in the
macaque. The target article shows that the F5 mirror sys-
tem for grasping is best understood within the larger F5-
PF-STSa mirror system for manual and orofacial actions.
Rizzolatti et al. (2001) observe that STSa is also part of a cir-
cuit that includes the amygdala and the orbitofrontal cortex
and so may be involved in the elaboration of affective as-
pects of social behavior. Hence, Prudkov’s transition to
“non-innate motivation” may be less proximate for the evo-
lution of the language-ready brain per se than complex im-
itation, which made possible the rapid acquisition of new
skills.

R3.3. Theory of mind

Fabrega stresses that successful pantomime presupposes
social cognition, awareness of self, and goal-setting – re-
versing the view of those who attribute self-consciousness
to language (Macphail 2000). Fabrega (personal communi-
cation) also asks: “What are thoughts beyond internal use of
language”? Arbib (2001a) suggests that there are forms of
consciousness common to many mammals, but that mirror
system developments help explain why humans also have
forms of consciousness that build upon, rather than pre-
cede language. Development of increasing subtlety of lan-
guage can feed back into the nonlanguage system to refine
our perceptions and experience.

Fabrega says that I do not specify how much of the pro-
tosign/protospeech spiral is enough to support the cultural
evolution of language, and he asks whether “protoculture”
emerges as the expanding spiral gets underway. I suggest
that chimpanzees have protoculture (Whiten et al. 2001),
but that human culture is qualitatively different, and lan-
guage makes it so.

Williams sees the greatest evolutionary advantage con-
ferred by spoken language as its ability to communicate
mentalistic concepts (theory of mind, ToM). Williams
stresses selection pressure for social maneuvering where I
have emphasized physical activities. Surely the two “do-
mains of discourse” complement each other. Williams notes
the possible role of the mirror neuron system in mentaliz-
ing (Gallese 2003; Meltzoff & Decety 2003). We need to in-
vestigate whether an account can be given of a shared evo-
lution of “mirror systems” suiting both ToM and complex
imitation. I hypothesize that the ancestral mirror system for
manual praxis was distinct from the putative mirror system
for facial expression of emotion. The former would support
pantomime and thence on to multimodal symbols; and then
the availability of symbols could enrich the latter to yield
rudiments of ToM.

Indurkhya sees the key to language evolution in an abil-
ity to see and feels things from another perspective and
stresses the role of metaphor. Projection restructures the
target by creating a new ontology for it; generalization of
responsiveness of a mirror neuron may provide a novel on-
tology for objects and actions that can newly yield this ac-
tivity. The TA shows that pantomime must be supple-
mented by conventional gestures to yield protosign. Within
language itself, metaphor broadens our language by ex-
tending (proto)words to new contexts. In some cases, con-
text is enough to recapture the shade of meaning. In oth-

ers, one must invent terms which can express shadings spe-
cific to the new domain.

Indurkhya suggests that the ability to project one’s self
into other animals or objects might mark a crucial transition
in hominid evolution. I think this notion is important. Much
work on empathy emphasizes the similarities between self
and other – but one must be able to maintain different
models of other agents, adaptively going beyond what is
held in common to imagine essential differences.

Williams and Théoret & Fecteau see autism as pro-
viding a window on the role of the mirror system in ToM
and language. (Théoret & Fecteau add analysis of blind-
ness.) Deficits in autism are prominent in speech associated
with social communication, but praxic aspects of language
are fairly well preserved. Perhaps what is affected is not so
much language per se as the integration of this with affect
and ToM. Interestingly, autistics may exhibit stereotypic
mimicking (which monkeys do not have). Hence, it must be
reiterated that a fully functional human mirror system in-
hibits mere repetition (echopraxia and echolalia) and in-
stead relates the perception of perceived actions to the
planning of an appropriate course of action.

R4. Lessons from modeling

R4.1. Biological neural networks

Horwitz, Husain, & Guenther (Horwitz et al.) note 
the importance of babbling in the development of spoken
and sign languages. The Infant Learning to Grasp Model
(ILGM; Oztop et al. 2004), mentioned briefly in the TA, is
a theory of how “manual babbling” leads to an effective set
of grasps. Arbib and Rizzolatti (1997) discussed the rele-
vance of inverse and forward models to MSH, building on
insights of Jordan and Rumelhart (1992) into vocal bab-
bling. Ito and Makino et al. also stressed the importance of
internal models; see Carr et al. (2003), Makino and Aihara
(2003), Miall (2003), Wolpert et al. (2003), and Ito (2005).

Because Piatelli-Palmarini & Bever note the problem of
determining similarity criteria for learning models, it is
worth noting that the MNS and ILGM models have “in-
nate” hand-related biases which enable them to acquire a
range of grasps without having them built in. MNS input is
the hand state relating the hand to the goal affordance of
the object. ILGM acquires grasps whose visual manifesta-
tion MNS is to learn. ILGM has as its basis that the child
reaches for a salient object, executes the grasp reflex if pal-
mar contact is made, and builds a repertoire of grasps based
on those which prove to be stable – stability supplies the re-
inforcement signal.

Dominey models the transformation between semantic
structures and grammatical structures. He exploits the de-
velopmental analog of fractionation of holophrases to yield
“words” which fill slots thus formed in the holophrase.
Dominey et al. (2003) suggest that the resultant categorical
distinction between function and content elements evolved
first for sensory-motor function and then was exploited for
phrasal-conceptual function. Dominey sees his modeling as
consistent with Ullman’s (2004) declarative/procedural
model, in which the mental lexicon depends on temporal-
lobe substrates of declarative memory, while mental gram-
mar depends on a “procedural” network of frontal, basal-
ganglia, parietal, and cerebellar structures supporting
learning and execution of motor and cognitive skills.
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Horwitz et al. model how learning an auditory target for
each native language sound may occur via a mirror neuron
system. Guenther (p.c.) notes that in this modeling, the per-
ceptual system organizes largely independently of the mo-
tor system, whereas motor development relies very heavily
on the auditory perceptual system.

Horwitz et al. emphasize the importance of combining
neural modeling with neurophysiological and brain imaging
data. Horwitz and Tagamets (2003) and Arbib et al. (1994)
developed techniques for using models of primate neuro-
physiological data to predict and analyze results of human
brain imaging. Arbib et al. (2000) analyze imitation of mo-
tor skills, relating human brain imaging to data on the
macaque mirror system.

R4.2. Evolving artificial networks

We turn to using “simulated evolution” to obtain versions of
initially unstructured networks whose parameters fit them
to better perform or learn a class of actions. (Cangelosi &
Parisi [2002] and Briscoe [2002] include papers using arti-
ficial evolution to probe constraints on language, but almost
all the papers are far removed from neurobiology.)

Parisi, Borghi, Di Ferdinando & Tsiotas (Parisi et
al.) support MSH through computer simulations and be-
havioral experiments with humans which suggest that see-
ing objects or processing words referring to objects auto-
matically activates canonical actions that we perform on
them. Parisi et al. (p.c.) point out that because actions are
the only inter-individually accessible aspect of behavior, in-
terpreting meanings in terms of actions might explain how
meanings can be shared.

Borenstein & Ruppin evolve networks in which evolu-
tion of imitation promotes emergence of neural mirroring.
However, primate data suggest that neural mirroring pre-
ceded imitation in human evolution. Borenstein (p.c.) re-
sponds that the key point is that in their system only the evo-
lution of imitation was solicited, yet a mirror system
emerged – suggesting that the link between imitation and
mirroring may be universal.

Pulvermüller opts for specifying the putative neural cir-
cuits of syntax and recursion first, and thinking about pos-
sible evolution later. In his model (Pulvermüller 2002),
words are represented by distributed cell assemblies whose
cortical topographies reflect aspects of word meaning;
these assemblies are formed by correlation learning and
anatomical constraints. Syntactic rules emerge from the in-
terplay between sequence detectors and general principles
of neuronal dynamics. My concern is that this approach is
so focused on symbols that it is ill suited to grounding an
evolutionary approach to neurolinguistics.

Fagg and Arbib (1992) modeled the surprising speed
with which monkeys could learn to associate a visual pat-
tern and a motor response. This led us to distinguish Stage
I from Stage II learning. Stage I may take months of shap-
ing for the monkey to learn a general task like “associate a
new visual pattern on this screen with the correct pull on
the lever in front of you and you will get a reward.” In Stage
II, the monkey knows the task, and then takes only seven or
so trials to stabilize the correct response to a novel visual
pattern (Mitz et al. 1991). My concern with models using
small neural networks is that the search space is so re-
stricted that Stage I is no longer necessary. As one ap-
proaches the more biological models of R4.1 one must con-

strain evolutionary models to provide insights that link to
the anatomy and neurophysiology of real brains. A key chal-
lenge for MSH-related modeling is to understand how to
“evolve” from a brain for which Stage I learning can never
yield the ability to learn language, to a human brain in
which perhaps 2.5 years of learning is required for Stage I
to make possible the “word explosion” which distinguishes
the human infant from the chimpanzee.

R5. The path to protospeech

Several commentaries concerned H2: protosign provides
scaffolding for protospeech. Those who take a “speech
only” approach ignore the fact that language is multimodal.
However, future work on MSH needs greater attention to
the auditory system.

R5.1. Co-speech gestures

McNeill, Bertenthal, Cole & Gallagher (McNeill et
al.) show that speech and “gesticulations” form a single sys-
tem – a “gesticulation” (Kendon 1988) is a motion that em-
bodies a meaning relatable to the accompanying speech.
About 90% of gesticulations synchronize with the speech
segments with which they are co-expressive. I disagree with
McNeill et al.’s claim that gesture and speech must convey
the same idea unit. Kita and Özyürek (2003) compared
speech-gesture coordination in Turkish, Japanese, and En-
glish descriptions of an animated cartoon. Gestures used to
express motion events were influenced by how features of
motion events were expressed in each language, but also by
spatial information that was never verbalized. However, the
key point is that gesticulation is truly part of language.

McNeill et al. reject the claim that language started as
a gesture language that was supplanted by speech and stress
the importance of a close coupling between manual and vo-
cal action. However, they suggest that my concept of an ex-
panding spiral of protosign and protospeech does not go far
enough. They advocate the evolution of a speech-gesture
system in which speech and gesture evolved in lockstep.
This criticism may be mistaken. Gesticulations are part of
language, not protolanguage. By contrast, protosign may in-
deed have had a pantomimic base, with protosign scaffold-
ing protospeech.

In any case, McNeill et al. establish that protolanguage
was multimodal and that gesture was not “turned off” in evo-
lution. Relating this to brain function, McNeill et al. offer
the telling example of a man who can control his limb move-
ments only through arduous visually guided attentional con-
trol, yet can still gesticulate while speaking even when he
cannot see his hands. Kemmerer describes a brain-damaged
subject, with intact semantic and grammatical knowledge of
motion events, whose ability to retrieve the phonological
forms of concrete nouns, action verbs, and spatial preposi-
tions was severely impaired but whose ability to produce
gestures with language-typical information packaging was
mostly preserved (Kemmerer et al., submitted).

Emmorey concedes that the existence of modern sign
languages might seem to support my hypothesis that there
was an early stage in the evolution of language in which
communication was predominantly gestural. However, she
rejects this view because “the only modern communities in
which a signed language is dominant have deaf members.”
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However, there are communities of hearing people using a
signed language, albeit not their primary one (Kendon
1988). Emmorey suggests that sign languages can tenta-
tively be traced back only 500 years, but such historical es-
timates are suspect. For example, http://www.ASLinfo.com/
trivia.cfm says that by a.d. 530 Benedictine monks had in-
vented signs to circumvent their vow of silence.

Emmorey asserts that “If communicative pantomime
and protosign preceded protospeech, it is not clear why
protosign simply did not evolve into sign language.” Mac-
Neilage & Davis suggest that I am “vulnerable” because I
posit an open pantomimic protosign stage, whereas Hock-
ett (1978) asserted that if manual communication had ever
achieved openness, we would never have abandoned it for
speech. However, I make no claim that protosign by itself
realized the full potential of this openness. Emmorey fur-
ther asserts: “A gestural-origins theory must explain why
speech evolved at all, particularly when choking to death is
a potential by-product of speech evolution.” First, I do see
slight advantages for speech over sign (agreeing with Cor-
ballis 2002) or, rather, for the early combination of proto-
speech with protosign over protosign alone, though this
judgment is subjective. Second, Clegg and Aiello (2000)
show that the risk of choking is highly overstated: “Mortal-
ity statistics for England & Wales . . . [show] that overall
mortality from choking on food was very low averaging 0.6
per 100,000 head of population.” Third, just as it is a mat-
ter of historical contingency that some tribes have both
signed and spoken languages, it may well be that some
tribes of early humans had languages dominated by speech
and others had protolanguages dominated by sign. At a time
of evolutionary bottleneck before humans left Africa 50,000
years ago, speech could have taken a dominant role. The
counter-question to Emmorey is then: “If speech has pri-
macy and sign is a modern innovation, how can one explain
the ubiquity of co-speech gestures?”

R5.2. Taking the auditory system seriously

Bosman, López & Aboitiz (Bosman et al.), Rausch-
ecker, and Horwitz et al. all make clear that future work
on MSH must pay more attention to data on the auditory
system than does the TA.

Bosman et al. (personal communication) argue that the
biological principles that supported the evolution of mirror
neurons for grasping may also have independently sup-
ported the evolution of auditory mirror neurons, but they
agree that gesture may have helped establish certain se-
mantic aspects of protolanguage by the use of pantomime.
Their view is that protosign and protospeech coexisted and
coevolved, and each contributed to the development of the
other.

Bosman et al. discuss neurons in frontal areas of the
monkey that respond strongly to vocalizations and thereby
suggest that this domain may be the precursor of a vocal-
ization mirror system similar to the mirror system for grasp-
ing. Rauschecker presents further relevant material on
the macaque auditory system (R7).

Horwitz et al. note that a human may recognize 105 au-
ditory objects, whereas the number of those that interest a
monkey seems small. Moreover, monkeys seem far better
in vision than audition in the use of long-term memory for
objects. They thus argue that biological evolution gave ho-
minids the ability to better discriminate and categorize au-

ditory objects, retain them in memory, and relate them to
articulatory gestures. I would agree, while noting that the
success of speech has been linked to the ability to form an
immense vocabulary from a small set of “phonemes” (the
Particulate Principle; Studdert-Kennedy 2002).

R5.3. Primate vocalization

The issue is whether primate calls evolved directly to
speech. Seyfarth argues that the parallels between primate
same-different judgments for calls and children’s percep-
tion of words cannot be ignored. However, such parallels
suggest properties of auditory discrimination necessary for
protospeech but do not help explain the crucial transition
to production of an open-ended repertoire of symbols
linked to an open semantics. Seyfarth faults me for charac-
terizing primate vocalizations as “involuntary” signals but
Note 6 of the TA addresses this explicitly. Seyfarth shows
that I am wrong to deny that primate vocalizations are re-
lated to cortical regions, but his data primarily concern au-
dition. Bosman et al. suggest that in the monkey there is
overlap between area F5 and the cortical larynx represen-
tation, but Gilissen argues that monkey calls cannot be
used as models for speech production because they are ge-
netically determined in their acoustic structure. A number
of brain structures crucial for the production of learned mo-
tor patterns such as speech production are dispensable for
the production of monkey calls (Jürgens 1998).

I have been unable to consult Cheney and Seyfarth’s (in
press) paper which apparently asserts that primate social
knowledge bears striking resemblances to the meanings we
express in language, which are built up by combining dis-
crete-valued entities in a structured, hierarchical, rule-gov-
erned, and open-ended manner. Though uninformed, I
speculate that Seyfarth may be misled by our human abil-
ity to offer a language-like description of the primates’ abil-
ities. This is not to deny that prelinguistic knowledge of so-
cial relations is relevant to evolving the language-ready
brain (R3.3).

Provine discusses contagious yawning and laughing.
These seem analogous to the contagious alarm calls of non-
human primates. He observes that laughter is a ritualization
of the sound of labored breathing in rough-and-tumble play
– but, presumably, we are talking of biological selection
rather than the free symbol creation to which ritualization
contributes at the phonological and morphosyntactic level
in language (Bybee 2001). Laughter punctuates the speech
stream, in contrast with the tight integration of gesticula-
tion and speech (McNeill et al.).

Kotchoubey and Fitch note that my emphasis on cogni-
tive-symbolic aspects of language ignores prosody. Kotchou-
bey notes that prosody subserves both affective prosody
(emotional expression) and linguistic prosody (as in distin-
guishing between an assertion and a question) and that both
forms of prosodic information are processed mainly in the
right temporal lobe. In similar vein, Gilissen notes that hu-
man vocal behavior does resemble monkey calls in the emo-
tional intonations superimposed on the verbal component.
Kotchoubey (p.c.) observes that in many languages, intona-
tion is the only distinction between question and declara-
tion. He thus suggests that linguistic prosody is a part of the
right hemisphere so closely controlled by the left that they
cannot work without each other. This is reminiscent of the
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coupling of gesticulations to the syntax and semantics of a
specific language.

Gilissen cites Falk’s (2004a) evolutionary perspective on
the hypothesis that, as human infants develop, a special
form of infant-directed speech (motherese) provides a scaf-
fold for their eventual acquisition of language. This en-
riches our discussion of the role of the caregiver in neo-
natal “conversation” (R3.1). Gilissen says that the special
vocalizations of human motherese are in marked contrast to
the relatively silent mother/infant interactions that char-
acterize chimpanzees, yet suggests a possible link between
monkey calls and motherese. This apparent contradiction
suggests that the affective content of motherese (and proto-
language) builds upon the monkey vocalization system, but
the information content of motherese (and protolanguage)
has a complementary evolutionary history. Kotchoubey
suggests that the left-hemispheric subsystem develops 
as described by MSH to subserve the cognitive-symbolic
function, whereas the right-hemispheric subsystem is a di-
rect successor of monkey vocalization mechanisms and
gives language its intonational color. It is a long-standing
observation (Hughlings Jackson 1878–79) that impreca-
tions survive damage to the human brain that blocks nor-
mal speech. In Arbib (2002), I therefore suggested that 
the language-ready brain integrates action-oriented and
affect-oriented systems in a pattern of cooperative compu-
tation.

Fitch adopts Darwin’s hypothesis that our prelinguistic
ancestors possessed an intermediate “protolanguage” that
was musical and that music scaffolds the early structural
and imitative aspects of language (prosody). He sees the se-
mantic stage as coming later. However, even if we accept
the importance of “musicality,” it does not follow that the
coevolution of vocal and manual gesture is tied more closely
to music than to pantomime and linguistic communication
– but it does encourage us to investigate how dance and
music might enrich MSH.

R5.4. Evolving a phonological system

MacNeilage & Davis argue that my view that pantomime
could be an open system disregards the view that for lan-
guage to become an open system it must have a combina-
torial phonology consisting of meaningless elements. How-
ever, I explicitly distinguish pantomime from protosign. But
I do say too little about getting from a pantomimic reper-
toire to a speech repertoire. The following, adapted from
Arbib (in press), may be helpful:

Signing exploits the signer’s rich praxic repertoire of arm
and hand movements, and builds up vocabulary by lan-
guage-sanctioned variations on this multi-dimensional
theme (move a hand shape along a trajectory to a particu-
lar position while making appropriate facial gestures). By
contrast, speech has no rich behavioral repertoire of non-
speech movements to build upon. Instead evolution took a
particulate path, so that the word is built (to a first approx-
imation) from a language-specific stock of phonemes (ac-
tions defined by the coordinated movement of several ar-
ticulators, but with only the goal of sounding right rather
than conveying meaning in themselves). On this analysis, a
basic reach and grasp corresponds to a single word in signed
language; whereas in speech, a basic reach and grasp is akin
to a phoneme, with a word being one level up the hierar-
chy. In either case, the brain must provide a computational

medium in which already available elements can be com-
posed to form new ones, irrespective of the level at which
these elements were themselves defined.

I characterized MacNeilage’s frame/content theory as
being about the evolution of syllabification but offering no
clue as to what might have linked such a process to the ex-
pression of meaning. MacNeilage & Davis note that they
now address this criticism by arguing that the first words
may have been kinship terms based on baby talk (Mac-
Neilage & Davis, in press b – I received the final version
only after the TA was “set in concrete”). I do not deny that
words like “mama” and “dada” may have been based on
baby talk. But to suggest that this gives us insights into the
emergence of protolanguage seems to me to conflate phy-
logeny and ontogeny – the prototalk of adult hunter-gath-
erers is unlikely to have been much like baby talk.

For Fabrega, the complexities of speech production
seem in excess of what protosign/protospeech spiraling en-
tails. I disagree. Even a protovocabulary of a few hundred
protowords would already provide selective advantage for
changes in the vocal apparatus which “full” language could
exploit without further change. In any case, I insist that the
appropriate framework must also explain co-speech ges-
tures.

Kaplan & Iacoboni argue that mirror neurons in pre-
motor cortex that respond to the visual and auditory conse-
quences of actions allow for a modality-independent and
agent-independent coding of actions, which may have been
important for the emergence of language. Kaplan and Ia-
coboni (in preparation) found that when subjects simulta-
neously saw and heard an action, there was greater activity
in the premotor cortex compared with control conditions in
which they only saw or only heard the action. Rogalewski et
al. report the use of trans-cranial magnetic stimulation
(TMS) to show that linguistic tasks, like speaking, covert
reading, and listening to speech, activate the hand motor
system bilaterally (Floel et al. 2003). Kaplan & Iacoboni ar-
gue that the role of audiovisual mirror neurons in the evo-
lution of language deserves more attention. I agree, but
suggest that the best framework for this is provided by the
expanding spiral hypothesis. In discussing Kohler et al.
(2002) and Ferrari et al. (2003), the TA argued that these
data do not support the claim that protospeech mechanisms
could have evolved from F5 without the scaffolding pro-
vided by protosign. This matter is further debated by Fo-
gassi and Ferrari (in press), Arbib (2005), and MacNeilage
& Davis (in press b).

R6. From protolanguage to language

R6.1. For and against holophrasis

The hypothesis that protolanguage was based on holo-
phrases was offered as an alternative to the view of proto-
language utterances as strings of “words as we know them.”

Fitch supports the holophrase theory of language origin
but suggests that Baldwinian exaptations may underlie the
first behavioral stages in the transition from holistic com-
munication toward modern language. I accept that the de-
velopment of an articulatory system adequate to the de-
mands of (proto)language phonology may have involved a
Baldwinian effect but doubt Fitch’s claim that the transition
to language must have been “strongly and consistently
shaped by selection [. . .], given the communicative and
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conceptual advantages that a compositional, lexicalized lan-
guage offers.” Agriculture, writing, and living in cities pro-
vide evidence that being advantageous does not imply a ge-
netic change. Because of this I took pains to make clear that
one’s account of the evolution of the human brain might be
seen as having two very different results: “the language-
ready brain” versus “the brain that ‘has’ language.”

Bridgeman argues against holophrasis. He asserts that
monkey calls can be paraphrased in one or two words, such
as “leopard.” However, the leopard call’s meaning can be
better approximated in English by the sentence: “There is a
leopard nearby. Danger! Danger! Run up a tree to escape.”
To this he might respond, “It’s only one word, because ‘leop-
ard’ is enough to activate the whole thing.” But once one
moves to protolanguage, one may want to convey meanings
like “There is a dead leopard. Let’s feast upon it,” and we
clearly cannot use the alarm call as the word for leopard in
this utterance. Bridgeman asserts that the generality of
words is about the same in all languages and therefore con-
stitutes a possibly biological “universal” of language. How-
ever, it is well known that a word in one language may re-
quire a phrase or more to translate into another language. I
therefore maintain that the size of words is a result of a long
history of building increasingly flexible languages.

Bickerton is so “language-centered” that he gives us lit-
tle help in imaginatively recreating possible scenarios for a
time when hominid protolanguage was at an early stage of
development. He asserts that it is “questionable whether
any species could isolate ‘a situation’ from the unbroken,
ongoing stream of experience unless it already had a lan-
guage with which to do so.” But we know that biological
evolution yielded a repertoire of primate calls each of which
is akin to (but very different from) a “protoword” describ-
ing a “situation” in my sense, and I have tried to imagine
how the brain could have so evolved that such protowords
could be “invented” and disseminated in hominid commu-
nities. I suggest that early hominids very rarely created pro-
towords for new situations. I require only a slow accretion
of such nameable situations in each generation to build to-
wards the critical mass that constituted protolanguage.
Bickerton notes that those who play charades use “a large
set of ‘disambiguating signs’ – stereotypic gestures for ‘film
title,’ ‘book title,’ and so on.” I concede that early hominids
had no signs for these! But the crucial point is this: When I
posit that there is a protoword for “The alpha male has
killed a meat animal and now the tribe has a chance to feast
together. Yum, yum!”, I do not claim that (at first) there
were protowords for all the variations, such as “The alpha
male has killed a meat animal but it’s too scrawny to eat.
Woe is we.” I think this point also addresses one half of
MacNeilage & Davis’s dismissal of my supposed claim
that hominids in the protospeech stage could have “dashed
off complex semantic concepts with holistic phonetic utter-
ances” (those are their words not mine). Bickerton cites
Tallerman (2004), who argues that holophrasis was incom-
patible with contrastive phonology, but (as argued above) as
the protovocabulary increased, the different protowords
(whether signed, spoken, or both) would need to be read-
ily generated and comprehended, and this could provide as
much pressure for the particulate principle as does the anti-
holophrase position.

Bickerton (p.c.) makes the telling point that I have of-
fered no example of a hypothetical conversation consisting
of representations of frequently occurring situations and

that any model that will not do conversation (R3.1) is “worse
than dubious.” I have given too little thought to this, but
suggest that protoconversations may have been like the in-
teractions that we see in nonhuman primates, with a few
protowords interspersed among actions, rather than taking
– from the start – the form of a steady interchange of proto-
words.

I accept Bickerton’s argument that it is implausible that
all “real words” are foreshadowed by widely distributed
fragments of protowords. However, Kirby’s (2000) com-
puter simulation shows that statistical extraction of sub-
strings whose meanings stabilize can yield surprisingly pow-
erful results across many generations. I thus see the
“Wray-Kirby mechanism” as part of the story of the pro-
tolanguage-language transition, but not the whole one. My
sour fruit story, plus aspects of ritualization, provides other
mechanisms whereby the virtues of a synthetic description
might emerge – with the consequent demand for a proto-
syntax to disambiguate combinations once the combina-
torics began to explode.

Wray notes that neurolinguistic and clinical evidence
suggests that linguistic representation in the brain is
mapped on the principle of functional motivation (Wray
2002a, Ch. 14). Wray (p.c.) expands on this as follows: When
people lose language skills after a stroke, it is common for
them to retain formulaic expressions such as “good morn-
ing” while they are unable to compose novel messages (cf.
R5.3). She focuses on the functions of the material, and pro-
poses that the functional locus supporting a class of lexical
material – for example, names for people whose faces we
recognize might be activated via the mechanisms that pro-
cess visual face recognition, whereas expressions used for
context-determined phatic interaction would be activated
via, say, the right-hemisphere areas that handle context
pragmatics – would be linked to the “language” areas of the
left hemisphere. Damage to left-hemisphere language areas
could block the ability to generate names and expressions on
request, but spare the ability to use the words and expres-
sions themselves, if activated as functional wholes.

Wray supports the holophrasis theory by focusing on the
linguistic phenomenon of irregularity. She presents a num-
ber of “oddities” about language use that are readily ex-
plained if humans are predisposed to treat input and out-
put holistically where they can, and to engage in linguistic
analysis only to the extent demanded by expressive need.
Her formulation bridges between “true wholes” (protolan-
guage holophrasis) and “apparent compounds” (formulas
within a modern language) – supporting our view that the
“protolexicon” had many such wholes, rather than combin-
ing “words as we know them.” Wray shows that the
“holophrastic impulse” remains part of modern language
use, even though languages have long supplanted protolan-
guages in human society.

Bridgeman denies holophrasis, but then asks “How
could the sorts of words that cannot be used alone get in-
vented?” and looks for evidence to the development of lan-
guage in children. He concedes that a child’s first utterances
are holophrases but “next comes a two-word slot grammar.”
But ontogeny does not equal phylogeny. The child “ex-
tracting statistics” from the adult word stream is a far cry
from early hominids, for whom very few (proto)words al-
ready existed. In modeling the 2-year-old, Hill (1983; Arbib
et al. 1987; cf. Peters 1983 for data) sees the child as ex-
tracting fragments of the adult’s speech stream to provide a
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set of templates that describe situations. At first, “want milk”
or “love Teddy” are unanalyzed wholes, but then words
common to many templates crystallize out, and word cate-
gories follow as it is recognized that certain words can fill
similar slots (recall Dominey’s modeling, R4.1). This sup-
ports the claim that “holophrasis” is prototypical but that
modern communities provide a setting in which the “Wray-
Kirby mechanism” can extract existing words in a few years
rather than extending the protovocabulary over the course
of many generations.

Piattelli-Palmarini & Bever note that although idioms like
“he kicked the bucket” may be semantically non-composi-
tional, they do obey strict syntactic constraints. However, it
is a mistake to confuse Wray’s observation of the role of for-
mulas in modern language use with the idea that protowords
were themselves formulas. We are trying to imagine ho-
minids without syntax and understand how they did get syn-
tax. Hurford asserts that a synthetic evolutionary route to
compositional syntax is “simpler” than the analytic (Wray-
Arbib) account. But by what measure? Once you have dis-
covered the combinatorial power of using syntax to combine
words, then words are simpler. But if you have not done so,
then labeling significant events or constructs seems the sim-
pler strategy – which is why I still support the holophrasis
theory as a viable alternative to the synthetic account.

R6.2. Bringing in semantics

The issue of semantics was emphasized not only by In-
durkhya (see sect. R3.1) but also by Choe, Dessalles &
Ghadakpour, Hurford, Pulvermüller, and Werning (supple-
mental commentaries). Hurford caught me in an embar-
rassing lapse. When I disagreed with “Hurford’s suggestion
that there is a mirror system for all concepts,” it turns out
that I was disagreeing not with the ideas published in Hur-
ford (2004) but with Hurford’s preliminary ideas as ex-
pressed in early discussions before the paper was written. I
am happy to report that we are now in essential agreement
about the diversity of perceptual and motor schemas.

Choe cites a thought experiment of Choe and Bhamidi-
pati (2004) to assert that voluntary action can provide mean-
ing to one’s internal perceptual state, and that maintained in-
variance in the internal perceptual state can serve as a
criterion for learning the appropriate action sequence.
Parisi et al. assert “If we interpret not only signs but also
their meaning in terms of motor actions, we can understand
how meanings can be shared between speakers and hearers.
Motor actions are the only aspect of behavior which is inter-
individually accessible.” However, there is no “reddish ac-
tion” as such. And we must be careful about jumping to the
idea that every gesture mimics a direct action. Nonetheless,
I welcome the discussion by Parisi et al. of evidence that lan-
guage is grounded in action. Studies on the neural basis of
cognition suggest that different areas are activated for ma-
nipulable and non-manipulable objects (Chao &Martin
2000); manual gestures may be automatically activated not
only by visual stimuli but by words, too (Gentilucci 2003a;
2003b); and Borghi et al. (2004) found in a part verification
task that responding by moving the arm in a direction in-
compatible with the part location was slow relative to re-
sponding in a direction compatible with the part location.

This could explain why Ruchsow argued that MSH is in
good agreement with an externalistic account of semantics.
The externalist denies that there is any fact about my men-

tal or neural states that constitutes the meaning of my words
(Kripke 1982; Wittgenstein 1958). For internalists, con-
versely, cognition is computation over (symbolic) represen-
tations (Kurthen 1992). Ruchsow rejects internalism be-
cause it lets us “throw the world away,” allowing reason and
thought to be focused on the inner model instead (Clark
1999). Ruchsow finds that many passages in the TA can be
read in favor of externalism but sees “some sympathy for in-
ternalism” in references to fMRI and PET studies. Actually,
I regard both externalism and internalism as incomplete
and have sought a framework in which the partial truths of
each can be integrated. Arbib and Hesse (1986) expanded
my “internal” schema theory of “schemas in the head” to
provide a complementary account of “external” schemas
that reside in the statistics of social interaction and are thus
the expression of socially shared (externalist) knowledge.

Werning confronts the “complex first” paradox: sub-
stance concepts are more frequently lexicalized across lan-
guages than attribute concepts, and their lexical expressions
are ontogenetically acquired earlier. This is hard to recon-
cile with the view that prototypical substance concepts are
semantically complex so that, for example, the substance
concept [mango] is made up of the vector of attribute con-
cepts �orange, oval, big, soft, sweet, edible, . . .�. My so-
lution is to distinguish the distributed code for “orange” as
a feature implicit in early visual processing from the neural
representation of “orange” as a concept that can be put into
words. Werning cites Fodor’s (1995) view of mental repre-
sentations to argue that it would be logically impossible to
have two representations with the same content in one and
the same brain. However, data reviewed in section 3.1 of
the TA show that the size of an object may have different
representations for grasping (dorsal) and “declaring” (ven-
tral). Similarly, the color of an object may be salient in seg-
menting it from the background or distinguishing it from
other objects, yet not enter consciousness. For the child,
the redness of his truck is as indissoluble from the truck’s
identity as the fact that it has wheels – so the word “truck”
may imply “redness” and “wheels” when the child does not
have words or well-formed concepts for either.

Dessalles & Ghadakpour stress that an account of the
evolutionary emergence of language should “explain why
and how our ancestors got minds able to form predicative
structures, and to express them through compositional lan-
guages.” (See Hurford [2003] for a different approach to
this problem.) They point to a crucial distinction between
gaining the use of predicative structures to communicate
some aspects of a situation and using predicates to “think
new thoughts”: “We can systematically express the negative
version of a predicative structure, for example, ‘Leo doesn’t
grasp the raisin,’ whereas there is no perceptive meaning
corresponding to the negation of a visual scene.” I would
agree, yet would suggest that one can imagine a series of
“inventions” that would build more and more general
power into such a capability. At first, the effort to apply cer-
tain recognition criteria failing to meet the threshold is what
justifies the negation. This requires that context demands
that only some tests, of all possible perceptual tests, be ap-
plied (cf. presuppositions). I would probably not say to you
“There are no onions in my office” unless, for example, you
knew I was in my office and had expressed your need of
onions. Section 7 of the TA talks of language capabilities be-
ing extended by bricolage over a long period of time, and
argues that “the language-ready brain” provided by the
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genome lacks much of what we now take for granted as
parts of language. I view and, not, and every as human in-
ventions augmenting language and thus reshaping thought.

R6.3. Concerning innate universal grammar

Kotchoubey questions my view that the development of
language from protolanguage was social by noting that dis-
semination of “inventions” currently exploits such institu-
tions as writing, hierarchical social organization, and mass
media. I respond that it was because early humans did not
have such institutions that their inventions would diffuse
more slowly by protoword of mouth – and hand. That is why
I think that the “cumulative bricolage” that led to the earli-
est “full” languages may have taken 100,000 years. Kotchou-
bey (p.c.) responds that the social mechanisms present
from the very beginning, for example, socialization in tribes
and education in families, are known to be very conserva-
tive and to brake progress rather to promote it. He thus ar-
gues that development of the first language rested on bio-
logical natural selection.

Kotchoubey notes that degrees of linguistic and genetic
similarity between populations correlate, and that the tran-
sition from protolanguage to language may have covered
1,500 to 2,000 generations, and so he cannot understand
why biological mechanisms should be denied during the
evolution of the very first language. Yes, Cavalli-Sforza et al.
(1996) attest that the length of isolation of a group yields cor-
related amounts of drift in both genetic structure and lan-
guage structure, but there is no suggestion that the genetic
changes are linked to the language changes. The counter to
my hypothesis, then, would be to offer concrete proposals
on how to shift the boundary from my set of criteria for pro-
tolanguage further into the language domain of syntax and
compositional semantics. But how far? My firm conviction
is that the genome does not specify a principles-and-param-
eters universal grammar, but I could accept that phonologi-
cal expression of hierarchical structure might require a bio-
logical change not within my current criteria for language
readiness. (Recall Fitch on Baldwinian exaptation, R6.1.)

Kemmerer supports the view that grammatical categories
gradually emerged over hundreds of generations of histori-
cal language transmission and change. Linguists identify
grammatical categories primarily by formal criteria, but the
criteria used in some languages are either completely absent
in others or are employed in ways that seem bizarre com-
pared to English. For example, verbs are often marked for
tense, aspect, mood, and transitivity, but some languages,
such as Vietnamese, lack all such inflection; Makah, on the
other hand, applies aspect and mood markers not only to
words that are translated into English as verbs, but also to
words that are translated into English as nouns or adjectives.
Croft (e.g., 2001) addresses such quandaries by “construc-
tion grammar,” seeking to identify the grammatical cate-
gories of individual languages according to the constructions
unique to those languages. Of course, one may relate these
to semantic and pragmatic prototypes: prototypical nouns
specify objects and have referential functions, prototypical
verbs specify actions and have predicative functions, and so
on. Such considerations are very much consistent with the
notion that languages (not Language-with-a-capital-L)
evolved culturally through bricolage within many commu-
nities and diffusion across communities (Aikhenvald &
Dixon 2002; Dixon 1997; Lass 1997; Ritt 2004).

R7. Towards a mirror-system based
neurolinguistic model

Only one commentary touched on Figure 6 of the TA, but
I gather here a number of comments relevant to the pro-
gram it exemplified.

R7.1. Anatomically distinct regions may share an
evolutionary history

Figure 6 of the TA offered a highly conceptual extension of
the FARS model to include the mirror system for grasping
and the language system evolved “atop” this. I see the var-
ious circuits as evolutionary cousins but do not require that
the same circuitry subserves them. Given this, I am grate-
ful for the review by Barrett, Foundas & Heilman (Bar-
rett et al.) of functional and structural evidence support-
ing differential localization of the neuronal modules
controlling limb praxis, speech and language, and emo-
tional communication, but I am puzzled as to why they view
these data as justifying rejection of an evolutionary rela-
tionship between the underlying mechanisms. Barrett et al.
assert that the TA treats different forelimb gesture classes
interchangeably, whereas, for example, it cites data from
Corina et al. (1992a) which separate pantomime from sign-
ing.

There is no space here for a disquisition on mammalian
brain evolution. Let me simply refer to Kaas (1993), Butler
and Hodos (1996), Krubitzer (1998), and Striedter (2004)
for support of the conclusion that increasing complexity of
behavior is paralleled by increases in the overall size and
number of functional subdivisions of neocortex and the
complexity of internal organization of the subdivisions, and
that reduplication of circuitry may form the basis for differ-
ential evolution of copies of a given system, with differing
connectivities, and so on, to serve a variety of functions.

Barrett et al. usefully summarize data showing that in
most humans, the left hemisphere may be dominant in the
control of vocalization associated with propositional speech,
but the right hemisphere often controls vocalization associ-
ated with emotional prosody, automatic speech, and sing-
ing. Moreover, Kotchoubey notes that although the right
temporal lobe is critical for recognition of prosody (R5.3),
prosodic aspects of language are also severely impaired in
patients with lesions to orbitofrontal cortex (which has links
to the mirror system, R3.2) and the corpus callosum. The
latter, presumably, is related to integration between the two
hemispheres.

Such data must be taken into account in building upon
Figure 6 of the TA but do not contradict MSH at its current
level of detail.

R7.2. Action planning complements mirror systems

I have already (in R2.1) applauded Bridgeman’s insistence
that mirror systems must be supplemented by a planning
capability to allow language to evolve. Interestingly, the de-
sign of Figure 6 of the TA was motivated in part by the work
of Bridgeman. Recall the crucial role of inferotemporal cor-
tex (IT) and prefrontal cortex (PFC) in modulating affor-
dance selection in the FARS model. In the psychophysical
experiments of Bridgeman et al. (1997; Bridgeman 1999),
an observer sees a target in one of several possible positions,
and a frame either centered before the observer or deviated
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left or right. Verbal judgments of the target position are al-
tered by the background frame’s position, but “jabbing” at
the target never misses, regardless of the frame’s position.
The data demonstrate independent representations of vi-
sual space in the two systems, with the observer aware only
of the spatial values in the cognitive (inferotemporal) sys-
tem. The crucial point here is that communication must be
based on the size estimate generated by IT, not that gener-
ated by posterior parietal cortex (PP). Thus, all three paths
of Figure 6 of the TA are enriched by the prefrontal system,
which combines current IT input with memory structures
combining objects, actions, and relationships. (The figure
just shows the path IT r DPLF as it may affect Wernicke’s
area.)

Bosman et al. disagree with the contrast (Arbib & Bota
2003) between the MSH theory presented in the TA as be-
ing “prospective” and the Aboitiz and García (1997) theory
as being “retrospective.” Our point was that Aboitiz and
García focused on lexicon and syntax and looked at what
might support them, without suggesting the intermediate
stages that might have emerged through evolutionary pres-
sures before language itself “appeared on the scene.” As
noted in the TA, these researchers emphasize working
memory, whereas earlier work on MSH failed to do so.
Hence the inclusion of working memories in Figure 6 of the
TA. Further modeling must also take into account issues
discussed in R4.1.

Figure 6 of the TA has auditory input only to area Tpt,
whereas Rauschecker notes that auditory objects, includ-
ing speech sounds, are identified in anterior superior tem-
poral cortex (aST), which projects directly to inferior frontal
regions and not along a posterior pathway, as classically as-
sumed. He suggests that aST supports both the decoding of
vocalizations in nonhuman primates and the decoding of
human speech: “the conclusion is hard to escape that . . .
nonhuman primate vocalizations are an evolutionary pre-
cursor to human speech sounds” (cf. discussion of Sey-
farth, R5.3). However, brain imaging of users of sign lan-
guage (Emmorey 2002) suggests that the brain regions
constituting the perceptual and motor periphery differ be-
tween sign (parietal lobe in, manual-facial out) and speech
(temporal lobe in; vocal-articulatory out), but that there are
large overlap regions assumed to be responsible for syntac-
tic and semantic processing at a level abstracted from the
peripheral codes. This is the set of “new” regions which my
theory begins to explain. Given this, I would not expect
“protospeech” as it “spirally evolves” with “protosign” to in-
vent a whole new periphery, but rather, to co-opt available
resources. My impression would be that the auditory sys-
tem of nonhuman primates is (almost) adequate for speech
perception (note the restrictions reviewed by Horwitz et
al., R5.2) whereas (R5.4) the motor side needed immense
changes to get separable control of vocal articulators to
make the sounds of speech (as distinct from primate calls).

R8. Envoi

By way of conclusion, I simply invite the reader to return to
section R1.1 of this response and assess my claim that, over-
all, the extended mirror system hypothesis is alive and well.
I believe it has survived most of the criticism that would de-
stroy its key claims, but that the commentaries provide
many challenges for linking the evolving mirror system to

other systems and for filling in many details that remain too
sketchy or have not yet received due attention.
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