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Introduction
Humans’ capacity to imitate has been extensively
investigated through a wide-range of behavioral and
developmental studies. Yet despite the huge amount
of phenomenological evidence gathered, we are stp™
unable to relate this behavioral data to any specifi
neural substrate. Specifically, we address the princip,
of ideomotor compatibility, by which observing the
movements of others influences the quality of one’s ov :
performanceand develop two neural models which ac- :
count for a set of related behavioral studies [1].
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Related Experimental Study The study in which
we are interested here is a stimulus-response expen-
ment designed to verify two hypotheses of the ideo-
motor theory [2]. These two hypotheses are based
on the neural correlate that neural circuits devoted tb'9ure 2:Architecture of the model which is endowed with
the recognition of movements performed by others ard d_|rect-mapp|ng from movement observation to motor exe-
likely to be shared by the motor preparation circuitution

[3]. The first hypothesis states thiita subject was ) . )
requested to respond to the motion of a demonstratdfas considered either as task-relevant or as a distrac-

then (s)he would experience a motor facilitatigiv- - 1he subjects were then asked to perform a spa-
ing faster reaction times compared to if the subject wal!ly compatible finger lifting or tapping movement in

asked to make the same movement in response tg'esponse to congruent or incongruent stimuli. The au-
spatial cue. The second hypothesis statesttreafa- thors’ results were in agreement with their hypotheses,

cilitatory effect would be greater if the movements ofS 'éSponses to finger movements were faster than re-
the demonstrator and subject were very similar (ideoSPONSeS 0 spatial cues, and ideomotor compatible pairs

motor compatible) than if they were of a different type®f OPserved/executed movements generally produced

(ideomotor incompatible) The experimental stimuli Peter reaction times [2].

consisted of a combination of a finger-lifting move-
. . : ' - Models

ment (either index or middle finger) and of a spatla,vI ) )

cue consisting of a cross painted on the corresponding The two models which we propose to replicate the

or opposite fingernail (see Fig. 1). Each stimulus typéited behavioral study mainly rely on the same prin-
ciples. First, the two networks consist of three major

parts: the perceptual, decisional and motor preparatory
layers, which respective tasks are to represent visual
information, to determine the right response to external
stimuli, and to prepare and trigger motor execution (see
Figure 2 for an illustration). In our modelgerception

is only considered in its final stage, in that we assume
visual information to have already been processed by
Figure 1:Stimuli as used by [2]. Congruent condition: a lefthighly specialized circuits and represented in a manner
(right) finger movement with a cross on the left (right) finger-relevant for the task. Neverthelesstive processes
nail. Incongruent condition: a left (right) finger movementare involved in the perceptual level of our models. For
with a cross on the right (left) fingernail. instance, task instructions produce a top-down mod-
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ulation of cortical activity that enhances the relevant

N . X Non-Ideomotor, Non-Ideomotor,
stimulus type for the task. In addition, motivated by.s,, . Spatial cue condition 450, Movement cue condition
. . . . . £ .
psychological and neurophysiological considerations, |£ .
a natural preference for certain stimulus types and corf* TTehea, R

petitions between neural representation are also pay
of our models. Then, as the main task of the pro-

posed models is to perform a selection among differ®
ent sources of stimulus, the perceptual information ig,
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then fed to adecisional process And as soon as it~ Congruent Incongruent— Congruent Incongruent
is performed, the network transforms information from .. - original data Models' Results
stimulus space to motor space by means of stimulus- - - - Incompatible mapping (Single-route modc)
o _ T T R e ncompatible mapping (Direct-matching model)
response associations. Considering mogtor prepa- Jdeomot deomot
. . . . . motor, motor,
ration, it consists of three areas, coding respectively”| « _ syuialcuecondiion ~ “°|  Movement cue condition
for the motor plans, for the shared representation be- o
. [CIEE
tween movement observation and motor executibe (|  TTTTYUe T .
ideomotor regiol, and for the final motor selection. sso 350 T
The motor plans are fed either directly or indirectly300 -
. . . 3 _.—09
through the ideomotor area to the final motor selection g
layer which is waiting for the execution signal com-2s 250
Congruent Incongruent Congruent Incongruent

ing from the decisional process. Indeed, the key differ-
ence that distinguishes between our two models is th@gigyre 3:0riginal behavioral data, results and prediction of
one assumes shortcuts in the decisional process megla models under different experimental conditions.

ated by a direct-mapping between movement observa-

tion and executiondrect-matching modg| whereas digm, the models now exhibit clearly different behav-
the other is designed using an information bottleneclyrs (see Fig. 3).

in the decisional processifigle route modg! To conclude, we present two biologically inspired
. . . computational models capable of reproducing the ex-
Implementation The neural implementation of the P b b 9

L . . : erimental results obtained by [2]. These models are in
two models is inspired by neurophysiological ewdencﬁne with other computational models addressing imi-

suggesting a continuous representation of stimuli iE]ation mechanisms in both humans and monkeys such
feature maps [4]. In such neural populations, neuron

B [6], in that they all assume a shared representation

gernverall); reif/ind_}%eft?r?awt'mghV\t"tg broadr;?nm%etween movement observation and action execution
curves of activity. Theretore we adopte tigna "€ which is mediated by competitive interactions.
neural field approach [5] which integrates the princi-
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interactions. Indeed, the importagynamical prop- ~ ©f the SNF Professorships program.

erties of such networks include abilities for stimulus

enhancement, for cooperative and competitive intera(ReferenceS

tions within and across neural representations. [1] E. L. Sauser and Aude G. Billard, Parallel and Distrilaute

] ) Neural Models of the Ideomotor Principle: An Investigation
Results & Discussion of Imitative Cortical PathwaysTo appear in Neural Networks,

The behavioral experiments were simulated by th Special Issue on Brain Mechanisms of Imitation Learn2@p6.
P y EZ] M. Brass, H. Bekkering, A. Wohlschlager and W. Prinz, Com-

two mOde|S usmg_the same initial conditions as thos patibility between observed and executed finger movements:
used in the behavioral study [2]. The results of the two  comparing symbolic, spatial and imitative cuBsain and Cog-
models are in good agreement with the original data. nition, Vol. 44, pp. 124-143, 2000.
Since the reported simulation results are barely distin3] J. Decety and J. A. Sommerville, Shared representations be

; ; ; ; ; tween self and others: a social cognitive neuroscience,view
guishable, it ShOWS U.S Fhat this experimental paradigm Trends in Cognitive Scienc¥ol. 7, pp. 527-533, 2003.
cannot clearly discriminate between these two net- . o

. . [4] P.Cisekand J. F. Kalaska, Neural correlates of reaathéagsion

Works-_ Therefore, we devised a r_nethOd fpr determin- in dorsal premotor cortex: specification of multiple direatio
ing which model best reflects the information pathway choices and final selection of actiddeuron Vol. 45, pp. 801-
in the brain. To achieve this, we once again took in- 814, 2005.
spiration from the literature on stimulus-response comi] W. Erlhagen and G. Schoner, Dynamics field theory of move-
patibility and decided to confront our models with an ~ Ment preparatiorbsychological Reviewol. 109, pp. 545-572,

. . . . . 2002.
incompatible stimulus-response mapping, i.e. the SUtfé] M. Arbib, A. Billard, M. lacoboni and E. Oztop, Mirror neans,

jects §h0U|d respond to a left (ri_ght) cue with a right' ™ imitation and (synthetic) brain imagingieural Networks\Vol.
(left) finger movement. Under this experimental para- 13, pp. 953-973, 2000.





