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Section 1 – Project objectives and major achievements 
during the reporting period 
 
The present interim activity report covers the first six months of the second year of the project. 
 
For the sake of readability the list of partners with their acronym is reported below. 
 
 

Participant name Acronym 

LIRA-Lab, DIST, Univ. of Genova UGDIST 

Vis-Lab, Instituto Superior Técnico IST 

Neurolab, Dept. of Biomedical Sciences, Univ. of Ferrara UNIFE 

Dept of Psychology, Univ. of Uppsala UNIUP 

Dept of Linguistics, Stockholm University US 
 
 
CONTACT project’s main objective is a scientific one: to discover, and understand at a deep 
level what we believe to be the common sensorimotor mechanisms underlying both speech and 
manipulation. 
To this purpose we will construct an embodied artifact to show how a human-like embodied 
system could develop perceptual categories and production models simultaneously, in a tightly 
coupled way, for both speech and manipulatory gestures. Our objective for the artifact is to build 
a system that starts from scratch and develops incrementally to “Perceive and Produce simple 
manipulatory gestures” and “Perceive and Produce simple words”. A series of biological 
experiments will examine perception-production models in speech and manipulation, and results 
from these experiments, while contributing to the issue in their own right, will also be used to 
decide the computational model that is implemented, and tested on the artifact. 
 
In order to achieve our objective we follow a developmental methodology. We envision three 
distinct stages for our embodied system that roughly map to the three years of the project: 

1) Learning initial production-perception maps for speech and manipulation 
2) Discovering meaning and context through acting on objects 
3) Mapping words and manipulatory gestures to meaning. 

 
The present Report, therefore, is focused on the first stages of what is indicated in the Technical 
Annex as: 
 
Stage 2/Year 2: Discovering Meaning and Context through acting on objects 
Having learned initial perception-production models of its own body, the system is now in a 
position to explore external objects and discover the effects of its actions on them. The goal of 
this stage is to characterize objects and their effects by tirelessly acting on them (pushing, 
dropping, shaking), and to learn a whole new set of perception-production couplings. We 
hypothesize that it is these PP couplings discovered through exploration, that form the natural 
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“grounding of meaning” for interpreting other people’s speech and action. 

The second stage goals for speech perception-production closely parallel the ones for 
manipulation. Just as the visual categorization of objects and actions requires extracting a lot 
more structure from the visual input (compared to stage 1), similarly the speech perceptual 
categories learned have a lot more structure (vowels, phonemes), compared to the categories in 
stage 1. The system actively tries to produce the perceptual categories that it learns in a kind of 
“advanced babbling” behavior. 

The key issues for the second stage are: 
• Extraction of higher-order structure from perceptual experience  
• Very goal-directed, exploration of production space.  

 
In the first three months of the second year, UGDIST and IST jointly developed Vision 
algorithms for characterizing the manipulative actions and their effects on objects, while US 
developed algorithms for extracting patterns (such as vowels, phonemes) from adult speech. 

 
During the reporting period, the project’s objectives were pursued within the Workpackages 
defined in the Technical Annex and produced the deliverables listed below: 
 
Del. no.  Deliverable name WP no. Lead participant  Delivery date 

(project month) 

D1.5 

& 

D1.6 

Vision algorithms for characterizing 
objects 

& 
Vision algorithms for characterizing 

actions 

1 IST 16 

D4.1 Recording and analyzing variability 
in spontaneous babbling 4 US 12 

D4.2 
Analysis of synergies in spontaneous 

babbling 4 US 12 

D4.3 Experiment to test Speech Imitation 4 US 16 

 
 
With respect to the project’s objectives we believe we have progressed significantly. The 
cooperation between the partners is developing very well as it is the integration of 
multidisciplinary backgrounds contributing to the project’s objectives. 
 



CONTACT – Second Interim Activity Report 

 3 

 
Section 2 – Workpackage progress of the period 
 
2.1 WP1 – Embodied Artifact 
 
2.1.1 Progress towards objectives 

1 D1.5:  “Vision Algorithms for Characterizing Objects” was completed and delivered (lead 
partner: IST; contributing partners: IST, UGDIST).  For convenience, it was delivered 
jointly with D1.6 (see deviations). 

2 D1.6:  “Vision Algorithms for Characterizing Actions” was completed and delivered (lead 
partner: IST; contributing partners: IST, UGDIST). 

3 D1.4: “Advanced Babbling: learning and producing patterns in adult speech” is in 
development, and due at month 24. Lead partner: UGDIST; contributing partners: 
UGDIST, IST.  Algorithms are being developed for extracting and clustering patterns in 
speech, working with data from the “linguometer” experiments. 

4 D1.7: “Exploratory Play Behavior, learning by doing” is in development, and due at 
month 24.  Lead partner: UGDIST; contributing partners: UGDIST, IST.  This should 
build on the algorithms of D1.5/D1.6 and uses them for exploratory learning. 

 
2.1.2 Deviations from the project workprogramme 

 The deliverables D1.5 and D1.6 were merged and reported as one main document and one 
“stub” document pointing to the other.  This merge was made since we believe that the 
acquisition of representation for objects and actions (originally planned to be treated 
separately in the deliverables) are tightly coupled and should be considered jointly.  See 
the documents themselves for a fuller explanation. 

 
 
2.2 WP2 – Brain Areas for Perception-Production 
 
WP2 contribution to the first developmental stage, “Learning initial production-perception maps 
for speech and manipulation”, was mainly devoted on the setting up of the artifacts sensorimotor 
(perception/production) map. For this purpose, UNIFE, UGDIST and CRIL were collaborating 
closely to build an integrated system for characterizing the motor processes of speech production 
by the simultaneous acquisition of data during articulation in many modalities: ultrasound, 
articulography, laryngography, and audiovisual recording. The aim was to identify motoric and 
neural invariants that share a common structure during the development of perception and 
production of speech. The effectiveness of hypothesized invariants has to be tested on an artificial 
learning system fed with the collected motoric data, which should autonomously develop its 
perceptual capabilities in speech recognition. 

 
2.2.1 Progress towards objectives 
Due to technical delays, as reported in section 3.2.2 of the Activity Report, deliverable D2.1 
mainly focused on Speech production measurement set-up, rather than on measurement and 
analysis. 
In the early months of the second year we have been able to collect data from nine subjects (21yo 
up to 28yo), six females and three males, all of them born in Lecce. 
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At the moment, UGDIST and IST are analyzing the data to be fed to the neural network to extract 
motor invariants, associated with the motor commands at the basis of speech production. 

 
2.2.1.1 The “Linguometer” 
The aim of the Linguometer was to collect simultaneously acquired phono-articulatory data 
during speech production. However, due to SW/HW limitation of the instruments, the data 
couldn’t be recorded simultaneously and the data tracks have to be aligned in post-processing. In 
order to accomplish this task, a strict protocol was followed to obtain consistent recordings. 
 
2.2.1.1 Data acquisition 
The Linguometer is made up by: 
- Articulograph 
Tracks the position and the orientation of 12 sensors, at 200Hz. 
- UltraSound System 
Records the tongue motion (sagittal plane, PAL 25fps). 
- Laryngograph 
Records laryngeal behavior indirectly by measuring the change in electrical impedance across the 
throat during speaking (16KHz). The rapid variation in the conductance across the sensors used 
during the recordings is caused mainly by the movement of the vocal folds. 
- Camcorder 
Video acquisition of the face for (at least) lips tracking (PAL 25fps). 
 
Articulograph (AG)-UltraSound System (US) synchronization is realized in hardware: A 
synchronization signal generated by the AG is routed through an audio mixer to the A/V 
acquisition system that records US frames and speech. Since the time-dependent characteristics 
of the mixer and the acquisition card are known, post processing data alignment is fairly easy and 
accurate. 
 
The Laryngograph and the Camcorder use their own microphones. In this perspective, data 
alignment is done aligning the stream grabbed with the Camcorder and the Laryngograph signal 
to the speech signal described in the last paragraph. 
 
2.2.1.1 Recordings 
For the AG system we used 12 out of 12 available sensors for lip, teeth and tongue tracking. 
The sensors have been placed in the following positions: 

 5 sensors were placed on the tongue: 3 on the sagittal plane, 2 on the coronal plane. 
 2 sensors were placed between the upper and incisors teeth and the upper and lower gums, 

allowing to detect teeth contact during mouth closure. 
 2 sensors were placed on the upper and lower lips, as close as possible to the sagittal 

plane, in order to detect lips contact. 
 3 sensors were placed on a pair of 100% plastic glasses. The sensors were glued in a fixed 

position to give indication for head movement compensation. 
 
The sensors on the tongue were covered with a thin bio-compatible polymeric film. The sensors 
were then glued on the tongue, lips and teeth using a bio-compatible glue (B|Braun Histoacryl). 
As soon as the Articulograph and the Laryngograph sensors were placed, the subject sited on a 
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custom made stool that allowed the correct positioning of the UltraSound System probe. 
 
Each experiment lasted about half an hour, during which the subject was asked to read a sequence 
of words or monosyllables individually presented on a computer screen placed in front of him. 
The experimental stimuli consisted in three different categories: 

• 70 words (e.g.: birra, scempia, toro, vaso etc.) 
• 70 monosyllables (e.g.: pa, ba, ta, pu, bu, tu etc.) 
• and 70 words in the interrogative form (e.g.: birra? scempia?, toro?, vaso?, etc). 
 
The complete stimulus list is available here: 
http://mt.notnot.org/projects/linguometer/public/words/ 

 
Each category was presented three times in order to obtain more information about the intra-
subject speech production variance. 
 
The day before the recording session subjects were trained and submitted to some calibration 
procedures. 
 
2.2.1.1 Data analysis 
UGDIST and IST are now analyzing the data in order to synchronize and submit them to the 
artificial system for learning, which should develop the ability to recognize speech on the basis of 
motor invariants, independently from the person speaking. 

 
2.2.2 Deviations from the project workprogramme 
Due to technical delays, as reported in section 3.2.2 of the Activity Report, deliverable D2.1 
mainly focused on Speech production measurement set-up, rather than on measurement and 
analysis. We have now recovered this delay by collecting and analyzing phonoarticulatory data. 
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2.3 WP3 – Experimental Psychology-Manipulation 
 
2.3.1 Progress towards objectives 
During the last period, Uppsala University has mainly focused the activity on investigating the 
development of prediction of the outcomes of ones own actions and the development of synergies 
between eye, hand, and head movements in the production of complex action sequences. They 
are described below.  
 
2.3.1.1 Development of ability to predict the effects of ones own actions. 
UNIUP has been using the same methodological paradigm as US (see section 2.4.1.2) to 
investigate the development of the ability to predict the consequences of one’s own motor 
productions. In our case, the productions are manual, and US has been studying vocal 
productions, but in both cases we use gaze tracking techniques to measure anticipatory gaze 
patterns which infants may make when they have learnt that certain events are contingent upon 
their productions. 
 
In this study we measured how 10-month-old infants learned to anticipate the results of a 
particular manual action which is a standard part of their exploratory repertoire: striking a surface 
with the hand. A large push-button registered strikes by the infant, and a computer screen (with 
an eye-tracker) displayed a visual reward whenever a strike was registered, in the form of a short 
clip from a children’s television program. We also ran a group of control infants who passively 
observed replays of the same sequences of rewards as the contingent group has generated (N = 16 
in each group). This procedure was so that if we observed gaze patterns which appeared to be 
anticipatory, we could be sure we were observing genuine anticipation rather than something 
which was an artefact of the experimental procedure. 
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Figure 1 demonstrates anticipatory gaze shifts into the area where the reward will occur, peaking 
0.5 seconds before the reward is triggered. Unsurprisingly, the control group, who cannot expect 
the reward, do not increase their rate of looking into the reward area in the one second period 
preceding the reward, but the contingent group do. The effect is small compared to the reactive 
gaze shifts which occur after the reward start, but is significant, t26 = 2.17, p = 0.040. 
 
This result is important for two main reasons. Firstly, we now have a working method for 
measuring action outcome anticipation, which will allow future cross-modal comparative work in 
collaboration with US. The independent development of methods by US and UNIUP (although 
we have been maintaining contacts allowing the exchange of ideas on this approach) has 
maximised our chances of finding a working method. That has not been a simple matter, in this 
methodological paradigm which has many difficult practical issues. We are now in the position to 
combine the best aspects of both our approaches. 
 
The second reason this result is important is that this is actually the first time, to our knowledge, 
that visual anticipation of action outcomes has been demonstrated in infants. This has 
considerable ramifications for the understanding of the development of goal-oriented behaviour 
in infants, as the ability to expect the results of actions is a prerequisite for goal-oriented 
behaviour. Future extensions of this work may involve the study of younger infants, to further our 
understanding of the emergence of goal-oriented behaviour. 
 
A manuscript describing these results is being prepared for submission to the journal 
Developmental Psychology’s forthcoming special section on new perspectives on the effects of 
action on perceptual and cognitive development. Reports of this work also comprise the bulk of 
papers submitted/planned for submission for several conferences this summer (Human Minds, 
Human Kind at Aarhus University, and the International Society of Developmental 
Psychobiology 2007 Conference). 
 
2.3.1.2. Development of synergies between eye, hand, and head movements in the 
production of complex action sequences.   
The task was to grasp an object and move it in order to insert it into an aperture, another object, 
or hand it to another person. It is known from studies of adults that they are consistently 
predictive when looking at their own actions (Land, 1999; Flanagan & Johansson, 2003), that is, 
they move gaze to the goal of their actions before the hand arrives there. It has also been found 
that 12-month-old infants look at the goal of actions performed by other individuals before their 
hand arrives at the goal (Falck-Ytter, Gredeback & Von Hofsten, 2006). It is not known, 
however, whether infants look predictively at the goal of their own actions. Neither is it known 
how they coordinate eye, head, and hand movements during the executions of these manual 
actions. We studied infants while they carried out complex manual movements consisting of, at 
least, two sequential actions, for instance grasping and displacing an object, grasping and 
inserting an object into a container, or grasping and handing the object to another person. While 
the infants carried out these actions, head and hand movements were recorded with a passive 
reflective marker system. Eye movements were recorded with EOG. All data were synchronously 
recorded at 120 Hz. Preliminary analysis show that the hand often leads at the start of the 
movements but that the eyes (gaze) lead at the goal. This is depicted in Figure 1. The results 
suggest that action plans are formulated ahead of time and based on information gathered earlier. 
Looking becomes important towards the end of actions as the spatial demands increase. Further 
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analysis of the sequencing of actions will be reported at the review meeting in September this 
year. 
 
 

 
 
 
2.3.2 Deviations from the project workprogramme 
There have been no deviations from the original work program. 

Hand leads                     Hand lags
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2.4 WP4 – Phonetics 
 
2.4.1 Progress towards objectives 
During the last period Stockholm University has been carrying out an intensive research effort 
mainly focused on the themes described below. 
 
2.4.1.1 Recording and analyzing variability in spontaneous babbling 
The work on the analysis of the variability in spontaneous babbling has already been reported in 
deliverable 4.1 but the results obtained raised important research issues that are currently being 
pursued. Indeed, the acoustic analysis of high-pitched utterances, like those typically produced by 
young infants, raises difficult problems that demand alternative analysis techniques. Stockholm 
University has taken this challenge and has been experimenting with different approaches to 
solving the analysis problem, such as the technique sketched in deliverable 4.3. An adequate 
algorithm for reliable large-scale analysis of babbling is not yet available but Francisco Lacerda, 
Björn Lindblom and Lisa Gustavsson at Stockholm University have been addressing the issue 
from different angles and have initiated contacts with Prof. Kenneth Stevens at MIT for qualified 
advice on how to pursue the analysis and synthesis of high-pitched utterances. 
 
2.4.1.2 Analysis of synergies in spontaneous babbling 
The analysis of synergies in spontaneous babbling continues to be pursued as a follow up of 
Stockholm University’s deliverable 4.2. The device used to trigger infant babbling, 
“JollerTrigger”, described in deliverable 4.2, has been further improved and further data have 
been collected with the new version of the device. A Tobii system used in connection with the 
JollerTrigger collects data on the infant’s gaze location in response (or in anticipation) of the 
appearance of the feedback pictures on the screen. 
The essential working principle for the device is to provide visual feedback that is contingent on 
the infant’s vocalizations. The current version includes a variety of pictures that are displayed to 
the infant in response to spontaneous vocalizations. Recorded sentences, produced by an adult 
female speaker of Swedish, can also be played by the experimenter, as a way to encourage the 
infant’s own vocalizations. The presentation of the feedback pictures was also simplified. In 
order to make it easier for the infant to learn the contingency between the utterance’s pitch and 
the X-coordinate where the pictures appear, the pictures are now displayed at four predefined 
locations on the screen, rather than along a continuous X-axis (Lacerda & Gustavsson, 2006; 
Fagius et al., 2007). 
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An illustration of how the screen looks like under the “no-sound condition” is shown in figure 1. 
 

 

 
Figure 1. Illustration of the pictures displayed on the screen.

Top: The cat is displayed while the infant is silent.
Bottom: One of the pictures (duck, fish or frog) is displayed, contingent on 
the infant’s F0. For low pitch utterances, the duck appears on the left side 
of the screen, for mid-pitch utterances the fish appears on the middle of the 
screen and for high-pitch utterances the frog is displayed on the right side 
of the screen. When the infant vocalizes, the cat disappears from the 
screen. 
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Figures 2a and 2b display two examples of results obtained from two 18 month-old infants. The 

results shown on the top panel come from a rather long session where it is apparent that the infant 
looses interest on the task towards the end of the session. The general trend however seems to be 
towards a reduction of the mismatch distance, although this is clearly not stable throughout the 
sessions. At this point we still are gathering data and it is unclear whereas infants in fact are 
predicting the location of appearance of the figures. 
So far, the focus of these experiments has been on the infant’s ability to predict the consequences 
of its vocal actions but the vocalizations produced during this vocal play game will be recorded 
for further acoustic analysis in order to investigate if the infant actually tends to adapt the 
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Figure 2: Mismatch (in mm) between two infants’ gaze positions and the coordinates 
of appearance of the figures. The green line (stars) indicates the infant’s 
anticipation of the placement of the figure, i.e., the mismatch computed 
between the position where the gaze was 100 ms before the appearance of 
the figure and the location at which the figure was going to be displayed. 
The violet line (triangles) shows the mismatch between the placement of 
the picture and the location where the infant’s gaze will be 150 ms later. 
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vocalizations to the specific control of the images’ position on the screen. The next figure shows 
how one infant’s F0 varied (blue line) and the lower left X-coordinate (red line) of the image 
being displayed in response to the instantaneous F0 frequency. 
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It is hypothesized that F0 variation will tend to be restricted to the ranges leading to a specific 
location of the image as the infant learns the contingency between F0 and the position where the 
image is displayed on the screen (provided, of course, that the infant keeps its interest in the 
situation).  The evaluation of this hypothesis will be carried out when more data becomes 
available. 
 
2.4.1.3 Experiments to test Speech Imitation 
Further experiments to test speech imitation in infancy have been carried out in addition to those 
reported in deliverable 4.3. The current results are based on a total of 706 similarity judgments 
involving three infant-adult dyads, each assessed longitudinally at three age ranges (henceforth 
“Age groups”). The stimuli presented for similarity judgment were created by pairing, within 
each age group, a randomly selected adult utterance with a randomly selected utterance produced 
by the infant within ±10 seconds of the adult’s “reference”. As suggested by the counts shown in 
the table below, the younger infants tended to produce fewer utterances while interacting with the 
adults. As the infants grow older the number of utterances available for similarity judgments 
tends to increase. 

same 

no yes 

Similarity between 
randomly selected 
pairs of infant and 
adult utterances Count Count 

6-8 67 103
12 131 124

Age groups 
(months) 

14-18 131 150
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An analysis of variance to assess possible significant differences in the distribution of the 
similarity judgments for the different age groups revealed an strong tendency for an overall 
difference between the three age groups (F(2,703)= 2.944, p<0.053), as indicated in the table 
below. 

Between-Subjects Factors 
 

 N 
6-8 170 
12 255 

Age groups
(months) 

14-18 281 
 

Tests of Between-Subjects Effects 
 

Dependent Variable: same (Code: yes=1; no=0) 

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Corrected Model 1.459(a) 2 .730 2.944 .053 
Intercept 197.847 1 197.847 798.316 .000 

Age groups 1.459 2 .730 2.944 .053 
Error 174.225 703 .248   
Total 377.000 706    

Corrected Total 175.684 705    
a  R Squared = .008 (Adjusted R Squared = .005) 
 
Further analysis of the contrasts between the different age groups revealed a significant 
difference between the similarity judgments of age-groups 1 and 2 (p<0.015) but no difference 
between age-groups 2 and 3 (p<0.270). The data suggests that the significant difference in 
similarity judgments between 6-8 and 12 months of age may be due to the relative decrease in the 
proportion of “similar” utterances as the infants grew older – a pattern that seems to persist also 
when comparing 6-8 to the 14-18 months of age. Whereas this may appear counterintuitive at 
first sight, it is possible that the relative decrease in the proportion of similar infant-adult 
utterances may be a consequence of the production spurt typically observed by about 12 months 
of age. Indeed, if at this age infants tend to engage in spontaneous vocalizations, it becomes 
increasingly unlikely that the infant vocalizations will be restricted to straight forward imitations 
of the adult’s vocalizations. Furthermore, in agreement with this notion, there seems to be a 
tendency towards more lexically dominated imitations as the infant matures, rather than more 
rudimentarily adjusted rhythmically guided imitations (Olsson et al., 2007). 
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2.4.1.4 Analysis of speech and motor development 
An analysis of the relation between speech and motor development has been carried out using 
data from parental reports (Carlsson et al., 2007). The questionnaires used are the Swedish 
versions of the Child Development Inventory (SECDI), (Berglund & Eriksson, 2000). The results 
(figure 4) strongly suggest a link between language and motor development. 
 

åldersgrupp
16 mån14 mån12 mån10 mån8 mån

95
%

 C
I a

nt
al

 fö
rs

tå
dd

a 
or

d 210

180

150

120

90

60

30

0

 
(a) 

 

åldersgrupp
16 mån14 mån12 mån10 mån8 mån

95
%

 C
I a

nt
al

 sa
gd

a 
or

d

70

60

50

40

30

20

10

0

åldersgrupp
16 mån14 mån12 mån10 mån8 mån

95
%

 C
I a

nt
al

 g
es

te
r

70

60

50

40

30

20

10

0

 
 (b) (c) 

Figure 4. Development of receptive (a) and productive (b) lexicon in 35 Swedish infants 
(Carlsson et al., 2007), as well as motor development (c). The Y-axes indicate the 
number of registered occurrences of words that the infant recognizes (a) or 
produces (b), as well as the number of interactive gestures (c) reliably produced 
by the infant. The X-axes show the infants’ age, in months. 
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2.4.1.5 Synthesis and analysis of high-pitch utterances 
The work on synthesis and analysis of high-pitch utterances has pursued during the period 
covered by this interim report but so far there no significantly novel results in relation to what 
was already mentioned in deliverable 4.3. Further work on this problem is planned to be carried 
out from mid April, especially in cooperation with Prof. Kenneth Stevens. 
 
Berglund, E. & Eriksson, M. (2000). Communicative development in Swedish children 16-28 months old: the 

Swedish early communicative development inventory--words and sentences. Scand.J.Psychol., 41, 133-144. 
Carlsson, S., Cromnow, K., Egardt, M., & Lidberg, K. (2007). En undersökning av sambandet mellan språklig och 

motorisk utveckling hos 8-16 månader gamla barn: En analys av föräldrars skattningar i testinstrumentet 
Swedish Early Communicative Development Inventory (SECDI) Stockholm: Dept of Linguistics, Stockholm 
University. 

Fagius, T., Gullmer, J., & Rasmusson, L. (2007). Predicting the consequences of own vocalizations in infancy 
Stockholm: Dept of Linguistics, Stockholm University. 

Olsson, L., Smith, P., & Söderholm, C. (2007). Analys av imitationer i interaktionen mellan tre barn i åldrarna 6-18 
månader och deras föräldrar Stockholm: Dept of Linguistics, Stockholm University. 

 
2.4.2 Deviations from the project workprogramme 
Although there were delays in the project program in the beginning of the period covered by this 
report, the group at Stockholm University has recovered from those delays and is now practically 
on schedule. All the initial technical and human resources problems have been solved, enabling 
the group to work now on all project fronts. The group’s immediate priority is to explore the 
techniques developed so far and increase the volume of empirical data in order to have a stable 
basis to test the production-, perception- and cognitive models that the group is aiming at. 
 
2.4.3 Corrective actions 
To bring the project work in phase with the program, a number of corrective action were been 
taking during the period covered by this report. The main measure consisted in the direct 
involvement of a doctoral student in the CONTACT-project, along with 6 undergraduate students 
who are carrying out the labor-intensive work of transcribing the previously recorded adult-infant 
interaction sessions. These transcriptions will soon serve provide a new basis for a large-scale 
evaluation of interaction patterns at different developmental ages. An additional group consisting 
of 2 doctoral students and 10 undergraduate students is associated to the project team and has 
been involved in much of the practical work underlying the results reported above. 
 
2.4.4 Further developments 
The Phonetics laboratory at Stockholm University has recently been equipped with an EGI, EEG-
system that will be used to conduct source localization and discrimination experiments with both 
infants and adults (figure 5). This system will also be used to collect EMG data from infants. 
The laboratory is also in process of purchasing an additional Eye-Tracking System (Tobii), to be 
used in connection with the EEG-system, as well as a “non-invasive” movement tracking system 
suitable for speech articulation studies with infants. 
 



CONTACT – Second Interim Activity Report 

 16 

 
Figure 5. The new EEG system (EGI) installed in the Laboratory of Phonetics, Stockholm 

University. 
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Section 3 – Consortium management 
 
3.1 Consortium management tasks and their achievement 
 
At month 14 we have sent to the Project Officer, Dr. Carlos Saraiva-Martins, the following 
required documents for the first revision of the project: 

• Periodic activity report 
• Publishable executive summary 
• Updated plan for using and disseminating the knowledge 
• Publishable results 
• Published papers 
• Periodic management report including: 

o Financial statements (form C) from each contractor + audit certificate 
o Summary financial report consolidating the costs of the contractors 

• Periodic report on the distribution of the Community's contribution  
• The interim reporting questionnaires on work statistics (appendix 15)  
• The interim socio-economic reporting questionnaires (appendix 16) 

 
Moreover, in that occasion we have presented the following Deliverables:  
 

Del. no. Deliverable name WP no. Lead 
participant 

Delivery date 
(project month) 

D1.1 Overview Article on the development of 
Speech and Manipulation 1 US 12 

D1.2 Artifact Speech & Manipulation Production-
Perception setup 1 UGDIST 12 

D1.3 Initial Babbling and Reaching Behaviors 1 UGDIST 12 

D2.1 Speech production measurement and analysis. 2 UNIFE 12 

D3.1 

& 

D3.2 

Motor space exploration strategy during 
reaching 

& 
Simplification of reaching movements via 

synergies 

3 UNIUP 12 

D5.1 Project presentation 5 UGDIST  

D5.2 Dissemination and Use Plan 5 UGDIST  

 
 
On February 2007 we received from Dr. Martin Bohle, Head of Unit Administration and Finance 
of the European Commission, a request for justification for the discrepancy expenditure of the 
project. As requested, within 10 working days, we submitted a corrected management report 
indicating the reason for the discrepancy. 
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3.2 Changes in responsibilities 
 
The 11th of January 2007, Dr. Carlos Saraiva Martins announced us that Dr. Pilar Lopez was our 
new Project Officer. 
 
3.3 Coordination activities 
 

 Review Meeting 1, on November 14-15, 2006 in Genoa, Italy. 
 Design Meeting 2 “Design of Advanced Babbling and Exploratory Play Behaviors”, on 

April 18, 2007 in Ferrara, Italy. 
• We have organized the international workshop specifically devoted to the issue of 

development of unified representations in natural and artificial systems as claimed in the 
section 7 of the Technical Annex. The specific goal of the workshop is of gathering both 
robotics and neuroscience communities and compare results obtained from the two fields. 
The collaboration between CONTACT project and CRIL inspired us to link our workshop 
with the one organized by CRIL on “Is a neural theory of language possible?”. The 
preliminary program of the workshop, that will be held in Lecce on June 28-30, 2007, is 
reported at the end of the Report. 

 Continued collaboration between UGDIST, CRIL and UNIFE for the “linguometer” 
experiments (meetings November and December 2006). Data from several subjects has 
been collected, in the form of simultaneous ultrasonic, articulographic, laryngographic, 
and audiovisual recordings. This data is being aligned and consistency-checked at 
UGDIST and will soon be distributed to the partners (see section 2.2.1). 

 UGDIST continued to collaborate with the RobotCub project for work on reaching and 
manipulation, and is planning to purchase an iCub arm/hand system for manipulation 
experiments. 

 Collaboration between US and IST: three meetings (October 2006 and March 2007) to 
discuss particular approaches for the generation of infant-like speech synthesis, 
biomechanically-based articulatory synthesis and methods for deriving emergent 
linguistic information from perceptual representations of speech stimuli. 

 Collaboration between US and UNIUP: meetings (November 2006, December 2006) to 
learn about conducting EEG studies on infants and to discuss the experiments on the 
infants' learning of the consequences of their manual and vocal actions. 

 Collaboration between US and UNIFE: one of US' doctoral students, associated to the 
CONTACT team, has visited the Ferrara (March 2007) to learn about TMS and EMG 
techniques. This visit was carried out as part of a general competence boost for the US' 
research team, taking advantage of the scientific exchange possibilities that are opened by 
US' participation in the CONTACT-project. A particular goal of the visit was the 
preparation of up-coming experiments to be carried out at US in order to investigate the 
possibility that infants may show of increased muscular activity in the lip region (mainly 
in m. orbicularis oris) while listening to speech sounds involving lip-rounding.  

 Collaboration with US and Prof. Kenneth Stevens, MIT, to develop an analysis method 
for high-pitch infant utterances. This contact is to be followed up by a visit to MIT later 
this spring term or early in the fall term. This contact aims at achieving a tool to 
synthesise and process high-pitch utterances, with direct application in CONTACT.  

 US meeting with Prof. Patricia Kuhl, University of Washington, Seattle, to assess 
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language acquisition aspects in children with Autism Spectrum Syndrom and planning of 
experiments on language acquisition in children with autism. The experimental study of 
language acquisition in children with autism offers the opportunity of creating a more 
realistic model of audio-visual integration in early language acquisition.  

 US exchange with partners at Carnegie-Mellon University's Dept. of Psychology, 
Pittsburgh, USA, and at KTH, Stockholm, Sweden, as a consequence of the synergies 
created by US' participation in CONTACT project. 
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Annex – Use and dissemination 
 
Massmedia 
US has been participating in an educational program on Language produced by the National 
Swedish Television. The recordings for the program have been carried out during the Fall-term 
2006 demanding several weeks of preparation followed by a total of six days of recordings at the 
laboratory to document the different aspects of the ongoing experimental research. The TV-team 
has also spent two days at the IST VISLAB in Lisbon documenting the group’s work with the 
robot. The program is scheduled to be broadcasted on National Swedish Television on the 10th 
June 2006. 
 
US has also participated in reportage on the theoretical issues of early language learning. The 
article produced from this reportage will be published in the May’s issue of a new popular 
science magazine specialized on Language. The scientific impact of CONTACT-project is a 
central theme in the article. 
 
UNIUP is assisting in the preparation of an article on infant psychology for the popular Swedish 
parenting magazine, Vi föräldrar. 
 
Journal articles 
Lacerda, F. (2006). Ett ekologiskt perspektiv på tidig talspråksutveckling. In M. Eriksson, A. 
Ylikiiskilä, & E. Berglund (Eds.), Tionde Nordiska Barnspråkssymposiet (pp. 14-26). Gävle, 
Sweden: Högskolan i Gävle. 

Lacerda, F. and Sundberg, U. (2006). An Ecological Theory of Language Acquisition. 
Linguística, 1, 53-106. 

Craighero L., Bonetti F., Massarenti L., Canto R., Fabbri Destro M. and Fadiga L. (in press) 
Temporal prediction of touch instant during human and robot grasping observation. Brain 
Research Bulletin. 

Craighero L., Metta G., Sandini G. and Fadiga L. (in press) The Mirror-Neurons System: data 
and models. In C. von Hofsten and K. Rosander (Eds.). From Action to Cognition. Progress in 
Brain Research. Elsevier, Amsterdam 

Fadiga L. and Craighero L. (in press) Cues on the origin of language - From electrophysiological 
data on mirror neurons and motor representations. In S. Bråten (Ed.) On Being Moved - from 
Mirror Neurons to Empathy. John Benjamins Publishing Company, Amsterdam/Philadelphia. 

Fadiga L., Roy A.C., Fazio P. and Craighero L. (in press) From hand actions to speech: evidence 
and speculations. In P. Haggard, Y. Rossetti, M. Kawato (Eds.) Sensorimotor Foundations of 
Higher Cognition, Attention and Performance XXII. Oxford University Press, Oxford, New York. 

Rizzolatti G. and Craighero L. (in press) Language and mirror neurons. In G. Gaskell (Ed.) 
Oxford Handbook of Psycholinguistics, Oxford University Press, Oxford. 

Schütz-Bosbach S., Haggard P., Fadiga L. and Craighero L. (in press) Motor cognition: TMS 
studies of action generation. In Oxford Handbook of Transcranial Stimulation, Oxford University 
Press, Oxford. 
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Conferences 
Lacerda, F. & Gustavsson, L. (2006). Exploring and learning the consequences of vocalizations 
in early infancy. J Acoust.Soc.Am 120[5], 3136. Ref Type: Abstract 

Marklund, E. & Lacerda, F. (2006). Infants' Ability to Extract Verbs from Continuous Speech. In 
Interspeech 2006 (pp. 1360-1362). Universität Bonn, Poppelsdorfer Allee 47, D-53115 Bonn, 
Germany: ISCA, c/o Institut für Kommunikationswissenschaften. 

Klintfors, E. & Lacerda, F. (2006). Potential Relevance of Audio-Visual Integration in Mammals 
for Computational Modeling. In Interspeech 2006 (pp. 1403-1406). Universität Bonn, 
Poppelsdorfer Allee 47, D-53115 Bonn, Germany: ISCA, c/o Institut für 
Kommunikationswissenschaften. 

Hörnstein, J., Lopes, M., Santos-Victor, J., & Lacerda, F. (2006). Sound Localization for 
Humanoid Robots - Building Audio-Motor Maps based on the HRTF. In IEEE/RSJ International 
Conference on Intelligent Robots and Systems (pp. 1170-1176). 

Brochures 
US has used CONTACT-project as a high profile project in two different brochures promoting 
the research activities carried out by the University. These brochures are directed to a very broad 
public of potential students and funding agencies. 
 
School visits and seminars 
As a consequence of the impact that CONTACT project activities have been having on teenagers’ 
interest for scientific research, the US team has been asked to accept a number of school visits 
during which we have presented our research activities and discussed the scientific significance 
of CONTACT project. 
In addition to this, the team has been involved in a public seminar for representatives of the 
industry and Swedish authorities. The theme of this seminar was just focused on US’s scientific 
and local management experiences in the context of the CONTACT project. 
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Preliminary program of the International Workshop 

 
 
 
 

 

 

CRIL 
Centro di Ricerca Interdisciplinare sul Linguaggio 

and 
The CONTACT Project “Learning and development of Contextual Action” 

 
Present an International Workshop 

 
Is a neural theory of language possible? 

Development of unified representations in natural and artificial systems 

University of Salento 
Hotel President 

Lecce, June 28, 29, 30, 2007 

Scientific issues and aims of discussion 

The CONTACT project and CRIL are collaborating closely to build an integrated system for characterizing 
the motor processes of speech production by the simultaneous acquisition of data during articulation in 
many modalities: ultrasound, articulography, laryngography, and audiovisual recording. We seek to 
identify motoric and neural invariants that share a common structure during the development of 
perception and production for both speech and manipulation. The effectiveness of hypothesized invariants 
will be tested on an artificial learning system fed with the collected motoric data, which should 
autonomously develop its perceptual capabilities in speech recognition. 
This collaboration prompted us to organize an interdisciplinary workshop, creating an opportunity for 
dialogue between first class scientists from the disciplines of cognitive neuroscience, robotics and 
linguistics. The hope is that in the future, research in the field of cognitive neuroscience will mature and 
converge to an integrated epistemological perspective, leading to the elaboration of a unified neural theory 
of language and motor control. 
_________________________________________________________________________ 
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Programme 

28 JUNE, THURSDAY 

8:45 Registration 

9:15 Welcoming and introduction: Mirko Grimaldi University of Salento 
Giulio Sandini University of Genova 

9:30 Luigi Rizzi University of Siena 
Notes on Biolinguistics and the Neurosciences 

Unified representations for speech and action 
Chair: Paul Fitzpatrick (University of Genova) 

10:15 Luciano Fadiga University of Ferrara 
Action and language 

11:00 Coffee break 

11:30 Discussants 
Jacques Mehler SISSA Trieste 

 Andrea Calabrese University of Connecticut 

13:00 Lunch break 

The phonetic-phonological interface 
Chair: Francisco Lacerda (University of Stockholm) 

15:30 Douglas Whalen Haskins Laboratories – Connecticut 
Gestures, features, and mirror neurons 

16:15 Coffee break 

16:30 Marina Nespor University of Ferrara / SISSA Trieste 
Rhythm and language acquisition 

17:15 Discussants 
 Nick Clements CNRS / Paris 3 

Bert Vaux University of Cambridge 

_________________________________________________________________________ 

FRIDAY, JUNE 29 

Natural and artificial structures of language and communication 
Chair: Laila Craighero (University of Ferrara) 

9:30 Bruno Galantucci Haskins Laboratories - Connecticut 
The emergence of human communicative gestures 

10:15 Coffee Break 

10:45 David Poeppel University of Maryland 
Dave Embick University of Pennsylvania 
Syntactic computation and neurobiology 
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11:30 Discussants 
 Alec Marantz New York University 

Andrea Moro Università Vita-Salute San Raffaele, Milano 

13:00 Lunch break 

Lexical competence and semantic processes 
Chair: Giorgio Metta (University of Genova) 

14:45 Art Glenberg University of Michigan 
Premotor cortex, action control, and language 

15:30 Coffee break 

15:45 Friedemann Pulvermüller University of Cambridge 
Max Garagnani University of Cambridge 
Towards a mechanistic theory of language grounded in perception-action circuits of the human 
brain 

16:30 Discussants 
 Gennaro Chierchia Harvard University 
 Stefano Cappa Università Vita-Salute San Raffaele, Milano 

Tour of Gallipoli and Social Dinner by the sea 
_______________________________________________________ 

SATURDAY, JUNE 30 

Unified representations in natural and artificial systems 
Chair: José Santos-Victor (Instituto Superior Técnico, Portugal) 

9:00 Joseph Perkell Research Laboratory of Electronics at MIT 
Movement goals and feedback and feedforward mechanisms in speech production 

9:45 Yiannis Aloimonos Computer Vision Laboratory, University of Maryland 
 HAL: Human Activity Language 

10:30 Coffee break 

11:00 Jean-Luc Schwartz Institut de la Communication Parlée, Grenoble 
Morphogenesis of language units in a perceptuo-motor framework 

11:45 Roger Moore University of Shieffield 
Predictive Sensorimotor Control and Emulation (PRESENCE): Implications for Future Spoken 
Language Technology 

12:30 Frank Guenther Boston University 
 Auditory, somatosensory, and motor interactions in speech production 

Conclusion 

 


