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    Biological Motion (BM)        Scrambled Motion (SM) 
 
•  Sixteen subjects 
•  Fifty repetitions of BM and SM randomized in two blocks 
•  Event related potentials (ERP) measured in 20 channels 



IN: Quantitative EEG Analysis Methods and Clinical Applications  

Ed. By Martin L. Yarmush, Christopher J. James (2009). 
 

EVENT RELATED POTENTIALS 







 INTERACTION CRITERION: 



•  Average path length (L), defined as the average number of steps along 
the shortest paths for all possible pairs of network nodes  

•  ( i.e., the number of people you will have to communicate through, on an 
average, to contact a complete stranger).  

"

NETWORK PROPERTIES 



•   Degree centrality (D), defined as the number of links incident 
upon a node (i.e., the number of ties that a node has, or how 
influential a person is within a social network). 

 
 
 





•  Clustering coefficient (C) is a measure of how likely it is that  
node neighbors are connected to each other. 

 



Betweenness (P3)=“proportion of all shortest paths that 
pass through P3”   



1 

1 



1 

2 



1 

3 



1 

4 



1 

5 



1 

6 



1 

7 



1 

7 



7 

Betweenness(P3)=7/9  



HIGH VARIABILITY INTER-TRIAL /BETWEEN CONDITIONS 
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RESULTS 
I Global network properties 



  Path length    Clustering     Betweeness 

…..No difference in  global properties 
regardless of the number of links! 

Comparing global properties of  Biological 
motion (BM) vs  Scrambled motion (SM). 



II Local network properties 



II Local network properties 





The Parieto-frontal circuit codes biological 
movement in primates and humans 
 (Kalaska et al., 1990; Desmurget et al., 2012) 

10/20 system 
Electrodes placement 



F7 ? 

“TMS of PMC affected 
participants’ response 
bias to biological motion 
stimuli in a specific way, 
namely, by increasing 
the tendency to respond 
that biological motion 
was present when it was 
not.”   

B. van Kemenade, N. 
Muggleton, V. Walsh,  A. 
Saygin (2012)  
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TMS in PMC (corresponding 
roughly to F7 region) affected 
participants’ response bias to 
biological motion st imuli by 
increasing the tendency to respond 
that biological motion was present 
when it was not.   

We used subjectsʼ structural MRI scans and Brainsight
(Rogue Research, Montreal, Canada) to localize the stim-
ulation sites (Figure 2). Three sites were stimulated on
different days, 3–7 days apart: PMC (near the junction of
the inferior frontal and precentral sulci, Montreal Neuro-
logical Institute coordinates:−38 12 24.5), pSTS (Montreal
Neurological Institute coordinates:−49−62 18), or vertex
(halfway between inion and nasion and halfway between
the intertragal notches), which served as the control site.
The coordinates for PMC and STS were based on previous
work (Saygin, 2007). Because the lesion analysis in the
latter study was only possible in the left hemisphere, we
stimulated these sites in the left hemisphere. Because
of individual variability in anatomy, to ascertain that the
stimulated site was in the intended locations, we moved
the Brainsight probe if needed, by no more than 5 mm,
around targeted coordinates. For pSTS, we targeted the
sulcus and not the adjacent gyri; for PMC, we targeted
the inferior frontal sulcus or slightly posterior to it (and
not the middle frontal gyrus).

Control Experiment (Experiment 2)

The results of Experiment 1 indicated that TMS over PMC
affected the perception of biological motion. In a control
experiment, we investigated whether this effect was spe-
cific to biological motion perception or might generalize
to other nonbiological stimuli as well.
We generated 11 geometric shapes (four-sided poly-

gons) composed of 12 point-lights of the same size and
color as those used in the biological motion animations
(Figure 1). In each trial, either a coherent point-light
shape (e.g., a rectangle or a diamond) or a scrambled
set of dots that did not comprise a shape translated
upward or downward, along with translating noise dots
(Gilaie-Dotan, Bentin, et al., 2011; Saygin et al., 2010).
The task, as in the main experiment, was to determine
whether a coherent shape was present. All experimental
procedures were identical to the main experiment.

Data Analysis

Descriptive statistics (mean and standard deviation) for
the signal detection measures as well as accuracy and
RT are reported in Table 1 for both experiments.

The experimental data were analyzed within the signal
processing framework. Trials in which no response was
recorded were removed from the analyses. The propor-
tion of such trials was low, ranging between 0.08% and
0.6%, but did not significantly vary between conditions.
We computed sensitivity (d 0) and response bias (Green
& Swets, 1966), which allowed for comparison with pre-
vious work (Grossman et al., 2005). After observing a sig-
nificant effect of TMS on response bias, we ran post hoc
tests using hit and false alarm rates. RTs were recorded
and reported in Table 1 along with accuracy but were
not focused on because, in TMS experiments, they can
be difficult to interpret (Chouinard & Paus, 2010; Terao
et al., 1997). Our hypotheses (that TMS would affect
biological motion processing for PMC and pSTS but not
for control) were tested using paired-samples t tests
performed between pre- and post-TMS measurements
because the full ANOVA does not represent our null
hypothesis. Sphericity assumptions were verified and
corrected for if needed. p Values were corrected for
multiple comparisons.

RESULTS
Experiment 1

Average sensitivity was 1.49 (SD = 0.27), and average re-
sponse bias was 0.005 (SD = 0.09). Mean accuracy was
0.76 (SD = 0.037), and mean RT was 0.929 sec (SD =
0.1). Descriptive statistics for pre- and post-TMS sessions
are provided in Table 1.

Given large interindividual and intersession variability
in biological motion tasks (Saygin, 2007), we adaptively
measured thresholds (see Methods) at the beginning of

Figure 2. Stimulation
sites. PMC (A) and pSTS
(B) conditions, shown on
axial slices of the Montreal
Neurological Institute
template brain.
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and not general response patterns for our (detection in
noise) task.

DISCUSSION

In many biologically relevant situations, from tracking
prey and detecting predators to learning a new skill from
others and inferring social norms, organisms must ob-
serve their conspecifics and understand their movements
and actions. The processing of biological motion signals
is critical for achieving these important and ubiquitous
tasks (Blake & Shiffrar, 2007; Puce & Perrett, 2003). Neuro-
imaging and neurophysiological studies have highlighted
the pSTS as a key brain area for biological motion per-
ception (Gilaie-Dotan, Kanai, et al., 2011; Wyk et al., 2009;
Saygin, Wilson, Hagler, et al., 2004; Grossman et al., 2000;
Oram & Perrett, 1996). To support action and biological
motion perception, pSTS works within a larger network
of regions including the PMC, here referred to as the APS
(Saygin, in press; Grafton & Hamilton, 2007; Rizzolatti &
Craighero, 2004).

Although the “virtual lesion” depiction of this tech-
nique is too simplistic, and the precise physiological effects
need further specification, TMS has great potential in cog-
nitive neuroscience by allowing reversible perturbations
of processing in selected brain areas in healthy individ-
uals (Miniussi, Ruzzoli, & Walsh, 2010; Silvanto, Muggleton,
& Walsh, 2008; Allen et al., 2007). TMS over pSTS has
been shown to decrease sensitivity to biological motion
(Grossman et al., 2005), and TMS of PMC affects other
aspects of action perception (e.g., Chouinard & Paus,
2010; Candidi et al., 2008; Urgesi et al., 2007; Pobric &
Hamilton, 2006). The specific role of biological motion
had not been tested for PMC. Furthermore, it was unclear
what distinct contributions pSTS and PMC might make to
computations underlying biological motion processing. To
address these gaps in knowledge, we used TMS over both
pSTS and PMC, along with well-established stimuli and
paradigms from vision science (Blake & Shiffrar, 2007),
and explored causal links between the APS and biological
motion. Off-line cTBS TMS was used to avoid potential
confounds from eye blinks and muscle twitches that can
occur with stimulation over some frontal areas.

To summarize, we found that TMS of PMC led to a
significant decrease in sensitivity (d 0) and response bias
(criterion) for PLDs of biological motion. Subjects made
significantly more false alarms post-TMS of PMC. We also
found a marginally significant decrease in sensitivity fol-
lowing TMS of the pSTS. None of these effects were
found for TMS of the control site or for the control task.

These findings significantly extend previous work on
the effects of TMS on biological motion perception. A
reduction in sensitivity to biological motion following
rTMS over pSTS was reported previously by Grossman
and colleagues (2005). Although their study had targeted
the right pSTS, we targeted the left pSTS selecting our

Figure 3. Results of Experiment 1. Sensitivity (A), response bias (B),
hit rate (C), and false alarm rate (D) data from pre- and post-TMS
sessions are shown. The dark gray bars depict the data for PMC; the
medium gray bars, for the pSTS; and the light gray bars, for the control
site (vertex). * indicates significant effects (see Results). Error bars are
SEM. (A) Sensitivity (d 0 ) decreased significantly after TMS of PMC and
approached significance after TMS of pSTS. (B) Response bias (criterion)
significantly decreased after TMS of PMC. (C) Hit rate did not significantly
change after TMS of any site. (D) False alarm rates were significantly
increased after TMS of PMC.
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B. van Kemenade, N. Muggleton, V. 
Walsh,  A. Saygin (2012)  

Theta-burst TMS 



•  The use  of a new fast-scale network methodology was 
herein proposed for the mapping of functional networks 
extracted from electroencephalographic activity driven by 
visual stimulation. 

•  Local network graph parameters of degree, betweenness, 
and clustering allowed us to distinguish between biological 
and scrambled motion conditions in precise moments in time 
and for specific node points.  

•  Thus, the functional network approach is a suitable method 
for studying brain function on the time scale of cognitive 
processing and it allows for a new level of understanding of 
the complex phenomena associated with brain function.  

Summary 




