Multisensorial Biological Motion 

General Research question:

We want to investigate the neural locus and the mechanisms involved in the integration of auditory and visual biologically-relevant motion. In the first instance, our two major questions  are: 1. Do areas exist (pSTS?) that are exclusively dedicated to the integration of auditory and visual biological motion? 2. Is facilitation (due to simultaneous presentation of visual and auditory motion) stronger when visual motion is biological (point-light-walker) as opposed to non-biological (scrambled)? i.e. has congruent AV motion a larger effect (compared to incongruent AV motion) when visual motion is biological compared to scrambled? 
Experiment
For visual motion, we will use biological motion (Point-Light-Walker; BIO) vs. scrambled motion (SCR), since we expect stronger effects with scrambled motion than with an inverted walker (Grossmann and Blake 2000). Scrambled motion will have identical local motion vectors as the PLW but the starting positions will be randomised, i.e. limb motions will be the same but at different places. We will use looming and receding motion to avoid the problems (e.g. inconsistent ITDs) generated by auditory left/right motion. (If possible, auditory motion will be generated using headphones instead of using sparse sampling).
Stimulus Conditions:

(Both motion signals can be either looming (L) or receding (R))

Visual motion: VIS_BIO  (Biological motion) and  VIS_SCR (Scrambled) (L/R)
Auditory motion : AUD (always biological motion, i.e. footsteps)  (L/R)
AV motion: AV CONGRUENT ( = VIS_BIO_L+AUD_L OR VIS_SCR_L+AUD_L)
        AV INCONGRUENT ( = V_BIO_L+A_R  OR  V_SCR_L+A_R); 
This results in 7 stimulus conditions +  20% Null conditions (blank screen with fixation target) + <5% oddball conditions (receding motion). 
We intend to divide the 7+1 conditions into 2 functional scans, each containing 4 conditions
Scan #1:  Unimodal vs. Congruent Bimodal
4 Conditions: BLANK, VIS_BIO Looming, AUD_Looming, AV_BIO_CONGRUENT 
Rationale: This will allow us to understand which areas are exlusively responding to visual and auditory stimuli respectively, and whether there are special areas devoted to the integration of congruent auditory and visual motion signals (?).[I am still unclear about GLM when applied to fMRI signals. If (A+V)-AV is not a meaningful comparison – due to the nonlinearity of the fMRI signal – then I don’t really see how this scan can tell us anything about genuinely bimodal areas. Only if we find an area this is neither  driven by visual nor by auditory motion signals, and at the same time shows activity for bimodal signals, can we conclude that this area is genuinely bimodal. I doubt that these areas exist.] 
 Oddball Task: Press the button whenever the motion (auditory or visual) is receding 

Stimulus Sequence: Stimulus (~2sec) – Rest (2-3 sec) – Stimulus … 

trial_duration  ~ 5sec

ncond = 4;

nrep = 40; 

block_duration = ncond*nrep*trial_duration 

Scan #2: Congruent vs Incongruent and Biological vs Scrambled visual motion

4 Conditions: 
AV_BIO_CONGRUENT  (both looming)

AV_BIO_INCONGRUENT (VIS_BIO looming, AUD receding)

AV_SCR_CONGRUENT (VIS_SRC looming, AUD looming) 
AV_SCR_INCONGRUENT (VIS_SRC looming, AUD receding) 

Rationale: This scan will allow us to decide whether integration is more effective when the visual motion signal is biological as compared to scrambled. We expect a large difference (BIO  minus SCR) for the congruent condition compared to the incongruent (BIO – SCR) condition. [doesn’t this contrast analysis also assume some kind of linearity in the fMRI signal?????]
Oddball Task: Press a button whenever visual motion is receding

Stimulus Sequence: Stimulus (~2sec) – Rest (2-3 sec) – Stimulus … 

trial_duration  ~ 5sec

ncond = 4;

nrep = 40; 

block_duration = ncond*nrep*trial_duration 
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Open questions:

1. Can we do without sparse sampling? Is the auditory motion good enough if we present it via headphones while the scanner is on?

2. can we test for interactions in scan #1?

Key Papers:
Integration of Auditory and Visual Information:

1. Brooks et al. 2006 (psychophysics): use Point-Light-Walker (PLW) and inverted PLW. Much shorter reaction times (RTs) for congruent auditory-visual motion for PLW compared to incongruent auditory-visual motion. For the inverted PLW, congruent and incongruent auditory-visual motion conditions yield same RTs. They conclude that there must be special integration mechanisms for biological auditory and visual motion. 
2. Beauchamp et al 2004 (fMRI):  investigate integration of static visual objects (VO) or meaningless pictures (VS) with meaningful auditory  objects (AO) or meaningless sounds (AS).. In Experiment 2, they measure responses to visual stimuli only, to auditory only and when they are presented simultaneously. Conclude that pSTS is involved in integration of auditory and visual stimuli; stronger interaction effects for congruent A/V pairings.
This paper is interesting since it compares unimodal (A,V) with bimodal stimuli (AV) and discusses some of the problems involved in this comparison. Using  AV-(A+V) as an interaction measure is problematic since some areas that are involved in the task (e.g. the motor areas when subjects are asked to press a button) will be active during unimodal and bimodal stimuli, hence counted twice in the sum A+V and therefore count as a negative interaction.
Visual Biological Motion 
3. Grossman et al., 2000 (fMRI): investigate which areas are involved in visual biological motion processing. Biological motion minus Scrambled motion indicates involvement of pSTS. (they also found involved of the cerebellum for this condition!). Task: ‘one-back’ task: tap a finger whenever the same stimulus appeared on two or more successive presentations. Optimal speed: 4deg/sec. Scrambled motion: randomise starting positions but same motion vectors as biomotion
4. Grossman & Blake, Vision Research, 2001 (fMRI): pSTS responds strongest to upright PLW; inverted PLW yields stronger response than scrambled PLW.
5. Pelphrey, et al., 2003 (fMRI): compare complex non-biological with biological motion. They look at various other motion-sensitive areas (MT/V5), but only  STS showed preference for biological motion; other motion respond equally well to other motion types. 
6. Servos et al. ,2002 (fMRI): compare biological motion (PLW) with linear motion, object motion and motor imagery. 
7. Grezes et al, 2001 (fMRI): use PLW, inverted PLW and random dots  to identify brain areas subserving biological motion processing; also find activity in motor areas
Auditory Biological Motion
8. Bidet-Caulet et al., 2005, NeuroImage (fMRI): conclude that pSTS is also involved in the processing of auditory biological motion 
9. Caclin & Fonlupt, 2006, European Journal of NS (modelling paper): connectivity analysis of Bidet-Caulet’s data
Clinical papers:
Schenk & Zihl, 1997: double dissociations between biological and non-bio motion: patients with normal  sensitivity to coherent motion, but with an inability to detect biological motion
Vaina et al., 1990: patient LM has poor performance for detecting coherent motion, but no problem in recognizing point-light-walkers.

