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Overview

* Despite all the experimental data from fMRI, TMS and neurophysiology
guestion how visual processing is performed in the brain still remains
unclear

 Lately there were several assumptions that deep artificial neural networks
might process information similarly to the human visual cortex

* |n this study we will concentrate on early areas involved in face and object
recognition in the occipital lobe

* We test this prediction by temporary disrupting this areas with online TMS
in healthy participants during faces and objects classification task

* Then we introduce a DNN designed to predict (model) reaction times and
accuracy for the same task



Holistic (configural) face processing

Numerous sources of evidence suggest that primate
brains have special-purpose neural machinery that is
selectively involved in the perception of faces.

That means that humans evolved brain regions that are
reserved for face recognition and also that we look at
faces differently as compared with another objects.

Holistic or configural strategy refers to our ability to see
the face as a whole, taking into account the spacing
between features as well as their shapes.




Face Inversion Effect (FIE)

Although most objects are more
difficult to recognize upside down
than right side up, face recognition is
disproportionately impaired by
inversion.

In many studies the effect has been
used as a marker to indicate the
involvement of specialized face
recognition mechanismes.




Prosopagnosia

Prosopagnosia (face blindness) is a
cognitive disorder that impairs face
recognition

Prosopagnosic subjects paradoxically
perform better at matching inverted
faces than upright faces, the opposite of
the normal "face inversion effect"




Face Perception Network

Visual processing in the brain is achieved
hierarchically and face perception is not an
exception.

Occipital Face Area is the first stage in a
hierarchical face perception network in which it
represents facial components prior to subsequent

processing of increasingly complex facial features
in higher face-selective cortical regions.




Early visual cortex

!

Occipital face area (OFA)

Perception of face parts

Impaired by TMS at 60 to 100ms (*2)

o

/ Fusiform face area (FFA)\

Invariant aspects of faces -
perception of unique identity

Intracranial ERP responses to faces
in right fusiform gyrus peak at
110ms, 160ms, 200ms, 240ms,

QQOms, 350ms and 700ms (% 5~y
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Anterior temporal lobe

Personal identity, name and
biographical information

Changeable aspects of faces -
> perception of eye gaze,
expression and lip movement

Right somatosensory cortex

Facial expression discrimination

Impaired by TMS at 100 to 170ms (?)




Experiment Design

The experiment will use within-subject
4 x 3 design in which participants are
going to discriminate between upright
and inverted faces and houses while
double pulse online TMS would be
delivered over OFA, over object
recognition area in the lateral occipital
cortex (LO) or no TMS would be
delivered

The task of the participant is to
determine if the probe stimulus is
different from sample stimulus
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Fig. 1. Face stimuli were generated from an image of a male face. The two eyes and the mouth were replaced in each of the four faces by eyes and mouths from different
faces but the rest of the face was constant.
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Expectations and further analysis

e Consisting with the results of previous studies we expect TMS over
OFA to disrupt classification of both upright and inverted faces, but
have no effect on either upright or inverted houses. In contrast, TMS
over LO would disrupt performance of inverted faces, inverted and
upright houses, but would have no effect on upright faces.

e Accuracy would be measured with d’, an unbiased measure of
discrimination performance, and reaction times would be measured
with ms.

* A four-by-three repeated measures analysis of variance (ANOVA) with
stimulus (face or house), orientation (upright or inverted) and TMS
site (OFA, LO, no TMS) is going to be conducted.



Deep Neural Network

* Artificial neural networks are inspired by the brain, and their
computations could be implemented in biological neurons.

* Deep feedforward networks, which now dominate computer vision,
take further inspiration from the architecture of the primate visual
hierarchy. However, the current models are designed with
engineering goals, not to model brain computations.

* Initial studies comparing internal representations between these
models and primate brains find surprisingly similar representational
spaces.



Primate visual system uses sequence of processing stages: detection of edges,
primitive shapes, and moving up to gradually more complex visual shapes
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Next Steps

e Use Restricted Boltzmann Machines instead of Autoencoders to
acquire Deep Belief Network and improve overall accuracy

e Substitute Softmax Layer for Leaky-Integrate-And-Fire Layer to
achieve biological plausibility

* Perform an Experiment with TMS
* Feed accuracy and reaction times data into Neural Network

* Manually switch off connections in the network to adjust it with our
experimental data
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Thank you for your attention!



