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Representational geometry: Where it started

It is argued that, while there is no structural
resemblance between an individual internal
representation and its corresponding external
object, an approximate parallelism should
nevertheless hold between the relations among
different internal representations and the
relations among their corresponding external
objects. In support of this “second-order” type
of isomorphism, ...

Roger Shepard Quote from Shepard & Chipma, 1970
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Representational geometry: An early example
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Representational geometry: More fancy stuff
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Tenenbaum et al., 2000
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Representational geometry: Early example from neuroscience
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Representational geometry: From raw data to matrix
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Representational geometry: From matrix to space

Neural space:
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Representational geometry: Where it started for fMRI

Behavioral space: Neural space:

Edelman, Grill-Spector, et al., 1998
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Representational geometry and its potential
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Representational geometry and information processing
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Figure by Kubilius et al.
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Representational geometry and information processing
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Useful models to characterize information processing?
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Figure 2. Presumed processing stages in object recognition.

Biederman, 1987, Psych. Reuv. Hummel & Biederman, 1992, Psych. Rev.
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Deep nets as a useful, quantitative benchmark
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Many architectures & applications:

CaffeNet, AlexNet, GoogLeNet, FaceNet, ResNet, CORnet, ...
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Example 1: Shape processing
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Op de Beeck et al., 2008
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Example 1: Different stages of shape processing

physical shape perceived shape

Shape envelope
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Also see: Biederman

Op de Beeck et al., 2008
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Example 1: Shape processing in visual cortex
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Example 1: Shape processing in DNNs
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Kubilius et al., 2016
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Example 1: Comparing shape representations

Perceived shape Neural shape (LOC) Deep shape
(last layer of GoogLeNet)
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Example 2: Dissociating shape from category

Multiple object properties are typically correlated/confounded:

Kriegeskorte et al., 2008

mm) Clever stimulus designs to dissociate these factors!
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Example 2: Dissociating shape from category

Shape

Bracci et al., 2016
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Example 2: Dissociating shape from category
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Example 2: Dissociating shape from category

J.6
y Feature-dependent
: . shape
_ categorical code similarity
§e)
B 02
9]
) I L I
. iﬁ R ol o il lwun um
- category
* * * * % * % * % % %% * T * * s|m||ar|ty
BA17 BA18 TOS pPPA aPPA LOTC LOTC LOTC LOTC VOTC VOTC IPS SPL IPL  DPFC
0.2 scene scene scene object face body hand object body/face hand

Bracci et al., 2016

Op de Beeck, 21 Nov 2019




Example 2: Representational hierarchies
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Example 2: Representational pathways

Multiple category representations:

MDS (metric stress)

cluster 1 (ventral) cluster 2 (dorsal)

@ animate © inanimate ¢ action @ non-action

Bracci et al., 2016

Op de Beeck, 21 Nov 2019




- s
ﬁ ( c
m _ | 13 2
=l 05 |3 5 2
2 ;|3 > 3 %
ik :
e 3
S

W o+~ B o~ ® o - © o
uone|aI09
—=61-667]
19uajed
seud-xewd=
m UIUIL-XRLUY
= W 8 g6 xewf
&) g 8 moyd B
- 8 m Boyd S
.m Boy ml
- W 10loqeb [=-
e xd -
._nm - © o - o =
m lobajes paneosad yim uonepLod
@)
(/p]
R
O]
()
| -
._Wa o
) N
L 2 3
& g =
® N
Q 3
= &
x - & © . : 3
LL]
adeys paasosad yim uoneelod %.



Example 3: Animacy representations in ‘visual’ cortex?

©
: H‘Qe e X . 3(
& ‘ f( S
o :
X ©
E w
io) ©
g
- ) i §
3] ' 3
5 '
o

Bracci et al., 2019
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Example 3: Animacy representations in DNNs & behavior
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Example 3: Animacy representations in visual cortex?
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Example 3: Task does not matter!

animacy appearance
task task
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Example 3: Comparison DNNs, brain, behavior
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Example 3: Failure of human cortex in object recognition
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Example 4: Information processing and autism

Positive Social
Touch Stimuli

Negative Social
Touch Stimuli

Neutral non-Social
Touch Stimuli

Lee-Masson et al., 2018, in press
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Example 4: Visualizing information processing
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Autism: Similar perceptual & cognitive processing,
but lower resonance
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Value of representational geometry to
understand the brain and its disorders?
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