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Can brain science help 
computer science 
and vice-versa? brain science

computer science



Deep nets: 
The good

Russakovsky et al 2015, Nech & Kemelmacher-Shlizerman 2017; Philips et al 2018 

Object recognition
(ImageNet)

face recognition
(MegaFace)

“Superhuman” capabilities



Deep nets: 
The good

Lee et al 2017; Januszewski et al 2018

Neural tissue segmentation
(connectomics)

“Superhuman” capabilities



Deep nets: 
The good
Feedforward sweep, passive viewing

V1 V2 V4 IT

See Serre 2014 for a reviewSee Serre Annual Review of Vision 2019 



Linsley et al in sub

Deep nets:
The bad

● Shape similarity judgments
(Kubilius et al. 2016, Pramod & Arun 2016, Erdogan & Jacobs 2017, Baker et al 
2018)

● Illusory contours 
(Kellman et al 2017)

● Sensitivity to image perturbations + temporal changes to 
image sequences 
(Berardino et al 2017, Hénaff et al 2019)

● Leverage different visual features
(Linsley et al 2017, 2019)

Systematic differences w|humans

See Serre Ann Rev Vision 2019 



Linsley et al in sub

Deep nets:
The uggly

● DNNs shatter ImageNet 
(Zhang et al 2017)

● DNNs overfit to (excessively) re-used test sets 
(Recht et al 2019)

● DNNs do not generalize to out-of-distribution samples, e.g.:
○ out-of-context objects, clutter and occluders 

(Saleh et al 2016, Rosenfeld et al 2018, Tang et al 2018, Wang et al 2018)

○ subtle changes in the type of noise used for train vs. test
(Gheiros et al 2018)

○ connectomics: different tissues used for train vs. test
(Linsley et al 2018)

○ limited abstraction beyond training data in vis 
reasoning
(Kim et al 2018)

“Out-of-distribution” sample

See Serre Ann Rev Vision 2019 



Neuroscience
as inspiration

● Feedback mechanisms
○ Attention
○ Grouping
○ Oscillations
○ etc

● Memory (working, episodic, etc)

brain science

computer science



http://www.clickme.ai

Learning
to attend 

http://clickme.ai/#


Linsley et al in subLinsley Schiebler Eberhardt Serre ICLR 2019



Druker & Le Cun, 1992; see also Zagoruyko & Komodakis 2017

Objective 2: Learn attention mask         
(feature-based and spatial)

 

Objective 1: Object classification: 
This is a truck

 

DCN

Linsley Schiebler Eberhardt Serre ICLR 2019

Learning
to attend



Linsley et al in subLinsley Schiebler Eberhardt Serre ICLR 2019



Learning
to group

6 9 14

Pos

Neg

Linsley Kim Veerabadran Windolf & Serre NeurIPS 2018



Highly-recurrent
network model

Mely Linsley & Serre Psych Review 2018



From a neural circuit...
… to an ML module 

Linsley Kim Veerabadran Windolf & Serre NeurIPS 2018



Feedback GRU
(fGRU)

Linsley Kim & Serre arXiv:1811.11356 2018



Feedback GRU
(fGRU)

Linsley* Kim* & Serre arXiv 2019

Need help to develop BPTT-alternatives which make more 
efficient use of memory!



Reichert & Serre 2014

Computing w| 
oscillations



Martinho III & Kacelnik 2016

Visual
reasoning

Sort-of-CLEVR dataset 
(Santoro et al 2017)



Kim Ricci & Serre Royal Soc Interface Focus 2018

Visual
reasoning

“Relational network” 
(Santoro et al 2017)



● Looking for potential collaborators for my wife (URI, 
nutrition, child obesity prevention)

● Contacts at the University?


