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Memorability 
What could we do with such knowledge and technology? 

Visualization 



Predicting Memorability 

Memory Game I Is memorability consistency across 
different observers? 

Memory Game II How does memorability evolve over 
time? 

Computer Vision Can computer vision methods  

predict memorability? 

Memory Game  
III, IV, V … 

Is memorability a general property  

of information? 
Jennifer 

Human Memory 
What is the capacity and fidelity 

of human visual memory? 

- + 



Nature of human long term visual memory 

Standing (1973) 

10,000 images 

83% Recognition 

What we know in 2008 What we don’t know in 2008… 

… people can 
remember thousands 

of images 

… what people are remembering 
for each item? 

“Basically, my recollection is that we just 
separated the pictures into distinct thematic 
categories: e.g. cars, animals, single-person, 2-
people, plants, etc.) Only a few slides were 
selected which fell into each category, and they 
were visually distinct.”	



According to Standing	



Sparse Details	

“Abstract Only	

 Highly Detailed	





Completely 
different objects... 

Different exemplars 
of the same kind of object... 

Different states of 
the same object... 

Massive Memory Experiment I 
A stream of objects will be 
presented on the screen for  

~ 3 second each. 

Your primary task:  

Remember them ALL! 

afterwards you will be tested with… 



Massive Memory I: Methods 

...	

 ...	

...	



Showed 14 observers 2500 categorically unique objects 

1 at a time, 3 seconds each 

800 ms blank between items 

Study session lasted about 5.5 hours 

Repeat Detection task to maintain focus 

1-back 

Followed by 300 2-alternative forced choice tests 

1024-back 



Examples of Exemplar Memory Tests 



Examples of State memory test 



92% 88% 87% 

Recognition Memory Results 

Brady, et al. (2008), PNAS 



Models of Object Recognition 

A massive memory for details lend credence to 
object recognition approaches that require brute 
force storage of multiples viewpoints and 
exemplars (and image alignment approaches) 



Human Memory: Summary 

Maybe the categorical 

distinctiveness of all items 

was essential ? 

Massive Memory I Visual LTM can store a large 
number of items (Standing) 

with surprising fidelity 

Massive Memory II 

?

If you see several sets of binoculars… Will your memory representations be 
detailed enough ? 



Methods – The Study Stream 
128 unique semantic categories of natural images 

2912 natural images shown in the stream (3 seconds each, 800 
msec ISI) 

Number of exemplars per category: 4, 16, or 64 ! 

N= 24 observers 



Methods – The Study Stream 
Online Task: Detect Exact Repeats 

Repeats could be 2 to 1024 back in the stream 

Repeats could be from categories with 4, 16, or 64 exemplars 

7% of images in the stream were repeats (192 / 2912) 

1024-back (>2hr!) 

… 

2-back 



Methods – The Memory Test 

Followed by 224 2-alternative forced choice tests 

Novel Exemplar 

None of the tested categories were n-backed 

Test Pairs were always the same for all subjects 

Any effect of interference is due to the additional exemplars 



Objects & Scenes: Is it fair to compare? 

You can make each test 

item and foil arbitrarily 

hard 

We tried to span the 

categories with our exemplars 

and sampled the test item and 

foil uniformly 



88 86 82 82 

Detailed representation 
but a reliable interference 

Konkle, Brady, et al. (2010), J. Exp. Psychology: General 

Similar categorical interference effects for 
objects and scenes exemplars in memory 

Konkle, al. (2010), Psychological Science 





Scene and object categories may be treated as 
entities at a similar level of abstraction in  
human long term memory 



Human Memory: Summary 

Massive Memory I Visual LTM can store a large 
number of items 

with surprising fidelity 

Massive Memory II & III 

High memory for object and 
scene exemplars despite 
visual interference 

Scene and object exemplars 
are on average equally well 
remembered in long term 
memory 

PNAS 2008 

JEP:G 2010 

Psych Science 2010 

  Talia Konkle Timothy Brady George Alvarez 



3000 images 

200 images 

d ‘ 

Scene/object texture 

4 

3 

2 

1 

0 

Recognition is Reconstruction from Memory 



Recognition is Re-collection &  
Re-construction from Memory 

Redish texture 

Beach, relax 



Predicting Memorability 

Memory Game I Is memorability consistency across 
different observers? 

Memory Game II How does memorability evolve over 
time? 

Computer Vision Can computer vision methods  

predict memorability? 

Memory Game  
III, IV, V … 

Is memorability a general property  

of information? 
Jennifer 

Human Memory 
High capacity and visual details fidelity  

for exemplars of known categories/concepts 

- + 



Welcome to the 

Visual Memory Game 
A stream of images will be presented 

on the screen for 1 second each. 

Your task:  

Clap your hands (press a key) anytime you see an image you saw before. 

Be attentive, repeats may be separated by many images ! 

Whenever you press a key, you will get feedback: 

You may exit the game at any time and you will be paid in 
proportion to your progress at that time 

Start Game! 





Xiao et al (2010), CVPR;  Ehinger et al (2011) 

Krista  
Ehinger 





Visual Memory Game 

•  Continuous repeat detection task 
• ~ 10,000 unique images sampled from 900 scene 
categories (Standing, 1973; Brady et al., 2008) 
•   2222 target images (memory repeats) whose repeats 
occurred ~ 91-109 after the first presentation 

Isola et al (2011). IEEE Proc. Computer Vision & Pattern Recognition (CVPR) 

•  Vigilance repeats every 1-7 images 
•  Each game level has 120 images 
•  N= 650 AMT workers 
• ~ 80 scores per target images 

(1,7) 

(91,109) 

Phillip Isola 



Memorable	
  
~	
  90%	
  

Average	
  
~	
  67%	
  

Forge4able	
  
~40%	
  

Mean	
  HIT	
  rate:	
  67.5%	
  	
  SD:	
  13.5%	
  
Mean	
  False	
  alarm	
  rate:	
  10.7%	
  SD:	
  7.6%	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2222	
  target	
  images	
  

Large difference in image 
memorability 



Consistent	
  
ρ	
  =	
  0.75	
  

Is memorability consistent across different 
observers? Yes  
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Image rank N, according to group 1 

~ 80 scores per image chance level rank calculated by randomly ordering the images on the x-axis 



Subjective judgments do not predict 
image memorability 

Think&forgettableThink&memorable
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(44%)(40%)

Isola et al (2011). Neural Information Processing Systems (NIPS) 



Image memorability is distinct from 
image aesthetic 

Isola et al (2011). Neural Information Processing Systems (NIPS) 



Memorability

57 % 

Memorability 

84 % 

Memorability 

70 % 

Memorability

78 % 

Aesthetic judgments Interestingness judgments 



Predicting Memorability 

Memory Game I High consistency across observers. 
Memorability is a singular attribute  

Memory Game II How does memorability evolve over 
time? 

Computer Vision Can computer vision methods  

predict memorability? 

Memory Game  
III, IV, V … 

Is memorability a general property  

of information? 
Jennifer 

Human Memory 
High capacity and visual details fidelity  

for exemplars of known categories/concepts 

- + 



Is memorability stable across time? 



Supplementary materials for

Image memorability di�erences are stable over time delay

0
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Memorability

log image delay

r = 0.63

r = 0.68

r = 0.55

Color = rank at 
!rst delay

Most memorable

Least memorable

~1000 image delay 
(~40 minute delay)

~100 image delay
(~4 minute delay)

~15 image delay
(~36 second delay)

Figure 1: Image memorability versus log delay between repeat and initial presentation. Color

depicts memorability rank at shortest delay. Lines interpolate between the measurements at each of

the three delays. Correlations between memorabilities measured at each pair of delays are given

above plot. For clarity of visualization, each plotted point and line is the mean memorability of 22

images binned in the order of memorability at the shortest delay.
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When	
  do	
  memorability	
  differences	
  arise?	
  
At stage of encoding: Some images (features) are encoded in less 
sufficient detail than others 

Isola et al. (submitted).  



Stable characteristic of image across observer, 
randomized sequence, and time delay. 

Sizeable differences between different images. 

Memorability differences arise at the perceptual 
encoding stage: Some images (features) are 
encoded in less sufficient details than others at the 
first glance 

 May tell us about what visual information is deemed 
important by our recognition system ! 

Intrinsic	
  memorability	
  



Predicting Memorability 

Memory Game I High consistency across observers. 
Memorability is a singular attribute  

Memory Game II 
Memorability ranks are conserved  

across time 

Computer Vision Can computer vision methods  

predict memorability? 

Memory Game  
III, IV, V … 

Is memorability a general property  

of information? 
Jennifer 

Human Memory 
High capacity and visual details fidelity  

for exemplars of known categories/concepts 

- + 



Which	
  feature	
  types	
  predict	
  
memorability?	
  



1)	
  Simple	
  scalar	
  stats?	
  
	
  brightness,	
  number	
  of	
  objects,	
  mean	
  hue	
  

“Aquarium”	
   2) Scene category? 
 e.g. Aquarium, broadleaf forest, art 
studio 

3) Object content? 
 number, size, and rough position of each 
object class 

“Funny,	
  peaceful,	
  
eye	
  contact”	
  

4) Attributes? 
  actions, emotions, focus, subjective 
properties   

Which	
  features	
  types	
  predict	
  memorability?	
  



Simple,	
  scalar	
  summary	
  staVsVcs	
  do	
  not	
  correlate	
  well	
  with	
  memorability	
  

Color	
  stats	
  

Intensity	
  stats	
  

Object	
  stats	
  



1)	
  Simple	
  scalar	
  stats?	
  
	
  brightness,	
  number	
  of	
  objects,	
  mean	
  hue	
  

“Aquarium”	
   2) Scene category? 
 e.g. Aquarium, broadleaf forest, art 
studio 

3) Object content? 
 number, size, and rough position of each 
object class 

“Funny,	
  peaceful,	
  
eye	
  contact”	
  

4) Attributes? 
 actions, emotions, focus, subjective 
properties   

Which	
  features	
  types	
  predict	
  memorability?	
  

ρ	
  <	
  0.16	
  



Scene	
  features	
  

“aquarium”	
  

Categories	
  from	
  Xiao	
  et	
  al.	
  CVPR,	
  2010	
  



1)	
  Simple	
  scalar	
  stats?	
  
	
  brightness,	
  number	
  of	
  objects,	
  mean	
  hue	
  

“Aquarium”	
   2) Scene category? 
 e.g. Aquarium, broadleaf forest, art 
studio 

3) Object content? 
 number, size, and rough position of each 
object class 

“Funny,	
  peaceful,	
  
eye	
  contact”	
  

4) Attributes? 
  actions, emotions, focus, subjective 
properties   

Which	
  features	
  types	
  predict	
  memorability?	
  

ρ	
  <	
  0.16	
  

ρ	
  =	
  0.37	
  



Object	
  features	
  

“fish”	
   “person”	
  

“floor”	
  
“aquarium
”	
  

Segmenta@ons	
  from	
  Choi	
  et	
  al.	
  CVPR,	
  2010	
  

LabelMe	
  



ρ = 
0.05 

ρ = 
0.05 

ρ = 
0.20 

Object	
  counts	
  
“the	
  image	
  contains	
  4	
  object	
  classes	
  with	
  1	
  appearance	
  
each"	
  

Object	
  areas	
  
“the	
  image	
  contains	
  1	
  object	
  class	
  that	
  covers	
  40898	
  
pixels,	
  1	
  object	
  class	
  that	
  covers	
  21041	
  pixels,	
  …"	
  

MulVscale	
  object	
  areas	
  
“in	
  the	
  first	
  quadrant,	
  the	
  image	
  contains	
  1	
  object	
  class	
  
that	
  covers	
  12000	
  pixels,	
  …"	
  

Sensitive to coarse position! 
(can tell difference between 
sky and close up face.) 

SegmentaVon	
  staVsVcs	
  



ρ = 
0.43 

ρ = 
0.44 

ρ = 
0.47 

ρ = 
0.48 

Labeled	
  object	
  counts	
  
“the	
  image	
  contains	
  1	
  person,	
  1	
  aquarium,	
  …"	
  

Labeled	
  object	
  areas	
  
“the	
  image	
  contains	
  persons	
  covering	
  40898	
  pixels,	
  
aquarium	
  covering	
  21041	
  pixels,	
  …"	
  

Labeled	
  mulVscale	
  object	
  areas	
  
“in	
  the	
  first	
  quadrant,	
  aquarium	
  covers	
  12000	
  pixels	
  and	
  
fish	
  covers	
  4000	
  pixels,	
  …"	
  

Object	
  label	
  presences	
  
“the	
  image	
  contains	
  the	
  object	
  classes	
  person,	
  aquarium,	
  
fish,	
  and	
  floor"	
  

Just a bag of words 

Object	
  semanVcs	
  



1)	
  Simple	
  scalar	
  stats?	
  
	
  brightness,	
  number	
  of	
  objects,	
  mean	
  hue	
  

“Aquarium”	
   2) Scene category? 
 e.g. Aquarium, broadleaf forest, art 
studio 

3) Object content? 
 number, size, and rough position of  

    each object class 

“Funny,	
  peaceful,	
  
eye	
  contact”	
  

4) Attributes? 
  actions, emotions, focus, subjective 
properties   

Which	
  features	
  types	
  predict	
  memorability?	
  

ρ	
  <	
  0.16	
  

ρ	
  =	
  0.37	
  

ρ	
  =	
  0.48	
  



A4ributes	
  
Devi Parikh 



~	
  100	
  A4ributes	
  

Isola,	
  Parikh,	
  Torralba,	
  and	
  Oliva,	
  NIPS	
  2011	
  	
  

Phillip Isola 
Devi Parikh 



•  Focus:	
  single	
  subject/object,	
  close	
  up	
  

•  Se`ng:	
  enclosed	
  space,	
  indoors	
  

•  Subject:	
  people,	
  faces,	
  emoCons,	
  
interacCve	
  and	
  animate	
  objects	
  

•  Dynamics:	
  acCve,	
  moving	
  scenes	
  

•  Other:	
  famous	
  places,	
  unusual	
  scenes	
  

What	
  are	
  the	
  a4ributes	
  of	
  picture	
  
memorability?	
  

Isola,	
  Parikh,	
  Torralba,	
  and	
  Oliva,	
  NIPS	
  2011	
  	
  



“Aquarium”	
  

“Funny,	
  peaceful,	
  
eye	
  contact”	
  

1)	
  Simple	
  scalar	
  stats?	
  
	
  brightness,	
  number	
  of	
  objects,	
  mean	
  hue	
  

ρ	
  <	
  0.16	
  

2) Scene category? 
 e.g. Aquarium, broadleaf forest, art 
studio 

ρ	
  =	
  0.37	
  

3) Object content? 
 number, size, and rough position of each 
object class 

ρ	
  =	
  0.48	
  

4) Attributes? 
  actions, emotions, focus, subjective 
properties   

ρ	
  =	
  0.51	
  

Which	
  features	
  types	
  predict	
  memorability?	
  

Human	
  consistency:	
  ρ	
  =	
  0.75	
  



Can we estimate memorability? 

Input  
Image 

HOG	
  GIST	
   SIFT	
  
Image  

Features 

	
  0.73	
   Memorability Score 

Support Vector Regression 

The result of the regression will be a function that will take as input the features of an image and will output an estimate of the image 
memorability. Trained on one half of images, one half of subjects, Tested on left out half of images, left out half of subjects, Non-linear 
kernels 

Phillip Isola Jianxiong Xiao 

Aditya Khosla 



Global	
  image	
  features	
  

Pixel	
  
histograms	
  

SSIM	
  
	
  	
  Self-­‐similarity	
  

HOG	
  
	
  	
  Histogram	
  of	
  
oriented	
  gradients	
  

SIFT	
  
	
  	
  Scale-­‐invariant	
  
feature	
  transform	
  

GIST	
  
	
  	
  Gist	
  

Simple baseline. 
Distribution of 
intensities and 
colors. 

Local multiscale 
gradients. 

How similar is 
each part of 
image to every 
other part of 
image? 

ρ = 
0.22 

ρ = 
0.38 

ρ = 
0.41 

ρ = 
0.43 

ρ = 
0.43 





Human	
  consistency	
  
ρ	
  =	
  0.75	
  

PredicVon	
  by	
  global	
  features	
  
ρ	
  =	
  0.46	
  



1)	
  Simple	
  scalar	
  stats?	
  
	
  color,	
  brightness,	
  number	
  of	
  objects,	
  mean	
  hue	
   ρ < 0.16 

3)	
  Computer	
  Model?	
  
	
  SIFT,	
  HOG,	
  GIST	
  and	
  SSIM	
  

ρ = 0.46 

Can we estimate image memorability? 

4)	
  Human	
  objecVve	
  esVmaVon?	
  
	
  consistency	
  across	
  human	
  subjects	
  in	
  memory	
  game 	
  	
  ρ = 0.75 

0)	
  Human	
  guessing?	
  
	
  asking	
  people	
  how	
  memorable	
  an	
  image	
  is	
  

ρ = -0.02 

Isola et al (2011). IEEE Proc. Computer Vision & Pattern Recognition (CVPR); (in revision), PAMI 

2)	
  Object	
  content?	
  
	
  number,	
  size,	
  and	
  rough	
  posiVon	
  of	
  each	
  object	
  class	
   ρ = 0.48 

        0.50 



Predicting Memorability 

Memory Game I High consistency across observers. 
Memorability is a singular attribute  

Memory Game II 
Memorability ranks are conserved  

across time 

Computer Vision State of the art computer vision 
features can predict memorability 

Memory Game  
III, IV, V … 

Is memorability a general property  

of information? 
Jennifer 

Human Memory 
High capacity and visual details fidelity  

for exemplars of known categories/concepts 

- + 



http://www.businessinsider.com/faces-of-tomorrow-2011-2?op=1 



Memorability of Faces 

Bainbridge, Isola, Oliva (in press). The intrinsic memorability of face images. Journal Experimental Psychology: General 

Novel dataset: faces selection based on randomly generated first+last names following the  
distribution of the US census  

Wilma Bainbridge Phillip Isola 



Face Memory Game 

~10,000 unfamiliar faces, 2222 targets with ~ 80 memorability scores 



Database creation 



Consistent	
  
ρ	
  =	
  0.69	
  

Consistent	
  
ρ	
  =	
  0.72	
  

High human consistency for both  
correct detection and errors (false positive)   

•  HR: M = 51.6%, SD = 12.6,  FAR: M = 14.4%, SD = 8.7  
•  Average 81.7 workers per target image 

Bainbridge, Isola, Oliva (in press). The intrinsic memorability of face images. Journal Experimental Psychology: General 





True memories  
(high HIT, low FA):  

Familiarity  
(high HIT, high FA):  

Which attributes make a face memorable? 

Bainbridge, Isola, Oliva (in press). The intrinsic memorability of face images. Journal Experimental Psychology: General 

Irresponsible 
Unhappy 
Unintelligent 

Kind 
Trustworthy  
Atypical 



Can we manipulate memorability? 



Modifying face memorability 

Goal 
•  Modify faces to be more/less memorable while 

keeping identity, and other attributes intact 
Problem 
•  Features such as HOG/SIFT significantly outperform 

AAM based features for memorability prediction 

memorability 
axis 

low original high 

Aditya Khosla 
MIT 

Antonio Torralba 
MIT 



Testing Memory of Memorable & 
Forgettable face photographs 

Experiment A 

Experiment /A 

Two complementary Face memory experiments with 400 faces of different identities, with either a memorable or  
forgettable version of each identity (fillers are faces with random modification) 



Modifying Face Memorability: Results 



Memorability of Visualizations 

Borkin, Vo, Bylinskii, Isola, Sunkavalli, Oliva & Pfister (in press). What makes a visualization memorable? IEEE Transactions on Visualization and 
Computer Graphics.   

Memorable Forgettable 

Consistency	
  for	
  HIT:	
  ρ	
  =	
  0.83;	
  False	
  Alarms:	
  ρ	
  =	
  0.78	
  

Zoya Bylinskii 
MIT 

Michelle Borkin 
Harvard 

Hanspeter Pfister 
Harvard 



Fine-grained memorability 

Memorable Forgettable 

Each	
  class	
  has	
  >	
  400	
  exemplars	
  in	
  a	
  Visual	
  Memory	
  Game.	
  	
  
Very	
  high	
  human	
  consistency	
  for	
  HIT	
  and	
  False	
  Alarms	
  for	
  instances	
  of	
  the	
  same	
  class	
  

Zoya Bylinskii 
MIT 

Only	
  exemplars	
  of	
  the	
  same	
  category	
  



Memorability 

•  Memorability is an intrinsic feature of the stimulus, 
reproducible across a diverse population and for diverse 
types of (visual) information 

•  Memorability is a new task for computer vision and can be 
used as a metric for quantifying/sorting information and 
present users with meaningful memorable (or forgettable) 
information  

•  Memorability provides a tool to investigate the cognitive and 
neural basis of human memory, and augment memory 
capacity 

•  As a common factor across disciplines, memorability may 
become a fairly general quantification of the utility of visual 
information.  



Datasets 
 Massive memory website 

cvcl.mit.edu/MM 

10k US Adult Face dataset 
          (available december 2013) 

SUN: Scene Understanding  
http://groups.csail.mit.edu/vision/SUN/ 

http://web.mit.edu/phillipi/ 
UnderstandingMemorability/ 

Scene Memorability Dataset 

http://web.mit.edu/phillipi/Public/
WhatMakesAnImageMemorable/ 


