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Overview of the Conference 
  

 

The Fall Vision Meeting is a single-track meeting meaning that attendees can see all 

presentations. Topics are arranged broadly around the four OSA Vision and Color technical 
groups: Vision, Color, Applications and Clinical. We accept submissions on all aspects of vision 

science. 

 
Sessions for the 2011 Meeting are: 

 
Classics of Vision Science 

Moderator: Steve Buck 
Speakers: Gerald Westheimer, John Robson, Tom Cornsweet, and Anita Hendrickson 

 
Connectivity Maps in the Brain  

The emerging field of connectomics has the potential to revolutionize our understanding of 

anatomical and functional neural networks. This session will delve into the current investigations 
of the connectivity of networks from retina to cortex. 

Moderator: Alyssa Brewer 
Speakers: Robert Marc, EJ Chichilnisky, David VanEssen, Bob Dougherty 

 
Rehabilitation and Adaptation to Visual Impairment 

Understanding the visual consequences of injury and disease, as well as the plasticity of the brain 
itself, provides new insight for the development of rehabilitation approaches that encourage and 
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improve adaptation and daily function. The work presented in this session explores adaptations to 

low vision, blindness and traumatic brain injury, the last of which has seen a marked increase due 
to the improvised explosive devices in modern warfare. 

Moderator: Susana Chung 
Speakers: Gordon Legge, Krystel Huxlin, Suzanne Wickum, Eli Peli 

 
“What the Brain Doesn’t See” 

William James described the visual world of a baby "as one great blooming, buzzing confusion" 
and suggested that the role of a mature visual system is to filter out distracting, irrelevant 

stimuli. We are largely unaware of the degree to which this occurs all the time. In a few cases, 

however, there are percepts which are suppressed intermittently, allowing us to gain some insight 
into the underlying processes. In this session we examine four different examples of phenomena 

in which the brain actively suppresses suprathreshold stimuli. 
Moderator: Jeff Mulligan 

Speakers: Dov Sagi, Randolph Blake, George Sperling, Stephen Macknik 
 

The Aging Visual System 
As life expectancy continues to rise, there is an increasing desire to better understand age-related 

changes in the visual system. This session will explore current understandings of aging in topics 

ranging from spatial and color vision, to cortical organization, to neural mechanisms of memory 
and attention. 

Moderator: Marilyn Schneck 
Speakers: Sarah Elliott, Hugh Wilson, Allison Sekuler, Tony Morland 

 
Cortical Pathways of Color Vision 

The first stages of primate color vision, the transduction of light by three classes of cones and the 
subsequent recombination of these signals into cone opponent processes, are now understood in 

broad principle. The challenge ahead is to develop a better understanding of the way color is 

processed in the cortex. This symposium will highlight recent work that investigates cortical color 
processing, with talks that feature different physiological approaches and analyses across multiple 

cortical areas. 
Moderator: Karl Gengenfurtner 

Speakers: Greg Horwitz, Ann Roe, Soumya Chatterjee, Colin Clifford  

 

Conference Organizers and Key Partners 
  

 

Sponsoring Organization 

    The Optical Society of America 

Director(s) 

    Joe Carroll 
    Chair, OSA Vision and Color 

 

Principal Contact 
    Joe Carroll 

    Chair, OSA Vision and Color 
  

Technical Contact 
    Alex Wade 



PKP Technical Contact 
    ocs@pkp.ubc.ca 
    PKP Bug Reporting System 

Funding and In-Kind Contributors 

    University of Washington 

    http://www.washington.edu 
 

    The Optical Society of America 
    http://www.osa.org 
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Program Schedule 
 

 9/15 
Thursday evening 
 
  

 6 – 9 pm  Welcome Reception    

 Vista Café 
 William H. Foege building  
 (Genomic sciences and Bioengineering) 
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9/16 
Friday morning 
 
Talks in Kane Hall 220. Posters in Walker-Ames room, Kane 225.  
Please set posters up 11 am – 12 pm Friday, remove by 2:00 pm Sunday. 
  
 
 

 8 – 8.45 am  Registration 
 220 Kane Hall 
 
 

8.45 -9 am  Welcoming Remarks 
 220 Kane Hall 

 
  What the Brain Doesn’t See 

 Moderator: Bruce Bridgeman, UC Santa Cruz 
 

9-9.20 am Perceptual properties of consciously unavailable stimuli [T1] 
 Dov Sagi, The Weizmann Institute of Science 
 Yoram Bonneh, The Weizmann Institute of Science 
  
9.20-9.40 am  The role of feedback circuits in visibility, attention, and awareness [T2] 
 Stephen L. Macknik, Barrow Neurological Institute 
 Susana Martinez-Conde, Barrow Neurological Institute 
 
9.40-10 am  Binocular rivalry [T3] 
 Randolph Blake, Vanderbilt University & Seoul National University 
 
10-10:20 am  Measuring the perceptual strengths of visible and invisible stimuli in binocular 
 combination and in binocular rivalry [T4] 
 George Sperling, UC Irvine 

 
10:20-11 am  Discussion 

 
 
 

11 -11.30 am  COFFEE BREAK 
 
 
11.30 – 12pm  SPECTRUM RECOVERY AWARD 
 220 Kane Hall 
 
 
1 – 2.30 pm  LUNCH BREAK  
 Please see the back of the program for suggestions on where to lunch 
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9/16 
Friday afternoon & evening   

 

  Cortical Pathways of Color Vision 
 Moderator: Karl Gegenfurtner, Giessen University 
 

1.30-1.50 pm Functional Connectivity of Color and Form in V1 and V2 [T5] 
 Anna Roe, Vanderbilt University 
 
1.50-2.10 pm  Adaptive measurements of color tuning in macaque V1 [T6] 
 Greg Horwitz, University of Washington 
 
2.10-2.30 pm  Micromaps and blobs: fine structure of color representation in primary visual 
 cortex [T7] 
 Soumya Chatterjee, Harvard Medical School 
 
2.30-2.50 pm  Representation of color in human visual cortex [T8] 
 Colin W.G. Clifford, University of Sydney 
 
2:50-3.30 pm  Discussion 

 
 
 

3.30 – 5 pm POSTER SESSION 
 Walker Ames Room, Kane 225 
 With refreshments 
 
 
 
5 – 6 pm  ROBERT M. BOYNTON LECTURE 
 Neural origins of color and spatial coding in the primate retina 
 Dennis Dacey 
 University of Washington 
 
 
 
6.30 – 9 pm  BANQUET 
 University of Washington Club 

 
 

3 



 9/17 
Saturday morning 
 
  The aging visual system 

 Moderator: Marilyn E. Schneck, Smith Kettlewell Eye Research Institute 
 

8.30-8.50 am Optical and neural factors contributing to age-related losses in spatial vision [T9] 
 Sarah Elliott, University of Chicago 
 
8.50-9.10 am  The effects of aging on vision: Plasticity and tradeoffs [T10] 
 Allison B. Sekuler, McMaster University 
 
9.10-9.30 am  Visual Deficits During Healthy Aging of the Ventral Pathway [T11] 
 Hugh Wilson, York University Centre for Vision Research 
 Frances Wilkinson, York University Centre for Vision Research 
 
9.30-9.50 am  Organization of primary visual maps in patients with retinal lesions [T12] 
 Antony Morland, University of York 
 
9:50-10.30 am  Discussion 

  
 
 

10.30 – 12 pm  POSTER SESSION 
 Walker Ames Room, Kane 225 
 With refreshments 
 
 
12 – 2 pm  LUNCH BREAK  
 Please see back of program for suggestions on where to lunch 
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 9/17 
Saturday afternoon & evening 
 
  Contributed Talks, Session 1 
 Moderator:  Alex Wade, University of York 
 
2-2.15 pm  FMRI of the Rod Scotoma: Cortical Projections, Filling-In and Insights into Plasticity
 [T13] 
 Brian Barton & Alyssa Brewer, UC Irvine 
2.15-2.30 pm  Apparent retinotopic reorganization in human visual cortex with central  
 pathology [T14] 
 Danielle Reitsma, Mary Jo Maciejewski, Viktor Szeder, Douglas Ward, John Ulmer, Wade 
 Mueller, Bernd Remler, Edgar DeYoe, The Medical College of Wisconsin, Radiology 
2.30-2.45 pm  Measurement of Motion Detection Thresholds under Natural and Manipulated Retinal 
 Image Motion Conditions [T15] 
 Nicole M. Putnam1 , Pavan Tiruveedhula1, Qiang Yang2, David W. Arathorn2, Scott B. 
 Stevenson3, Austin Roorda1  
 UC Berkeley (1), 2. Montana State University(2),  University of Houston (3) 
2.45-3 pm  Adaptation and the perception of structure in radiological images [T16] 
 Elysse Kompaniez1, Craig K. Abbey 2,3, John M. Boone3, Michael A. Webster1  
 University of Nevada, Reno (1), UC Santa Barbara (2), UC Davis (3) 
3-3.15 pm  Efficient integration of local perceived blur in discrimination and matching [T17] 
 Christopher Taylor & Peter Bex, Harvard Medical School 
3.15-3.30 pm  Dynamics and neural computations underlying visual masking [T18] 
 Jeffrey Tsai1, Alexander Wade1, Anthony Norcia2 
 Smith-Kettlewell Eye Research Institute (1), Stanford University (2) 

  

3.30 – 4 pm  COFFEE 
 
  Classics of Vision Science 

 Moderator: Steven L. Buck, University of Washington 
 

4-4.20 pm The Disappearance of Steadily Fixated Visual Test Objects [T19] 
 Tom N. Cornsweet, UC Irvine 
 
4.20-4.40 pm  Unraveling the primate fovea during development [T20] 
 Anita E. Hendrickson, University of Washington 
 
4.40-5 pm  Gratings: the early years [T21] 
 John G. Robson, University of Houston 
 
5-5.20 pm  Visual hyperacuity and optical super-resolution [T22] 
 Gerald Westheimer, UC Berkeley 
 
5.20-6 pm  Discussion 

  
6 – 8 pm  POSTER SESSION 
 Walker Ames Room, Kane 225 
 With refreshments 5 

Thanks to: 
 



9/18 
Sunday morning 
 
  Rehabilitation and Aging 
 Moderator: Susana Chung, UC Berkeley 
  
8.30-8.50 am  Challenging the Dogma of Visual Rehabilitation for Cortical Blindness - Perceptual 
 Re-Learning in V1-Damaged Humans [T23] 
 Krystel R. Huxlin, University of Rochester 
 
8.50-9.10 am  Low Vision and Brain Plasticity [T24] 
 Gordon E Legge, University of Minnesota 
 
9.10-9.30 am  Driving with Hemianopia [T25] 
 Eli Peli & Alex Bowers, Harvard Medical School 
 
9.30-9.50 am  Visual Deficits & Rehabilitation After Acquired Brain Injury [T26] 
 Suzanne Wickum, University of Houston 
 
9.50-10.30 am  Discussion 

 
 
10.30 – 11 am  COFFEE 
 
     Contributed Talks, Session 2 

 Moderator: David Brainard, University of Pennsylvania  
 

11-11.15 am  Cone-Selective Connectivity in P-Pathway Cells of the Macaque Monkey [T27] 
 Barry Lee1, Robert Shapley1, Michael Hawken2, Hao Sun1 , The State University of 
 New York (1), New York University (2)  
11.15-11.30 am  S-Cone Induced Cortical activity Despite an ON-Pathway Defect; a BOLD fMRI-
 Based Case Study [T28] 
 Andrew Salzwedel1, Matthew Mauck1, Jay Neitz2, Edgar DeYoe1, Medical College of 
 Wisconsin (1), University of Washington (2) 
11.30-11.45 am  When Red Plus Red Makes White [T29] 
 Jenny Bosten and Donald MacLeod, UC San Diego 
11.45-12 pm  A paradox of color discrimination [T30] 
 John Mollon1 and Marina Danilova2, Cambridge University (1), Russian Academy of 
 Sciences (2) 
12-12.15 pm  Speed of Material vs. Object Recognition Depends upon Viewing Condition[T31] 
 Bei Xiao1, Lavanya Sharan2, Ruth Rosenholtz1, Edward Adelson1, Massachusetts 
 Institute of Technology, (1), Disney Research (2) 
12.15-12.30 pm  Decoding chromatically-tuned suppressive fields in early visual cortex [T32] 
 Alex Wade1 & Jess Rowland2, University of York, (1) New York University (2) 

 

12.30 – 2 pm  LUNCH BREAK & POSTER REMOVAL 
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9/18 
Sunday afternoon 
 
 
2– 2.30 pm  BUSINESS MEETING 
 YOUNG INVESTIGATOR AWARD 
   
 Connectivity Maps in the Brain 
 Moderator:  Alyssa Brewer, UC Irvine 
 
2.30-2.50 pm  Network Discovery in the Retinal Connectome [T33] 
 Robert E. Marc, University of Utah  
 
2.50-3.10 pm  Functional connectivity in the retina at the elementary resolution of  
 photoreceptors [T34] 
 E.J. Chichilnisky, Salk Institute 
 
3.10-3.30 pm  Connections in the brain [T35] 
 Robert F. Dougherty, Stanford University 
  
3.30-3.50 pm  The Human Connectome Project  [T36] 
 David C. Van Essen, Washington University 
 
3.50-4.30 pm  Discussion 

 

 
4.30 – 4.45 pm  Final Remarks 
 
  

To request disability accommodations, contact the Disability Services Office at least ten days in advance 
at: 206.543.6450/V, 206.543.6452/TTY, 206.685.7264 (FAX), or e-mail at dso@u.washington.edu 

 
 

 

7 

mailto:dso@u.washington.edu










 

12 
 

 

Welcome	to	the	University	of	Washington!	
 

OSA	Vision	and	Color	Division	Leadership		
Joseph Carroll, Medical College of Wisconsin (Division Chair) 
Jennifer Hunter, University of Rochester (FiO Subcommittee Chair) 
 
Clinical	Vision	Sciences	Technical	Group	
Jason Porter, University of Houston (Chair) 
Rowan Candy, Indiana University (Vice‐Chair) 
 
Applications	of	Visual	Science	Technical	Group	
Melanie Campbell, University of Waterloo (Chair) 
Laura Walker‐Renninger, SKERI (Vice‐Chair) 
 
Vision	Technical	Group	
Alyssa Brewer, University of California, Irvine (Chair) 
Jeff Mulligan, NASA (Vice‐Chair) 
 
Color	Technical	Group	
Kathy Mullen, McGill University (Chair) 
David Brainard, University of Pennsylvania (Vice‐Chair) 
 
Local	Organizers	
Steve Buck, University of Washington 
Ione Fine, University of Washington 
Jay Neitz, University of Washington 
 
Web	Site	
Alex Wade, York University 

 
    

                     

 
Joseph Carroll 

 Chair, OSA Vision and Color Division 
Medical College of Wisconsin 

Steven Buck, Jay Neitz & Ione Fine 
Chairs, Local Organizing Committee 
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General	Information	
 
• The Deca, University Inn and Watertown hotels, Vista café (Thurs reception) and UW Faculty Club 
(Banquet) are within a 10 min walk from Kane Hall. Please speak to one of the local organizers if you have 
special transport needs. 
 
• Meal tickets for the banquet are in your registration packet if requested on your registration 
form. For any last minute banquet questions please talk to Steve Buck. 
 
• The Young Investigator Award is an OSA tradition and will be awarded to the student or postdoc 
who gives the best presentation at the meeting. Poster and paper presentations will be considered 
equally and invited speakers are not eligible.  
 
• There will be a public wireless network at Kane Hall. For access, please contact a local organizer. 
 
• Please remember to turn off all cell phones, PDAs, and pagers during the talks. 

 
 
 

Poster	Instructions		
 
• Your poster should be put up between 11:00 am and 12:00 pm Friday, September 16. The poster 
session will be held in the Walker‐Ames room Kane 225, which is close to the meeting room. You are 
asked to stay with your poster from 3:30‐5pm Friday (even‐numbered posters) or 10.30‐12am Saturday 
(odd‐numbered posters). Please remove your poster 1:00 ‐ 2:00 pm Sunday since the poster boards will 
be removed after that. 
 
• The posters should be prepared to fit on an approximately 4 ft (tall) x 8 ft poster board. 
 
• All boards will be numbered. Attach your poster to the board that corresponds to your number 
on the "Poster Presentations" list that follows this page in the program booklet. 
 
• Bring pushpins for attaching your poster. Do not use tape. We will have a limited supply of 
pushpins available at the registration desk should you be unable to bring your own.  
 
• Do not try to mount heavy materials, as they will have difficulty staying attached to the foam 
core poster board. 
 
• There will be staff available if you have any difficulties putting up your poster. 
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Russell	 Van	 Gelder  studies  non‐visual  photoreception  and  the  development  of 
techniques to confer photosensitivity to non‐photoreceptive cells in the retina. 
	
Department	of	Physiology	&	Biophysics	
Adrienne	Fairhall is interested in the computational principles underlying information 
representation and processing  in the nervous system, particularly the mechanisms and 
dynamics of adaptation. 
Albert	F.	Fuchs examines how a sensory stimulus elicits an appropriate eye movement 
response using a variety of neurobiological approaches.  
Greg	Horwitz uses electrophysiology, psychophysics  and  computational modeling  to 
examine color perception. 
Fred	Rieke combines quantitative physiological experiments and theory to understand 
how the biophysical mechanisms  involved  in phototransduction, synaptic transmission, 
and neural coding contribute to adaptation. 
Michael	 Rudd  combines  psychophysical  methods  with  computational  modeling  of 
perceptual  and  neural  data  to  investigate  the  physiological  basis  of  lightness  and 
brightness perception. 
Michael	N.	Shadlen examines how visual information is transformed from evidence in 
a  sensory  map  to  a  perceptual  judgment  that  motivates  behavior  by  combining 
electrophysiological, psychophysical and computational techniques. 
Peter	Detwiler  is  studying  how  a  prototypic  signal  transduction  pathway works  by 
examining  the molecular mechanisms by which  retinal  rod photoreceptor  cells detect 
and respond to light. 
Sharona	Gordon examines  the molecular mechanisms by which  an  ion  channel  can 
integrate  disparate  sensory  signals  using  a  combination  of  molecular  biology, 
biochemistry, and electrophysiology. 
William	 Zagotta  examines  how  cyclic  nucleotide‐activated  channels  mediate  the 
generation of an electrical response to  light  in rods and cones of the vertebrate retina 
using a combination of molecular biology and patch‐clamp techniques. 
 
Department	of	Biological	Structure	
John	 Clark  uses  recombinant  expression  of  proteins,  site  directed mutagenesis  and 
transgenic animals  in  the  investigation of  the molecular and cellular basis  for  lens cell 
transparency in normal aging and in association with neurodegenerative diseases. 
Dennis	M.	Dacey studies the functional organization of the macaque retina as a model 
for understanding the early stages of the human visual processing.  
Orin	 Packer  uses  anatomical  and  physiological  techniques  to  study  how  the 
photoreceptors  of  the  primate  retina  sample  the  retinal  image  and  how  retinal 
microcircuitry codes chromatic and spatial information. 
	 	



 

18 
 

Anitha	 Pasupathy  focuses  on  the  neural  basis  of  visual  shape  perception  and 
recognition  using  a  combination  of  single  cell  neurophysiological  studies  in  awake 
monkeys, behavioral manipulations, computational modeling and reversible inactivation 
techniques. 
Tom	 Reh  studies  the  mechanisms  which  control  neuronal  proliferation  and 
differentiation  during  neurogenesis  of  the  vertebrate  central  nervous  system  by 
examining  both  developing  and  regenerating  retina  using  in  vivo  and  in  vitro 
experimental approaches. 
Ric	 Robinson  uses  eye  movements  in  trained  monkeys  to  study  the  role  of  the 
cerebellum  in voluntary movements using a combination of cell  recording, anatomical 
tracing, and temporary cerebellar deactivation. 
Helen	Sherk  examines how  animals use  visual  cues during  locomotion by  recording 
and modeling  neuronal  population  responses  to  naturalistic movies within  cat  visual 
cortex. 
Rachel	Wong  assesses  structural  and  functional  changes  in  developing  retinas with 
normal  or  perturbed  cell‐cell  communication  using  live‐cell  imaging  approaches,  and 
electrophysiological techniques. 
	
Department	of	Biochemistry 
James	 B.	 Hurley  is  identifying  the  molecules  and  mechanisms  responsible  for 
photoexcitation, recovery and adaptation and survival of photoreceptors in the retina. 
Susan	Brockerhoff studies the biology of the zebra fish cone photoreceptor with the 
goal of dissecting the molecular basis of human retinal disease. 
 
Department	of	Bioengineering 
Ricky	Wang  is developing next‐generation optical coherence  tomography  techniques 
for  the  analysis  of  anatomic  abnormalities  and  blood  flow  alterations  in  a  variety  of 
retinal diseases 
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Talk Session Abstracts 
 

What the Brain Doesn’t See 
 

Moderator: Bruce Bridgeman, University of California, Santa Cruz 
 

William James described the visual world of a baby "as one great blooming, buzzing confusion" and suggested that 
the role of a mature visual system is to filter out distracting, irrelevant stimuli. We are largely unaware of the degree 
to which this occurs all the time. In a few cases, however, there are percepts which are suppressed intermittently, 
allowing us to gain some insight into the underlying processes. In this session we examine four different examples of 
phenomena in which the brain actively suppresses suprathreshold stimuli. 

T1 Perceptual properties of consciously unavailable stimuli 

Dov Sagi, The Weizmann Institute of Science, Neurobiology 
Yoram Bonneh, The Weizmann Institute of Science, Neurobiology 

Motion-induced-blindness (MIB) is used to examine accessible properties of high-contrast visual objects which are 
not consciously available. Visual stimuli consist of a static Gabor target embedded in a rotating grid. Under such 
conditions, the target perceptually disappears within a few seconds. Following Observers' report of disappearance, a 
high-contrast Gabor cue is presented. The cue effect on the reappearance of the target within the limited trial time 
is examined. Surprisingly, results show very low reappearance rates when cues are remote from the target or when 
orthogonal to it, even when proximal. High reappearance rates are observed with cues proximal and similar to the 
target. Plaid targets reappear with components cues and plaid cues, however plaid cues are not very effective with 
component targets. It seems that subconscious objects preserve their location and components-orientation, 
demonstrating that visual processes sensitive to proximity and feature-similarity operate across the boundary of 
consciousness. By controlling the duration of target presentation we find that ”reactivating” the target may take 
200-400 msecs, depending on the depth of suppression. 

 

T2 The role of feedback circuits in visibility, attention, and awareness 

Stephen L. Macknik, Barrow Neurological Institute, Laboratory of Behavioral Neurophysiology  
Susana Martinez-Conde, Barrow Neurological Institute, Laboratory of Visual Neuroscience 

The mammalian visual system includes numerous brain areas that are profusely interconnected. With few 
exceptions, these connections are reciprocal. Feedback connections usually outnumber feedforward connections by 
about an order of magnitude, leading to widespread speculation that feedback connections play a critical role in 
visual awareness. However, evidence from physiological experiments that use illusions of invisibility as well as 
cognitive manipulation of the attentional spotlight suggest that feedback plays a modulatory role, rather than a 
driving role. In the primary visual cortex, attentional feedback has an exquisitely precise mechanistic pathway of 
action involving specific neuronal populations that reveal attention to be a form of surround-suppression. That is, 
focal attentional enhancement occurs as a function of suppressed neuronal activity in the surround, and therefore 
increased signal: noise is achieved in the focus because input from the surround otherwise serves as noise. Here we 
discuss theoretical constraints on the significance of feedback’s anatomical numerical advantage and specificity, and 
we describe theoretical limits on feedback’s potential physiological impact. These restrictions confine the potential 
role of feedback in visual awareness and rule out some extant models of visual awareness that require a 
fundamental role of feedback. These ideas further predict a mechanism for visual misdirection in magic tricks, based 
on the magician’s successful manipulation of the spectator’s focus of attention.  
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T3 Binocular rivalry 

Randolph Blake, Vanderbilt University & Seoul National University 

Binocular rivalry is often touted as an effective tool for studying the neural concomitants of consciousness, a 
justifiable claim given that rivalry entails complete perceptual erasure of an ordinarily visible stimulus for seconds at 
a time. My talk summarizes emerging insights about rivalry’s underlying processes and documents how those 
insights have shaped the evolution of models of rivalry over the past two decades, a period of time during which 
interest in rivalry has exploded. Two themes run throughout the talk. The first centers around the extent to which a 
stimulus suppressed from perceptual awareness during rivalry remains effective as assessed using psychophysical 
and brain imaging techniques. Evidence bearing on that question implies that some aspects of a stimulus are less 
susceptible to interocular suppression than are others. Interocular suppression thus operates like the chemical 
process of fractional distillation, separating qualia comprising visual awareness of objects and events. A second 
theme focuses on the influence of visual cognition and non-visual “top-down” factors, including motor control, on 
the dynamics of binocular rivalry. Time permitting, I will speculate about emerging questions that could shape work 
on rivalry during the next several years, including the bases of the large individual differences in rivalry dynamics. 

 

T4 Measuring the perceptual strengths of visible and invisible stimuli in binocular combination and in 
binocular rivalry 

George Sperling, University of California, Irvine, Cognitive Sciences 

 
Two types of experiments are reviewed that measure the separate (unconscious) perceptual strengths of images 
processed by each eye while the observer perceives only a combined, single cyclopean image. The first experiment 
deals with an enigma: when the two eyes view identical high-contrast stimuli and then one eye closes, perceptually, 
nothing seems to change. Does this mean that only one eye's stimulus was used for the cyclopean perception?  In 
fact, when the two eyes receive similar stimuli but possibly of different contrasts, both stimuli contribute to the 
cyclopean image approximately in proportion to a power, typically about 2, of their overall contrast (Ding and 
Sperling, PNAS, 2006). The authors demonstrate a neural competition mechanism that accounts for both the power 
law and the enigma. The second group of experiments (Bartels and Logothetis, JOV, 2010) explores the time course 
of binocular rivalry in which very different images are presented to the two eyes and only one is perceived. A re-
analysis of their data enables measurement of the relative strengths of the two components of perceptual image 
strength, one related to the eye receiving the image and the other to the nature of the image itself. Both 
components decline in strength linearly and in parallel as a function of time since stimulus onset. 

 
Cortical Pathways of Color Vision 

 
Moderator: Karl Gegenfurtner , Giessen University, Psychology 

 

The first stages of primate color vision, the transduction of light by three classes of cones and the subsequent 
recombination of these signals into cone opponent processes, are now understood in broad principle. The challenge 
ahead is to develop a better understanding of the way color is processed in the cortex. This symposium will highlight 
recent work that investigates cortical color processing, with talks that feature different physiological approaches 
and analyses across multiple cortical areas. 



21 
 

 

 

T5 Functional Connectivity of Color and Form in V1 and V2 

Anna Roe, Vanderbilt University, Psychology 

The encoding of visual object perception is achieved at early visual processing stages by distinct circuitry for object 
surface (e.g. color) and object shape (e.g. contour) features. In Macaque monkeys, within primary visual cortex (V1), 
blobs and interblobs are associated with color and form processing, respectively; in the second visual area (V2), 
color and form are associated with distinct functional stripes. However, little is known about the functional circuitry 
between such structures. We have examined functional interactions within and between color and form pathways 
in V1 and V2 by conducting cross correlation studies of pairs of V1-V2 neurons. We find evidence for two distinct 
functional networks between V1 and V2. The network for color tends to be color-matched and is characterized by a 
broad divergent network capable of linking distant locations in the visual field. We find V1-V2 form networks are of 
two types:  a more tightly synchronized, orientation-preserving network and a less synchronized orientation-diverse 
network. In contrast to the divergence of color networks, the form network is more spatially focused, exhibiting only 
local spatial interactions. Our examination of interactions between surface and form suggests the presence of a 
border-to-surface direction of information flow. We suggest that such diversity of V1-V2 interactions underlies the 
spatial and functional integration required for computation of higher order surface and form perception. 

 

T6 Adaptive measurements of color tuning in macaque V1 

Greg Horwitz, University Washington, Physiology & Biophysics & Washington National Primate Research Center 

Color processing in the cortex can be understood as a set of mathematical operations on signals originating in the 
cone photoreceptors. Linear approximations to these operations have been instructive in the retina and LGN but 
less so in V1. Under a linear model, any set of stimuli that evoke the same response should lie on a plane in color 
space. This prediction holds irrespective of static output nonlinearities and thus can apply to complex as well as 
simple cells. We measured isoresponse surfaces for 118 V1 neurons in cone contrast space and found that 40% 
conformed to this prediction. Data from the remaining 60% were better fit by quadratic surfaces. Some quadratic 
surfaces were cup-shaped, indicating sensitivity to narrow regions of color space. Others were ellipsoidal, indicating 
sensitivity to all color directions. The principal axes of quadratic surfaces tended to be aligned with L-M, L+M, and S 
directions, showing that these directions provide a useful basis for describing the color tuning of V1 neurons. Our 
results demonstrate that cone signals combine nonlinearly in V1 and represent a step towards a complete 
description of the operations that characterize color processing in the cortex.  

 

T7 Micromaps and blobs: fine structure of color representation in primary visual cortex 

Soumya Chatterjee, Harvard Medical School, Neurobiology 

Electrophysiological and optical imaging studies have made a strong case for the existence of a functional 
architecture related to color selectivity in V1. The known architecture comprises small cortical patches, roughly 
centered on cytochrome oxidase blobs, that respond preferentially to chromatic visual stimulation. There are hints 
of richer substructure within these color patches, but the resolution limits of intrinsic optical imaging, as well as the 
difficulty of inferring functional geometry from single-unit recordings, have precluded a more detailed description.  
To bridge the gap, we used two-photon calcium imaging to create maps of color selectivity at single-cell resolution 
in V1 of the adult macaque. With spatially uniform cone-isolating stimuli, we found that there are unambiguous 
ensembles of segregated color cells. The ensembles can be further subdivided into small clusters of cells with 
distinct chromatic preferences, in effect creating micromaps of color within larger color clusters. These micromaps 
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form functional columns that are in register with blobs.  

Further, we compared responses to both spatially uniform and spatially structured cone-isolating stimuli. Uniform 
stimuli invariably produced tightly segregated color responses centered on blobs, while significantly suppressing 
activity in interblobs. Spatially structured (drifting bar) stimuli roughly maintained the color patches seen with 
uniform stimuli, but responses spread far into interblobs as well. We speculate that cortex acts as a ‘switch’ 
between two systems based on the spatial frequency content of the visual input. Low spatial frequency (or uniform) 
color stimuli are represented by only a subset of V1 color cells that tend to lie in blobs, consistent with the lowpass 
nature of chromatic processing, while structured stimuli seem to engage both blobs and interblobs in a larger 
representation. 

 

T8 Representation of color in human visual cortex 

Colin W.G. Clifford, University of Sydney, Psychology & Australian Centre of Excellence in Vision Science 

Mechanisms of color vision in cortex have not been as well characterized as those in sub-cortical areas, particularly 
in humans. We used fMRI to investigate the initial transformation of sub-cortical inputs by human visual cortex. 
From V1 onwards we found a stronger response to patterns modulating in color between lime and magenta than 
between orange and cyan even though the stimuli were matched for cone contrast and the response they would 
elicit in the postulated L-M and S-(L + M) sub-cortical opponent channels. This result implies that sub-cortical 
chromatic channels are recombined early in cortical processing to form novel representations of color. The bias for 
lime-magenta over orange-cyan will be discussed with reference to single-unit data from macaque V1 and human 
psychophysics to explore the idea that visual cortex efficiently deploys chromatic mechanisms in anticipation of a 
diet of images characteristic of the natural environment. 

 

The Aging Visual System 
 

Moderator: Marilyn E. Schneck, SKERI 

 

As life expectancy continues to rise, there is an increasing desire to better understand age-related changes in the 
visual system. This session will explore current understandings of aging in topics ranging from spatial and color 
vision, to cortical organization, to neural mechanisms of memory and attention. 

 

T9 Optical and neural factors contributing to age-related losses in spatial vision 

Sarah Elliott, University of Chicago, Institute for Mind and Biology 

Two studies were conducted to quantify neural factors contributing to age-related changes in spatial vision. First, 
high order aberrations (HOAs) were measured and corrected in the eye with adaptive optics (AO) while observers 
performed contrast sensitivity and visual acuity tasks. With a large pupil, AO improved spatial vision performance 
significantly more for older compared to younger observers. Despite this, performance remained lower for older 
observers. When age-related miosis was controlled, young and old observers experienced similar benefits of AO. 
Correcting HOAs may increase the relative impact of other optical factors for older observers, such as intraocular 
scatter, but the importance of neural factors was not ruled out. We then explored age-related changes in contrast 
gain related to the magnocellular and parvocelluar pathways, a direct neural correlate to spatial vision performance. 
Younger and older observers participated in discrimination tasks thought to probe the distinct contrast gain 
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signature of each pathway (Pokorny & Smith, 1997). Model fits to the data revealed an age-related shift in gain 
slope and elevated thresholds for both pathways, although functional losses were greater for the P pathway under 
tested conditions. We conclude that age-related decline in spatial vision is the result of both optical and neural 
factors.  

  

T10 The effects of aging on vision: Plasticity and tradeoffs 

Allison B. Sekuler, McMaster University, Psychology, Neuroscience & Behaviour 

The "greying population" is the fastest growing group the developed world. Despite the importance of this group, 
we know relatively little, however, about how aging affects critical functions such as vision and neural processing. 
Although it was once assumed that aging would lead to only declines in neural function, recent research shows that 
although while some abilities decline with age, others are spared and may even improve, and neural systems 
underlying visual processing may change substantially throughout our lifetimes. This lecture will discuss the trade-
offs in visual and neural processing that occur with age, with a focus on pattern vision and motion perception. 

Financial support provided by the Canadian Institutes of Health Research and the Canada Research Chair 
Programme. 

 

T11 Visual Deficits During Healthy Aging of the Ventral Pathway 

Hugh Wilson, York University Centre for Vision Research 
Frances Wilkinson, York University Centre for Vision Research 

To diagnose the onset of subtle forms of visual pathology in the elderly, it is critical to develop an understanding of 
performance during healthy visual aging. In the ventral or form vision pathway, our research and that of others 
shows that healthy elderly performance remains roughly equivalent to the young in V1 (orientation discrimination) 
and V4 (curvature processing in radial frequency patterns). However, we have recently documented a significant 
deficit in face discrimination across view changes in healthy aging. Further work using adaptation shows that this 
results from broadened bandwidths for representing different face views. Neural modeling can explain this on the 
assumption of weakened lateral inhibition between adjacent face views along with increased neural noise. 
Subsequent fMRI studies show differences between young and elderly on face identification tasks consistent with 
psychophysics. These results are consonant with electrophysiology in higher visual areas of senescent monkeys, 
where bandwidths for motion direction increase dramatically. Finally, this reduction in inhibition higher in the 
ventral pathway in aging is consistent with the increase in first, unprovoked epileptic seizures around age 70.  

 

T12 Organization of primary visual maps in patients with retinal lesions 

Antony Morland, University of York, Psychology, York Neuroimaging Centre 

The primary visual cortex (V1) represents information retinotopically. Age-related changes in the retina can 
frequently give rise to visual field defects. In age-related macular degeneration (AMD) field defects are, at least at 
first, restricted to central regions of the visual field. What happens to areas of V1 that originally represented the 
centre of the visual field?  One possibility is that these regions take on responses to more peripheral retina. This 
effect has been demonstrated in patients with congenital lesions of the central retina. If the effect were to occur in 
patients with AMD it may ameliorate visual loss. We examined whether peripheral information was remapped to 
areas of V1 that normally represent the centre of the visual field in 16 MD patients using fMRI retinotopic mapping 
procedures. We found no evidence of remapping in V1. It appears likely, therefore, that remapping of V1 is limited 
and perhaps only possible when lesions of the retina occur very early in life. However, it is reassuring that V1 does 
not undergo widespread remapping as it would have to be undone to maximize the benefits of treatments that aim 
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to restore retinal sensitivity in MD patients. 

 

 

Contributed Talks, Session 1 
 

Moderator:  Alex Wade, University of York 

 

T13 FMRI of the Rod Scotoma: Cortical Projections, Filling-In and Insights into Plasticity 

Brian Barton, University of California, Irvine, Cognitive Sciences 
Alyssa Brewer, University of California, Irvine, Cognitive Sciences 

Are ectopic responses in lesion projection zones (LPZs) the result of long-term reorganization (plasticity) or short-
term filling-in (adaptation)? We used field-standard travelling-wave and cutting-edge population receptive field 
(pRF) model functional MRI visual field mapping techniques with 4 types of flickering checkerboard stimuli under 
photopic and scotopic conditions to measure the effects of the rod scotoma in human early visual cortex. Our main 
findings are: 1) populations of neurons were silenced within the LPZ of the rod scotoma; 2) conscious perception 
was correlated with neural activity across stimuli in V1, V2, V3, and hV4; pRFs overlapping the LPZ 3) shifted their 
pRFs more eccentric from the rod scotoma and 4) changed their pRF sizes. Each of these effects differs in degree 
and range for each of the maps measured, such that maps with larger pRFs (leading to greater overlap with the rod 
scotoma) show effects further into their representations of the visual periphery. Thus, ectopic responses in LPZs are 
not unique identifiers of cortical reorganization, but can be a result of short-term filling-in. 

 

T14 Apparent retinotopic reorganization in human visual cortex with central pathology 

Danielle Reitsma, The Medical College of Wisconsin, Biophysics 
Mary Jo Maciejewski, The Medical College of Wisconsin, Biophysics 
Viktor Szeder, The Medical College of Wisconsin, Biophysics 
Douglas Ward, The Medical College of Wisconsin, Biophysics 
John Ulmer, The Medical College of Wisconsin, Radiology 
Wade Mueller, The Medical College of Wisconsin, Neurosurgery 
Bernd Remler, The Medical College of Wisconsin, Neurology 
Edgar DeYoe, The Medical College of Wisconsin, Radiology 

The potential for reorganization of human cortex in response to central pathology remains controversial, particularly 
for visual cortex. Consequently, we used BOLD fMRI and conventional visual field mapping techniques (checkered 
rings and wedges) to study cortical organization in healthy subjects and a group of 30 patients with central 
pathology. To dissociate reorganization from pathology-related deletions, we focused our analysis on increases in 
representation, specifically, of the ipsilateral visual field in each hemisphere. Patient hemispheres were divided into 
two distinct groups: (1) Not reorganized (n = 54) - Retinotopic maps within these hemispheres could have pathology-
related deletions but the remaining topography was normal. (2) Reorganized (n = 3) - These hemispheres all had 
increased representation of the ipsilateral field beyond the range of normal subjects, despite pathology-related loss 
in other portions of the field. Quantitative analysis revealed that the number of fMRI voxels representing the 
ipsilateral hemifield in reorganized hemispheres averaged over 3X the number in healthy subjects (p = 0.005) and 7X 
the number in patient hemispheres without reorganization (p < 0.002). A concern was that patients with scotomata 
can develop an eccentric preferred retinal locus (PRL) for fixation that might produce artifactual changes in 
retinotopy. To control for this, we used scanning laser ophthalmoscopy with optical coherence tomography to 
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measure the average preferred fixation locus relative to the foveal pit in 2 of the 3 patients with reorganization and 
found offsets of less than 1o in both. We then estimated the worst-case effect of a 1o PRL on cortical retinotopy both 
empirically using BOLD-fMRI in healthy subjects with intentionally shifted fixation and, theoretically, using a 
computational model (based on Schira et al., 2009). Neither empirically nor theoretically shifted fixation yielded 
cortical retinotopy that could account for the reorganization observed in the patients. Thus, we conclude that 
cortical retinotopy in patients with central visual pathology can undergo apparent reorganization so as to increase 
the ipsilateral field representation, and that this effect is not accounted for by a PRL.  

 

T15 Measurement of Motion Detection Thresholds under Natural and Manipulated Retinal Image Motion 
Conditions 

Nicole M. Putnam, University of California, Berkeley, Vision Science 
Pavan Tiruveedhula, University of California, Berkeley, Vision Science 
Qiang Yang, Montana State University, Computational Biology  
David W. Arathorn, Montana State University, Computational Biology 
Scott B. Stevenson, University of Houston, Optometry 
Austin Roorda, University of California, Berkeley, Vision Science 
 
Despite retinal image motion caused by fixational jitter, the world appears stable. Previous studies from our lab 
found that targets that slip on the retina in a direction consistent with eye motion - even if they are amplified - are 
perceived as stationary or moving less than for other directions of motion. We now establish a quantitative measure 
of how these percepts affect the detection of motion.  
 
Real-time retinal tracking and targeted stimulus delivery using an AO Scanning Laser Ophthalmoscope enables us to 
present any stimulus motion including natural, stabilized, amplified, and rotated trajectories. Three subjects 
performed a 2AFC task judging clockwise or counterclockwise motion of a stimulus under stable and amplified 
motion conditions in directions consistent with and opposite natural eye motion. Stimuli were presented 
extrafoveally to avoid fixation tracking.  
 
The smallest thresholds occurred under natural eye motion conditions (~0.8 arc min). When the magnitude of 
retinal motion was equal but opposite natural motion, thresholds were ~3 times larger. When the retinal stimulus 
slip was doubled, thresholds were only ~2 times larger.  
 
The visual system perceives true motion of objects despite confounding motion of their retinal images, but only 
when that confounding motion’s direction is consistent with fixational eye motion.  
 

T16 Adaptation and the perception of structure in radiological images 

Elysse Kompaniez, University of Nevada, Reno, Psychology 
Craig K. Abbey, University of California, Santa Barbara, Psychology, University of California, Davis, Biomedical 
Engineering, 
John M. Boone, University of California, Davis, Radiology and Biomedical Engineering  
Michael A. Webster, University of Nevada, Reno, Psychology 

Radiologists often spend hours interpreting medical images. We are interested in the role that visual adaptation 
may play in the perception of structure in radiological scans. To focus our study, we concentrated on breast imaging, 
where a judgment of breast density is a standard component of the report from a screening mammogram. Images 
were taken from random sections within breast regions of normal mammograms and displayed on a CRT. 

Adaptation was measured with a standard asymmetric matching task. In one set of experiments, we asked whether 
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the “unnatural” statistics of radiological images induce changes in the “natural” adaptation state of the observer. 
For example, the scans have steeper power spectra, and adapting to them produced shifts in the perceived 
spectrum of filtered noise consistent with adaptation to blur. In a second set, we asked whether adaptation could 
selectively alter the appearance of different scans. For example, exposure to an image of tissue classified as “dense” 
could bias an ambiguous target to appear more “fatty” or vice versa. Our results show that observers can rapidly 
adapt to the image structure in mammograms, and this could potentially be an important factor in the perception 
and learning of radiological images. EY-10834 

 

T17 Efficient integration of local perceived blur in discrimination and matching 

Christopher Taylor, Harvard Medical School, Ophthalmology 
Peter Bex, Harvard Medical School, Ophthalmology 

Blur is a fundamental property for image and optical quality assessment. Blur has been studied with single contours, 
but natural scenes are composed of a range of depth planes giving rise to retinal images with broad distributions of 
blur. To study blur perception under more natural conditions, we generated locally controllable dead leaves stimuli 
– 128 mutually occluding ellipses of random luminance, contrast, orientation, size, aspect ratio, and position. Each 
element was individually Gaussian blurred allowing blur mean and blur variance to be manipulated independently. 
Four blocked mean blurs (μ = 2, 4, 8, 16 cycles/image) and three blur variance levels (σ = 0, 0.25, and 0.5 μ) were 
interleaved in a 2IFC blur discrimination task. In a matching task, the perceived blur of a high variance image, with 
fixed mean blur, was matched to that of a low variance image of adjustable mean blur. Matching results and 
equivalent noise analysis on the blur discrimination data showed that observers were surprisingly capable of 
integrating wide distributions of blur with limited bias toward sharp or highly blurred elements. Thus, the 
distribution of local image blur, rather than the blur of single items, determines perceived optical and image quality.  

 

T18 Dynamics and neural computations underlying visual masking 

Jeffrey Tsai, Smith-Kettlewell Eye Research Institute 
Alexander Wade, Smith-Kettlewell Eye Research Institute 
Anthony Norcia, Stanford University, Psychology 

We study visual masking using source-imaged electroencephalography (EEG) and frequency-domain analysis in 
humans, examining a wide range of relative stimulus strengths and spectral components driven by individual stimuli 
(self terms) and those due to interaction between stimuli (intermodulation [IM] terms). Consistent with previous 
reports, in early visual cortex, masking manifests in the self-terms as an effective reduction of input contrast. We 
identify a novel signature of masking -- the magnitude of the second-order IM term peaks when the input contrasts 
are equal and reaches a minimum when they are widely different. To account for our data, the standard divisive 
gain control model, parametric in response dynamics, was fitted to the self- and IM-terms simultaneously. Previous 
instantiations of similar models with either very short or very long temporal integration in the formulation of the 
gain pool response performed worse than a model with an integration time of approximately 30 ms. Finally, the 
magnitude of the spectral components depends only on the ratio of the input contrasts. This “contrast-contrast” 
invariance suggests that neurons in visual cortex operate on a representation of relative rather than absolute 
contrast. Together, these results provide a more complete description of masking within the framework of gain 
control. 
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Classics of Vision Science 
 

Moderator: Steven L. Buck, University of Washington, Psychology 
 

T19 The Disappearance of Steadily Fixated Visual Test Objects 

Tom N. Cornsweet, University of California, Irvine, Cognitive Sciences, Electrical & Computer Engineering, 
Ophthalmology 

In 1951 I was lucky to apply for and be accepted for graduate school in the Psychology Department at Brown, where 
there were twelve graduate students and six faculty, four of whom were in the National Academy of Sciences. 
Around the time when I arrived, the characteristics of the small eye movements that occur during attempted steady 
fixation were well understood, but there was vigorous debate about the reasons for their occurrence and about 
their effects on vision. It is obvious that rotational eye movements cause the retina to shift under the retinal image. 
Our group and a group in England published papers within a month of each other showing that, when this 
movement of the retina with respect to the image of a scene is prevented, the scene disappears within a fraction of 
a second. The question debated then was whether or not the beginning of such disappearance was the trigger for 
the movements. My dissertation research showed that disappearance did not trigger movements. Instead, the eyes 
tend to drift away from the target and microsaccadic movements tend to correct the resulting fixation error. 

Classic paper:  Riggs, L.A., Ratliff, F., Cornsweet, J.C., & Cornsweet, T.N. (1953). The disappearance of steadily fixated 
visual test objects. Journal of the Optical Society of America, 43(6), 495-500.  

 

T20 Unraveling the primate fovea during development 

Anita E. Hendrickson, University of Washington, Biological Structure and Ophthalmology 

Shortly after joining the brand new University of Washington Department of Ophthalmology in 1966, I discovered 
the classic book on human retinal development by Ida Mann. When a friend in the UW Primate Center asked me if I 
wanted the eyes from 16 timed fetal and infant M. nemestrina, I had my first opportunity to discover for myself the 
very strange development of the fovea. This talk will review the evidence that I and my collaborators have amassed 
on foveal development, and will present an integrated model of primate foveal development based on these data.  

Classic paper:  Yuodelis, C., & Hendrickson, A.E. (1986). A qualitative and quantitative analysis of the human fovea 
during development. Vision Research, 26, 847-855.  

 

T21 Gratings: the early years. 

John G. Robson, University of Houston, Optometry 

The first wide-ranging attempt to characterize the visual process in terms of the transfer of visual signals defined in 
the spatial frequency domain was that of Otto Schade (1956). Schade’s interest was in being able to incorporate the 
human visual observer into the complete chain of devices comprising a television system (camera, transmitter, 
display, observer) in order to predict the overall performance and hence optimize the engineered components. In 
this context Schade made the first comprehensive measurements of the minimum contrast required to detect the 
bars of sinusoidal gratings, an extension into the spatial domain of the popular linear systems approach to system 
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characterization in the temporal domain based on signals modulated sinusoidally in time. Although I had become 
familiar with linear systems methods in the course of my PhD work analyzing human muscle control mechanisms, it 
took the publication of nonsense results by DePalma and Lowry in 1962 (they claimed that sinusoidal gratings were 
more visible than square wave gratings) to convince me to help Fergus Campbell to see if it was possible to 
understand the relationship of the contrast thresholds for gratings of different waveform in terms of linear systems 
(Fourier) theory. It was possible. Our early success (though our results were not published until 1968) encouraged 
me to extend the psychophysical observations to the combined spatial and temporal domains (1966) and to 
collaborate with Christina Enroth in applying similar techniques to characterizing cat retinal ganglion cells (1966).  

Classic paper:  Campbell, F. W., & Robson, J.G. (1968). Application of Fourier analysis to visibility of gratings. Journal 
of Physiology, London, 197, 551-566. 

 

T22 Visual hyperacuity and optical super-resolution 

Gerald Westheimer., University of California, Berkeley, Neurobiology 

Once it is realized that thresholds, such as those for vernier alignment, are a small fraction of the classical Rayleigh 
resolution limit, the optical and information-theoretical consequences have to be faced. Transferring discussion into 
the spatial-frequency domain, in which the diffraction limit is embodied in the cut-off frequency [1], makes it clear 
that no physical principles are violated. Often, by a kind of Bayesian process, inferences are drawn about the target 
from the spectrum inside the cut-off frequency and prior expectation of associations with possible patterns beyond 
it. All this is in contrast to modern practices of optical super-resolution, which employ sophisticated stratagems to 
shift actual high-frequency components into the pass-band of the imaging device and hence require, as a 
consequence, sophisticated procedures for object reconstitution. 

Classic paper:  Westheimer, G. (1977). Spatial frequency and light-spread descriptions of visual acuity and 
hyperacuity. Journal of the Optical Society of America, 67, 207-212. 

 

Rehabilitation and adaptation to visual impairment 
 

Moderator: Susana Chung, University of California, Berkeley 
 

Understanding the visual consequences of injury and disease, as well as the plasticity of the brain itself, provides 
new insight for the development of rehabilitation approaches that encourage and improve adaptation and daily 
function. The work presented in this session explores adaptations to low vision, blindness and traumatic brain injury, 
the last of which has seen a marked increase due to the improvised explosive devices in modern warfare. 

 

T23 Challenging the Dogma of Visual Rehabilitation for Cortical Blindness - Perceptual Re-Learning in V1-
Damaged Humans 

Krystel R. Huxlin, University of Rochester, Flaum Eye Institute 

Unilateral damage to the adult primary visual cortex causes a loss of conscious vision over contra-lateral parts of the 
visual field in both eyes. Such partial cortical blindness hinders every aspect of daily life, including reading, 
navigation, and driving. While visual rehabilitation for this condition has been controversial, the existence of residual 
visual processing abilities in cortically blind fields (commonly known as ‘blindsight’) suggests that it might be 
possible to recover vision though perceptual training. Our laboratory has focused on retraining motion perception, 
studying the properties of recovered vision psychophysically and using fMRI. To date, we have shown that 
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discrimination of both simple and complex, moving visual stimuli can be retrained back to normal levels of threshold 
performance in cortically blind fields. Testing with controlled fixation shows that the recovered abilities are localized 
to retrained visual field locations, but generalize to discrimination of untrained (including non-motion) stimuli and 
tasks. Supporting this broad generalizability of re-learning, fMRI data suggest that visual training in cortically blind 
fields may not just recruit brain circuits mediating blindsight. Instead, altered activity in spared early and higher-
level visual areas points to largely canonical routes of visual processing as the substrates of recovered vision.  

 

T24 Low Vision and Brain Plasticity 

Gordon E. Legge, University of Minnesota, Psychology 

Evidence for the functional reorganization of visual brain areas in blind people provides compelling examples of 
brain plasticity associated with visual impairment. But what sorts of plasticity are present in cases of low vision? 
“Low vision” refers to any long-term visual deficit, not correctable by lenses, affecting everyday visual function while 
preserving some level of useful vision. In cases of low vision, visual cortex still participates in visual processing, but 
with abnormal input, characterized clinically as reduced acuity, reduced contrast sensitivity, and/or visual-field loss. 
What sorts of plastic changes in the visual pathway accompany these three types of vision loss? What are the 
behavioral consequences of these changes? What is the impact of the age of onset of low vision on plasticity? I will 
discuss these unresolved questions, using examples of psychophysical and fMRI studies from my research. An 
important example is macular degeneration. This common eye disease often results in central-field loss, requiring 
the use of peripheral vision for reading and other tasks usually mediated by central vision. I will also address the 
relevance of research on low-vision plasticity for rehabilitation.  
Research supported by NIH grant EY002934.  

 

T25 Driving with Hemianopia 

Eli Peli, Harvard Medical School, Schepens Eye Research Institute, MEEI  
Alex Bowers, Harvard Medical School, Schepens Eye Research Institute, MEEI 

People with hemianopia are permitted to drive (following a road test) in a small but growing number of jurisdictions. 
We have been studying driving with hemianopia on the road and in a driving simulator, with and without peripheral 
prisms that provide visual field expansion. In agreement with others, we found that in a road test some hemianopes 
performed well enough to be deemed safe. However, in our simulator studies, where we challenge the blind side 
with frequent pedestrian detection events, we find wide individual variability in detection performance (10% – 
90%). Furthermore, when approaching intersections, many failures to scan to the blind side were recorded. 
Importantly, hemianopes who head scanned more to the blind side had better detection performance. In our on-
road study, hemianopes responded better to unexpected events (on the blind side) and committed fewer errors 
requiring tester interventions when using real peripheral prisms than sham prisms; this was true for both current 
and non-current drivers. Although improved detection with peripheral prisms may not be sufficient to convert all 
unsafe hemianopes to safe drivers, they may be a useful driving aid. We argue that road tests may not provide 
sufficient opportunities to evaluate detection of blind-side hazards.  

 

T26 Visual Deficits & Rehabilitation After Acquired Brain Injury 

Suzanne Wickum, University of Houston, Optometry 

There is growing interest in the pathophysiology, diagnosis, and management of visual and ocular deficits caused by 
brain injury. According to the Centers for Disease Control and Prevention 795,000 people suffer strokes each year 
while an estimated 1.7 million people sustain a traumatic brain injury (TBI) annually. Seventy-five percent of TBIs 
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that occur each year are concussions or other forms of mild TBI. In addition, TBI has been deemed the “signature 
wound” of Operations Iraqi Freedom and Enduring Freedom. The 2008 Rand report notes that about 30% of troops 
engaged in combat > 4 months may have suffered mild TBI from blast waves of improvised explosive devices and 
that 57% of soldiers with probable TBI have not been evaluated by a physician for brain injury. Acquired brain injury 
can have many deleterious effects including visual acuity loss, peripheral visual field loss, hemispatial neglect, 
binocular vision anomalies, extraocular motility disorders including nystagmus, accommodative disorders, 
photophobia, and ocular health disorders. Undiagnosed visual problems may interfere with a patient’s overall 
rehabilitation. This presentation will review the impact of TBI on visual function in soldiers and the implementation 
of visual rehabilitation strategies specially designed for each patient based on their clinical symptoms.  

 

Contributed Talks, Session 2 
 

Moderator:  David Brainard, University of Pennsylvania, Psychology 
 

T27 Cone-Selective Connectivity in P-Pathway Cells of the Macaque Monkey 

Barry Lee, The State University of New York, Optometry  
Robert Shapley, New York University, Neural Science 
Michael Hawken, New York University, Neural Science 
Hao Sun, The State University of New York, Optometry 

Cells in the P-pathway show L/M-cone opponency. Whether or not cone opponency derives from cone-specific 
connectivity to the receptive field surround is controversial. To answer this question, spatial frequency (SF) tuning 
curves were obtained with achromatic, equiluminant red-green, M-cone, and L-cone isolating gratings. A band-pass 
index (BPI=ratio of low frequency/peak response) was calculated. BPI=1 means the spatial frequency response was 
low-pass with no trace of a surround. BPI=0 means the center and surround were exactly balanced and opposite in 
sign. For achromatic gratings, BPI was in the range <0,1> with mean 0.53 (retina) and 0.44 (LGN). However, in about 
80% of P and Parvo cells, BPI=1 for the center cone (mean BPI = 0.94). Therefore, in most P-pathway cells, the center 
cone did not contribute to the antagonistic surround. Another issue concerns the possible existence of P cells with 
mixed cone input to the center (Crook et al., J. Neurosci., 31, 2011) but with strong cone opponency with large 
fields. We observed a few cells showing this behavior at eccentricities >=10 deg; this behavior could not be modeled 
by a random wiring approach. These data suggest considerable cone-specificity in the wiring of the midget, P-
pathway. 

 

T28 S-Cone Induced Cortical activity Despite an ON-Pathway Defect; a BOLD fMRI-Based Case Study 

Andrew Salzwedel, Medical College of Wisconsin, Biophysics 
Matthew Mauck, Medical College of Wisconsin, Cell Biology 
Jay Neitz, University of Washington, Ophthalmology 
Edgar DeYoe, Medical College of Wisconsin, Radiology 

Rods and S-cones synapse with ON-bipolar cells that use the same metabotropic glutamate receptor, mGluR6. 
Strikingly, in individuals where mGluR6 signaling is interrupted by GRM6 mutations, rod vision is lost, but normal 
color vision is retained despite the absence of S-ON bipolar input. Here we report the first neuroimaging study of a 
GRM6-/- patient. BOLD fMRI was used to measure cortical activity in visual areas V1-V3, V4, VO, V3a, and MT in 
response to diffuse stimuli presented monocularly, that were chromatically modulated to stimulate specifically 
either S or M+L cones at frequencies of 1-20 Hz. Robust cortical activity was elicited in both conditions and the 
overall pattern was similar to control subjects. This suggests that the H2 horizontal cell to OFF-bipolar pathway—not 



31 
 

S-cone to ON- bipolar and small-bistratified cells—are responsible for normal blue- yellow hue perception. 
Moreover, we propose that inner retina crossover inhibition between ON- and OFF-pathways explains the 
remarkably normal photopic vision in GRM6 patients. Some quantitative differences were evident, most notable 
was attenuation of both S and M+L signals at high temporal frequencies (> 7 Hz) suggesting that the higher level, 
ON-OFF pathway interactions shape the temporal properties of both S and M/L pathways in normal observers. 

 

T29 When Red Plus Red Makes White 

Jenny Bosten, University of California, San Diego 
Donald MacLeod, University of California, San Diego 

Retinal signals depend critically on contrast, or on the factor of change applied to a background stimulus; and so 
does perception at threshold where Weber’s Law holds. We extend this principle to suprathreshold color 
appearance. 

When a colored blob fades against a grey background under steady fixation, physically different stimuli appear the 
same. In our experiments, such a blob is revived by a suprathreshold change of intensity. If the retina reports factors 
of change rather than absolute color, we make a surprising prediction: the revived blob should retain its achromatic 
appearance instead of emerging in its true color. 

A test Gaussian blob was allowed to fade, and revived by a brief (200 msec) change Subjects adjusted a briefly 
pulsed comparison blob in DKL space to match the revived test blob. Chromaticities of the matches to test blobs 
that were doubled or halved in intensity were indeed close to achromatic, though with a small shift towards the 
physical chromaticity of the test blob when the intensity was doubled. Results conformed to the prediction that a 
perceptual match is determined by equal factors of change, though with some regression towards the absolute 
stimulus in some subjects. 

 

T30 A paradox of color discrimination 

John Mollon, Cambridge University, Experimental Psychology 
Marina Danilova, Russian Academy of Sciences, I. P. Pavlov Institute 

At early stages of the visual system, color information has been thought to be carried by two channels: one 
originating in the midget ganglion cells and representing the ratio of L- and M-cone excitation, the second 
originating in the small bistratified ganglion cells and representing the ratio of S-cone excitation to the sum of the 
other two. When color discrimination depends on one of the channels, are thresholds affected by the excitation of 
the second? Classical studies (e.g. Krauskopf and Gegenfurtner, 1992; Miyahara et al, 1993) suggest that the two 
channels are largely independent. 

In the upper-left quadrant of the MacLeod-Boynton diagram, we identify a region where the S-cone excitation 
affects discrimination on the L/M axis. The effect is paradoxical, in that discrimination improves when S-cone 
excitation is increased. 

Observers discriminated the two halves of a 2-deg foveal field. The luminance of each half-field was jittered, to 
eliminate luminance cues. Targets were presented for 150 ms on a background metameric to D65.  

One explanation of our results is that observers exploit a neural channel not aligned with either axis of the 
MacLeod-Boynton, a channel that is most sensitive near the subjective transition from reddish to greenish hues. 

 

T31 Speed of Material vs. Object Recognition Depends upon Viewing Condition 

Bei Xiao, Massachusetts Institute of Technology, Brain and Cognitive Sciences  
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