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Training-induced visual cortex activity correlates with
duration of blindness and speed of performance during sensory
substitution
Kevin C. Chan1, 2, Matthew C. Murphy1, Jasmine Kashkoush1,
Amy C. Nau1. 1UPMC Eye Center, Eye and Ear Institute,
Ophthalmology and Visual Science Research Center, Department
of Ophthalmology, University of Pittsburgh, Pittsburgh, PA;
2
Department of Bioengineering, Swanson School of Engineering,
University of Pittsburgh, Pittsburgh, PA.
Purpose: Visual cortex functionality in the blind has been shown
to shift away from sensory networks toward task-positive networks
that are involved in top-down modulation. However, how such
modulation is shaped by experience and reflected behaviorally
remains unclear. This study evaluated the training-induced top-down
visual cortex activity as a function of blindness duration or behavioral
response using blood-oxygen-level-dependent (BOLD) functional
MRI (fMRI) with a sensory substitution task.
Methods: Four congenitally blind subjects (age= 50.8±17.5 years),
7 acquired blind subjects (age= 45.4±16.6 years) and 11 sighted
controls (age= 49.9±16.2 years) underwent task-based fMRI at 3
Tesla. Subjects were asked to interpret a series of vOICe soundscapes
that represented moving bars across an image in different directions
before and after sensory substitution training in the scanner. BOLD %
change representing the strength of functional response was extracted
from 3 regions of interest including primary, secondary and tertiary
visual cortices. To determine the degree of top-down modulation in
the visual cortex, we subtracted the pre-training BOLD% change
from the post-training BOLD% change (ΔBOLD%) for each of the
3 ROIs in each subject. The relationships between ΔBOLD% and
duration of blindness or behavioral reaction time were then tested by
non-parametric Spearman correlations.
Results: Both blind groups but not the sighted group showed
increased positive BOLD responses in the visual cortex after training,
indicating increased top-down modulation of the visual cortex in the
blind but not sighted subjects (Fig 1). When evaluating the degree of
top-down brain modulation, our further analyses showed a decreasing
BOLD activity change in the primary visual cortex of acquired
blindness with increasing blindness duration (Fig 2a). The degree
of top-down modulation in primary visual cortex also negatively
correlated with reaction time during sensory substitution (Fig 2b).
Conclusions: Our results showing decreasing top-down activity
in the visual cortex of subjects with acquired blindness over time
indicated that the plasticity of the visual system can gradually be
reshaped after late onset of blindness beyond the sensitive period.
Furthermore, the degree of top-down activity in the visual cortex may
influence the speed of performance during sensory substitution tasks.
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Assessing fixation stability for 30 seconds – Is it long enough?
Arun K. Krishnan1, 2, Mehmet N. Agaoglu2, 3, Susana T. Chung2, 3.
1
Envision Research Institute, Envision Inc., WICHITA, KS; 2School
of Optometry, University of California, Berkeley, CA; 3Vision
Science Graduate Program, University of California, Berkeley, CA.
Purpose: Fixation stability (FS) is known to be affected by visual
and non-visual factors, but little is known about its dependence
on test duration. Most studies record gaze for prolonged durations
like 30 s. However, to our knowledge, there exists no systematic
study that examines how FS depends on the recording duration.
The primary goal of this study was to assess the effect of recording
duration on FS.
Methods: Eleven normally sighted subjects (Age range: 21-35 years)
binocularly fixated a high-contrast, black 1° cross displayed against
a uniform gray background on a 32” display. Subjects were optically
corrected for the distance (76 cm) and eye movements were recorded
using an EyeLink 1000 Plus eye tracker. A chin and forehead rest was
used. Each test session began with a calibration and validation, and a
drift correction was applied at the beginning of each trial. A minimum
of 5 trials of 70 s duration were recorded for each subject. We then
extracted epochs that ranged between 0.5 and 64 s, in octave-steps,
and calculated FS for each epoch. In addition, we also measured
fixation for trials of eight different durations ranging between 0.5 and
64 s, in a randomly interleaved sequence. The order of testing fixedduration (70 s) and mixed-duration trials was counter balanced across
subjects. FS was quantified as the area enclosed by the 68% isoline
(ISOA) of the distribution of eye positions during fixation.
Results: Across all subjects, ISOA increased (fixation becoming
more unstable) with duration. This was observed for both measuring
methods, although ISOA determined using the fixed-duration method
was in general, slightly smaller than that for the mixed-duration
method (by ~14%, p < 0.0001). We fit the data-set of log ISOA vs
log duration for each subject and each measuring method with an
exponential function, and used 3x the time constant to represent the
duration at which ISOA reached 95% of saturation. Across subjects,
this duration-to-saturation averaged 99042 s and 8478 s for fixedduration and mixed-duration methods, respectively.
Conclusions: The duration-to-saturation is much longer than the
commonly used 30 s, which makes it not a practical option as a
standard duration for measurement. Nevertheless, our finding of the
strong dependence of FS on duration implies that comparisons of
FS across studies definitely need to take into account the duration of
fixation recording, and perhaps the different measurement methods.
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High-speed visual stimuli generator reveals minimum time
required for letter identification
Lucie Sawides, Adrian Gambin, Alberto de Castro,
Benjamin Lochocki, Pablo Artal. Laboratorio de Óptica, Universidad
de Murcia, Murcia, Spain.
Purpose: How brief can be a visual stimulus, such as a letter, to be
seen and identified? This important question is elucidated here by
measuring time identification thresholds of briefly presented tumbling
E letters.
Methods: We developed a new experimental apparatus for controlled
presentation of extremely brief visual stimuli. The system is also
capable to project high quality images into the retina of subjects with
a large range of uncorrected refractive errors. The system is based
in a Digital Micromirror Device (DMD) operating at high speed
(22000 Hz). The DMD was illuminated with homogeneous white
light (luminance at subject’s pupil =825 cd/mm2) and placed in a
Maxwellian view configuration with an effective pupil diameter of
1 mm. High contrast Snellen E letters subtending 1.2°, 2.35° and 7°
on the retina respectively were presented. For each letter size, four
sequences of images were generated consisting of white Snellen E
letters – either pointing right, left, up or down – on black background
temporarily sandwiched between empty white background images to
avoid the effect of “flashes” and minimize visible persistence. Time
identification thresholds were measured in 5 normal young subjects
by using a QUEST algorithm to vary the presentation duration of
the letters. A test consisted of at least 25 sequence presentations, in
each of them the letter orientation was randomly chosen and subjects
had to report its orientation. Additionally, 3 subjects repeated the
experiment for one letter size with induced myopic defocus of 3D,
6D and 9D for 1mm and 0.3mm pupil size.
Results: Subjects were able to identify letters presented as briefly as
5 ms. Time identification threshold decreases with increasing letter
size, on average across subjects: 7.9±3.5ms (E letter subtending 1.2°),
6.5±2.3ms (for 2.35°) and 5.3±1.6ms (for 7°). With induced myopic
defocus, time identification thresholds increase with a 0.39ms/D
slope (R2=0.99) for 1mm subject’s pupil from 4.45±0.57ms (no
defocus) to 7.94±1.09ms (9D myopic defocus) whereas almost no
increase was found for 0.3mm pupil: threshold = 4.39±0.32ms (0D)
to 5.09±0.68ms (9D).
Conclusions: The high speed Maxwellian visual stimuli generator
allowed us to present high quality retinal images during brief
intervals in subjects with a large range of uncorrected refractive
errors. We found that the minimum duration of a letter to be seen and
identified was as small as 5 ms.
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Face recognition and identification with simulated and real
underwater blur
Aiswaryah Radhakrishnan, Karthik Seemakurthy, Rajagopalan A.N.
Image Processing and Computer Vision Lab, Indian Institute of
Technology Madras, Chennai, India.
Purpose: Face recognition could be affected by non-symmetric
random distortions introduced by underwater blur. We studied face
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identification and recognition in normal human subject in presence of
simulated and real underwater blur.
Methods: Ten normal subjects (19 – 64 years) participated in the
measurements. Four faces - 2 familiar and 2 non-familiar (also 2
males and 2 females) were used as test images. Eyes, nose and mouth
of each test image was altered to generate 12 control images. Real
underwater blur (RealB) was generated by imaging the faces through
a random wave pattern in an aquarium. Simulated underwater blur
(SimB) was obtained by filtering the faces using custom-filters in
Matlab. Eight blurred image sets were generated combining waves
with low and high frequency, low and high amplitudes and different
depths underwater. A random pair of the test and the control image
(6 degree retinal subtense), was presented on a CRT display. The
subjects were asked to identify if both the images were from the same
face (for identification) and whether the first image or the second
image was the test image (for recognition). In total, 960 pairs of
images (two repetitions of 48 image pairs) were compared across 8
SimB conditions, 1 RealB condition and 1 normal viewing condition.
Identification and recognition scores were calculated as the ratio of
correct responses vs the total presentation.
Results: For normal viewing, the average score for face identification
was 0.85±0.05 and face recognition was 0.93±0.03. Subjects
identified images with different genders better than images with
same gender (mean difference 0.33±0.04, p<0.001). The gender bias
decreased with SimB (mean difference 0.12±0.09). On an average
across subjects, recognition decreased by 0.14±0.03 in presence of
SimB; and familiar faces were recognized better than non-familiar
faces (mean difference 0.38±0.11, p<0.01). Differences in facial
features did not influence recognition (ANOVA, df=2, p=0.34).
In most subjects, identification score did not change with RealB
(mean difference 0.03±0.02) or SimB (mean difference 0.01±0.01).
The recognition scores were better with RealB than SimB (mean
difference 0.18, p<0.01).
Conclusions: Face identification was unaffected by underwater blur.
Facial features did not contribute to recognition underwater. Face
recognition, especially recognition of non-familiar faces, decreased
with increase in underwater blur.
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Correction of Perceived Visual Distortions Using a Software
Application and Correlation to Age-Related Macular
Degeneration
Muhammad Hassan1, Adithi Chakarvarthy2,
Mahadevan Subramaniam2, Parvathi Chundi2, Muhammad
Fayez Jawed5, Muhammad S. Halim1, Mohammad A. Sadiq1,
Rubbia Afridi1, Yasir Jamal J. Sepah1, 3, Quan D. Nguyen1, 3,
Diana V. Do1, 3, Eyal Margalit4. 1Ophthalmology, Byers Eye InstituteStanford University, Palo Alto, CA; 2University of Nebraska Omaha,
Omaha, NE; 3Ocular Imaging Research and Reading Center, Menlo
Park, CA; 4Island Eye Surgery Specialists, Tamuning, Guam;
5
Ophthalmology, University of Nebraska Medical Center, Omaha,
NE.
Purpose: To investigate the effect of customized software-generated
corrections in cancelling the perceived distortions in subjects with
age-related macular degeneration (AMD).
Methods: An android tablet-based application displaying 3 lines
(Fig. 1A) was utilized to elicit distortions. Five subjects

(7 eyes: neovascular-AMD and 3 eyes: non-neovascular AMD) were
asked to trace reference lines (RL) (Black line, Fig. 1A) and their
distortion traces (DT) were recorded (green line, Fig. 1B). To counter
the distortion, a compensatory software-generated trace (GT) was
produced (purple line, Fig. 1B). The RL were recalibrated to GT and
subject was asked to re-trace the lines. The corrected trace (CT) was
recorded (yellow line, Fig. 1C) and compared to RL. Tablet recording
was superimposed onto the en-face image of spectral domain
optical coherence tomography (SD-OCT) (Fig. 1D). The number of
distorted lines associated with an underlying lesion on SD-OCT was
reported by two independent graders. To measure the effectiveness of
correction, best fit lines were generated through the DT, GT and CT
(Fig. 1E). The distortion and correction was measured by calculating
the distance of DT(dDT) and CT(dCT) form the RL (Fig. 1F). Mean
percentage improvement in the distortion was reported. Effectiveness
of correction (EoC) was reported by utilizing t-test to compare the
mean distance of DT and CT from RL (Fig. 1F).
Results: Mean age was 76.6 (±9.5) yrs. Each subject traced 6 RLs
(3 Lines/eye). Each RL was treated as a separate case. We analyzed
30 cases: 17 (56.6%) cases elicited distortion while 13 cases without
distortion were not analyzed further. Mean percentage improvement
in distortion was 71.3±23.0%. There was a significant improvement
in mean dCT compared to dGT (EoC; p<0.05). 12 cases (70.6%)
had an AMD lesion associated with distortion; 8 cases with lesion
had photoreceptor layer (PRL) disruption, while 4 had normal
PRL. Mean EoC in cases with normal PRL was significantly higher
than with abnormal PRL(P<0.05). 5 cases with distortion had no
associated underlying lesion. Mean improvement in these subjects
was significantly more than those with PRL disruption (p<0.05) and
similar to those with normal PRL (p>0.05).
Conclusions: Software generated corrections can potentially correct
for perceived distortions in subjects with AMD, especially in eyes
with preserved photoreceptor layer.
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Defocus vibrations improve visual resolution of defocused targets
Maciej M. Bartuzel1, 2, Ivan Marin-Franch2,
Antonio Del Águila-Carrasco3, 4, Robert Iskander1,
Norberto Lopez-Gil2. 1Faculty of Fundamental Problems of
Technology, Wroclaw University of Science and Technology,
Wroclaw, Poland; 2Vision Science Research Group (CiViUM),
University of Murcia, Murcia, Spain; 3Interuniversity Laboratory
for Research in Vision and Optometry, Mixed group UVEG-UMU,
Valencia-Murcia, Spain; 4Department of Optics, and Optometry, and
Vision Sciences, University of Valencia, Valencia, Spain.
Purpose: To test the hypothesis that rapid step changes in defocus for
an out-of-focus retinal image increase visual resolution.
Methods: Visual acuity (VA) of 5 subjects (37 ± 12 y.o.) was
measured under monocular conditions with a Freiburg VA test using
a microdisplay that showed a high-contrast black Landolt-C letter on
a white background. The text was presented at the subject’s far point
or 1.00 D beyond it. VA was also measured when the target was at
1.00 D beyond the far point and longitudinal vibrations in defocus
were added with different amplitudes. The longitudinal vibrations
were generated as step changes at 50 Hz with a deformable mirror
in a custom adaptive optics system (MurciAO) and with amplitudes
of 0.25, 0.50, 0.75, and 1.00 D. In all trials, the Freiburg VA test
was performed using a microdisplay that was seen through a 4-mm
artificial pupil. Five repeated measurements were obtained under each
viewing condition.
Results: VA of the defocused target improved as the tested
amplitude of vibrations increased. Figure shows an example of the
object photographed through the optical system by a camera with
an exposure time of 1/6 s. Mean logMAR was −0.14 ± 0.07 at the
far point, 0.35 ± 0.16 at 1 D beyond the far point and in between
these two values when defocus vibrations were generated. More
precisely, mean logMAR values were 0.26, 0.22, 0.10, and 0.02
for defocus vibrations with amplitudes of 0.25, 0.50, 0.75 and
1.00 D, respectively. Linear regression analysis showed a negative
statistically significant (R2 = 0.59 ± 0.17, all p < 0.01) slope of
VA with respect to the amplitude of vibrations that ranged
between −0.16 and −0.41 logMAR units per D of amplitude.
Conclusions: Visual resolution of defocused targets improves with
defocus vibrations. Our study confirms that the theoretical result
predicted by Lohmann and Paris (App. Opt. 1965) is applicable to the
human eye. The results add more insight into the role of wavefront
dynamics in the human eye.

Figure. Landolt C eye chart seen through the system in focus (left),
with 1 D of defocus (middle), and with 1 D of defocus with vibrations
of 1 D of amplitude.
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The quick Change Detection method: Bayesian adaptive
assessment of the time course of perceptual sensitivity change
Yukai Zhao1, Luis A. Lesmes2, Zhong-Lin Lu1. 1Psychology, the Ohio
State University, Columbus, OH; 2Adaptive Sensory Technology, San
Diego, CA.
Purpose: Perceptual sensitivity is usually estimated over some testtime intervals, which results in imprecise and biased estimates when
it changes over time. A novel procedure, the quick Change Detection
(qCD) method, is developed to accurately, precisely, and efficiently
quantify the full time course of perceptual sensitivity change, and
demonstrated in dark adaptation.
Methods: Based on Bayesian adaptive testing (Lesmes, et al,
2010), the qCD method selects the optimal stimulus, and updates,
trial by trial, a joint probability distribution of the parameters that
quantify both perceptual sensitivity and its change over time. In a
dark adaptation experiment, the time course of visual sensitivity
change was measured with qCD and quick Forced-Choice (qFC,
Lesmes, et al, 2014) in separate sessions. Each session started with
a 120-second exposure to high luminance (150 cd/m2) and followed
by measurement of visual sensitivity during 600 seconds of dark
adaption (0.0 cd/m2). Subjects identified the location of a 1.7°
diameter luminance disk that randomly occurred in one of eight
locations on an imaginary circle at 5° eccentricity. With qCD, the
dark adaptation curve was estimated and updated in every trial. With
qFC, threshold was estimated every 10 seconds. Simulations were
performed to evaluate the two methods. Accuracy was quantified
as average absolute bias, and precision as the standard deviation
(STD) of repeated tests and half width of the 68.2% credible interval
(HWCI) from a single test.
Results: Simulations showed that the bias, the STD and 68.2%
HWCI of the dark adaptation curve fell below 0.1 and 0.02 (log10
unit) after 100 and 200 seconds of qCD test, respectively. Two and
four repeated qFC tests, each taking 720 seconds, were necessary to
achieve similar accuracy and precision. Furthermore, a 0.02 log10
bias persisted even after 10 repeated qFC tests. The experiment
showed that the estimated dark adaptation curve obtained from
a single qCD test was highly consistent with the average of four
repeated qFC tests.
Conclusions: The qCD method can accurately, precisely, and
efficiently quantify the time course of perceptual sensitivity change,
as demonstrated in dark adaptation. This method can be extended and
applied to perceptual learning, where measurement of the full time
course of sensitivity change is critical but cannot be repeated.
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