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515 Color vision, binocular and stereoscopic vision
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Organizing Section: Visual Psychophysics/Physiological Optics

Program Number: 5404 Poster Board Number: B0561
Presentation Time: 8:30 AM–10:15 AM
Predicting the CN Lantern Test for Railways with clinical color 
vision tests
Ali Almustanyir1, 2, Jeffery K. Hovis1. 1Optometry, University of 
Waterloo, Kitchener, ON, Canada; 2Optometry, King Saud University, 
Riyadh, Saudi Arabia.
Purpose: Sighting distances for railway signal lights can vary so 
that individuals with a color vision defect (CVD) who do not qualify 
for positions requiring longer sighting distances may qualify for 
positions using shorter sighting distances. However, there is little 
information available as to whether clinical color vision tests can 
predict who will be able to identify correctly signal light colors at 
various distances. This study determines the ability of 3 clinical color 
vision tests to predict signal light identification at different viewing 
distances.
Methods: The CN Lantern (CNLan) was used to simulate railway 
signal lights. Viewing distance was varied between 4.6m and 0.57 
m using a geometric progression. The 4.6 m viewing distance is 
equivalent to a sighting distance of about 0.8 km. The clinical 
color vision tests were the ColorDx Diagnosis Plates (ColorDx), 
Farnsworth D15 (D15) scored as pass-fail and the Cone Contrast 
Sensitivity Test (CCST) using the lowest sensitivity value. Thirty-five 
CVD subjects participated in this study.
Results: The average number of errors on CNLan decreased with 
decreased viewing distance with the pass rate increasing from 12% 
at 4.6 m to 62% at 0.57 m. The predictive values of the 3 tests for 
failing CNLan at 4.6 m and 2.3 m distances were greater than 95%. 
At the two closer distances of 1.15 m and 0.57 m, the predictive 
values for failing decreased to approximately 80% for the D15, 65% 
for the ColorDx and 52% for the CCST. The predictive values for 
passing at the two furthest distances were approximately 25% for 
the D15, 33% for the ColorDx, 45% for the CCST. The predictive 
values for passing the CNLan at 1.15 m and 0.57 m distances were 
approximately 92% for the D15, 100% for the ColorDx, and 75% for 
the CCST
Conclusions: The high predictive values for failing and relatively 
low predictive values for passing the CNLan at the longer viewing 
distances indicated that identifying railway signal lights at longer 
distances was challenging for CVD individuals. Most CVD subjects 
will fail. At the closer distances, individuals with a mild to moderate 
defect could identify the signal lights correctly. Passing the D15 
or a score that is less than severe on the ColorDx were excellent 
predictors of who will pass at the closer distances. However, all 3 
tests were too sensitive to predict adequately failures at the closer 
viewing distances.
Commercial Relationships: Ali Almustanyir; Jeffery K. Hovis, 
Self (P)
Support: saudi arabian cultural bureau

Program Number: 5405 Poster Board Number: B0562
Presentation Time: 8:30 AM–10:15 AM
Objective and Subjective Wavelength Transmission Assessment 
of EnChroma Glasses
Nawaf M. Almutairi1, Saad Aljohani2, 
Naganathan Muthuramalingam2, 3, James Kundart4, 1. 1Vision Science, 
Pacific University, Forest Grove, OR; 2Optometry, Qassim University, 
Buraidah, Saudi Arabia; 3Optometry, Salus University, Philadelphia, 
PA; 4College of Optometry, Pacific University, Forest Grove, OR.
Purpose: Color vision deficiency (CVD) especially the Red-Green 
type, affects 4 - 8% of male and 0.4% of female populations. There 
is no cure for color deficiency. However, there are specially tinted 
lenses marketed to enhance the color contrast for CVD individuals. 
EnChroma glasses claim to enhance color perception without 
compromising color interpretation. The aim of this study was to 
test the overall transmission and wavelength filtering characteristics 
of EnChroma Cx-14 glasses objectively and determine if they 
subjectively change the color perception in normal subjects.
Methods: Twenty-five males (aged 20 to 25 years) with normal 
vision were randomly recruited. Subjective responses of EnChroma, 
participants were tested by means of the digital version of Ishihara 
(ColorDx iPad app) and FM100 Hue tests with and without 
EnChroma glasses. A Ocean Opticsä spectrophotometer was used to 
measure the spectral transmission of EnChroma Cx-14 glasses. The 
FM100 tests error scores and time duration to complete the test were 
recorded, compared and correlated with the Ocean Optics spectral 
transmission curves.
Results: Spectral transmission of EnChroma Cx-14 showed notching 
of wavelength starting from 450 nm that dipped down close to 0 from 
475 nm to 500 nm, and from 560 nm to 575 nm. Peak sensitivity 
was not achieved for the wavelength of 420-450 nm. There was a 
significant (p = 0.018) increase in the mean FM100 test error scores 
with a shift towards a defect resembling tritanomaly (mean = 35), 
95% CI [-94 to 165] with the EnChroma Cx-14 glasses. However, 
the correlation of time taken to complete the FM100 test with and 
without EnChroma was stronger (r = 0.82) only for the FM100 
plates that test for confusion in the blue orthogonal axis of the CIE 
chromaticity diagram.
Conclusions: EnChroma Cx-14 glasses are multi-notch filters that 
modify the wavelength transmission of the observer. Our results 
show that the EnChroma filters notch the blue region of the visible 
spectrum consistently and induce a tritan defect in individuals with 
normal color vision. Future studies are needed to investigate whether 
EnChroma filters improve the color discrimination in individuals with 
color vision deficiency.
Commercial Relationships: Nawaf M. Almutairi, None; 
Saad Aljohani, None; Naganathan Muthuramalingam, None; 
James Kundart, None
Support: College of Optometrists in Vision Development (COVD), 
Beta Sigma Kappa (BSK)

Program Number: 5406 Poster Board Number: B0563
Presentation Time: 8:30 AM–10:15 AM
Comparison of color visual acuity measured using a liquid crystal 
display and a paper-based chart
Yoshiki Tanaka1, Mari Takagi2, Sho Yokoyama2, Rie Horai1, 
Shoko Tanabe1, Kazuo Ichikawa1. 1Vision Research Labolatory, 
Chukyo Eye Clinic, Nagoya, Japan; 2Japan Community Health care 
Organization Chukyo Hospital, Nagoya, Japan.
Purpose: In the past, we reported the color visual acuity (CVA) of 
several eye conditions and under several environmental conditions 
using a personal computer (PC) and Liquid Crystal Display (LCD). 
This study compared the CVA measured using an LCD and a  
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paper-based chart (prototype) to obtain a simplified measurement  
of CVA.
Methods: Eleven normal subjects (11 eyes) were enrolled in this 
study. None of the subjects had any ocular disease or color anomaly. 
The mean age of the participants was 33.55 ± 7.54 years (age range, 
26–47 years). The mean spherical equivalent was -2.83 ± 2.06, while 
the best corrected visual acuity was 20/13. Red (R) and Green-
Yellow (GY), Blue-Green (BY), and Blue-Purple (BP) were used as 
the stimulus colors. The background color was achromatic (D65). 
CG245W (EIZO corporation) was adopted for the measuring the 
CVA on LCD. However, a paper-based chart was fixed on the frame 
for the visual acuity test. The LCD and paper-based chart tests were 
conducted in a dark room and under two ambient lighting conditions, 
respectively. The two ambient lighting conditions were as follows: 
fluorescent light (D65) to the frame and room illumination (condition 
1 [C1]) and no fluorescent light (D65) to the frame but with room 
illumination (condition 2 [C2]).
Results: There were significant differences in the CVA under each 
condition (R: p < 0.01, GY, BG, BP: p < 0.0001, Friedman test). A 
comparison between LCD and C1 showed significant differences (R: 
p < 0.01, GY: p < 0.0001, BG: p < 0.0001, BP: p < 0.05, Dunn’s post 
hoc test). A comparison between LCD and C2 also showed significant 
differences (GY: p < 0.01, Dunn’s post hoc test).
Conclusions: The CVA of R, BG, and BP measured under condition 
2 was similar to the CVA measured using the LCD. The CVA of GY 
of the paper-based chart method was significantly different from the 
CVA obtained using LCD was because of the fact that there was a 
problem with the printing of the paper-based chart of GY. The paper-
based chart was able to measure the CVA similar to the quality of 
CVA measured by LCD except for the paper-based chart of GY.

The Color Visual Acuity measured using an LCD and paper-based 
chart.
C1 – fluorescent light (D65) of the frame : ON, the room illumination 
: ON.
C2 – fluorescent light (D65) of the frame : OFF, the room 
illumination : ON.
Commercial Relationships: Yoshiki Tanaka; Mari Takagi, None; 
Sho Yokoyama, None; Rie Horai, None; Shoko Tanabe, None; 
Kazuo Ichikawa, None

Program Number: 5407 Poster Board Number: B0564
Presentation Time: 8:30 AM–10:15 AM
Dark Adaptation Delays and Retinaldehyde Dimerization 
Products
Leonide Saad1, 2, Dan Zhang1, Ilyas Washington1. 1Harkness Eye 
Institute, Columbia University Medical Center, New York, NY; 
2Alkeus Pharmaceuticals, Boston, MA.
Purpose: To elucidate the role of retinaldehyde dimerization products 
(RDP) on age-associated declines of dark adaptation.
Methods: Slowed dark adaptation occurs almost universally during 
the course of aging. However, the molecular mechanisms responsible 
for such delays are unknown. RDP are small molecule byproducts 
of the vitamin A cycle and are implicated in the pathogenesis of 
several retinal diseases. We used UPLC to quantify the amount of 
vitamin A and RDP in human eyes. To evaluate the effects of RDP 
on dark adaptation, we used a mouse model that displays increased 
ocular RDP, and modulated RDP in the animals by administering 
C20D3-vitamin A (ALK-001), a vitamin A with reduced dimerization 
propensity. Ocular RDP was also modulated in a wild-type rodent 
by intravitreal delivery of RDP. Dark adaptation was assessed 
by measuring the recovery of electroretinograms and rhodopsin 
regeneration kinetics following a controlled bleach. We used 2-tailed 
t-tests for statistical analyses.
Results: RDPs accumulate with age in the human retina while 
total vitamin A remains stable: at approximately 70 years of age, 
the amount of RDP can surpass ocular vitamin A (~20,000 pmols 
per retina, N=18). In mouse models of accelerated RDP formation, 
ALK-001 retarded the age-related accumulation of RDP by over 80% 
(N=10, p<0.01) and reduced fundus autofluorescence (FAF) by about 
70% (Fig. a).
Mice that received ALK-001 had over 2-fold faster b-wave recovery 
than mice in the vitamin A group (N=10, p<0.01). Wild-type 
rodents intraocularly treated with a bolus of RDP soon displayed a 
30% slowing of b-wave recovery, despite otherwise normal retinal 
electrophysiology and morphology. The observed delays in dark 
adaptation could be explained by RDP-induced delays in rhodopsin 
regeneration.
Conclusions: The age-related accumulation of RDP is sufficient 
alone to cause age-related declines in dark adaption. Data further 
show that progressive declines in dark adaptation are tractable to 
pharmacological intervention and reveal RDP as a therapeutic target. 
Finally, ALK-001 holds promise as a non-invasive, early preventive 
therapeutic to mitigate ubiquitous declines in visual performance.
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FAF (Fig. a) and b-wave amplitude (Fig b.) of mice reared on vitamin 
A or C20D3-vitamin A.
Commercial Relationships: Leonide Saad, Alkeus 
Pharmaceuticals (S), Alkeus Pharmaceuticals (E); Dan Zhang, 
None; Ilyas Washington, Alkeus Pharmaceuticals (P), Alkeus 
Pharmaceuticals (C)
Support: NIH Grant EY021207

Program Number: 5408 Poster Board Number: B0565
Presentation Time: 8:30 AM–10:15 AM
Dark adaptation in Duchenne muscular dystrophy with a short 
protocol
Balazs V. Nagy1, 2, Zahra Ashman3, Mirella T. Barboni2, 
Leonardo Padua2, Kallene S. Vidal2, Dora F. Ventura2. 1Department 
of Mechatronics, Optics and Engineering Informatics, Budapest 
University of Technology and Economics, Budapest, Hungary; 
2Institute of Psychology, University of Sao Paulo, SAO PAULO, 
Brazil; 3University at Buffalo, Buffalo, NY.
Purpose: To investigate if Duchenne Muscular Dystrophy affects 
dark adaptation for the rods and cones of the eye with a new short 
psychophysical protocol.
Methods: In this pilot study two Duchenne Muscular Dystrophy 
(DMD) patients and eleven healthy volunteers were tested 
monocularly. The tests were conducted using the Roland Consult 
Darkadaptometer system. Instead of the standard 45-minute protocol 
we have developed a 8+6 minute test to be able to test DMD patients 
avoiding muscular fatigue. The protocol begins with one minute of 
bleaching with white light at 3000 cd/m2. The first part of the test 
lasts 8 minutes to verify the separation of rod and cone adaptation 
levels (rod-cone break). For this interleaved red and green stimulation 
flashes of dynamically changing luminance (depending on patient 
response with a button control) are shown inside a Ganzfeld 
stimulator at 20 degrees temporal eccentricity. After a 5-minute 
interval with eyes closed, a 6-minute test session is performed with 
green stimuli only to test for rod adaptation.

Results: The test was evaluated with the control group having an 
average rod-cone break luminance of -1.82±0.087 log cd/m2 at 
148±71 seconds and an average stable rod adaptation luminance of 
-4.04±0.188 log cd/m2. Relative to controls, the time and luminance 
for the rod-cone break of the first DMD patient (with genetic 
mutation upstream exon 30) falls within the normal range (Fig 1), just 
as the luminance of the stabilized rod adaptation level (Fig 2). The 
second DMD patient (with genetic mutation downstream exon 30) 
did not reach the rod/cone break within the 8 minutes of the first test 
phase while his stable red adaptation luminance level stayed within 
the control group’s range (-1,93 log cd/m2). Between the two DMD 
patients there was a large difference in the rod adaptation luminance 
(-4 log cd/m2 vs -2.7 log cd/m2).
Conclusions: The newly developed short dark adaptation protocol 
used in this study performed well as verified with the control group 
since it demonstrated low variability among subjects. The DMD 
patient lacking only Dp427 genetic mutation had results that indicate 
a conservation of rod and cone adaptation in DMD while the lack 
of smaller DMD gene products, such as Dp260 (mainly expressed 
by the rods) of the second patient indicate impairment of rod vision 
affecting dark adaptation as well.

Commercial Relationships: Balazs V. Nagy, None; Zahra Ashman, 
None; Mirella T. Barboni, None; Leonardo Padua, None; 
Kallene S. Vidal, None; Dora F. Ventura, None
Support: FAPESP (Projeto Temático 2014/26818-2; Projeto Regular 
2016/04538-3; Pesquisador Visitante 2014/06457-5); CNPq (Auxílio 
individual 470785/2014-4); CAPES (Programa Pró-Amazônia 
3263/2013); NIH T37MD001378-16.
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Extrinsic noise modifies the post-receptoral pathway rod weights
Amithavikram R. Hathibelagal1, Beatrix K. Feigl2, 3, Andrew J. Zele1. 
1Visual Science Laboratory, School of Optometry and Vision Science 
& Institute of Health and Biomedical Innovation, Queensland 
University of Technology, Brisbane, QLD, Australia; 2Medical Retina 
Laboratory, School of Biomedical Sciences & Institute of Health 
and Biomedical Innovation, Queensland University of Technology, 
Brisbane, QLD, Australia; 3Queensland Eye Institute, Brisbane, QLD, 
Australia.
Purpose: Temporal white noise that selectively stimulates one of 
the three post-receptoral pathways (correlated noise) or a single 
type of photoreceptor class (uncorrelated noise) alters mesopic rod 
sensitivity (masking or facilitation) and increases variability in rod 
signalling (Hathibelagal, Feigl, Kremers & Zele, JOSA, 2015, 33(3), 
A93-A103); the mechanism underlying this phenomenon is unknown. 
We hypothesize that these effects could be due to a change in the 
observer decision criterion and/or altered rod weights in the post-
receptoral pathways.
Methods: The rod and three cone photoreceptor excitations were 
independently controlled using a four-primary photostimulator to 
generate correlated and uncorrelated temporal white noise  
(0-255 Hz). Experiment 1 measured receiver operating characteristic 
(ROC) curves using a method of constant stimuli with rod 
incremental pulses by varying the stimulus probability (10-90%). The 
probability scores were converted to Z-scores and plotted in inverse 
cumulative Gaussian axes. Experiment 2 estimated the rod signal 
weights by perceptually matching a 20% rod incremental pulse  
(50-250ms) by altering the L+M (MC pathway), L/[L+M] (PC 
pathway) and S/[L+M] (KC pathway) cone excitations. The 
magnitude and ratio of rod weights in the post-receptoral pathways 
were quantified with noise and compared to a control condition (no 
noise). The resultant noise and control matches were then compared 
to determine if there was a perceptual effect of the change in rod 
weights.
Results: In Experiment 1, the noise and control ROC slopes were 
parallel; rod noise (slope = 0.68) vs control (slope = 0.67); LMS 
noise (0.89) vs control (0.94); +L-M noise (0.93) vs control (0.92); 
S-cone noise (0.62) vs control (0.58). In Experiment 2, the correlated 
and uncorrelated noise decreased the luminance weights in 91% 
(40/44) of the test conditions and decreased the chromatic weights 
in 69.3% (61/88) of the test conditions. The change in rod weights 
were not accompanied by a perceptual difference in the colour match 
between the noise and control conditions for any stimulus duration.
Conclusions: Temporal white noise does not alter the observer 
decision criterion but acts to change the rod weights in the  
post-receptoral pathways, which may be an intrinsic response to noise 
to maintain constant visual perception.
Commercial Relationships: Amithavikram R. Hathibelagal, 
None; Beatrix K. Feigl, None; Andrew J. Zele, None
Support: ARC-DP140100333

Program Number: 5410 Poster Board Number: B0567
Presentation Time: 8:30 AM–10:15 AM
Objective Assessment of Visual Fatigue by Ability to Maintain 
Binocular Fusion
Masakazu Hirota1, Takeshi Morimoto1, Hiroyuki Kanda1, 
Takao Endo2, Tomomitsu Miyoshi3, Suguru Miyagawa1, 4, 
Yoko Hirohara4, Tatsuo Yamaguchi4, Makoto Saika4, 
Takashi Fujikado1. 1Applied Visual Science, Osaka University 
Graduate School of Medicine, Suita-shi, Japan; 2Ophthalmology, 
Osaka University Graduate School of Medicine, Suita, Japan; 
3Integrative Physiology, Osaka University Graduate School of 
Medicine, Suita, Japan; 4Topcon corporation, Itabashi, Japan.
Purpose: Visual fatigue is becoming a more prevalent health problem 
with the circulation of tablet-type computers and smart phones. 
However, objective measures to diagnose visual fatigue are not 
well established. Patients with intermittent exotropia occasionally 
complain of diplopia after work requiring prolonged eye strain, which 
suggests a break of binocular fusion occurs by visual fatigue due to 
near work. We developed a binocular wavefront sensor equipped with 
a liquid crystal shutter in which the intensity of the incoming light 
was linearly reduced and can evaluate the ability of binocular fusion 
maintenance (BFM). The present study aimed to investigate whether 
the ability of BFM could be a measure of visual fatigue after visual 
tasks.
Methods: Forty healthy volunteers (38.2 ± 12.9 years; mean ±SD) 
participated in the study. The ability of BFM was assessed by 
measuring the transmittance of liquid crystals placed in front of the 
subjects’ non-dominant eye when binocular fusion was broken and 
vergence eye movement was induced. A questionnaire on subjective 
symptoms was given to the subjects before and after a visual task of 
30 min.
Results: The ability of BFM was significantly decreased after the 
visual task (pre-visual task score: 0.920 ± 0.063; post-visual task 
score: 0.789 ± 0.105; P<0.001) and was negatively correlated with 
the total subjective eye symptom score (R2=0.752, P<0.001). In 
addition, the ability of BFM was independent of subjects’ age (R2 
=0.053, P =0.09).
Conclusions: The ability of BFM can be used as an objective and 
quantitative indicator of visual fatigue not only for young subjects but 
also for subjects with presbyopic age.
Commercial Relationships: Masakazu Hirota, 2016-05553 (P); 
Takeshi Morimoto, None; Hiroyuki Kanda, None; Takao Endo, 
None; Tomomitsu Miyoshi, None; Suguru Miyagawa, 2016-05553 
(P), Topcon (E); Yoko Hirohara, Topcon (E); Tatsuo Yamaguchi, 
2016-05553 (P), Topcon (E); Makoto Saika, 2016-05553 (P), 
Topcon (E); Takashi Fujikado, 2016-05553 (P)
Support: KAKENHI (25293354).
Clinical Trial: http://www.umin.ac.jp/, UMIN000021964

Program Number: 5411 Poster Board Number: B0568
Presentation Time: 8:30 AM–10:15 AM
Modelling cue weighting for naturalistic vergence and 
accommodation responses
Patricia Riddell, Anna M. Horwood, Peter Scarfe. School of 
Psychology and Clinical Language Sciences, University of Reading, 
Raading, United Kingdom.
Purpose: Over the past 15 years, we have created a large data set of 
adult and child accommodation and vergence responses to different 
combinations of distance cue (blur, proximity and disparity: Horwood 
& Riddell, 2008). Here we examined whether these physiological 
responses could be modelled within a weighted averaging cue 
combination framework, which has been primarily used to model 
perceptual estimates (Landy et al. 1995).
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Methods: Since it is not possible to determine perceptual 
psychometric functions for sensitivity to each cue from physiological 
responses, cue weightings for disparity, blur, proximity, and residual 
cues, were determined relative to a single prior derived from the 
intercept of the stimulus response function. The weights generated for 
the four single-cue conditions were then used to predict responses to 
two- and three-cue conditions.
Results: Results demonstrated that a standard cue weighted average 
model provided a good fit to the gain of vergence responses in two 
and three cue conditions. Figure 1 provides an example of model 
fits to the data. Red symbols show the average gain for the vergence 
response in different cue conditions. Responses to single cues (B 
- blur; D - disparity, P - proximal and O - residual) were used to 
provide cue weights for the model which then predicted responses to 
combined cue conditions. Blue symbols show the predicted gain from 
a weighted average cue combination model. These closely match the 
response gains in each condition.
Conclusions: Differences in the reliability of the cues is sufficient 
to determine their relative contribution to driving physiological 
responses. We further examine how the weighted averaging model 
can be applied to accommodative responses and to measure how cue 
weightings alter across the lifespan.

Gain of the vergence response in single cue conditions (B - blur; 
D - dispartiy, P - proximal and O - residual cues), and in combined 
cue conditions. Red symbols indicate means for our adult sample 
and blue symbols are the model fits to combined cue combinations 
modelled from the responses to single cue conditions
Commercial Relationships: Patricia Riddell, None; 
Anna M. Horwood, None; Peter Scarfe, None
Support: Department of Health Research Capacity Development 
Fellowship award PDA 01/05/031 to A.M.H.

Program Number: 5412 Poster Board Number: B0569
Presentation Time: 8:30 AM–10:15 AM
The effect of a prolonged near vision task on near vergence in a 
non-clinical population
Chris Dickinson, Wei Lin. Faculty of Biology, Medicine and Health, 
University of Manchester, Manchester, United Kingdom.
Purpose: Many individuals report eyestrain after prolonged 
periods of near work, especially using a display screen. This study 
investigated whether there was a change in the binocular status of 

individuals, and any link to subjective fatigue, after a prolonged near 
vision task (NVT).
Methods: Visually-normal individuals aged 8-35 years, with no 
visual problems, subjectively rated their visual fatigue on a scale 
from 1 “no perceptible visual fatigue” to 7 “extreme visual fatigue”. 
Near dissociated phoria, near associated phoria, near fusional 
vergence, near point of convergence (NPC) break and recovery, and 
vergence facility were measured. All measures were taken at baseline, 
after 1 hour of distance viewing (0h), and then at the end of each of 
3 hours of near work (1h, 2h and 3h) presented on a computer screen 
at 30cm.
Results: There were 34 participants: 53% (n = 18) were myopes  
(12 spectacle wearers and 6 contact lens wearers); the remainder were 
emmetropes. The mean age was 27.4 (4.6) years, and 50% were male.
Subjects were divided retrospectively into those who had NPC break 
> 10 cm (Group 1: n=9), at 0h, and those with NPC ≤10cm (Group 2: 
n=25).
In Group 1, NPC break and recovery, statistically significantly 
receded by 6.6 (5.6) cm (p = 0.008) and 7.3 (6.6) cm (p = 0.011) 
respectively, during the NVT, and there was a statistically significant 
eso-shift of 3.3 (1.5) Δ in dissociated phoria after the NVT  
(p< 0.001). In Group 2, the change in NPC break 0.6 (1.7) (p=0.083) 
and the eso-shift of 0.7 (2.2) Δ (p = 0.144) were not significant. Mean 
changes in near associated phoria, vergence facility and near fusional 
vergence, after the NVT were not significant in either group.
The NVT had a statistically significant fatigue effect with a mean 
increase of the scores of 1.78 (95% CI: 0.69-2.87) and 1.14 (95% 
CI: 0.68-1.60) respectively for Group 1 (p = 0.006) and Group 2 (p 
<0.001). The increases of the NPC break and visual fatigue score 
over the NVT, showed a moderate correlation in Group 1 (r = 0.41, p 
= 0.275), but this was negligible in Group 2 (r = 0.02, p = 0.924).
Conclusions: The near horizontal vergence system can be affected 
by the type of prolonged NVT which is commonly performed by 
young adults, particularly in individuals who already have one of the 
signs of convergence insufficiency. However the NVT also causes 
increased subjective fatigue in individuals with a normal horizontal 
vergence system.
Commercial Relationships: Chris Dickinson, None; Wei Lin, 
None

Program Number: 5413 Poster Board Number: B0570
Presentation Time: 8:30 AM–10:15 AM
The relationship between response time in ocular dominance test 
and stereopsis test
haoran wu1, Hua Bi2, xuhong zhang3, Weizhong Lan1, xiaoning li1, 
Zhikuan Yang1, Bin Zhang2. 1Aier Institute of Optometry & Vision 
Science, ChangSha, China; 2Nova Southeastern University, Fort 
Lauderdale, FL; 3Wenzhou Medical University, WenZhou, China.
Purpose: It has been reported that people with unbalanced eyes 
need longer time to reach the optimal stereoacuity than people with 
balanced eyes. In that study, which applied continuous flashing 
technique, the ratio of the left and right eyes’ response time was taken 
as the ocular dominance index (ODI). However, in persons with 
balanced eyes, two eyes could both respond very quickly and very 
slowly and still end up with same ODI. It is not clear if, among those 
persons with balanced eyes, those with respond quicker in ocular 
dominance test would also have shorter integration time in stereopsis.
Methods: Ocular dominance was evaluated with continuous flash 
technique. The tested eye viewed a Gabor patch with increasing 
contrast, starting from 0%, and the other eye viewed a Mondrian 
noise with decreasing contrast, starting from 100%, at 1% per 100ms. 
The time needed for the subject to detect the Gabor patch in the 
noise was recorded (Tbreak) for the tested eye. Each eye was tested 
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for 50 times. Thirty subjects with two balanced eyes included for 
analysis and two eyes’ Tbreak values were averaged. The stereopsis 
was measured with random dots stimulus with varying presenting 
durations ranging from 25 to 400ms. The stereothresholds versus 
viewing durations were fitted into an empirical model of quadratic 
summation, th= Dmin(t-2+Tmin-2)0.5 where th is the stereothreshold 
at a given viewing duration(t), Tmin is the constant that determines 
the horizontal position of the function, which is related to the time at 
which the stereothreshold becomes independent of duration(critical 
duration). Dmin is the constant that determines the vertical position 
of the function and is equal to the stereothreshold when t=Tmin.
Results: The mean Tbreak was 5.06±1.47s, (range from 2.16 to 7.57 
s). The mean Tmin value in stereopsis was 132.41±45.01 ms (range 
from 72.09 to 217.74ms) and the Dmin in stereopsis was 39.65 ± 
15.49 arcsec (range from 20.21 to 76.42 arcsec). The Tbreak were 
significantly associated with the Tmin values in stereopsis (R=0.60, 
p<0.05). However, Tbreak were not correlated with the Dmins in 
stereopsis (R=0.06, p=0.54).
Conclusions: In subjects with balanced eyes, those have quicker 
response in ocular dominance test tend to have shorter integration 
time to reach the optimal stereo acuity.
Commercial Relationships: haoran wu, None; Hua Bi, None; 
xuhong zhang, None; Weizhong Lan, None; xiaoning li, None; 
Zhikuan Yang, None; Bin Zhang, None
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Stereoscopic displays reduce the quality of both vergence and 
accommodation responses
Ana Fernandez, Lyle S. Gray, Laura E. Sweeney, Dirk Seidel. 
Vision Sciences, Glasgow Caledonian University, Glasgow, United 
Kingdom.
Purpose: Stereoscopic displays require fixed levels of 
accommodation, despite large change in vergence response to 
maintain single vision. The aim of this experiment is to compare 
vergence and accommodation responses to step changes in pure 
disparity vergence presented upon a stereoscopic display with step 
changes in real space
Methods: 17 emmetropic subjects (mean age 23±1.7 years) with 
normal binocular function participated in the experiments. In the 
first experiment, a Maltese cross (90% contrast) target was presented 
on stereoscopic display (Zalman ZMW215W), while in the second 
experiment a Maltese cross with the same characteristics was 
mounted on a moving platform (Movopart M55) in real space. In 
both experiments the initial target position was 40cm from which step 
changes in target position equating to 6Δ convergence or divergence 
were presented randomly at 10s intervals over a period of 6 minutes 
in both conditions. The target was aligned with the right eye to enable 
continuous accommodation recording with a specially modified 
Shin-Nippon SRW-5000 infrared, open-field autorefractor. An 
infrared, limbal eyetracker (Skalar IRIS 6500) was used to record eye 
movements. 10 clean traces of accommodation and vergence were 
selected for analysis
Results: The group mean vergence response in real space was +6.3± 
0.34Δ for convergence and -6.05± 0.34Δ for divergence. Group mean 
response time for convergence was 688±119ms and 756±211ms for 
divergence. Real space accommodation responses were 0.91±0.24D 
for convergence and -0.92±0.24D for divergence. For pure disparity 
stimuli (stereoscopic display) the group mean vergence response was 
significantly (p<0.01) lower for both convergence +5.02±0.54Δ and 
divergence -5.25±0.44Δ. Response times were significantly (p<0.01) 
longer for convergen ce 1095±315ms and divergence 1082±303ms. 
The mean accommodation response to the stereoscopic display 

in the absence of any additional convergence or divergence was 
2.28±0.25D. There was no significant alteration observed in the 
accommodation response with either disparity stimulus
Conclusions: Vergence responses are substantially degraded in 
the stereoscopic environment. The absence of any substantial 
accommodation response to pure disparity stimulation is to 
be expected due to the fixed dioptric position of the display. 
Accommodation. Both of these factors may contribute to the 
asthenopia reported during stereoscopic viewing
Commercial Relationships: Ana Fernandez, None; Lyle S. Gray, 
None; Laura E. Sweeney, None; Dirk Seidel, None
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Validating physics based 3D renderings for use with low vision 
psychophysics
Brent S. Carpenter, Quan Lei, Daniel Kersten, Gordon E. Legge. 
Psychology, University of Minnesota, Minneapolis, MN.
Purpose: Detecting pedestrian hazards is a common and difficult 
task for people with low vision. Past studies of the visibility of ramps 
and steps by people with reduced acuity (due to blurring goggles and 
natural low vision) have employed handmade structures (Bochsler, 
Legge, Gage & Kallie, 2013). However, physical construction of 
environments places severe limits on the range of conditions that can 
be practically investigated. The present study investigated observers’ 
abilities to detect common pedestrian hazards by employing the 
use of physics-based three-dimensional (3D) modeling and image 
processing as a substitute for constructing scenes and stimuli. In 
order to validate 3D rendering as a medium for creating stimuli for 
psychophysical experiments, we tested whether the pattern of errors 
gathered via a computer display matched the patterns gathered in a 
real scene with hand-built navigational hazards.
Methods: We employed a five-alternative choice object recognition 
task that utilizes physics based 3D renders of a real scene containing 
five obstacle classes: step up, step down, ramp up, ramp down and 
flat. The images were created using Radiance rendering software 
(Ward, 1994). Normally sighted observers viewed spatially filtered 
images of these scenes which simulated six acuities ranging from 
LogMAR 1.0 to LogMAR 2.0 in steps of 0.2. The images were 
displayed to match as closely as possible the real scene in terms of 
contrast and visual angle. The patterns of confusions across the five 
categories in the rendered scenes were compared with those obtained 
in the real scene.
Results: The pattern of classification performance using 3D renders 
with simulated low vision were nearly identical to that of normally 
sighted participants’ doing the same task with the targets in the real 
space while wearing blurring goggles. Bootstrapping of confusion 
matrices showed that the digital task had a Spearman’s rank 
correlation of 0.9041, 99% CI [0.8672, 0.9410] with the physical 
task. A simulated null showed a Spearman’s rank correlation of 
-0.0079, 99% CI [-0.5164, 0.5006].
Conclusions: With the use of physics based 3D renderings and 
spatial filtering, we observed nearly identical recognition patterns 
via computer displays as has been observed using real obstacles. Our 
results validate the use of computer displays with physically accurate 
3D renders as a means to expand the range of testable spaces for 
studies of visual accessibility.
Commercial Relationships: Brent S. Carpenter, None; Quan Lei, 
None; Daniel Kersten, None; Gordon E. Legge, None
Support: NIH Grant EY017835
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Effects of Inter-Pupillary Distance Misalignment on Virtual Reality 
Sickness when using a 3D Stereoscopic Roller Coaster Simulation
Adam Hickenbotham. School of Optometry, University of Pikeville, 
Pikeville, KY.
Purpose: Despite decades of research with new developments 
and improvements, using VR viewers to watch 3D stereoscopic 
displays still causes Virtual Reality (VR) sickness with symptoms 
such as visual discomfort, headaches, dizziness, and nausea. This 
experimental study tested the hypothesis that inter-pupillary distance 
(PD) misalignment is a source of VR sickness.
Methods: Subjects were students (n=65, 38 females, 27 males, mean 
age±SD = 23.9±2.2 years old) at the Kentucky College of Optometry 
participating in an optics laboratory as part of the optometry school 
curriculum. Students rated their subjective levels of dizziness, 
headaches, nausea, and eye discomfort as none (0), mild (1), 
moderate (2), or severe (3) before and after using a downloadable VR 
Roller Coaster software application (app) on their smart phone with 
a commercially available VR viewer. They recorded how long they 
could use the app comfortably. The inter-pupillary distance (PD) of 
the VR viewer was adjusted using three setting methods:
1. Aligning using binocular markers;
2. Adjusting to best visual comfort;
3. Adjusting 5 mm away from the first method.
Results: Mean comfortable viewing times were greatest when 
aligned using binocular markers (4.9±2.9 minutes), less for alignment 
based on visual comfort (3.2±2.4 minutes), and least when 5 mm off 
alignment (2.3±2.1 minutes). The increase in the subjective rating of 
negative visual symptoms of dizziness, headaches, nausea, and eye 
discomfort (each category rated on a scale of 0-3) following use of 
the app was found to be greatest (+1.7) when the PD was misaligned 
by 5mm (lens≈26.8 D, prism≈13.4Δ), less (+1.4) when PD was 
aligned based on visual comfort (mean prism±SD = 13.3Δ±11.3Δ), 
and least (+1.0) when PD was aligned using binocular markers.
Conclusions: The prism created by misalignment of the PD of 
a VR viewer with the binocular needs of the user can contribute 
significantly to symptoms of dizziness, headaches, nausea, and eye 
discomfort. Asking a user to align a VR viewer based only on visual 
comfort was found to be highly inaccurate. Accurate binocular 
alignment is one contributing factor to VR sickness, but even when 
properly aligned users still experienced VR sickness.

Graph showing symptoms of virtual reality sickness (x-axis) 
vs subjective rating of severity (y-axis) based on alignment 
method for virtual reality viewers.Commercial Relationships: 
Adam Hickenbotham
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Motion sharpening processes in stereoscopic motion-in-depth
Jeff Ferrucci1, Peter Bex2, Glen L. McCormack1. 1Optometry / Vision 
Science, The New England College of Optometry, Cumberland, RI; 
2Psychology, Northeastern University, Boston, MA.
Purpose: Blurred images moving in stereoscopic depth are neurally 
sharpened more than laterally moving equally blurred binocular 
images having the same retinal image velocities. We examined 
whether asymmetric motion sharpening – a retinal process that 
sharpens the trailing edges of moving ocular images but not the 
leading edges – caused the difference between stereoscopic and 
lateral motion sharpening.
Methods: 10 normally binocular young adults viewed images on 
an Asus 3D display. The test images were 1°w x 2°h bars of 50% 
contrast on a dark gray background, with 42’ edge blurs. The bars 
moved at velocities of 0.5°/s or 2.0°/s. Experiment 1: Monocular 
test bars appeared for 0.5 sec above or below a fixation cross, at 
random. To measure asymmetric motion sharpening, the leading 
edge of a test bar was matched to its 42’ trailing edge by a PEST 
staircase technique. Matches were obtained for all combinations of 
eye, motion direction, and velocity. Experiment 2: Binocular images, 
moving laterally or in stereoscopic depth, were constructed from the 
perceptually edge-matched ocular images derived from experiment 
1, thus removing asymmetric sharpening. Moving test bar blur was 
then measured by matching its blur, via PEST, to an adjustable-blur 
static comparison bar on the opposite side of fixation. Experiment 
3: Performed like experiment 2, but with test bars constructed from 
ocular images having physically equal 42’ left and right edge blurs.
Results: Mixed ANOVAs evaluated the effects of motion direction, 
subject, eye, and velocity on match blur. Experiment 1: Leading edge 
blurs had to be reduced by 19.6% at 2°/s to match trailing edge blurs 
(F=92.5, p≤0.0001). Experiment 2: Stereoscopic motion sharpening 
was stronger than conjugate lateral motion sharpening at 2°/s 
(F=6.68, p=0.036). Experiment 3: Stereoscopic motion sharpening 
was again stronger than lateral motion sharpening at 2°/s (F=7.11, 
p=0.032). The relative strength of stereoscopic motion sharpening did 
not differ between experiments 2 & 3. (F=1.2, p=0.37).
Conclusions: (1) Asymmetric motion sharpening does occur with 
the type of stimuli we used. (2) Motion sharpening is stronger in 
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stereoscopic motion-in-depth than in conjugate lateral motion, with 
or without edge-matched ocular images. (3) Stronger stereoscopic 
motion sharpening must be a property of a symmetric sharpening 
process in cortical stereoscopic motion-in-depth cells.
Commercial Relationships: Jeff Ferrucci, None; Peter Bex, None; 
Glen L. McCormack, None
Support: T35EY007149
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AUTONOMIC INNERVATION AND DIGITAL EYE STRAIN
Kathleen Hoang, Mark Rosenfield, Joan K. Portello. SUNY College 
of Optometry, New York, NY.
Purpose: In today’s world, the viewing of electronic displays has 
become ubiquitous. Up to 90% of individuals experience significant 
ocular and visual symptoms when viewing digital screens. Previous 
work has shown changes in blink patterns and the position of the 
upper eyelid when reading from electronic displays. This study seeks 
to determine whether these changes are produced by variations in 
autonomic innervation to the eye during the course of a sustained 
near task.
Methods: The study was performed on 25 young, visually-normal 
subjects, who participated in 2 experimental sessions. In the first, 
subjects were required to read from an electronic reader for a 
continuous 20 minute period at a distance of 40cm. In the second 
trial, subjects fixated a 0.1 cpd Difference of Gaussian (DOG) 
grating at a distance of 40cm. While fixating this stimulus, subjects 
were given two mental tasks, namely either counting backwards 
in intervals of 1 or 7, for a 10 minute period. To assess autonomic 
innervation the following parameters were quantified during the 
trials: heart rate (HR), blood pressure, pupil size, vertical palpebral 
aperture dimension, blink rate and prevalence of incomplete blinks. 
At the end of each session, subjects completed a questionnaire 
concerning symptoms of eyestrain, ocular discomfort and dry eye 
experienced during the task.
Results: While reading from the electronic device produced a high 
symptom score, the only parameters which showed significant  
post-task changes following the reading task were HR (mean 
decrease = 8.56 bpm; p < 0.001) and incomplete blinking (the 
percentage of blinks deemed incomplete increased by 30.6%;  
p < 0.001). Both counting tasks also produced a significant decrease 
in HR (mean decrease = 9.12 bpm and 5.00 bpm; p < 0.001 and  
p < 0.005, for counting in 1’s and 7’s, respectively), and a decrease 
in the percentage of blinks recorded as incomplete (mean decrease 
= 13.3% and 12.0%; both p < 0.05, for counting in 1’s and 7’s, 
respectively).
Conclusions: While marked symptoms of digital eye strain were 
observed immediately after reading from a digital screen, these 
symptoms were not associated with changes in autonomic innervation 
to the eye. Accordingly, it appears that digital eye strain and the 
concurrent changes in blink amplitude do not result from the 
cognitive demand of the near-vision task.
Commercial Relationships: Kathleen Hoang, None; 
Mark Rosenfield, None; Joan K. Portello, None
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CELL PHONE VIEWING DISTANCE AND AGE IN A 
CHINESE POPULATION
Mark Rosenfield1, Min Lan2, Longqian Liu2. 1SUNY College of 
Optometry, New York, NY; 2Dept of Optometry & Visual Science, 
West China Hospital, Sichuan University, Chengdu, China.

Purpose: A previous study from our laboratory demonstrated that 
the average viewing distance adopted when viewing a smartphone 
in American subjects between 18 and 39 years of age was 36.2cm 
(1). This is closer than the reading distance typically adopted 
when viewing printed materials. Given the very high prevalence of 
myopia in China (approaching 90% in some areas), the aim of this 
investigation was to examine whether the mean cell phone viewing 
distance in a Chinese population was closer than that found in the 
U.S.A., and to examine the effect of age on this parameter.
Methods: 207 visually-normal Chinese subjects were tested. They 
were instructed to view a text message on their cell phone, and to 
hold the device as if they were about to read the text. The distance 
from the phone to the spectacle plane was measured using a rigid tape 
measure. The subjects ranged in age from 16 to 74 years, with a mean 
of 34 years (SEM = 0.76yrs).
Results: The mean viewing distance was 33.95cm (SEM = 0.41cm, 
range 19.0 - 51.3cm). A weak, but significant positive correlation  
(r = 0.24, p < 0.0001) was found between age and viewing distance. 
No significant difference in viewing distance was observed when 
comparing spectacle (N=84) versus non-spectacle (N=123) wearers 
(p=0.91).
Conclusions: These findings confirm the previous results that 
modern cell phones are held at closer viewing distances than printed 
materials. Further, the mean viewing distance adopted in a Chinese 
population was over 2cm closer than that found in American subjects. 
Only a small increase in viewing distance was found with age, 
presumably due to the onset of clinical presbyopia. This increased 
demand on both ocular accommodation and vergence, compared with 
hardcopy materials, could be responsible for symptoms of digital eye 
strain commonly experienced in many individuals.
1. Bababekova et al., Optom Vis Sci 2011; 88: 795-7.
Commercial Relationships: Mark Rosenfield, None; Min Lan, 
None; Longqian Liu, None
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Sensitivity to binocular disparity is reduced by mild traumatic 
brain injury
Gunnar Schmidtmann1, 2, Alexandre Reynaud1, Daniel P. Spiegel1, 
Tatiana Ruiz1, 2, Maude Laguë-Beauvais2, Robert F. Hess1, 
Reza Farivar1, 2. 1Ophthalmology, McGill Vision Research, Montreal, 
QC, Canada; 2The Research Institute of the McGill University Health 
Centre, Traumatic Brain Injury Program, Montreal, QC, Canada.
Purpose: The impairment of visual functions is one of the most 
common complaints following mild traumatic brain injury (mTBI). 
TBI-associated visual deficits include blurred vision, reading 
problems and eye strain. In addition, previous studies have found 
evidence that TBI can diminish early cortical visual processing, 
particularly for second-order stimuli. We investigated whether 
cortical processing of binocular disparity is also affected by mTBI.
Methods: In order to investigate the influence of mTBI on stereopsis, 
we measured the quick Disparity Sensitivity Function (qDSF) in 22 
patients with mTBI. Patients with manifest strabismus and double 
vision were excluded. Compared to standard clinical tests, the qDSF 
is unique in that it offers a quick and accurate estimate of thresholds 
across the whole spatial frequency range (Reynaud, Gao, & Hess, 
2015, Vision Research, 113, 97–103).
Results: The resulting qDSF parameters (max gain and peak spatial 
frequency) in the mTBI patients were significantly reduced compared 
to the normative dataset (n = 61) introduced by Reynaud et al. (2015). 
The peak spatial frequency was not affected.
Conclusions: Results show that patients with mTBI may experience 
significant impairments in global stereopsis. We argue that the 
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reduced disparity sensitivity in patients with mTBI is caused by 
cortical changes (e.g. axonal shearing, or reduced interhemispheric 
communication) rather than oculomotor dysfunction. The qDSF 
method may provide a rapid, valid, and economical tool to 
extensively characterize disparity sensitivity.
Commercial Relationships: Gunnar Schmidtmann, None; 
Alexandre Reynaud, None; Daniel P. Spiegel, None; Tatiana Ruiz, 
None; Maude Laguë-Beauvais, None; Robert F. Hess, None; 
Reza Farivar, None
Support: This research was funded by the Research Institute of the 
McGill University Health Centre Grant and by the Psychological 
Health and Traumatic Brain Injury Research Program of the U.S. 
Department of Defense under award W81XWH-14-1-0320.
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Effect of correcting associated phoria on reading speed
Jessica Gustavsson, Baskar Theagarayan. Medicine and Optometry, 
Linnaeus University, Örebro, Sweden.
Purpose: The purpose of this study was to investigate the effect of 
correcting associated phoria at 40 cm on reading speed.
Methods: A total of 41 participants were enrolled in this study. 
All the participants were aged between 18 and 39 years old. They 
were divided in to two groups, a test group and a control group. 
Participants whose associated phoria was ≥1Δ were included in the 
test group (n = 19) and participants whose associated phoria was 
≤1Δ were included in the control group (n = 22). All of them had 
atleast 120 seconds of arc of stereopsis and visual acuity of 20/20 or 
better. Binocular vision tests including associated phoria, dissociated 
phoria and fusional reserves were measured with participants’ full 
correction. All the participants were asked to fill out a symptom 
questionnaire (Convergence Insufficiency Symptom Survey) to 
determine how much symptoms they had. Participants’ reading 
speed was measured using a Rate of Reading test. In the test group 
the reading speed was measured twice, first without any prisms and 
then with their associated phoria values (aligning prism). In the 
control group the reading speed was measured only once with out any 
prisms. All the participants were asked to read a novel for 10 minutes 
at 20 cm distance. The rate of reading test was repeated after 10 
minutes of reading in both the groups.
Results: The mean baseline reading speed in the test group was 
155 ± 25 words/min without any prisms and with aligning prism 
was 164 ± 16 words/min whereas in the control group it was 148 ± 
27 words/min. After 10 min of reading, the reading speed reduced 
to 146 ± 26 words/min without any prims and to 158 ± 26 words/
min with aligning prism in the test group whereas in the control 
group it remained unchanged (148 ± 21 words/min). This reduction 
was statistically significant (p<0.001) in the test group. Significant 
differences were found between the groups in both the dissociated 
phorias and symptom survey points.
Conclusions: In the test group the reading speed improved by 9 
words/min at baseline and 12 words/min after the reading task 
when they were asked to read with the aligning prism. However, no 
statistical significant correlation was found between participants’ 
associated phoria and reading speed.
Commercial Relationships: Jessica Gustavsson, None; 
Baskar Theagarayan, None
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The Short-Term Effect of Low-Addition Progressive Lenses on 
Binocular Vision in Chinese Young Adults
Anna Chwee Hong Yeo1, Cuiyun Su2, Martin Ma2, Nisha Singh1, 
Xiang Chen2. 1R&D, Essilor International, Singapore, Singapore; 
2Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou, 
China.
Purpose: With increasing use of low-addition progressive lenses in 
relieving the symptoms of eye strain, one of the pertinent questions is 
how would these lenses affect the amplitude of accommodation (AA) 
and near point of convergence (NPC) and other binocular vision tests 
of the wearers. The objective of our study was to investigate the  
one-month effect of wearing low-addition progressive lenses on 
binocular vision of a group of Chinese young adults.
Methods: A total of 120 healthy Chinese adults with a mean age 
of 29 ± 5.4 years (range from 22 to 44 years old) were recruited. 
The participants were divided into two groups: 60 wearing the 
low-addition progressive lenses with blue cut coating (Essilor 
EyezenTM) and 60 wearing normal anti-reflective coated single 
vision lenses. Binocular vision (BV) tests such as AA and NPC 
were measured using the push up techniques with the RAF rulers. 
The other BV parameters measured were distance and near phoria, 
AC/A ratio, negative relative accommodation (NRA), positive 
relative accommodation (PRA), negative (NFV) and positive fusional 
vergences (PFV) for distance and near (D&N), vergence facility 
(VF, using 3BI/12BO), and accommodative facility (AF) tests (and 
±1.00 D and ±1.50D flippers according to age). All the BV tests were 
performed before and one month after wearing the lenses. Results 
were analyzed using t-test to compare the BV readings between 
baseline and 1 month follow up in the two groups of participants.
Results: There were no significant differences in almost all the 
optometric tests, including AA and NPC. AA at baseline (11.5 ± 5.3 
D) was found to be no different from AA (11.4 ± 4.9 D) after 1 month 
wearing the low-addition progressive lenses (p = 0.19). Similarly, the 
change in NPC, between baseline (6.3 ± 2.3 cm) and measurement 1 
month later (6.9 ± 2.3 cm) was statistically insignificant (p = 0.65). 
However, the recovery value of PFV had shown significant increase 
from 14.3 ± 7 PD at baseline to 16.6 ± 8 PD one month after wearing 
low-addition progressive lenses (P=0.02). There were significant 
improvement in VF and AF (monocularly and binocularly). But, these 
improvements were also observed in single vision lens wearers.
Conclusions: Wearing low-addition progressive lenses for one month 
does not affect the AA and NPC and most of the binocular vision tests 
of the wearers in general.
Commercial Relationships: Anna Chwee Hong Yeo, Essilor 
International (E); Cuiyun Su, Essilor International (F); Martin Ma, 
Essilor International (F); Nisha Singh, Essilor International (F); 
Xiang Chen, Essilor International (F)
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Superior dynamic visual acuity performance of athletes
Alan Yee, Benjamin Thompson, Kristine Dalton. Optometry and 
Vision Science, University of Waterloo, Waterloo, ON, Canada.
Purpose: Dynamic visual acuity (VA) is the ability to resolve fine 
details of a moving target which requires spatial resolution and 
accurate oculomotor control. Individuals who engage in activities 
in highly dynamic visual environments may have superior dynamic 
visual acuity. We tested the hypothesis that athletes and action video 
game players (VGPs) have superior dynamic VA to controls.
Methods: A cross-sectional study examined static VA, and dynamic 
VA in thirty emmetropic participants (10 athletes, 10 VGPs, and 10 
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controls). Athletes were members of varsity teams. VGPs played 
action video games four times per week for a minimum of one hour 
per day. Controls did not play sports or video games. Static VA 
(logMAR) was tested with an Early Treatment Diabetic Retinopathy 
Study chart. Dynamic VA (logMAR; moV&, V&mp Vision Suite) 
was tested with Tumbling E optotypes that moved either horizontally 
(left to right) or randomly (Brownian motion) at 5°/s, 10°/s, 20°/s 
and 30°/s. A one-way independent measures ANOVA was used to test 
for group differences in static VA. A repeated measures ANOVA was 
used to test for group and speed differences in dynamic VA.
Results: Horizontal dynamic VA varied significantly with target 
speed (F(3,27) = 95.095, p<0.05) and differed between groups 
(F(2,27) = 3.375, p<0.05) whereby VA was significantly lower 
(better) in athletes compared to controls (p<0.05). No significant 
differences were found between athletes and VGPs (p=0.264) or 
VGPs and controls (p=0.598). There was no interaction between 
target speed and group (F(6,27) = 0.719, p=0.635). Random dynamic 
VA also varied significantly with target speed (F(3,27) = 21.837, 
p<0.05) but there was no effect of group (F(2,27) = 2.801, p=0.078) 
and no interaction (F(6,27) = 0.746, p=0.614). Static VA was not 
different between the groups (F(2,27) = 0.06, p=0.97).
Conclusions: Athletes, but not VGPs, exhibited superior dynamic 
VA for horizontally moving targets compared to controls. This effect 
was not present for randomly moving targets. Unlike random motion, 
horizontal motion follows a predictable path and athletes may utilize 
this predictive information more effectively than controls.
Commercial Relationships: Alan Yee, None; Benjamin Thompson; 
Kristine Dalton, V&mp Vision Suite (P)
Support: University of Waterloo, Research Incentive Fund
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The influence of orthokeratology on blur detection threshold and 
accommodation in myopic children
chunwen tao2, 1, Jingjing Xu2, 1, Xin lu3, Jinhua Bao2, 1, Bjorn Drobe4, 1, 
Hao Chen2, 1. 1WEIRC,Wenzhou Medical University-Essilor 
International Research Center, Wenzhou, China; 2School of 
Ophthalmology and Optometry, Wenzhou Medical University, 
Wenzhou, China; 3Ningbo Medical Center Lihuili Hospital, Ningbo, 
China; 4R&D Optics AMERA, Essilor International, Singapore, 
Singapore.
Purpose: 
To evaluate the variation of blur detection thresholds (BDT) and 
the lag of accommodation before and after wearing orthokeratology 
lenses in myopic children.
Methods: Twenty-two myopic children of 8-14 years old (spherical 
equivalent : -1.00D to -5.75D with astigmatism ≤0.75 D,  
best-corrected visual acuity ≥20/20), corrected with orthokeratology 
lenses, participated in this self-controlled prospective study. Their 
visual acuity after orthokeratology correction was not less than 20/20. 
The subjects’ blur detection threshold, accommodative lag, and 
higher-order aberrations were measured before and after one-month 
wearing orthokeratology lenses. All the data were analyzed with 
SPSS 19.0 software.
Results: Higher-order aberrations increased significantly  
(t=-9.166, P<0.05) after orthokeratology correction, with higher 
trefoil (t=-2.716,P<0.05) and higher coma (t=-4.464, P<0.05). The 
BDT decreased significantly after orthokeratology correction by 
0.08D (t=2.527,P<0.05). No significant change in the accommodative 
lag was found after wearing orthokeratology lenses (before 
0.39±0.42D, after 0.19 ±0.38 D; t=1.862,P>0.05). There was 
no significant correlation between blur detection threshold and 
accommodative lag either before (r=-0.364. P>0.05) or after  

(r=0.097, P>0.05)orthokeratology correction. Similarly, no 
correlations between BDT and higher-order aberrations were found.
Conclusions: After orthokeratology correction, the blur sensitivity 
of myopic children improved while their accommodative behavior 
remained unchanged.
Commercial Relationships: chunwen tao; Jingjing Xu, Essilor 
International (F); Xin lu, Essilor International (F); Jinhua Bao, 
Essilor International (F); Bjorn Drobe, Essilor International (E); 
Hao Chen, Essilor International (F)
Support: International S&T Cooperation Program of China, Grant 
No. 2014DFA30940
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Visual characteristics of high-functioning premature children
Arnulf Myklebust1, 2, Patricia M. Riddell2. 1Dept. of Visual 
Impairment, Statped, Oslo, Norway; 2School of Psychology and 
Clinical Language Sciences, University of Reading, Reading, United 
Kingdom.
Purpose: 
While prematurity can result in major visual deficits (e.g. through 
retinopathy of prematurity), many premature children with seemingly 
good acuity struggle at school. This study evaluates more functional 
aspects of vision that might interfere with learning.
Methods: A series of visual functions, and cognitive skills were 
evaluated in a cross-sectional case-/control-study of children aged 
5 to 10 years. The control group consisted of typical Norwegian 
children (n= 87), and developmental trajectories were created for 
the series of functions. This group was then compared to a group 
of premature children (n= 37), of whom a majority (n= 25) came 
from an established cohort of extremely premature children from the 
National Hospital in Oslo. Children who were not attending or going 
to attend normal public education in Norway were excluded from 
the study. A factor analysis was performed to reduce the number of 
measures to latent variables which descriminated between groups  
(p < .05; by ANCOVAs).
Results: As predicted, there were no significant differences between 
premature and control children for the most common (typical) 
measures of vision. Results show, however, that other visual 
functions were generally weaker in the premature group. Deficiencies 
found in this group were found to generate two patterns of deficits: 
A Planar component that can be related to close work on screen or 
paper, and a Depth component that relates to accommodation and 
binocular functions. These two patterns were found to account for 
66.6% of the total variance in our data.
Conclusions: Premature children were found to have specific patterns 
of deficits in higher-level visual functions. More comprehensive 
visual examinations of these functions, and interventions designed 
to treat these deficiencies could lead to improved learning abilities in 
premature children.
Commercial Relationships: Arnulf Myklebust, None; 
Patricia M. Riddell, None
Support: EXTRA Foundation for Health and Rehabilitation, Grant 
2008/2/0281
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Population Norms for the Lee-Ryan Eye Hand Coordination App
Barbara M. Junghans, Jenny Guo, Rebecca W. So, Sieu Khuu. 
School of Optometry and Vision Science, Univ of New South Wales 
Australia, UNSW Sydney, NSW, Australia.
Purpose: Current eye-hand coordination (EHC) tests range from 
simple grasp-and-place to complex electronic surveillance. All 
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involve gross whole arm movements in 3-D space. The new  
Lee-Ryan EHC Test analyses EHC within 2-D space and provides 
an objective, portable, low cost option to understand this complex 
multi-sensory task. As for all ther EHC tests, population norms for 
the Lee-Ryan EHC Test are unknown. This project sought to establish 
age-related performance norms.
Methods: The 20 plate L-R EHC Test for Apple iPad® was 
administered using a stylus pen to subjects seated at a desk viewing 
binocularly through their habitual near correction. The warning sound 
option was activated to alert when a mistake had been made. The first 
trace was a ‘learning’ plate common to all. Order of presentation of 
the remaining 19 was randomized. Output data in csv format included 
time taken for each trace, spatial accuracy of stylus placement 
and total errors made, and was emailed from the iPad. Using a 
counterbalanced approach, a subset of 16 subjects also completed the 
test using a finger instead of the stylus.
Results: A total of 73 adults (range=18-88 years, mean=41.4±21.0) 
and 10 children (range=3-12 years, mean=8.2±2.8) undertook the 
EHC test. Age and shape complexity significantly affected time 
taken, average number of errors and average deviation from the straw 
(p<0.01). Those under 10 years of age showed an increase (p<0.01) in 
time taken, number of errors made and average deviation compared 
to participants between the ages of 10 to 70 who showed performance 
that remained constant. Those greater than 70 years of age showed 
a significant (p<0.01) deterioration in performance. Performance 
when using the finger took significantly longer (p<0.001) and was 
significantly less accurate (p<0.01) than with a stylus. Females 
(n=46) were significantly (p=0.005) more accurate when tracing.
Conclusions: The L-R EHC Test is well-accepted across all ages 
and performance was found to be age-related. The population 
norms thus established will support clinical and research settings for 
optometrists, psychologists, neurologists, rehabilitation specialists 
and remedial educationalists. The L-R EHC Test can provide a rapid 
and simple objective measure of EHC of pre/post-intervention status 
in those affected by conditions such as amblyopia, post-traumatic 
brain injury or developmental delay as the performance correlations 
between the 20 plates has now been established.
Commercial Relationships: Barbara M. Junghans, School of 
Optometry and Vision Science, University of New South Wales 
Australia (E); Jenny Guo, None; Rebecca W. So, None; Sieu Khuu, 
School of Optometry and Vision Science, University of New South 
Wales Australia (E)
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Oculomotor tracking deficits in children with dyslexia
Kathryn Hannis1, Sowjanya Gowrisankaran2, Emily A. Swanson2, 
Deborah Waber2, 3, Aparna Raghuram2, 3. 1New England College of 
Optometry, Boston, MA; 2Boston Children’s Hospital, Boston, MA; 
3Harvard Medical School, Boston, MA.
Purpose: Dyslexia is a neurodevelopmental disorder whose 
hallmarks are unusual difficulties in word recognition, spelling and 
decoding in the context of normal intelligence and access to standard 
reading instruction. The research literature implicates multifactorial 
deficits not limited to the linguistic brain, including disordered eye 
movements during reading. The aim of our study was to assess 
the efficacy of the Developmental Eye Movement (DEM) test – a 
quick clinical tool and Visagraph (VIS) – a low cost eye tracker in 
evaluating oculomotor (OM) deficits in children with dyslexia.
Methods: A prospective observational study was carried out 
involving 30 typically reading and 29 children with dyslexia (7- 11 
yrs). Eye movements during reading were recorded using the VIS, 
an infrared, limbal-reflection recording system. Reading rate (RR), 

number of fixations (FIX) and regressions (REG) were analyzed. For 
the VIS, all participants were tested using reading material at their 
current reading proficiency grade level, established by pretesting with 
the Woodcock Reading Mastery Word Identification test. The DEM 
test is a visual-verbal ocular motor assessment tool that provides four 
index scores – vertical time (V), adjusted horizontal time (H), errors 
and ratio.
Results: When reading text at reading proficiency grade level, 
the dyslexic group had significantly slower RR (Mean±SE of 
110.78±7.28; 194.20±12.4), as well as more FIX’s (199.26±13.97; 
134.06±7.32) and REG’s (44.56±5.65; 23.47±1.62) relative to 
the control group (all p=0.01). Between-group differences in the 
errors (9.79 ±2.04; 2.25±0.79) from the DEM was also statistically 
significant (p =0.01). There was a significant correlation between the 
H, V, and errors from the DEM with RR (p=0.05). H, and V from the 
DEM were correlated with number FIX’s (p=0.01). Performance of 
a subset of the dyslexic group on texts at one grade below estimated 
reading proficiency (n=11), did not differ from performance at their 
grade level of proficiency by paired T-test analysis for RR, FIX or 
REG (p>0.05).
Conclusions: Tracking deficits are common in children with dyslexia 
and these deficits may persist even when reading texts at and below 
their grade level of reading proficiency. The DEM test may be a valid 
rapid screening tool to identify potential OM tracking deficits in 
patients with dyslexia.
Commercial Relationships: Kathryn Hannis, None; 
Sowjanya Gowrisankaran, None; Emily A. Swanson, None; 
Deborah Waber, None; Aparna Raghuram, None
Support: Knights Templar Foundation Inc. – Career starter grant 
and Discovery Award – Boston Children’s Hospital Ophthalmology 
Foundation
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Ocular accommodation deficits and near work associated 
symptoms in children with dyslexia
Kristen Kerber1, Sowjanya Gowrisankaran2, Emily A. Swanson2, 
Deborah Waber2, 3, Aparna Raghuram2, 3. 1The New England College 
of Optometry, Boston, MA; 2Boston Children’s Hospital, Boston, 
MA; 3Harvard Medical School, Boston, MA.
Purpose: Binocular vision deficits, although not implicated as 
a causative factor, have been previously reported in children 
with dyslexia. However, few studies have evaluated the ocular 
accommodative profile and symptoms associated with near work in 
dyslexic children. The purpose of our study was to assess the nature 
of accommodative deficits in children diagnosed with dyslexia.
Methods: A prospective observational study was carried out on 30 
dyslexic individuals (mean age: 10.29±1.17 years) and 33 typically 
reading children (mean age: 9.44±1.38 years). All children had a 
complete cycloplegic eye exam with a detailed binocular vision 
assessment. The tests for accommodation included: Amplitude of 
accommodation (AA) using push up method with a 0.8M target. 
Monocular (MAF) and binocular accommodative facility with a 
± 2.00 D flippers, and Accommodative response (AR) to a +2.50 
D demand in both eyes. Steady-state accommodative response 
was objectively measured at 2, 2.5, 3, 4 and 5 diopter demands. 
Near work related symptoms were assessed using the convergence 
insufficiency symptom survey (CISS).
Results: Children with dyslexia had significantly lower AA (Mean 
± SD of 10.21± 2.04; 11.5±1.48, p=0.01), lower MAF (5.05± 2.92; 
7.31 ±2.37, p = 0.01) and greater lag of accommodation (0.95±0.43; 
0.73± 0.30, p= 0.05) compared to controls. Slopes obtained from 
a linear fit to the objective accommodation responses were not 
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significantly different between the two groups. On CISS, the 
dyslexic group reported significantly more symptoms than controls 
(16.0 ±7.34; 3.23±2.53; p=0.01). However, only a weak (although 
statistically significant) correlation was found between measures of 
accommodation (AA: r = -0.31; p =0.05; MAF: r =-0.28; p =0.05) 
and the CISS scores. Deficits in accommodation in the dyslexic group 
was observed for AA 30%; MAF 27% & AR 20% with a criterion for 
failure at mean ± 2SD from controls and/or age expected norms.
Conclusions: Accommodation deficits are seen in about 1/3rd of 
patients with dyslexia, mostly characterized by reduced AA and/or 
deficits in MAF. For that reason, at least a sub-population of dyslexic 
subjects might benefit from a thorough optometric evaluation and 
treatment. Influence of oculomotor vergence and tracking deficits on 
CISS needs to be analyzed along with accommodation to understand, 
if any, the contribution of binocular vision deficits to the near work 
related symptoms in dyslexia.
Commercial Relationships: Kristen Kerber, None; 
Sowjanya Gowrisankaran, None; Emily A. Swanson, None; 
Deborah Waber, None; Aparna Raghuram, None
Support: Knights Templar Foundation Inc. - Career Starter Grant 
and Discovery Award; Boston Children's Hospital Ophthalmology 
Foundation
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Unilateral multifocal intra ocular lens implantation in pediatric 
cataract surgery: 5 years review
mohamad tawfeek hakim1, Adrien Coutu2, hayat khan1, 
patricio M. Aduriz-Lorenzo1, abdullah al naqi1, hachemi nezzar1, 3. 
1ophthalmology, dubai goverment hospital, Dubai, United Arab 
Emirates; 2ophthalmology, CHU de Clermont Ferrand, CLERMOND 
FERRAND, France; 3IGCNC (Image-Guided Clinical Neuroscience 
and Connectomics), Universite d’Auvergne, Clermont Ferrand, 
France.
Purpose: In pediatric cataract surgery, there is no consensus on the 
utilization of multifocal intra-ocular lenses (IOL). The surgeons who 
are non-users of this IOL give several arguments like the risk of 
refraction modification after years due to myopisation phenomenon 

when children’s eyes grow. Users of it assert on the benefit of 
correcting not only the far vision but also the near one during critical 
amblyopiogenic years. The aim of this retrospective non-comparative 
study is to evaluate multifocal IOL implantation in children above 4 
years old in terms of visual acuity and stereoptic vison outcome.
Methods: Between January 2010 and January 2015, 18 eyes of 18 
children, aged between 4 and 16 years, were treated for unilateral 
cataract with a multifocal IOL. The follow-up was 1 to 5 years. 
Inclusion criteria were children with enough cooperation for accurate 
visual acuity, orthoptic examination and non-contact biometry. It 
excluded patients with corneal opacities or associated eye pathologies 
or previous eye surgeries. All patients had a lensectomy with 
posterior capsulotomy, and anterior vitrectomy with implantation 
of an apodized diffractive multifocal IOL in the bag. IOL power 
calculation used SRK/T formula and Surgery was performed by the 
same surgeon (HN). Refraction, visual acuity and stereoscopic vision 
using TNO test were evaluated during the follow-up period.  
Non-parametric Mann-Whitney test was used to compare visual 
acuities and stereoscopic visions.
Results: Mean age of the children was 6 years and 4 months when 
the surgery was done. Mean visual acuity at the last evaluation was 
above 20/32 in 83% (15 eyes) of all patients, the best corrected 
distance visual acuity improved significantly (P <0.0001). The 
average follow-up was 38 (+/- 22) months. Refraction change 
occured in 22% of the patients (4 eyes), with an average of 0.75 
diopters of myopisation [range 0.5-1.25]. Stereopsis improved 
significantly (p<0,0001) with an average of 55’’; 15 of our patients 
(83%) had a stereopsis better than 80”.
Conclusions: Considering multifocal IOL in children older than 4 
years helps to improve the stereopsis and visual acuity. Indeed, it is 
known that the axial length of the eye will increase during the second 
decade of life within low grades. However, laser refractive surgery 
can help to correct the residual refractive error after the growth has 
completed.
Commercial Relationships: mohamad tawfeek hakim, None; 
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