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Visual Acuity is Not the Best at the Preferred Retinal Locus in 
People with Macular Disease

Jean-Baptiste Bernard, PhD and Susana T. L. Chung, OD, PhD, FAAO
School of Optometry, University of California, Berkeley, Berkeley, California (J-BB, STLC), and 
Aix-Marseille Université, Laboratoire de Psychologie Cognitive, CNRS, Marseille, France (J-BB)

Abstract

Significance—Little is known about how the preferred retinal locus (PRL) develops in patients 

with macular disease. We found that acuity is worse at the PRL than at other retinal locations 

around the scotoma, suggesting that the selection of the PRL location is unlikely to be based on 

optimizing acuity.

Purpose—Following the onset of bilateral macular disease, most patients adopt a retinal location 

outside the central scotoma, the preferred retinal locus (PRL), as their new retinal location for 

visual tasks. Very little information is known about how the location of a PRL is chosen. In this 

study, we tested the hypothesis that the selection of the location for a PRL is based on optimizing 

visual acuity, which predicts that acuity is the best at the PRL, compared with other retinal 

locations.

Methods—Using a scanning laser ophthalmoscope that allowed us to position visual targets at 

precise retinal locations, we measured acuity psychophysically using a four-orientation Tumbling-

E presented at the PRL, and at multiple (range between 23 and 36 across observers) locations 

around the scotoma, for five observers with bilateral macular disease.

Results—For all five observers, the acuity at the PRL was never the best among all testing 

locations. Instead, acuities were better at 15–86% of the testing locations other than the PRL, with 

the best acuity being 17–58% better than that at the PRL. The locations with better acuities did not 

cluster around the PRL, and did not necessarily lie at the same distance from the fovea or the PRL.

Conclusions—Our finding that acuity is worse at the PRL than at other locations around the 

scotoma implies that the selection of the PRL location is unlikely to be based on optimizing acuity.

Keywords

low vision; macular disease; central vision loss; preferred retinal locus; visual acuity

With normal healthy eyes, we automatically and effortlessly move our eyes to put visual 

objects of interest on the fovea, the small region of the retina that supports fine, detailed 

vision. When the fovea or the macular region in both eyes of an individual are damaged due 

to macular diseases such as age-related macular degeneration, these regions will not be able 

to process any visual input, thus the individual would need to rely on an alternate retinal area 
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outside the macular lesioned area for seeing. This alternate retinal area is known as the 

preferred retinal locus.1,2 Previous research suggested that patients with macular disease 

may use multiple preferred retinal loci for different tasks,3,4 or sometimes, even for the same 

task, such as reading.5 In addition to serving as the reference locus for spatial tasks, our 

recent work suggested that the preferred retinal locus also serves as the locus for eye 

movements (unpublished data from our laboratory). Unfortunately, literature related to the 

development of the preferred retinal locus is scarce. To our knowledge, there has been only 

one report providing some hint on the time course of development of the preferred retinal 

locus. In this report, Crossland et al6 found that patients could reliably and consistently use a 

preferred retinal locus within six months after the onset of the bilateral macular loss, even 

when no intervention was provided.

Given the importance of the preferred retinal locus, it would be a significant clinical 

breakthrough for low vision rehabilitation if we could predict the location of the preferred 

retinal locus for a patient with recent onset bilateral macular loss, so that we could shorten 

the amount of time for the patient to consistently adopt the location as his/her preferred 

retinal locus, such as through training. To be able to predict the location of the preferred 

retinal locus, we would need to first understand how a preferred retinal locus develops, or 

how a location around a scotoma is chosen that eventually develops as the preferred retinal 

locus. To date, we have very little knowledge about how a preferred retinal locus evolves. 

Earlier studies on the location of preferred retinal locus primarily categorized the locations 

relative to the scotoma as above, below, to the left or right of the scotoma.2,6–8 This 

traditional classification of the location of preferred retinal locus has provided us with some 

insight into the interaction between a scotoma and reading but the classification into only 

four directions is too crude for us to understand what determines the location of a preferred 

retinal locus. In this study, we tested the hypothesis that the selection of the location of the 

preferred retinal locus is based on optimizing visual performance. This hypothesis predicts 

that the preferred retinal locus should correspond to the location with the best visual 

performance, at least for some measurements. Although this hypothesis has been suggested 

previously,9 there has not been any systematic investigation to test the hypothesis, or 

published data supporting or refuting the hypothesis, leading to split opinions as to whether 

the preferred retinal locus corresponds to the retinal location that supports the best visual 

performance.10 Clearly, there are different types of visual performance to consider; in this 

study, we chose to examine visual acuity, because acuity is the most widely-accepted clinical 

measurement of an individual’s vision, and is a measurement used in all eye clinics as well 

as an outcome measure in almost all clinical trials that involve patients with eye disorders or 

diseases. Hence, our specific hypothesis was that the preferred retinal locus corresponds to 

the location with the best acuity.

METHODS

Five observers with macular disease (four with age-related macular degeneration and one 

with Stargardt disease) and 11 older adults with normal vision serving as control observers 

participated in this study. The visual characteristics of the five observers with macular 

disease are summarized in Table 1. All observers gave written informed consent before the 

commencement of data collection. This research adhered to the tenets of the Declaration of 
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Helsinki and was approved by the Institutional Review Board at the University of California, 

Berkeley.

The experiment was performed using a Rodenstock scanning laser ophthalmoscope, under 

the control of custom-written software that allowed us to position the acuity target at specific 

locations on the retina. We used a gaze-contingent paradigm to ensure that the acuity 

stimulus was presented at the intended testing retinal location, as in MacKeben and Gofen.11 

To summarize briefly, before each trial, observers were asked to fixate at a fixation cross. As 

soon as the experimenter initiated a trial, the fundus image was captured and compared with 

the reference frame (representing the “ground truth” of the fundus image) of that observer. 

The intended testing location was then calculated taking into account the difference in eye 

positions between the moment that we initiated the trial and the reference frame.

The field of view of the scanning laser ophthalmoscope is 30° × 24°. The spatial resolution 

of each “pixel” of the scanning laser ophthalmoscope is 0.05° (3 arc min). For observers 

with macular disease, the smallest letter size and the size of our microperimetry stimuli were 

0.5°, which ensured that there were at least 2 “pixels” per letter stroke of the stimuli. This 

did not pose a problem in our acuity measurement for observers with macular disease 

because there was no need to present acuity stimuli smaller than 0.5° for these observers. 

For our older adults with normal vision tested at 5° eccentricity, stimulus sizes smaller than 

0.5° were used (the smallest one we could display was 0.25°, which comprised of Tumbling 

Es made up of 1 pixel per stroke). Based on the systematic changes in acuity with 

eccentricity in the normal periphery (filled gray triangles) shown in Figure 2, we believe that 

the spatial resolution of the scanning laser ophthalmoscope did not pose a serious limitation 

for our measurements of acuities in the normal periphery. In addition, our stimulus 

presentation was corrected for the trapezoid distortions inherent to the Rodenstock scanning 

laser ophthalmoscope. For our scanning laser ophthalmoscope, the difference in width 

between the top and the bottom of the raster was 10.6%. This distortion or correction factor 

was determined according to the procedures described by Timberlake et al.12 before the 

experiment. Another characteristic of the scanning laser ophthalmoscope is that the imaging 

of the fundus is accomplished by an infra-red laser (780 nm) while the stimulus is presented 

using a Helium-Neon laser (632.8 nm). Because of the difference in wavelengths, there 

could be small shifts in stimulus locations. However, these shifts are likely to be small 

compared with the sizes of letters used in this study.

Retinal images were digitally recorded at a frame rate of 30 Hz for the duration of each trial 

by interfacing the video output of the scanning laser ophthalmoscope with a frame grabber 

(Matrox Imaging Adapter: Meteor-II PCI Frame Grabber), via a TV-One CORIO scan 

converter (CS-450 Eclipse, Erlanger, KY). The experiment was performed and controlled 

using a ViSaGe system (Cambridge Research Systems, UK), with software custom-written 

in MATLAB 7.3.0 (The MathWorks, MA).

In this study, all visual stimuli, including the small dots for microperimetry measurement, 

fixation cross and Tumbling-E stimuli, were presented as a positive-contrast target (target 

brighter than the background). As seen by the observers, the luminances of these stimuli and 

the background were approximately 205 and 22 cd/m2, yielding a Weber contrast of 8.32 
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(832%). These luminances were calculated and converted based on the method described by 

Nygaard and Schuchard.13

Testing was performed monocularly on the preferred eye of each observer. Except for 

observer S2, the testing eye corresponded to the eye with acuity better than, or equal to, the 

other eye (see Table 1). To identify the retinal locations for testing for each observer, we first 

mapped the central scotoma of the observer using our custom-written software before any 

acuity measurement. We presented a small dot (0.5°) at random locations inside and outside 

the macular lesion area, using the macular lesions visible in the retinal images as the guide 

initially, and refined based on the seeing or not-seeing responses of the observers (Figure 

1A). Observers were asked to indicate whether or not they saw the dot. We then used a 

custom written MATLAB program that utilized the Delaunay triangulation method to define 

the shape and extent of the non-seeing central scotoma (Figure 1B). Next, we identified the 

anatomical fovea for each observer based on the “standard” distances (horizontal and 

vertical) between the center of the optic nerve head and the anatomical fovea. These 

standard distances were empirical measurements obtained in our laboratory from 18 young 

and 18 older adults with normal vision, and averaged 15.12±1.04° (range: 12.84° to 17.36°) 

horizontally and –1.37±0.84° (range: –3.47° to 0.48°) vertically (the anatomical fovea is 

inferior to the center of the optic nerve head in most eyes).14 These measurements were 

highly comparable with data reported by other labs with sample sizes of 50 to 104 eyes.15–17 

Once the anatomical fovea was defined, we identified between 23 and 36 locations 

(depending on the extent of the central scotoma and the availability of the observers) around 

the scotoma for acuity measurement. These locations were positioned along 12 meridians 

originating from the anatomical fovea (30 angular degrees apart, see Figure 1C), with 2 or 3 

locations along each meridian (Figure 1D). The order of testing these 23–36 locations, 

together with the testing at the preferred retinal locus, was randomized.

Acuity was measured using a four-orientation Tumbling-E task. Presentation duration was 

300 ms. At each location, we used a two-down-one-up staircase procedure to change the 

letter size and determine the performance accuracy of identifying the orientation of the 

Tumbling E stimulus as a function of letter size. Step size used was 0.1 log units, with the 

letter size being presented based on the integer of the calculated value. Each staircase 

terminated after 10 reversals. The number of trials presented in each staircase averaged 

between 37 and 92 across the five observers. When testing at retinal locations that were not 

the preferred retinal locus, observers were asked to keep a fixation cross visible at all time 

using their preferred retinal locus. Although it has been reported that patients with macular 

disease may use multiple preferred retinal loci or different preferred retinal loci for the same 

or different tasks, it is not the universal rule. In this study, we allowed observers to use any 

retinal location to view the fixation target (a cross) and the Tumbling-E targets, without 

forcing them to use the same retina location. All of them demonstrated that they used 

essentially the same location for both fixation and acuity tasks, at least for the characteristics 

(spectral, contrast and luminance etc.) of our targets. This was confirmed with the scanning 

laser ophthalmoscope image before each trial was initiated. For testing at the preferred 

retinal locus, observers were first asked to keep the fixation cross visible, then upon 

initiation of the trial, the fixation cross disappeared and was replaced by the Tumbling-E 

stimulus. Retinal images were continuously recorded for the entire duration of each trial for 
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offline analysis. Each retinal location was tested multiple times (between 2 and 5 times, 

although occasionally only one block of trials was useful after we reviewed the video 

images, see below) across multiple sessions (over a course of 4–6 weeks) and each acuity 

threshold reported in this paper represents the average of the repeated testings. Inspections 

of the multiple measurements at each testing location and for each observer did not reveal 

any systematic improvement of acuity with time with repeated measurements.

Data Analysis

To further ensure that the acuity stimuli were presented at the intended retinal location, we 

performed offline analysis and reviewed each frame of the recorded video of each trial to 

identify frames in which the center of the stimulus was located >0.5° away from the 

intended retinal location. Note that this criterion of 0.5° is much smaller than the mean 

amplitude of microsaccade (~1.1°) of most patients with macular disease.18 This was 

accomplished using a custom-written program in MATLAB that utilized cross-correlation 

algorithms to determine the relative position of the target stimulus with respect to the 

intended location on the retina for each frame. Trials containing such frames were excluded 

for analysis. Then we fit a cumulative-Gaussian function to the remaining trials of the block 

to relate identification accuracy with letter size. Acuity threshold was defined as the letter 

size that corresponded to 62.5% correct (50% correct after correction for guessing) on the 

cumulative-Gaussian function. As stated earlier, each reported acuity threshold in this paper 

represents the average of repeated testings.

RESULTS

Figure 2 plots the acuity threshold obtained at each tested retinal location as a green circle 

for each of the five observers. The diameter of the green circle scales with the acuity 

threshold, defined as the whole letter size of the Tumbling-E target that yielded our 

performance criterion (62.5% correct) on a psychometric function. A smaller circle 

represents better acuity. To facilitate comparison, the acuity threshold obtained at the 

preferred retinal locus is plotted as a white circle. According to our hypothesis that acuity is 

the best at the preferred retinal locus, we expected the white circle to be smaller than all of 

the green circles. For all observers, the size of the white circle was larger than at least a few 

of the green circles, implying that the acuity at the preferred retinal locus was worse than 

that at some other retinal locations around a scotoma. To quantify the effect, we list in Table 

2 the total number of tested retinal locations, and the number of tested locations at which the 

acuity thresholds were smaller than the threshold at the preferred retinal locus. Across 

observers, between 15.2% and 85.7% of the tested retinal locations yielded acuities better 

than that at the preferred retinal locus. The best acuity at these locations was 16.8% to 

57.5% better than that at the preferred retinal locus. Note that the locations with acuities 

better than that at the preferred retinal locus did not cluster around the preferred retinal locus 

(Figure 2).

An interesting observation is that for all observers, the acuity measured at the preferred 

retinal locus using the scanning laser ophthalmoscope was worse than that measured using a 

letter chart, as reported in Table 1. It is well known that acuity measurements depend on 
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many factors, such as the specific targets, luminance and contrast of the targets, 

psychophysical methods, number of trials and presentation duration. In this study, the letter 

chart acuities were measured using the standard Bailey-Lovie Visual Acuity Chart, with 

black-on-white letters under standard office illumination, and using the standard Method of 

Limit (read until the observer could no longer read any more letters correctly) with unlimited 

duration for viewing and responding. All these factors favor a better acuity measurement 

than that measured using the scanning laser ophthalmoscope. In addition, it is also likely that 

observers used different retinal locations other than their preferred retinal locus when 

reading letters on a letter chart. Indeed, at least for observers S3 and S5, their letter chart 

acuities were highly comparable with the best acuities (not at the preferred retinal locus, 

however) measured using the scanning laser ophthalmoscope.

Does Acuity Correlate with the Distance from the Fovea?

In normal periphery, performance for many spatial tasks, including acuity, worsens with 

increased distance from the fovea.19–23 In the presence of macular loss, does such a 

relationship still hold? To provide data for comparison, we measured acuity at 5°, 10° and 

15° eccentricity in the lower and nasal field of a randomly chosen eye in 11 older adults with 

normal vision (age, 62 – 77 years, mean = 69.3 years). All these observers had best-

corrected distance acuity of 20/20 or better in each eye and no detectable ocular disease or 

abnormality. Acuity was measured using the same equipment and psychophysical methods 

as in observers with macular disease. For reporting purpose, acuities were averaged across 

the 11 control (eyes) at each eccentricity. These data are plotted as gray triangles in Figure 3. 

As expected, acuity threshold worsens systematically with eccentricity in the normal 

periphery, as shown by the gray triangles in Figure 3. Also shown in Figure 3 are the acuity 

thresholds plotted as a function of the eccentricity of the retinal location from the fovea, for 

the five observers (green circles). For each observer, the correlation coefficient of acuity 

threshold with the eccentricity of the retinal location from the fovea is given in the respective 

panel of plot. With the exception of observer S4 who still had a small foveal island and thus 

had a preferred retinal locus very close to the fovea (0.74° eccentricity by our estimation), 

across the other four observers, there is no significant relationship between acuity threshold 

and eccentricity of the testing locations closely surrounding their respective scotomas.

The lack of a relationship between acuity threshold and eccentricity in observers with 

macular disease could be due to the following interesting observation. At small 

eccentricities, acuity thresholds for observers with macular disease are consistently worse 

than those in the normal periphery, for matched eccentricity. This observation is consistent 

across the five observers with macular disease. At larger eccentricities, the acuity difference 

between observers with macular disease and the normal periphery is negligible. Smaller 

eccentricities are locations closer to the edge of the scotoma, therefore, our finding could be 

due to the fact that the edge of the scotoma was not healthy in our observers, resulting in 

relative scotomas, and leading to poorer-than-expected acuity measurements. Interestingly, 

preferred retinal locus is usually located very close to the edge of scotoma. However, a plot 

of acuity as a function of the distance of the testing location from the edge of the scotoma 

(based on the Delaunay triangulation method, see Methods section) reveals that there is a 
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lack of a relationship between acuity and the distance from the edge of the scotoma 

(Appendix Figure A1, available at [LWW insert link]).

In each panel in Figure 3, the vertical position of the black cross (representing acuity 

threshold at the preferred retinal locus) is not close to the lowest limit of the cluster of green 

circles, further illustrating our main result that the acuity at the preferred retinal locus is not 

the best. Besides this observation, it is also clear that the acuity at the preferred retinal locus, 

as well as at other retinal locations closely surrounding a scotoma, are worse than the 

predicted acuity based on the normal periphery (comparing the cross with the trend shown 

by the triangles).

Does Acuity Correlate with the Distance from the Preferred Retinal Locus?

We also examined if acuity threshold exhibits a relationship with the distance from the 

preferred retinal locus. Figure 4 plots the acuity threshold as a function of the distance of the 

retinal location from the preferred retinal locus. Similar to the data we observed in Figure 3, 

except for observer S4, there exists no correlation between acuity threshold and the distance 

from the preferred retinal locus. The combined results of Figures 3 and 4 imply that acuity 

thresholds immediately around a central scotoma cannot be predicted based on the distance 

from the fovea or the preferred retinal locus.

DISCUSSION

The specific goal of this study was to examine the hypothesis that the choice of a preferred 

retinal locus in people with bilateral macular disease is based on the location that offers the 

best visual acuity, which predicts that acuity should be the best at the preferred retinal locus. 

We acknowledge that there are many other visual tasks that could be important for patients 

with macular disease, but given that acuity is an important clinical measurement of vision, as 

well as a default outcome measures in clinical trials that involve patients with ocular 

disorders or diseases, we chose it as our measurement in this study.

By measuring acuities at multiple retinal locations around the central scotoma, we showed 

that acuity is not the best at the preferred retinal locus for all five observers with long-

standing bilateral macular disease. The central scotomas of these five observers were of 

different sizes and shapes, and the preferred retinal loci were also at different locations 

relative to the scotoma. Yet, in each case, acuities were found to be better in several other 

retinal locations than at the preferred retinal locus. This finding contradicts the prediction of 

our hypothesis and suggests that the selection of the preferred retinal locus may not be based 

on optimizing visual acuity.

There are a couple of important implications of this finding. First, if the selection of the 

preferred retinal locus is not based on optimizing visual acuity, then upon what is it based? 

As we acknowledged earlier, there are many visual tasks that are equally important to the 

daily activities of patients, such as reading or mobility. It is also possible that a stronger 

relationship may exist for lower-contrast stimuli. Future studies may wish to examine if 

there exists a relationship between performance on other tasks and the retinal locations 

around the scotoma. Another characteristic to consider could be the structural integrity of the 
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retinal locations. As clearly illustrated in Figure 3, acuities at many retinal locations around 

each of the scotoma are worse than what we expected based solely on the eccentricity of the 

retinal location. Considering that retinal locations immediately surrounding a scotoma are 

likely to be neither normal nor healthy,24,25 this might account for higher acuity thresholds. 

Therefore, it may be important to examine the structural characteristics at these retinal 

locations as well to see if there exists a structure-function relationship at these locations. 

Clearly, it is also entirely possible that the preferred retinal locus is determined by multiple 

factors, such as those aforementioned (structure of the retinal locations, eccentricity, tasks 

etc.), and that the weighting for each of the factors in governing the location of the preferred 

retinal locus may differ for individual observers.

The second implication is whether or not another retinal location with better visual 

capability should be trained to replace the preferred retinal locus. Indeed, there were 

attempts to train another location, sometimes referred to as the trained retinal location to 

replace the preferred retinal locus, with mixed success.26–28 However, without a solid 

understanding on how a preferred retinal locus evolves and the potential consequences (both 

positive and negative) of patients having to switch between two or more retinal locations for 

visual tasks, the endeavor of training a trained retinal location should be treated with 

caution. Further research is needed to fully understand how a preferred retinal locus evolves, 

or how a location for the preferred retinal locus is chosen, either through an active or a 

passive process, to ensure more successful training results. A longitudinal study following 

patients who just lose their vision would be useful.

What could account for the finding that acuity is better at other retinal locations than at the 

preferred retinal locus? The most logical explanation is that retinal locations with acuities 

better than that at the preferred retinal locus are closer to the fovea than the preferred retinal 

locus. In other words, even in the presence of a central scotoma, acuity is completely limited 

by the eccentricity effect, as in the normal retina.17–19,21 This seems plausible since after all, 

acuity or resolution limit is limited by the photoreceptor spacing and also the photoreceptor-

to-ganglion convergence,29–31 structural limitations that may not change for retinal locations 

away from the macular lesion area. However, our results in Figure 3 show that acuities in the 

near vicinity around the edge of a central scotoma show a weak, if any, dependence on 

eccentricity. The only exception was for observer S4 who had some foveal sparing and thus 

could use a near-foveal region as her preferred retinal locus. We attribute the weak 

dependence of acuity on eccentricity at retinal locations immediately around a scotoma to 

the possibility that the retinal area surrounding a scotoma is not healthy.24,25

Recent evidence suggests that there is remapping at the preferred retinal locus such that 

some spatial properties such as the shape of the spatial interaction zone demonstrates 

changes following years of macular disease,14 and that the reference locus for fixational eye 

movements shifts from the fovea to the preferred retinal locus (unpublished data from our 

laboratory). If so, perhaps the dependence of acuity on eccentricity should also be referenced 

with respect to the preferred retinal locus instead of the non-functional fovea. However, our 

results in Figure 4 refute this hypothesis — acuity does not depend on the distance from the 

preferred retinal locus, again, except for observer S4 whose preferred retinal locus was very 

close to the fovea.
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Several caveats should be taken into account while interpreting our finding. First, since our 

observers already had macular loss for a while, we did not know whether the initial preferred 

retinal locus immediately following the onset of bilateral macular loss was at the same 

location as what we observed in this study. If we assume that the preferred retinal locus has 

not changed (provided that the macular lesions have not changed in size or shape 

significantly), then there is a possibility that the acuity at the preferred retinal locus was the 

best initially, but with time, the disease encroached on the preferred retinal locus causing a 

reduction in acuity. However, one would expect that with constant usage, the functional 

capability at the preferred retinal locus should improve with time, akin to perceptual 

learning.32 Also, if the original preferred retinal locus no longer supports the most optimal 

visual acuity, then based on the hypothesis that the selection of the location of the preferred 

retinal locus is based on optimizing visual acuity, another retinal location with better acuity 

should replace the original preferred retinal locus. It is also possible that there is a lag 

between the location of the preferred retinal locus and the progression of the disease. A 

longitudinal study following patients with macular disease and how their preferred retinal 

locus change with progression of the disease could shed light on these questions. In addition, 

even though in this study, we found that our observers invariably relied on a single preferred 

retinal locus for several visual tasks tested in our laboratory, it is possible that more than one 

location could be candidates for the preferred retinal locus initially. Regardless of whether 

the preferred retinal locus has changed with time, our finding still stands that the preferred 

retinal locus used by people with macular disease might not be the location that gives the 

person the best visual acuity. After ruling out the hypothesis that the selection of the 

preferred retinal locus is based on optimizing visual acuity, future studies may wish to test if 

the choice of the preferred retinal locus is based on optimizing other visual tasks, and/or to 

focus on testing other plausible hypotheses for how a retinal location becomes the preferred 

retinal locus in patients with bilateral macular disease.
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APPENDIX

Appendix Figure A1. 
Acuity thresholds are plotted (green circles) for each observer as a function of the distance 

of the testing locations from the edge of the scotoma, with the green solid line representing 

the best-fit regression line to the data-set. The correlation coefficient of the regression line is 

given in the bottom right corner in each panel. None of the correlation coefficients are 

significant. The black cross in each panel plots the acuity threshold at the preferred retinal 

locus. Error bars represent ± 1 standard error of the mean.
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Figure 1. 
An example of how we determined the testing locations around the scotoma of an observer 

with macular disease. (A) Results of microperimetry from observer S1. Blue dots represent 

locations where she did not see the stimulus dot, and white dots represent locations where 

she saw the stimulus dot. (B) Based on the seeing/not-seeing data, we used the Delaunay 

triangulation to determine the scotoma map, represented by the mesh plot. (C) The location 

corresponding to the anatomical fovea (represented by the pink rectangle) was identified 

(see text for details) and 12 meridians (30 angular degrees apart) were added with the origins 

placed at the fovea, shown as white dashed lines. (D) Three locations (represented by the 

yellow dots) were identified along each meridian as the testing locations. For other 

observers, depending on availability of the observers and the specific shape of the scotoma, 

often two or three locations were tested along a meridian. The background fundus image of 

the observer was obtained from only a single frame of video.
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Figure 2. 
Acuity thresholds are plotted as green circles around the scotoma of the five observers. For 

comparison, the acuity threshold at the preferred retinal locus is also plotted, as represented 

by the white circle. The size of each circle scales with the acuity threshold (the white 

calibration bar in each panel represents 1°). The mesh plot in cyan represents the results of 

the Delaunay triangulation that we used to determine the scotoma map. The pink cross in 

each panel represents the location of the fovea (based on standard measurements, see text for 

details). Note that observer S4 still had foveal sparing, resulting in a small island that she 

used to process small stimuli, thus her preferred retinal locus appeared to be very close to 

the fovea. The background fundus image of each observer was obtained from only a single 

frame of video.
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Figure 3. 
Acuity thresholds are plotted (green circles) for each observer as a function of the 

eccentricity of the testing locations from the fovea, with the green solid line representing the 

best-fit regression line to the data-set. The correlation coefficient of the regression line is 

given in the bottom right corner in each panel. The black cross in each panel plots the acuity 

threshold at the preferred retinal locus eccentricity. For these measurements, the associated 

error bars represent ± 1 standard error of the mean. Data points without error bars mean that 

we only had one useable block of trials to determine the acuity threshold for that location. 

For comparison, acuity thresholds obtained at 5, 10 and 15° eccentricity from 11 older adults 

with normal vision are given as gray triangles (two visual fields were tested), with the error 

bars representing ±95% confidence intervals. Only observer S4 (with a small foveal island 

and a preferred retinal locus close to the fovea) showed a significant correlation between 

acuity and eccentricity of the testing locations, as denoted by an asterisk next to the 

correlation coefficient.
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Figure 4. 
Acuity thresholds are plotted (green circles) for each observer as a function of the distance 

of the testing locations from the preferred retinal locus, with the green solid line representing 

the best-fit regression line to the data-set. The correlation coefficient of the regression line is 

given in the bottom right corner in each panel. The black cross in each panel plots the acuity 

threshold at the preferred retinal locus. As is the case for the relationship between acuity and 

eccentricity, only observer S4 showed a significant correlation between acuity and the 

distance of the testing locations from the preferred retinal locus, as denoted by an asterisk 

next to the correlation coefficient. Error bars represent ± 1 standard error of the mean.
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Table 2

Number of tested retinal locations around the scotoma of the five observers, and number of retinal locations at 

which acuity threshold was smaller than that at the preferred retinal locus.

Observer Total number of retinal 
locations tested

Number of retinal locations at which acuity 
threshold was smaller than that at the 

preferred retinal locus

Percentage of retinal locations at which acuity 
threshold was smaller than that at the 

preferred retinal locus

S1 36 10 27.8%

S2 33 5 15.2%

S3 35 30 85.7%

S4 32 13 40.6%

S5 23 14 60.9%
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