CORRESPONDENCE

Regarding “Eagle-Eyed Visual Acuity: An Experimental
Investigation of Enhanced Perception in Autism”

To the Editor:

ow-level perceptual abnormalities are increasingly seen to
L play an important role in some features of autistic spectrum

disorder (ASD) (review [1]) by contributing to impairments
of social communication through limiting higher-level visual
processing of faces, for example. Arguably the most interesting
findings are that individuals with ASD can sometimes perform
better than matched control subjects when the task involves
attention to detail (e.g., in visual search (2], finding hidden figures
[3], or resisting the influence of context within illusions [4]),
suggesting that ASD might be associated with enhanced process-
ing of local information (2). A recent article by Ashwin et al. (5)
has suggested that enhanced perceptual processing in ASD might
include superior visual acuity (VA), a measure of individuals’
ability to identify symbols of a set size (5 arc min width)
presented foveally at standardized viewing distances. Specifi-
cally, Ashwin et al. report mean decimal visual acuities of 2.79 in
their group of observers with ASD and 1.44 in an age-matched
control group (VA is typically expressed as a fraction with the
numerator referring to the distance at which the subject can just
identify the letter, and the denominator the distance at which an
observer with standard VA could identify the same letter; al-
though, by definition, “normal” acuity must be 1.0 [or 20/20 =
6/6 in Snellen notation], when measured with good psychometric
procedures [6], young adults have a median acuity of 1.6 [7D If
true, Ashwin et al’s finding would be very important for two
reasons. First, as far as we are aware, this is the first report of
consistently superior VA in any clinical population (neuropsy-
chological or otherwise). Second, VA is generally considered
limited by the earliest stages of the visual system (i.e., optical
properties of the eye, photoreceptor density) so that this result
would suggest either that: 1) this is not true, acuity is limited by
other (higher leveD) factors; or 2) there are structural differences
in the eyes of observers with ASD. The authors consider both
possibilities by suggesting that either higher number of foveal
cone cells or higher numbers of dopamine receptors at the retinal
or neural level could contribute to their findings.

Prompted by the highly counterintuitive nature of both these
conclusions and the finding that inspired them, we have inves-
tigated the procedure employed by the authors of this study (one
of us—MB—developed the computerized acuity test [Freiburg
Visual Acuity & Contrast Test (FrACT)] used by Ashwin et al). We
report that although there are real behavioral differences be-
tween ASD and control groups, technical limitations in the
procedure used to measure acuity call into question the conclu-
sion that people with ASD have higher acuity compared with
unaffected individuals without the context of the experiment.

We begin by considering the technical details and limitations
of the acuity testing system employed and then describe the
specific chain of events in the experiments reported that led to
estimates of VA that—we contend—are gross overestimates of
performance in the ASD group. We conclude by offering a
hypothesis as to why, if observers with ASD do not have superior
acuity, they might have outperformed control subjects on this
task.

The Freiburg Visual Acuity (and Contrast) Test and Its
Limitations. Ashwin et al. used the “Freiburg Visual Acuity
(and Contrast) Test”, which is well-suited to formal studies,
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because it reduces subjective influences compared with routine
clinical tests. The test was first described in 1996 (8) and has
subsequently been evaluated under a wide range of conditions.
It was programmed with the “Flash” development environment
(Adobe Systems, San Jose, California) and is available free of
charge online at http://www.michaelbach.de/fract/ (9) for the
Linux, Macintosh, and Windows platforms.

Acuity measurement with the FrACT involves subjects identi-
fying the orientation (up, down, right, left) of a Landolt-C of
various sizes. The size of the letter is controlled by an adaptive
psychophysical staircase (Best PEST [10]), and acuity is defined at
a size where a performance criterion is reached (62.5% for a 25%
guessing rate). The minimum size of the Landolt-C is typically
expressed in terms of the gap width of the letter, expressed as a
visual angle (measured in minutes of arc). Because the standard
letter-size for acuity is 5 arc min width and because the gap
within a Landolt C is one-fifth the width, a decimal acuity of 1.0
corresponds to a threshold gap size of 1 min of arc.

When rendering the letter on a computer screen, the discrete
pixel raster limits what can be displayed (11). The FrACT is
calibrated by entering: 1) the viewing distance of the observer
(Ashwin et al. selected 60 cm; the default is 400 cm); and 2) the
length in millimeters of a 700 pixel-long on-screen ruler (Ashwin
et al’s measurement was 170 mm; private communication,
December 2008). Thus, the size of a pixel was 170/700 = .243 mm
(typical for current monitors) or, in minutes of arc of visual angle:

60 X 2 X arctan(pixel width/[2 X distance])

=120 X arctan(.243/1200) = 1.39 arc min

If the gap size were 1 pixel (a reasonable minimum to allow a C
to be rendered on a 5 X 5 pixel grid), this would correspond to
a decimal acuity of 1/1.39 = .72. To put it another way, if one sets
1 pixel as the minimum displayable gap, the best acuity one
could estimate viewing the screen at 60 cm would be .72. This
limitation is clearly displayed in the preferences screen of FrACT
when entering the distance or the ruler length.

The gap in a Landolt-C can be smaller than 1 pixel through the
use of anti-aliasing, which trades luminance resolution for spatial
resolution (12); this technique is used in FrACT by means of the
built-in graphics renderer of Flash. In the version of FrACT used
by Ashwin et al. (v1.3), the smallest pixel size was limited to .5,
corresponding at 60-cm distance to a decimal acuity of 1.44;
stimuli smaller than this were never presented to subjects in the
Ashwin et al. study simply because rendering a “C” on < a 2.5 X
2.5 pixel array is not realistic. To have challenged subjects who
really had acuities approximately 2.8 (the mean reported value
for the ASD group), one would have needed to display the entire
C with a 1.2 X 1.2 pixel grid (1.

Clearly, given an insufficiently long viewing distance, the use
of FrACT to measure acuities above 1.0 is not ideal (e.g., 1.44 in
the control group), and above 1.44 (2.79 in the ASD group) will
give estimates that are determined by factors unrelated to VA.
Why would FrACT report high VAs, given the technical limita-
tions described? With details of the program settings provided to
one of us (MB) by the authors, the situation was reconstructed
and a technical explanation was derived.

Chain of Events Causing Artifactual Acuity Results.
The relevant setting parameters made by Ashwin et al. in FrtACT
were:

1. Observation distance: 60 cm.
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2. Threshold definition: not set to the default (“DIN/ISO
corrected”) that reduces acuity estimates by 10% to account
for the difference between descending threshold proce-
dures (widely used in an optometry/ophthalmology envi-
ronment) but to a “psychometric” procedure that reports
exactly the steepest point of the psychometric function.
Consequently, acuities will be 10% higher than if obtained
with standard procedures, (e.g., ETDRS [Early Treatment
Diabetic Retinopathy StudyD) (13).

3. The number of trials (default is 30) was increased to 200.

4. Permissible period subjects might fail to respond before
being “timed-out”. The default (30 sec) was reduced to 3
sec.

5. “Post hoc max. likelihood analysis” set to “on” (“oft” by
default). This procedure estimates not just the threshold but
also the slope of the psychometric function. On average,
this analysis has no effect on VA estimates under normal
operating conditions (14), but in this instance something
else happened. Because of the short viewing distance,
FrACT operated at its ceiling (smallest possible gap; .5
pixels or .69 arc min). Assume a diligent subject achieved
200 correct trials at an acuity of 1/0.69 = 1.44. Now the post
hoc analysis would extrapolate from these data, assuming a
standard psychometric function, to the threshold estimate.
This results in a higher estimate of acuity because, given
error-free data that do not constrain the psychometric
function properly, the more correct trials one achieves at
the easy stimulus-level, the more confident the procedure
becomes that this level is located further into the tails of the
psychometric function (i.e., the threshold must be lower).
Reactivating the FrACT version used by Ashwin et al., we
found that, with no error in 200 trials, FrACT would report
3.56 as VA estimate; with 1 error in 200 trials, this would
drop to 1.84—with 2 errors to 1.65, and so forth.

Errors are what drive psychophysical estimates of performance;
when subjects do not make errors, VA measures so derived
(beyond the operating range of FrACT) are largely meaningless
with respect to acuity (as a consequence, FrACT now includes
stronger warnings when exceeding its operating range), and we
propose that this is specifically why Ashwin et al. obtained
results that were so high. Subjects with ASD were not able to
identify smaller letters than the control group; they were less
prone to make errors at categorizing letters presented near their
acuity limit. Our analysis has shown that the results reported by
Ashwin et al. are consistent with patients with ASD essentially
making no random errors (i.e., errors unrelated to the stimulus)
and control subjects making 1-2 random errors, in a run of 200
trials (the latter being consistent with typical lapse rates for
psychophysical experiments). Thus, we suggest that Ashwin et
al’s results are attributable to patients with ASD exhibiting a
slightly lower lapse rate and that this reflects a difference in
strategy arising from any number of possible cognitive factors
(e.g., that patients with ASD are less prone to distraction during
the experiment). Alternatively, it is known that patients with ASD
are less prone than unaffected subjects to alter a stereotypical
response strategy when achieving consistently high levels of
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performance (15). We speculate that this more rigid adherence to
a successful strategy might have contributed to the patients’
success at performing the letter identification task, compared
with unaffected observers who might have been more prone to
testing new strategies, which risked failure on a few trials. This
suggests interesting research opportunities for understanding
perseverance in ASD.

The authors report no biomedical financial interests or po-
tential conflicts of interest.
Michael Bach

Universitits-Augenklinik
KillianstraRe 5
79106 Freiburg, Germany
E-mail: michael.bach@uni-freiburg.de
Steven C. Dakin

UCL Institute of Ophthalmology
11-43 Bath Street
London EC1V 9EL, UK

1. Dakin S, Frith U (2005): Vagaries of visual perception in autism. Neuron
48:497-507.

2. Plaisted K, O'Riordan M, Baron-Cohen S (1998): Enhanced discrimination
of novel, highly similar stimuli by adults with autism during a perceptual
learning task. J Child Psychol Psychiatry 39:765-775.

3. Shah A, Frith U (1983): An islet of ability in autistic children: A research
note. J Child Psychol Psychiatry 24:613-620.

4. Happe FG (1996): Studying weak central coherence at low levels: Chil-
dren with autism do not succumb to visual illusions. A research note.
J Child Psychol Psychiatry 37:873-877.

5. Ashwin E, Ashwin C, Rhydderch D, Howells J, Baron-Cohen S (2009):
Eagle-eyed visual acuity: An experimental investigation of enhanced
perception in autism. Biol Psychiatry 65:17-21.

6. Harvey LO Jr (1986): Efficient estimation of sensory thresholds. Behav
Res Methods Instrum Comput 18:623-632.

7. Rassow B, Cavazos H, Wesemann W (1990): Normgerechte Sehschérfen-
bestimmung mit Buchstaben. Augendrztliche Fortbildung 13:105-114.

8. Bach M (1996): The Freiburg visual acuity test—automatic measure-
ment of visual acuity. Optom Vis Sci 73:49-53.

9. Bach M (2008): Homepage of the Freiburg visual acuity and contrast test
(“FrACT"). Available at: http://www.michaelbach.de/fract.html. Ac-
cessed February 4, 2009.

10. Lieberman HR, Pentland AP (1982): Microcomputer-based estimation of
psychophysical thresholds: The best PEST. Behav Res Methods Instrum
14:21-25.

11. Bach M, Meigen T, Strasburger H (1997): Raster-scan cathode-ray tubes
for vision research—limits of resolution in space, time and intensity, and
some solutions. Spat Vis 10:403-414.

12. Bach M (1997): Anti-aliasing and dithering in the Freiburg visual acuity
test. Spat Vis 11:85-89.

13. ETDRS Coordinating Center DoEaPM (1980): Chapter 12. Early Treatment
Diabetic Retinopathy Study: Manual of Operations. Baltimore, Maryland:
1-15.

14. Bach M (2007): The Freiburg visual acuity test-variability unchanged by
post-hoc reanalysis. Graefes Arch Clin Exp Ophthalmol 245:965-971.

15. Minassian A, Paulus M, Lincoln A, Perry W (2007): Adults with autism
show increased sensitivity to outcomes at low error rates during deci-
sion-making. J Autism Dev Disord 37:1279-1288.

doi:10.1016/j.biopsych.2009.02.035


mailto:michael.bach@uni-freiburg.de
http://www.michaelbach.de/fract.html

	Regarding “Eagle-Eyed Visual Acuity: An Experimental Investigation of Enhanced Perception in Autism”
	To the Editor
	The Freiburg Visual Acuity (and Contrast) Test and Its Limitations
	Chain of Events Causing Artifactual Acuity Results
	References


