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PURPOSE. A novel preferential looking (PL) procedure that uses
quantitative analysis of visual scanning parameters is pre-
sented.

METHODS. Nine adult subjects were presented with a set of 14
visual stimuli (stimuli included three uniform gray fields and
one field with black-and-white square wave gratings) spanning
the range of spatial frequencies from 1.5 cyc/deg to 35.1
cyc/deg (1.3 logMAR to �0.07 logMAR). A remote gaze-track-
ing system was used to monitor the subject’s eye movements
and the relative fixation time (RFT) on the grating target.
Subsequently, a four alternative forced-choice psychophysical
test (4AFC) was performed with the same visual stimuli.

RESULTS. For visual stimuli for which the gratings’ positions
in the 4AFC test were identified correctly in 100% of the
trials (reliably discriminated), the mean RFT was 72.5% �
9.0%. For stimuli for which the spatial frequencies were
higher than the subject’s psychophysically determined vi-
sual acuity (VA) threshold (nondiscriminated), the mean
RFT was 25.3% � 8.5%. Using three repeated trials at each
spatial frequency and a VA detector based on the conditional
probability density functions of the RFT, the average VA was
underestimated by 0.06 logMAR (range, 0.00 – 0.20 logMAR).

CONCLUSIONS. In adults, automated quantitative analysis of vi-
sual scanning patterns can be used to estimate VA objectively
and rapidly (210 seconds) with a mean error of 0.06 logMAR.
The novel approach may form the basis for PL procedures that
are more objective and more accurate than the traditional
clinical PL procedures. (Invest Ophthalmol Vis Sci. 2011;52:
708–713) DOI:10.1167/iovs.09-4911

Human infants prefer to fixate patterned surfaces more than
homogeneous ones and respond to visual stimuli by mov-

ing their eyes in the direction of the object of visual interest.1,2

This natural fixation and tracking behavior was monitored in
the visual preference method of Fantz.3 The duration of the

fixation was measured by adult observers of each of the two
stimuli, and the mean percentage of fixation time was calcu-
lated.3,4 The stimulus with significantly longer percentage of
fixation time was taken as the “preferred stimulus.” Infant
preferences were not derived; rather, the data were averaged
for groups of infants.3,4

In forced-choice preferential looking (FPL), Teller et al.5

combined the visual preference approach with the two-
alternative forced-choice psychophysical method.

The FPL technique was conceived as an objective mea-
surement of visual acuity (VA) thresholds in infants. Subse-
quently, various research groups have applied the FPL ap-
proach (or its operant modification) to derive psychometric
functions for diverse visual parameters, such as VA, stere-
opsis, color vision, contrast sensitivity, and dark and light
adaptation.6 –11 In FPL, the observer is masked to the stim-
ulus location and judges the stimulus side based on the
infant’s looking behavior (combined eye and head move-
ments). The observer is provided with trial-by-trial feedback
regarding whether the judgment is correct. Thus, the in-
fant’s behavior is directly related to the critical stimulus
parameter. A criterion performance level—the highest spa-
tial frequency for which 75% of the responses in judging the
location of the target with the gratings are correct—is then
used as a measurement of the infant’s VA.5,12,13 A reliable
threshold estimation of VA by the FPL technique required
multiple repeated trials for each level of spatial frequency
(approximately 20 –25).5,12,13

Because the length of the test (15– 45 minutes) limited
the clinical usefulness of the technique, several modifica-
tions have been proposed. Variants such as an age-depen-
dent diagnostic stripe width12,14 –16 and the up-down stair-
case method of stimulus presentation17 can be regarded as
steps into daily clinical routine. However, the procedures
tended to be more variable than the laboratory procedures
and still took more time than was feasible for wide clinical
application.14 –17

Eventually, introduction into clinical practice was
achieved with the acuity card procedure (ACP).18 Instead of
testing a fixed number of presentations in a fixed protocol,
this methodology uses an experienced observer’s subjective
integrated judgment regarding the infant’s looking behavior.
The procedure shortened testing time and improved testing
success in infants considerably.18 In addition, both the ACP
and the FPL techniques had similar variability.6,18 –21 Hence,
Teller acuity cards (TACs) have been established as the
standard diagnostic tool for evaluating VA in infants and
preverbal children.22

The purpose of this article is to present a novel PL tech-
nique that can be both statistically stable and efficient. The
technique is based on the analysis of visual scanning patterns
that are monitored by a gaze estimation system and the use of
an efficient stimulus presentation method. The performance of
the novel technique is evaluated in a study with adults.
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SUBJECTS, MATERIALS, AND METHODS

Subjects

Nine naive adult subjects (four women, five men) were recruited from
students at the University of Toronto, Canada. Subjects’ ages ranged
from 23 to 35 years (mean, 25.9 years). This study adhered to the
tenets of the Declaration of Helsinki. The complete protocol was
reviewed and approved by the Ethics Committee at the University of
Toronto before commencement, and all patients gave informed con-
sent before participating in the study. Subjects with a history of
ophthalmic deficits other than refractive error were excluded. An
ophthalmic examination including best-corrected VA measurement
(20/20 or better in all cases), slit-lamp assessment of the anterior
segment, and direct ophthalmoscopy was performed. The mean spher-
ical equivalent refractive error of the tested eyes was �3.1 diopters
(range, 0 to �6.5 diopters).

Experimental Setup and Visual Stimuli

Visual stimuli were presented on a 21-inch CRT computer monitor.
Each visual stimulus consisted of a 2 � 2 grid with three uniform gray
homogeneous fields and one field with black-and-white square wave
gratings (Fig. 1). Each field was presented as a rectangular target easily
distinguishable from the black background. All fields were the same
size (8.2° � 6.15°), and the center of each field was 7.5° from the
center of the screen (at a viewing distance of 83 cm). The separation
between two adjacent targets was 4.6 cm (3.2°). Luminance was
measured with a luminance meter (model LS-100; Minolta, Osaka,
Japan). The black-white Michelson contrast of the gratings ranged from
96% to 97%. The luminance of the black stripes was 6.75 cd/m2 (i.e.,
similar to the background), whereas the luminance of the white
stripes, which was measured at three different positions, varied from
384 cd/m2 to 405 cd/m2 (average, 393 cd/m2; 2.6 log cd/m2). The
luminance of the gray fields varied from a minimum of 190 cd/m2 to a
maximum of 210 cd/m2 (average, 200 cd/m2). The maximum differ-
ence between the space-average luminance of the three gray fields in
each visual stimulus was �5%. For each visual stimulus, the space-
average luminance of the field with the gratings was within 2% of the
space-average luminance of the average of the three gray fields. Given
that the differences in space average luminance among the plain fields
were similar to or larger than the differences in space average lumi-
nance between the plain fields and the field with the gratings, subjects
could not use luminance as a cue to determine the field with the
gratings. The field with the gratings could appear randomly at 1 of 4
positions.

The 14 spatial frequencies used were 1.5, 2.3, 3.12, 4.68, 6.24,
9.36, 12.48, 14.62, 18.73, 21.06, 24.96, 29.25, 32.76, and 35.1 cyc/deg
at a distance of 83 cm. This large range of frequencies was used to

build the probability density functions (see Results). The range of
spatial frequencies was similar to the range of spatial frequencies
tested by the TAC at 55 cm (0.31, 0.42, 0.63 0.84, 1.30, 1.60, 2.40,
3.10, 4.70, 6.40, 9.60, 13.00, 19.00, 26.00, 38.00) with higher spatial
frequencies added (21.06, 29.25, 32.76) and lower spatial frequencies
deleted (0.31, 0.42, 0.63, 0.84). This was done to improve the resolu-
tion of the measurements when testing adults because their VA would
lie in the higher spatial frequencies whereas the range provided by the
TAC is sparse at these higher spatial frequencies. For graphic purposes,
the spatial frequencies were converted from cycles per degree to the
log of the minimum angle of resolution (logMAR). The minimum angle
of resolution is expressed in minutes of arc (1 min arc � 1/60th of a
degree); thus, logMAR � log (60/spatial frequency of gratings � 2).

A remote gaze-tracking system was used to monitor and estimate
the subject’s visual scanning parameters (Vision 2020; El-Mar Inc.,
Toronto, Canada). The gaze estimation system extracts eye features
from video images and uses these features to estimate gaze position.
The features extracted are the pupil center and two or more corneal
reflexes. The corneal reflexes are virtual images of infrared light
sources illuminating the eye and are created by the front surface of the
cornea. The gaze-tracking system allows free head movements in a
volume of 25 � 25 � 25 cm3 and estimates gaze position at a rate of 30
Hz with accuracy better than 1°.23–25 The system was optimized to
measure the point-of-gaze in infants and young children (i.e., calibra-
tion routine requires only one point).

The relative fixation time (RFT), which is defined as the percentage
of fixation time on the field with the gratings over the sum of fixation
times on all four fields, was used to quantify visual scanning behavior.

Experimental Procedure
Thresholds for grating detection were obtained using two different
methods. Gaze tracking was always performed first because subjects
were required to be completely naive to the stimuli and was followed
by psychophysical testing. One eye (subject’s preference) of each
subject was patched, and the subject was seated 83 cm from the
computer monitor. To obtain a broader range of VA thresholds, six
myopic participants were tested without optical correction.

Subjects were instructed to look at a point on the computer
monitor for 3 seconds to complete a 1-point calibration procedure on
the gaze-estimation system.24 Participants were instructed at the be-
ginning of the gaze-tracking experiment to simply look toward the
computer monitor. The stimuli were presented from the lowest spatial
frequency to the highest spatial frequency in ascending order. Each
spatial frequency was tested three times, and each test lasted 5 sec-
onds. There was no delay between the three tests, but for each test the
field with the gratings appeared in a different location on the computer
monitor. The total time for each gaze-tracking experiment was 210
seconds.

A B

FIGURE 1. Visual scanning patterns.
Gaze position (circles) for one trial (5
seconds) superimposed on a sche-
matic description of the visual stim-
ulus. (A) Scanning pattern when the
spatial frequency of the gratings was
lower than the subject’s psychophys-
ical VA. (B) Scanning pattern when
the spatial frequency of the gratings
was higher than the subject’s psy-
chophysical VA.
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Subsequently, each subject completed a four-alternative forced-
choice (4AFC) psychophysical test. The same stimulus display and the
same test stimuli were used. Stimuli were presented with spatial
frequencies in ascending order. Subjects were instructed to identify
the target with the gratings by providing a verbal response. No feed-
back was given. Each spatial frequency was tested 10 times. VA thresh-
old was set at a point where the subject correctly detected the location
of the field with the gratings in more than six of the 10 trials (perfor-
mance level approximately halfway between chance level 25% and
100%).

RESULTS

Analysis of Visual Scanning Patterns

Figure 1 shows examples of two different visual scanning
patterns. Figure 1A shows eye movements of a subject when
the spatial frequency of the grating was lower than the sub-
ject’s psychophysical VA. When the visual stimulus appeared,
the subject was fixating on the bottom-right field. After a short
delay (�400 ms), the subject initiated a saccade toward the
grating and kept fixating on the grating for the rest of the trial.
Figure 1B shows eye movements of a subject when the spatial
frequency of the grating was higher than the subject’s psycho-
physical VA. In this case, the subject scanned all four fields but
spent more time fixating on one of the homogeneous fields
than on the field with the grating.

Figure 2A presents the psychometric function of the RFT for
one subject (subject 4). The average RFT, for all nine subjects,
as a function of the distance from the psychophysical threshold
for each subject is shown in Figure 2B. Here the RFT psycho-
metric functions of the subjects were aligned (shifted along the
x-axis) so that for each subject 0 logMAR was set at the
subject’s psychophysically determined VA threshold. Each
point in Figure 2B is the average RFT for all subjects over a
range of x � 0.05 logMAR. For example, the data presented in
Figure 2B at x � 0.1 logMAR from threshold are the average
RFTs for all subjects for stimuli that are 0.05 logMAR to 0.15
logMAR from each subject’s psychophysically determined VA
threshold. Based on the results of the 4AFC psychophysical
tests, one can define two different regions for the RFT in Figure
2B. The first region includes all spatial frequencies for which
subjects could discriminate between the field with the grating
and the homogeneous fields in 100% of the psychophysical
tests (reliably discriminated), and the second includes all spa-
tial frequencies that were higher than the subjects’ psycho-
physically determined VA thresholds (nondiscriminated). The
mean RFT for the reliably discriminated region was 72.5% �
9.0%, and the mean RFT for the nondiscriminated region was
25.3% � 8.5%.

Determination of Visual Acuity

The probability density functions of the RFT in the reliably
discriminated and the nondiscriminated regions are used by an
optimal detector (likelihood ratio test; see Appendix) to deter-
mine whether the null hypothesis, H0 (subject cannot discrim-
inate between the field with the gratings and the homogeneous
fields), or the alternative hypothesis, H1 (subject can discrim-
inate between the field with the gratings and the homogeneous
fields), should be accepted. Based on the results of the likeli-
hood ratio test at each spatial frequency, the subject’s VA is
determined as the highest spatial frequency (lowest logMAR)
for which the probability of false acceptance of H1 is smaller
than the probability of misdetection of gratings with lower
spatial frequencies.

The following examples demonstrate the estimation of VA
for two of the subjects in the study. The examples are based on
three trials at each spatial frequency. As is shown in the
Appendix, for a probability of false positive, PF (false accep-
tance of H1), of 5% at each spatial frequency, the probability of
detection, PD, is 88.6%, and the probability of misdetection, PM �
1 � PD, is 11.4%. The results of the likelihood ratio test for all
subjects are summarized in Table 1.

For subject 3, for example, the highest spatial frequency
(lowest logMAR) for which H1 was accepted was 0.15 logMAR.
Given that for all gratings with lower spatial frequencies H1

was accepted, 0.15 logMAR was accepted as the VA estimate
for subject 3. On the other hand, for subject 5, the highest
spatial frequency for which H1 was accepted was 0.21 logMAR.
Because H1 was rejected for two gratings with lower spatial
frequencies (0.30 logMAR and 0.38 logMAR), the probability of
misdetection was PM

2 � 0.1142 � 0.013. Given that the prob-
ability of false acceptance of H1 at 0.21 logMAR was 5%, which
was larger than the probability of misdetection at the two
lower spatial frequencies (1.3%), 0.21 logMAR was not ac-
cepted as the VA estimate for subject 5. When the highest
spatial frequency for which H1 was accepted by the likelihood
ratio test was rejected as a VA estimate, the process was
repeated for the second highest spatial frequency for which H1

was accepted (i.e., 0.50 logMAR). For subject 5, 0.50 logMAR
was accepted as the VA.

Using this procedure to estimate VA, the average VA for all
subjects was underestimated by 0.11 logMAR (range, �0.73 to
0.37 logMAR) when one trial was used at each spatial fre-
quency (the subject’s psychophysically determined VA thresh-
old was used as the “true” VA). Average VA was underesti-
mated by 0.11 logMAR (range, �0.38 to 0.17 logMAR) when
two trials were used at each spatial frequency, and average
VA was underestimated by 0.06 logMAR (range, 0.00 to 0.20
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FIGURE 2. (A) Psychometric func-
tion of the relative fixation time for
subject 4. Each data point represents
the average of three trials. (B) Aver-
age RFT for all subjects as a function
of distance from the psychophysical
threshold (0 logMAR). Error bars rep-
resent SD.
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logMAR) when three trials were used at each spatial fre-
quency.

DISCUSSION

The original quantitative visual preference technique that was
developed by Fantz1–3 to determine infants’ visual capabilities
evolved and changed over the years into a laboratory test (FPL)
and a clinical test (ACP). In the past two decades, variants of
ACP using printed gratings, such as TACs (TAC I [Vistech, Inc.,
Dayton, OH] and TAC II [Stereo Optical Co., Inc., Chicago, IL])
have become the standard diagnostic tool for evaluating VA in
infants and nonverbal children. In the ACP with TAC grating
stimuli, an examiner presents the stimuli on acuity cards to the
infant and makes a judgment regarding the infant’s ability to
detect the gratings. Although the examiner remains objective
regarding the right/left position of the grating, the integrative
subjective judgment of grating threshold is based on qualitative
assessment of the infant’s eye movements, head movements,
facial expressions, pointing, and verbal responses.18,26–28 Al-
though this integrative subjective approach may help the ex-
aminer make a decision, none of the parameters is quantita-
tively assessed, and there is no form of outside control over the
objectivity of the examiner.

Because VA estimations obtained with preferential looking
procedures depend on subjective judgements, intraobserver
and interobserver reliability of the results are important for
data interpretation. Most previous studies dealt with interob-
server reliability. Examination was performed in different pop-
ulations across a wide range of ages, including those with
normal vision and severely disabled children. Good interob-
server agreement for ACP (�1 octave [0.3 logMAR] difference
of test-retest scores) has been found in 86% to 98% of children
with normal vision.29–31 Children with ocular or neurologic
abnormalities showed somewhat poorer interobserver agree-
ment with ACP.32–34 Interobserver test-retest reliability is sim-
ilar for ACP and the more scientifically rigorous, laboratory-
based FPL.6,18–21,31,34 Only a few studies have examined
intraobserver test-retest reliability in ACP. The test-retest pairs
differed by no more than 1 octave for 88% to 99% of healthy
full-term infants.18,30 Similar results (91% of intraobserver test-
retest scores differed by no more than 1 octave) were obtained
in children who were born before term or who had perinatal
complications, or both.35 On the other hand, intraobserver
agreement was considerably lower when severely disabled
children (Down syndrome, mental retardation, cerebral palsy)
were tested. The test-retest pairs of VA estimates differed by 1
octave or more for 17% to 53% of the subjects.36–38 In general
we attribute this variability to inherent subject variability

(noise derived from the infants’ receptors and their detection
and response mechanisms) and observer’s factors (integrative,
subjective judgment about infants’ responses).

The PL technique herein described eliminates the latter. In
other words, it removes the noise in FPL or ACP contributed by
the observer but does not affect the noise contributed by the
infant. To overcome the tester’s necessary intervening judg-
ments in FPL and ACP, the novel PL technique presented in this
article uses the statistical properties of the RFT, a parameter
that describes the subject’s visual scanning behavior. The au-
tomated detector uses conditional probability density func-
tions of the RFT to determine changes in visual scanning
behavior when subjects can and cannot detect the target with
the gratings.

As shown in the Appendix, the accuracy and reliability of
the technique increases with the number of trials at each
spatial frequency. In adults, VA in a range from 1.3 logMAR to
�0.07 logMAR can be estimated objectively and efficiently (in
210 seconds) with an average error of 0.06 logMAR (range,
0.00–0.20 logMAR). Although increasing the number of trials
does increase the accuracy (i.e., the probability of detection),
the increase in accuracy decreases as more trials are used. For
instance, when three trials are used, the probability of detec-
tion is 88.6%. Using four trials increases the probability of
detection to 94.7%, and increasing the number of trials to five
results in a probability of detection of 97.6%. Meanwhile, as the
number of trials is increased, the testing time is increasing
linearly. Thus the tradeoff between processor accuracy and
testing time becomes more and more undesirable as more trials
are used. Hence, the results with three trials provide a reason-
able balance between accuracy and efficiency (i.e., testing
time). Efficiency can be further improved by limiting the range
over which the VA is estimated for each subject (similar to
current clinical practice with the ACP) and by using adaptive
presentation strategies such as the up-down staircase method
of stimulus presentation17 or the combined fast “screening”
and fine threshold testing protocol.39 When compared with
the assessment of VA by the ACP or FPL techniques, the novel
PL-fixation technique is much more efficient (by almost 1 order
of magnitude).

The present study is the first step in the development of a
rapid, statistically robust PL technique for VA assessment in
infants. However, in this context, several issues must be con-
sidered. To use the novel PL technique with infants and young
children one has to be able to use visual stimuli that provide
more than two alternative positions for the gratings. Further-
more, the VA detector has to be constructed with conditional
probability density functions of the RFT that are suitable for
infants and young children. Teller13 explored the possibility of

TABLE 1. Results of the Likelihood Ratio Tests

LogMAR (min arc)

Subject 1.3 1.12 0.99 0.81 0.68 0.50 0.38 0.30 0.21 0.15 0.08 0.01 �0.04 �0.07

1 Y Y Y Y Y Y Y Y Y N Y* N N N
2 Y Y Y Y Y Y Y* N N N N N N N
3 Y Y Y Y Y Y Y Y Y Y* N N N N
4 Y Y Y Y Y Y Y N* N N N N N N
5 Y Y Y Y Y Y N* N Y N N N N N
6 Y Y Y Y Y Y N N* N N N N N N
7 Y Y Y Y Y Y N Y N* N N N N N
8 Y Y Y Y Y Y Y N Y Y N* N N N
9 N N Y N Y Y Y Y Y Y* N N N N

Y, accept hypothesis H1; N, accept hypothesis H0.
* Psychophysically determined VA threshold.
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using three or four alternative grating positions to increase the
efficiency of the test. These two presentation scenarios gener-
ally worked with infants, though the expected increase in
efficiency (lower probability of false positive) was not realized
because many trials had to be rejected as a result of the
observers’ difficulties in deciding which of the fields was fix-
ated preferentially. Possible general difficulties of infants mak-
ing clearly preferential eye movements with four alternatives
might have further impeded the observers’ decision-making.
Using an accurate eye-tracking system to determine infant’s
fixation should improve the ability to determine which of the
fields is fixated preferentially when larger numbers of alterna-
tives are present. The main challenge with infants is to keep
the infant’s attention throughout the testing. To keep the
infant’s attention, it might be necessary to significantly increase
the size of the monitor so that infants will be less distracted by
the surroundings and to integrate an operant approach of
rewarding “proper” visual scanning behavior for above-thresh-
old stimuli (e.g., triggering cartoons when the infant is looking
at the gratings).

In conclusion, this study demonstrates the value of quanti-
tative analysis of visual scanning patterns in a PL procedure
with adults. The use of an accurate eye-tracking system to
monitor eye movements supports efficient presentation of vi-
sual stimuli and enables the construction of efficient and accu-
rate VA estimators. It is important to emphasize that even
though the VA detector in this study was based on the statis-
tical properties of a single parameter (RFT), in principle the VA
detector can be constructed with the joint probability density
functions of multiple visual scanning parameters (e.g., proba-
bility of first fixation on the field with the gratings). Such an
extension might further improve the performance of the de-
tector (assuming that not all the visual scanning parameters are
perfectly correlated). On the other hand, some of the other
parameters that are used to judge the infant’s ability to detect
gratings (e.g., eyes’ widening) might be lost using a gaze-
tracking device.

The new approach to the analysis of visual scanning param-
eters can provide the basis for novel PL procedures that may
have greater accuracy than the traditional ACP.

APPENDIX

The conditional probability density functions of the RFT for
spatial frequencies in the reliably discriminated region,
f(RFT�H1), and in the nondiscriminated region, f(RFT�H0), are
presented in Figure A1. The probability density functions are
based on data from all nine subjects (251 observations in the
reliably discriminated region and 109 observations in the non-
discriminated region).

The two conditional probability density functions of the
RFT were used to construct an optimal test to determine
whether the null hypothesis, H0 (subject cannot discriminate
between the target with the grating and the homogeneous
targets), or the alternative hypothesis, H1 (subject can discrim-
inate between the target with the grating and the homoge-
neous targets) increase, should be accepted.40 The optimality
criterion for the test was to maximize the probability of detec-
tion, PD (accepts H1 when H1 is true), for a fixed probability of
false positive, PF (accepts H1 when H0 is true). Under this
criterion, the likelihood ratio test is optimal.41 The likelihood
ratio for the parameter RFT, for N independent trials (1…N),
can be written as the ratio of the products of the conditional
probability density functions in the reliably discriminated re-
gion, f(RFTi�H1) (Fig. A1A), over the conditional probability
density functions in the nondiscriminated region, f(RFTi�H0)
(Fig. A1B):

��RFT1, RFT2, . . . RFTN�

�
f�RFT1�H1� � f�RFT2�H1� � . . . f�RFTN�H1�

f�RFT1�H0� � f�RFT2�H0� � . . . f�RFTN�H0�

(1)

If the likelihood ratio, �(RFT1, RFT2, . . . RFTN), is ��, accept
H0; otherwise, accept H1.

Using the probability density functions in Figure A1, the
conditional probability density of the likelihood ratio when H0

is true, f(��H0), and when H1 is true, f(��H1), can be com-
puted. The probability of false alarm, PF, (accepts H1 when H0

is true), and the probability of detection, PD, (accepts H1 when
H1 is true) can then be calculated from equations 2 and 3,
respectively. The value of � is determined by setting PF to a
certain level (e.g., 5%)

PF � �
�

	

f�� � H0�d� (2)

PD � �
�

	

f�� � H1�d� (3)

when PF is set to 5% (� � 5%) and only one trial is used at each
spatial frequency, � � 3.63 and PD � 40%. When two trials are
used at each spatial frequency, for � � 5%, � � 2.51 and PD �
75.1%. If data from three trials are used, � � 5%, � � 1.58, and
PD � 88.6%.
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FIGURE A1. Conditional probabil-
ity density functions for the relative
fixation time. (A) Grating frequen-
cies in the reliably discriminated re-
gion. (B) Grating frequencies in the
nondiscriminated region.
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