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Analysis of Normal Flicker Sensitivity and
Its Variability in the Visuogram Test
Christopher W. Tyler
Flicker sensitivity was measured in groups of younger and older adult observers to assess its mean
values and the test-retcst variability both between sessions and in a single session. Test-retest sensitivities differed by less than 15% but tended to decrease slightly in a session and increase slightly between
sessions. Optical blur had little effect on the measured sensitivities, implying that they were not
mediated by the edge information in the display. There were no significant differences between eyes
other than those attributable to testing order. Within eyes, inherent variations in human flicker sensitivity accounted for about half of the variance, and within-session variability accounted for most of the
remainder. Invest Ophthalmol Vis Sci 32:2552-2560, 1991
Sensitivity to sinusoidal temporal modulation
(flicker sensitivity) of a uniform stimulus field is a
useful technique with application to ophthalmologic
diagnosis. When measured by varying the amplitude
of the light modulation at a series of fixed frequencies,
flicker thresholds provide measurements of contrast
sensitivity for the stimulus used and define the temporal response characteristic of the visual pathway.
These two properties allow flicker sensitivity to be
used in various diseases to provide earlier detection
than previously available tests, 12 to measure a reversible component of the visual susceptibility to disease,3
to provide differential diagnosis among conditions
that are similar according to other tests (eg, retinitis
pigmentosa),4 to characterize the nature of a sensory
deficit,5-6 and to provide information as to which retinal mechanisms are affected by disease.5
A requirement for full clinical application is the establishment of normal data against which individual
test results can be evaluated. Few such normal data
are available for temporal modulation sensitivity, although the variation with age has now been investigated fully.7 Several issues relevant to the detailed
specification of normal flicker sensitivity and its variability by means of the temporal visuogram test are
now addressed. The temporal visuogram is a representation of the loss (or enhancement) of flicker sensitiv-

ity in relation to the normal mean sensitivity under
the same conditions. Normal mean flicker sensitivity
for sinusoidal modulation of the stimulus luminance
over time is determined as the reciprocal of detection
threshold over a large number of normal observers.
The temporal visuogram (or loss function) then is defined as the log of the ratio of sensitivity for a particular observer to the normal mean sensitivity (in tenths
of a log unit or decilogs [dl]).
Temporal sensitivity functions were measured at
many frequencies and compared in each eye of
younger and older observers. The robustness of the
function then was evaluated for degradation of the
image by optical blur. The interobserver variability
was compared at ten frequencies to determine
whether there was any consistent variation with frequency. The test-retest reliability was evaluated both
within a test session and between two sessions separated by several weeks. Reliability was specified both
in terms of the absolute change in sensitivity with
temporal frequency and the standard deviation (SD)
of the changes.

Materials and Methods
Stimulus Design
A flicker threshold system was set up to test flicker
frequencies in half-octave steps from 2.5 Hz upward,
in addition to the critical fusion frequency (CFF). The
flicker was presented in a smooth, sustained fashion
by means of a 0.5-sec cosine envelope for the flicker
signal, a sinusoidal modulation around the continuously present mean level.
The stimulus consisted of an array of light-emitting
diodes of 660-nm peak wavelength diffused to appear
as a uniform red disc of 5° subtense and set in an
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equiluminant white surround of 400 cd/m2. This stimulus configuration has been developed for assessment
of photopic vision across a range of retinal and optic
nerve disorders. It uses long-wavelength light to isolate cone responses and eliminate any rod contamination; it also has other advantages for the study of retinal function. Spatially, the stimulus was selected to be
large enough to cover the macula rather than being
restricted to the fovea in extent. This larger size
tended to minimize foveal edge effects, consequently
resisting the effects of both optical blur and inaccurate
eye fixations. As a result, this stimulus was optimized
for the assessment of temporal retinal function
against spatial and optical factors. It thus has wide
applicability to a range of eye diseases affecting both
macular function and broader retinal sensitivity and
minimized contamination from defocus, optical distortions, and early media opacities.
One important issue in the study of clinical visual
sensitivity losses is control of the age changes in transmission losses in the optic media: the cornea, lens,
and vitreous bodies. The lens grows both harder and
more optically dense with age, potentially contaminating evaluation of retinal function. However, there is a
large covariation in the transmission loss with the
wavelength of the light used for the test. Losses become almost negligible for longer wavelengths, such
as the peak wavelength of 660 nm chosen for the test
stimulus. The transmission loss at 660 nm is not measurable in young adults,8-9 and the increase in transmission loss from ages 5-70 yr is less than 0.1 log unit
(1 dl) around this wavelength.9 Moreover, the same
resistance to optical scatter makes long-wavelength
light the region of the spectrum least susceptible to
losses from early lens cataracts. This test probe thus
may be considered the most sensitive wavelength for
measurement of nonoptical changes in visual function with age.
Use of long-wavelength light has other advantages.
It is the only region of the spectrum that can isolate
the responses of a single cone type without adaptation. It also maintains this isolation at all intensity
levels, avoiding contamination from rods and other
cone classes. Finally, it is available inexpensively in
the form of light-emitting diodes, which can deliver
high intensities with excellent control over the temporal properties and linearity.
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cies were interleaved in cyclic rotation. For the fixed
frequency staircases, stimulus amplitude (modulation
depth) was decreased by one step (ie, 0.1 log units) for
a yes response, but it was increased by three steps for a
no response. (Thus an accurate no response should
represent threshold and should be followed by three
yes responses as the staircase jumped up and tracked
down to threshold again.) The staircase was terminated when a no response was obtained on the same
or adjacent modulation levels as the preceding no response. The threshold was considered to be the average flicker amplitude at these two criterion no responses.
The CFF first was measured alone by means of a
similar descending staircase procedure. For the CFF
measurements only, the staircase had a variable step
size. The sequence began at 5 Hz and increased in
5-Hz steps until the first no response was obtained.
The subsequent staircase operated by 1 -Hz frequency
steps on the same three-up/one-down paradigm used
for the modulation amplitude, until two subsequent
no responses were obtained at the same or adjacent
frequency steps. The resulting CFF value was used to
set the subsequent range of frequencies used for the
second phase of the test—the measurement of modulation sensitivity at fixed frequencies.
Having selected the applicable frequency range, the
algorithm then cycled through the chosen test frequencies in sequence, obtaining one response for each
frequency before changing to the next. Each response
then was used to determine the value presented at that
frequency the next time around, following the same
algorithm as for CFF except that each step was 1 dl
(25%) of modulation amplitude. The staircase for
each frequency proceeded independently (although
temporally intermixed) until two subsequent no responses were obtained on the same or adjacent flicker
levels.
Each eye was tested separately, with the untested
eye being occluded by an opaque patch. A typical test
run for one eye would take about 10 min for ten frequencies; run lengths varied from approximately 50100 or more trials, according to when the criteria were
met. The optimal values for the termination criteria
were ascertained by computer simulation of hundreds
of runs and also were found to give psychophysical
thresholds with close to the simulated variability even
in untrained observers.

Psychophysical Staircase Procedure

The test procedure consisted of a yes-no task for
flicker detection with 20% blank trials as a check on
the false-alarm response rate. The overall paradigm
consisted of a cyclic interleaved staircase procedure,
in which each the staircases for all stimulus frequen-

Test-Retest Procedure
The requirement for test-retest reliability was that
each eye be tested twice in one session and twice again
in a further session separated by a substantial lapse of
time. Both eyes of 33 normal observers were tested in

Downloaded From: https://iovs.arvojournals.org/pdfaccess.ashx?url=/data/journals/iovs/933160/ on 07/26/2018

2554

INVESTIGATIVE OPHTHALMOLOGY & VISUAL SCIENCE / Augusr 1991

two sessions separated by at least 1 month but no
more than 4 months. The testing order always was to
start with the right eye and then test the left eye, followed by a second test for each eye in sequence. The
same procedure was followed in the second test session.
Observers
The observers were drawn from a population of hospital volunteers and respondents to local advertisements. The average age of the observers was 38 ± 11.9
yr. Informed written consent was obtained from each
observer after the nature of the procedures was explained fully according to the protocol approved for
this project by the Joint Council on Human Research.
The absence of ocular pathology was assessed by obtaining a clinical history and direct ophthalmic evaluation. It was considered optimal to use lenient inclusion criteria for normal subjects because this provides
the most useful sample for clinical evaluation of the
effective normal population.
Data Analysis
A significant aspect of the data analysis was the use
of Winsorization to derive robust estimates of the
error terms on the sensitivity means.10 Winsorization
is a process in which data falling more than a set multiple of the SD from the mean is cropped from the sample and the SD recomputed on the reduced sample.
This new SD then is used as the basis of further iterations of the same procedure until the values stabilize,
and no more data are cropped.
The value of the Winsorized estimate of the population SD is more robust against statistical fluctuations
than the full sample SD for small data samples.10 It
has the further advantage that it tends to extract the
SD of a normal population from an overall distribution contaminated by a small proportion of abnormal
values. This type of mixed distribution is typical of
clinical populations, where a small number of patients are mixed in with a large group from a homogeneous normal distribution. It is also typical of human
psychophysical response patterns, where most data
are obtained under conditions of high attentiveness,
but occasional lapses may result in a few wild values
in the distribution. A similar situation is encountered
in aging populations, where most individuals may be
normal, although a few may have undetected age-specific diseases which distort their results relative to the
normal group.
Suppose such a distribution consists of a large population with a small SD and a small proportion with a
large SD, perhaps with a different mean so that the
combined distribution is asymmetric. The Winsoriza-
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tion procedure progressively crops the (asymmetric)
tails of the distribution, because its criterion SD is
dominated by the contribution of the larger population. The cropping will continue until it reaches the
tails of the large population, where it will stop as it
would if that had been the sole distribution. Winsorization therefore is effective at extracting the normal
distribution and excluding the small abnormal one.
Winsorization often is viewed with the suspicion
that it may reduce the measured value iteratively to
provide an unrealistically low estimate of the population SD. This is not the case if the Winsorization is
done properly. Consider a situation where there are
20 elements in a sample and a high cropping criterion
such as 2 SD. On a statistical basis, only one of the
elements should fall outside these bounds on a typical
trial. The effect of cropping will reduce the estimated
SD by about 10%, but the likelihood is that no further
cropping will occur when the criterion is reapplied.
The slight reduction in the SD estimate may be compensated by adjusting the P criterion for statistical
tests applied to this population.
The conclusion from these arguments is that Winsorization is a powerful technique for increasing the
reliability and validity of SD estimates in populations
containing a small proportion of deviant responses.
Its widespread use may be advocated for development
of clinical norms against which disease states may be
tested.
Results
Normal Sensitivity in the Temporal Visuogram
Temporal visuogram sensitivities were measured
for 59 observers with no clinical symptoms of ocular
pathology. The data were screened for reliability of
the observers in two ways. The first was derived from
the false-positive response rate. The test procedure included 20% blank trials as an indication of the observers' attention to the task and response criterion.
This resulted in the presentation of an average of 8 ± 3
blank trials during a typical test run. The observers
were allowed no more than two false-positive responses for an acceptable performance; however no
one was excluded from further analysis based on this
criterion.
The second screening procedure was to Winsorize
the data to eliminate outliers.710 First, the means and
SDs were computed for each data set in each frequency condition. All observers with data falling
beyond 2 SD from the mean for that frequency condition and age group were removed from the overall
sample (even if other data for the same observer fell
within the range). A new mean and SD then were
computed for the Winsorized data for each age group
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and condition, and the procedure iterated until it stabilized with no more removals. In practice, usually
one and no more than two iterations sufficed for the
procedure to stabilize in each group. A total of eight
(13.6%) observers were excluded by this criterion.
The observers then were divided into two age
groups, those 15-55 yr of age (n = 28; mean age, 34
± 11.0 yr) and those 60-80 yr of age (n = 23; mean
age, 68 ± 7.7 yr). The excluded observers consisted of
five from the younger group (mean age, 45 ± 9.2 yr)
and three from the older group (mean age, 69 ± 4.7
yr). These exclusion data provide no evidence that the
exclusions were biased with respect to age either between or within the age groups.
The temporal visuogram sensitivities obtained are
shown in Figure 1, separately for right and left eyes.
For the younger group, the sensitivities of the two eyes
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Fig. 2. Mean difference between right and left eye sensitivities in
visuogram format (but note ordinate scale difference from Fig. 1).
Dashed line—normalized sensitivity level for right eyes. Open symbols—mean sensitivity loss in left eye relative to right eye for
younger observers. Filled symbols—mean sensitivity loss in left eye
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Fig. 1. (A) Mean flicker modulation sensitivities for right (filled
symbols) and left (open symbols) eyes of observers between 15 and
55 years old. (B) Mean flicker modulation sensitivities for observers
aged 60-80 years old. Dashed line—mean of data from younger
observers from (A).

were similar, rising to a peak at 10 Hz and declining
progressively more steeply to higher frequencies. The
form of this function is as expected from the original
studies of flicker sensitivity.1'12 A comparison of the
sensitivities for these groups before and after the Winsorization process showed that all the post-Winsorization values were within 0.2 dl (about 1%) of their preWinsorization counterparts. The Winsorization process did not, therefore, introduce significant bias in
the sensitivity results.
The older group showed a slightly reduced sensitivity relative to the younger ones, averaging about a 1 -dl
(~25%) reduction across temporal frequency but
with a slight increase to higher frequencies. This is the
pattern of behavior expected from a previous study of
aging effects with the same stimulus.7 However, our
results show that there was a difference between the
two eyes in both age groups. These results are displayed in a visuogram format with enlarged vertical
scaling in Figure 2. Taking the right eye as a baseline,
the visuogram shows the relative gain or loss in sensitivity exhibited by the left eye.
At all frequencies in both age groups, the left eyes
were less sensitive than the right by an average of
about 0.4 dl (~ 10%). The effect was small but statistically significant (student t-test, P < 0.01). The pattern
of sensitivity difference was different in the two age
groups, however. The younger observers showed only
a small eye difference up to 20 Hz, then appeared to
switch to a substantially larger difference reaching
about 0.7 dl (~ 18%). The older observers, however,
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showed a larger difference up to 20 Hz, which seemed
to be reduced thereafter. The number of observers
was not sufficient to allow a secure interpretation of
these different patterns, but the consistent empiric result of a lower sensitivity in the left eye when tested
second should be taken into account in setting the
limits of normal sensitivity levels for the visuogram
test.
Effects of Optical Blur
The flicker image was blurred by measuring the
flicker sensitivity function before and after introduction of a +10 D spheric lens before the right eyes of six
observers (mean age, 54 ± 19.2 yr). This power was
chosen so that the stimulus appeared to be a raised
cosine blur circle with full contrast at the center but
maximally gradual change across the edge. At the
viewing distance of 28 cm, the +10 D power would
have been reduced by 100/28 or 3.57 D, ensuring that
the residual blur was still +6.43 D.
The means and their standard errors (SEM) for the
blurred-normal sensitivity differences were plotted in
the form of a visuogram as a function of frequency in
Figure 3. The data fell very close to the zero line of no
effect but showed an average drop of about 1 dl that
appears to be uniform across frequency. A small sensitivity loss is to be expected from this degree of blur
because it would reduce the average contrast across
the original stimulus area by 50%, or 3 dl (on the assumption that the stimulus was blurred to a single
raised cosine profile with full contrast at the center).
Sensitivity therefore would be expected to be reduced
by 0-3 dl depending on the integration area of the
mechanisms determining flicker sensitivity.
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Fig. 3. Effect of blurring stimulus with a +10 D lens. Points show
average flicker loss relative to unblurrcd stimulus for six observers.
Error bar indicates ±1 SDofthe loss ratio averaged over all frequencies.

Vol. 02

Interobscrver Variability
For comparison of a patient's results with the normal population statistics, it is important to know the
variability of test sensitivities across the normal population. A study7 of this variability in a large population of self-tested observers showed it to have an average SD of about 1.8 dl throughout young adulthood.
However, this study had three shortcomings for our
purposes. It did not involve controlled laboratory testing conditions, only three frequencies were tested,
and the SD was not computed for older individuals
who constitute much of the clinical population. My
study readdressed all three of these deficiencies.
The SD for the sensitivities of each eye for each of
the age groups is shown in Figure 4. The values range
from 1.3-2.2 dl but do not deviate significantly from a
uniform distribution for any condition. The average
SD across frequency was 1.75 dl for the younger observers and 1.70 dl for the older group (values similar
to those obtained in the previous study7). Thus there
is no indication that the older observers had greater
variability than the younger ones, either on an individual basis or across the population (either type of variability would increase the population SD measured).
These values are only 11.6% and 14.8% lower than the
corresponding values before Winsorization. Thus the
exclusion procedure did not produce a large or age-related reduction in the SD values, although some reduction is inherent in the procedure.
Normal Test-Retest Reliability Between Sessions
The reliability measure appropriate to comparisons
of patients with normal subjects is test-retest reliability between sessions. Each person is tested in a different session, so they should be compared with the variability in a single observer when tested in different
sessions. Virtually all variability in attentional and
biochemical states then is equivalent between the two
situations. The between-session reliability was obtained by comparison of the results in the first test on
each eye between the two testing sessions as described.
The mean sensitivity changes in the first pair of
tests from the first to the second testing session are
shown in Figure 5A. The first observation from these
data was that the changes between sessions were
small, with none exceeding 0.6 dl (15%). At best, these
effects are barely statistically significant on an individual frequency basis; the criterion change for significance (P < 0.01) was 0.74 dl for therighteyes and 0.63
dl for the left eyes. Although the changes were small,
however, they were almost all in the positive direction, so that measured sensitivity was consistently better in the second session than the first. There was also
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a tendency for the difference to increase toward the
higher frequency, as indicated by a significant correlation (P < 0.01) between sensitivity increase and test
frequency of r = 0.55 for the two eyes combined.
Between-session variability was uniform across frequency (Fig. 5B) averaging 1.82 dl for the right eye
and 1.54 dl for the left, for a combined average of 1.68
dl. Note that these values combine the contributions
of variability for the two sessions. Because distribu-
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tion variances are additive, the estimated variance for
a single session should be half of the combined variance for the two sessions. Variability is plotted in
terms of its SD (square root of the variance); therefore
the estimated SD for a single session should be smaller
by the square root of 2 (0.707) than the values plotted.
The average SD of the single-session variability thus
would be estimated to be 1.19 dl. The average slope of
the variability across temporal frequency was not sta-
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slightly between sessions, especially at higher frequencies. (B) Standard deviation of tcst-rctest variability between first and second sessions for
each eye of the same observers.

Downloaded From: https://iovs.arvojournals.org/pdfaccess.ashx?url=/data/journals/iovs/933160/ on 07/26/2018

2558

INVESTIGATIVE OPHTHALMOLOGY & VISUAL SCIENCE / Augusr 1991

tistically significant and accounted for only ±12.5%
of the total variance.

Vol. 32

Discussion
Effects of Optical Blur

Normal Test-Retest Reliability Within a Session
Within-session reliability is the measurement appropriate for comparison of different test conditions
run on a single observer in a test session. It includes
not only the inherent testing variability but also fatigue and practice effects accumulated during the test
procedure.
The results for the 33 test-retest observers are
shown separately for the two eyes in Figures 6A and
6B. The mean sensitivity change from the first to the
second test for each eye (Fig. 6A) was always negative
except at one frequency (2.5 Hz). It seems, therefore,
that normal observers tend to do more poorly with
repeated testing in a session, although the reduction in
sensitivity averaged less than 1 dl. The pattern of reduction was, as would be expected, similar between
the two eyes but appeared to increase with temporal
frequency. The relationship with frequency was significant at P < 0.01, as indicated by the correlation value
of -0.64 for the two eyes combined.
The variability of the test-retest data within the session, however, was relatively uniform across frequency (Fig. 6B), with an average SD across eyes of
1.62 dl. Applying the same correction for two distributions that was used for the between-session variability gave an estimated SD for a single session of 1.14 dl.
The average slope was not statistically significant and
accounted for a full range of only ±13% around the
mean level.

The data in Figure 3 show that the temporal visuogram test was highly insensitive to refractive error because a degree of dioptric error beyond anything that
normally would be encountered has only a marginal
effect on sensitivity and is frequency independent.
This result emphasizes the robustness of temporal sensitivity in the form we tested, with respect to both the
spatial parameters of the stimulus and the refractive
status of the patients under diagnosis.
The blur data in Figure 3 also are interesting from
the point of view of the mechanisms underlying temporal sensitivity. It has been suggested13 that temporal
sensitivity has a large contribution from local edge
effects, especially at low temporal frequencies. If this
were a differential effect (that could operate at low
temporal frequencies but not at high temporal frequencies where the spatiotemporal phase of the perceived flicker becomes indeterminate), the shape of
the flicker sensitivity function would be affected by
the degree of blur. Our data show no such effects and
therefore suggest that edge effects do not provide a
detectable contribution to flicker sensitivity in this
stimulus configuration, at least down to the lowest
tested frequency of 2.5 Hz. This may be because the
edges of the stimulus are viewed in the near periphery
(at 2.5° eccentricity if the observers are fixating accurately) where edge sensitivity is less than in the fovea.
Reducing the edges by profound blurring therefore

Right Eye

•

Left Eye

o)
o
"13 2 - 5 -

(N =33)

B

Q)

^ 2-0o

n

1 1-5-1

i

CD

Q
-D

10-

03

g 0-5o

01-20
o)

o

2-5 5

7

l -L J

2-5 5
10 14 20 28 34 40 45
Frequency (Hz)

7

111

10 14 20 28 34 40 45

Fig. 6. (A) Mean sensitivity change, and (B) SD of test-retest variability within the first session (between first and second runs for each eye),
in the same format as Figure 5. Note that almost all mean values decrease during the session, especially at higher frequencies.

Downloaded From: https://iovs.arvojournals.org/pdfaccess.ashx?url=/data/journals/iovs/933160/ on 07/26/2018

No. 9

2559

FLICKER SENSITIVITY TEST NORMS / Tyler

has little effect on the foveal contribution to the measured sensitivities.
The implication of a failure to use edge information
is supported by the fact that the temporal sensitivities
were much lower than those for spatially modulated
targets at the optimum spatial frequency.14 It thus appears that the reported flicker sensitivities are mediated by detectors in the area stimulated rather than
edge-selective mechanisms emphasizing the regions
local to the edge of the flickering area.
Right-Left Eye Difference
The data in Figure 2 show that, as tested, the left eye
had a lower sensitivity than the right by an average of
about 0.4 dl. Moreover, the pattern of loss with respect to temporal frequency in younger adults was
similar to the eye effect; low frequencies were the least
affected and high frequencies, the most. However, the
opposite pattern was seen in the older observers. The
mean age differences across temporal frequency were
significant {P < 0.01) by the chi-square test.
A possible explanation for this empiric left-eye inferiority is that the clinical procedure was always to test
the right eyefirst,followed by the left eye. The left eye
sensitivities thus might have suffered from fatigue or
other time-linked factors during the testing session.
This possibility was addressed by the results of the
within-session test-retest data; these showed a tendency toward reduced sensitivity for the second test
during a session relative to the first (Fig. 6).
It therefore is appropriate to compensate for the
expected test-retest changes in the eye effect. However, the test-retest data were separated by an intervening test of the other eye in each case; therefore they
represented a separation of twice as much time and
effort as the intereye comparison. Accordingly, the
compensation used was one half the values shown in
Figure 6A, averaged across eyes. This represents the
best estimate of the effect of test order alone on the
left-right eye comparison. The resulting difference in
sensitivity between the two eyes is shown for younger
and older observers in the form of a visuogram for the
left eye relative to the right eye sensitivities in Figure
7. This plot indicates that the left-right differences
became insignificantly different from zero after correction for order effects. The dashed lines show the average 5% confidence intervals of ± 1.95 SEM based on
the SEM of 0.325 dl for the younger group and 0.342
dl for the older group averaged across frequency.
These confidence intervals encompass the corrected
differences at all frequencies; all the differences therefore are within measurement error. The left-right difference seen in Figure 2 was attributable entirely to
the fact that the right eye was tested first.
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Fig. 7. Left-right eye differences corrected for within-session
changes for younger and older observers. Differences arc all less
than about 0.5 dl. Dashed lines show average confidence intervals
of ± 1.95 SEM for the two groups around the means, averaged
across temporal frequency and age group. Note that neither group
of observers shows significant intcrocular differences exceeding
these confidence intervals at any temporal frequency.

Partitioning the Population Variance

The overall population SD, averaged across the two
age groups, was 1.73 dl, giving a total variance of 2.98
dl. A very similar value of the population SD was
obtained in the previous study of over 800 observers.9
This variance may be partitioned between the interobserver, between-session, and within-session contributions by the additive variance model.15 This model
relies on the assumption that the factors influencing
variability with and between sessions are independent
and not related to individual differences. A sample of
correlations in the full data set were evaluated for interdependence of test-retest variability with individual differences, but no consistent correlation trends
were found. It therefore appears that the independent
variability assumption is a reasonable assumption for
these data.
The mean between-session variance averaged over
each observer was 1.42 dl, based on the estimated single-session SD of 1.19 dl. Comparing this variance
with the overall population variance of 2.98 dl shows
that the between-session variance accounted for
47.7% of the measured population variance. Because
the variance between sessions includes essentially all
the influences on an individual that could enter into
the group measurement, it follows that only 53.3% of
the variance was caused by stable variations between
individuals. The implication is that inherent flicker
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sensitivity is relatively similar across individuals and
would have a SD of
0.53X2.98= 1.26 dl
if it could be measured without any test variability.
It should be noted that this analysis applies to the
Winsorized data with extreme responses removed
and therefore determines the "typical" section of the
observer population and test variability distributions
lying within ± 2 SD of the mean (95% of the population and its responses). The remaining 5% constitute
extreme observers or responses that may not have the
same relationship between the population and test
variabilities. The SD of 1.26 dl for the typical
members (95%) of the population implies a full range
of underlying sensitivity variation of 5 dl, or about a
300% difference from the lowest to the highest.
The same approach may be taken to partitioning
the population variance into within-session variance,
although there may be other influences operating between tests in a single session that do not operate on
the first test in each session across observers. Examples are the fatigue and practice effects mentioned previously. Any attempt to partition the population variance on the basis of within-session variance is therefore an upper bound (there could always be less
within-session variance operating in the test population than was measured in sequential tests in the session).
The within-session variance had the low value of
1.30 dl, accounting for 43.6% of the population variance. This means that the total variance can be partitioned into this 43.6% from within-session variance,
4.1% from between-session variance, and 53.3% from
inherent individual variation. It thus appears that the
major components of the flicker variability are the
stable individual differences between observers and
the immediate within-session test effects, with only a
small portion attributable to variability between sessions.
Key words:flicker,temporal sensitivity, normal, variability,
blur

Vol. 32

Acknowledgment
The author thanks R. H. Stamper, Chairman of the Department of Ophthalmology, Pacific Presbyterian Medical
Center, San Francisco, California, for making their facilities
available.

References
1. Tyler CW: Specific deficits of flicker sensitivity in glaucoma
and ocular hypertension. Invest Ophthalmol Vis Sci 20:204,
1981.
2. Stamper RL and Tyler CW: Effect of glaucoma on central visual function. In Recent Advances in Glaucoma, Ticho U and
David R, editors. Amsterdam, Elsevier, 1984, 79-94.
3. Buncic JR, Tytla ME, and Trope GE: Flicker sensitivity in
ocular hypertension before and during hypotensivc treatment.
ARVO Abstracts. Invest Ophthalmol Vis Sci 27(Suppl):158,
1986.
4. Tyler CW, Ernst WJK, and Lyness AL: Photopicflickersensitivity losses in simplex and multiplex retinitis pigmentosa. Invest Ophthalmol Vis Sci 25:1035, 1986.
5. Tyler CW and Ernst WJK: Psychophysical evaluation of the
temporal response of the retina in ocular disease. Eye Science
2:109, 1986.
6. Ernst WJK, Tyler CW, Clover GC, Noble BA, and Faulkner
DJ: Flicker studies of retinitis pigmentosa. In Research in Retinitis Pigmentosa, Vol 62, Zrenner E, Krastel H, and Goebel
HH, editors. Oxford, Pergamon, 1987, 21-128:
7. Tyler CW: Two processes control variations inflickersensitivity over the life span. J Opt Soc Am [A] 6:481, 1989.
8. Van Norren DV and Vos JJ: Spectral transmission of the human ocular media. Vision Res 14:1237, 1974.
9. Werner JS: Development of scotopic spectral sensitivity and
the absorption spectrum of the human ocular media. J Opt Soc
Am [A] 72:247, 1982.
10. Tukcy JW and McLaughlin DH: Less vulnerable confidence
and significance procedures for location based on a single sample: Trimming/Winsorization. Sankhya A 25:331, 1963.
11. de Lange H: Research in the dynamic nature of the human
fovea-cortex systems with intermittent and modulated light: I.
Attenuation characteristics with white and colored light. J Opt
Soc Am [A] 48:777, 1958.
12. Kelly DH: Visual responses to time-dependent stimuli: I. Amplitude sensitivity measurements. J Opt Soc Am [A] 51:422,
1961.
13. Tulunay-Kcescy U: Variables determiningflickersensitivity in
smallfields.J Opt Soc Am [A] 60:390, 1970.
14. Robson JG: Spatial and temporal contrast-sensitivity functions
of the visual system. J Opt Soc Am [A] 56:1141, 1966.
15. Winer BJ: Statistical Principles in Experimental Design. New
York, McGraw-Hill, 1962, 58-145.

Downloaded From: https://iovs.arvojournals.org/pdfaccess.ashx?url=/data/journals/iovs/933160/ on 07/26/2018

