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Abstract---Observers
performed stmpie detection and left right discrimmation
of drafting s~nuso~dai
eraIings. Ratlo of detection to discrimination
sensiti\,ities
\has measured under \ariationh
in sewal
rxperimental parameters.
In the first experiment.
It wah found that comblnatlon>
of +~tlal
and temporal
frequent!
which resulted in the same velocity produced similar detection
discrtminatton
ratios. At an
described
a poser
exposure
duration
of 8OOmsec. the relationship
between the rai~o and \&XII!
duration
shifted the curve to higher veiocltles.
I
function
with the intercept at 0.6. set -‘. Decreasing
the effect of grating orientatton
in a second cxperlment.
Visual sensiti\it!
was poorer
for
for vertical gratings with detection and dtscrimmatlon
exhibltrng
stmrlar size anihotropte\.
In a third experiment,
observers viewed gratings presented to different retmal locr. E’~ual performance
tn
both detection
and discrimination
fell with greater eccentricity.
However.
motion
discrimination
fell
more steeply resulting
in an increase in the ratio. The results demonstrate
that form and motion
analyzing
mechamsms cannot be distinguished
by their response to changes of spatial frequency.
orientation or retinal locus.
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oblique than

Motion

Orientation

Eccentricit)

SustaIned-tranhlent

Contrast
sensitivity
for detection of gratings has frequently been used to determine human visua! sensitivity, In early grating studies, the criterion
for
threshold was usually defined as the minimum contest required to barely distinguish that the display
was no longer a uniform field. The exact appearance
of the target at threshold was not considered when
making determinations
of sensitivity. More recent
experimenters
Wan Nes et a(.. 1967; Keesey. 1972:
Kulikowski. 1971) have noted that with each set of
parameters.
separate
contrast
thresholds
may be
recorded for the perception
of temporal
(motion
tlickerl and spatial (pattern) structure. Results showed
that changes in the values of experimental
variables
differentially
affected the two classes of threshold.
This has led some (e.g. Keesey. 1972: Tolhurst. 1973:
Kulikowski
and Tolhurst.
1973: Breitmeyer
and
Ganz. 1976) to suggest that the human visual system
contams separate pattern flicker (‘*t~nsient”~ and pattern (“sustamed”) analyzing systems. A survey of the
literature shows that previous authors have suggested
three parameters
which dilTerentiat1~ agect the two
mechanisms.

Studies of the relationship
between flicker, motion
and pattern thresholds have been primarily concerned
with the effects of spatial and temporal frequency.
Man! studies (e.g. Van Nes et ul.. 1967) have demon-

strated that threshold for spatial structure was lower
than that for temporal structure when the target contains high spatial and low temporal
frequencies.
Under these conditions. a drifting grating c;1n appear
as ;I set of stationar!
stripes
at detection
threshold.
Thr stripes
st’mi
10 mobe
only after contrast is increased to II higher ietel. Higher remporal and low
spatial frequencies produce the opposite result: temporal structure is seen at detection threshold with a
sreater contrast necessary for perception of distinct
light and dark bars. This result has led to the conclusion (Tolhurst. 1973: Kulihowski and Tolhurst. 1973)
that the transient system is tuned to low spatial frequencics whiie the susmncci
system is more sensitive
at hifhcr spatial frequencies.
However. the greater sensitivit! for temporal structure at IOU spatial freyuenclrs may have an alternate
explanation.
Most investigators
who employ grating
stimuli specify rate of motion in terms of temporal
frequonc! of the target. This means that when spatial
freyuonc> of the grating is varied. temporal frequency
is held constant. Ah a result. high spatial frequency
gratings move at a lower velocity than low spattal
frequency targets. Thus follows from the fact that velocity is equal to the temporal frequency divided by
the spattal frequent! of the target gratings. Therefore,
the grcatcr >enGtivity fc>rtemporal change at low spatial frequencies ma> actually represent a greater sensiti\ity ;II high velocities.
This possrbilit>
was examined
by Harris
(19X0),
who conduct4
an extcnstve study of the relationship
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between pattern and flicker thresholds. Observers
used method of adjustment to set both types of
threshold for test gratings covering a wide range of
spatial and temporal frequencies. The experimental
results showed greater sensitivity to flicker at high
velocities and greater sensitivity to pattern at low
velocities. Moreover, Harris concluded that combinations of spatial and temporal frequencies which
produce the same velocity resulted in a similar ratio
of flicker to form thresholds. However, this conclusion was based on the mean of seven observers. Data
from different subjects varied greatly, and the group
mean curve did not reflect the behavior of individual
observers.
In most studies of pattern and flicker/motion
thresholds (such as Harris’), observers adjust contrast
of the test grating until “distinct” spatial or temporal
structure is seen. This task is both difficult and highly
subjective in nature. As an alternative, several experimenters (Green. 198%; Lennie, 1980; Watson et al.,
1980) have employed a two alternative forced-choice
detection-discrimination
paradigm. Observers were
tested for both simple detection and left-right discrim~nation of the same drifting gratings. All three
experiments showed that detection was better than
discrimination at high spatial frequencies but similar
at low spatial frequencies. However, these studies
used only a few combinations of spatial and temporal
frequencies. Moreover, temporal frequency was held
constant when spatial frequency was varied. It is
therefore not possible to conclude whether the better
motion discrimination was due to lower spatial frequency or to higher velocity.

It has also been suggested that grating orientation
has a differential effect on the sustained and transient
mechanism. The influence of grating orientation on
pattern and ~i~ker/mo:ion thresholds has been examined in two studies which used similar techniques but
reported different conclusions. Camisa et al. (1977)
and Essock and Lehmkuhle (1983) instructed observers to set both classes of threshold for vertical and
45 oblique gratings. Camisa et al. concluded that
pattern sensitivity was lower for oblique gratings but
that orientation
had no effect on flicker/motion
thresholds. It was suggested therefore that retinal anisotropy is restricted to the sustained system. They
ignored. however. t:ie fact that one of their two observers actually exhibited a small but statistically significant I dB oblique effect for flicker (Essock, personal communication).
Essock and Lehmkuhle, on
the other hand, concluded that there is an oblique
effect for both pattern and flicker, alth~uEh the patsotropy was considerably greater.

Primarily on the basis of physiological evidence, it
has frequently (e.g. Breitmeyer and Gang 1976) been
suggested that the transient system is more sensitive

than the sustained system when the pertpherai rrtlna
stimulated. The view that the peripheral retina ,.
specialized for motion perception is quite old (Euner.
1875; Granit, 1930). but psy~hoph~si~~i evidence i5
based mostly on anecdotal observations. Quantit~~tl~e
studies (e.g. Leibowitz er ul.. 1971: Tlicr and Torres.
1972; Tynan and Sekuler. 1982) havtl demonstrated
that motion sensitivity (defined in trams of ljmln;l!
velocity or exposure duration) drcre;lses rvith gre,tter
eccentricity of stimulation. One posslbitt rsplanation
is that although both pattern and mlltion perccprion
are impaired with eccentric viewing. thr disruption 01
pattern perception is greater. Therefore. motion srnsi..
tivity might decrease in absolute terms hut improve
relative to form.
The purpose of the present experiment was t(l
employ the more rigorous detection-discrimination
paradigm to test whether form and motion:tIicker
analyzing systems can be differentiated on the basis of
their response to variations in spatial frequency,
orientation and retinal locus. In the first experiment.
detection
and
discrimination
thresholds
were
measured over a wide range of spatial and temporal
frequencies. My results generally rupport Harris’
(1980) conclusion that the ratio of motion to pattern
sensitivit! is determined solely bi veloctty. In ;i
second experiment. observers were tested with both
vertical and oblique gratings. Retinal asisotropirs of
equal magnitudes were found for both detection and
discrimination. This result fails to suppwt the oontention that there is a difference between pattern and
motion oblique effects. In a third experiment. ratios
were measured at different retinal t%centricities. Absolute sensitivity to both pattern and motion declined
with peripheral stimulation. but motion sensitivity fell
faster than pattern performance.
is

METHODS

Four observers served in different phases of the
study. D.G. and D.M. are emmetropes while W.S. and
E.E. are myopes and wore appropriate spectacle correction. Only E.E. was aware of the purpose of the
experiment.
Apparutus

und procedures

Observers binocularly viewed sme-wave gratings
which were presented on the face of a Tektronix 608
display by means of the standard television technique.
For the first (spatial and temporal frequency) and a
second (orientation) experiment. the screen was
masked down to a 6.1 circular field. A small black
circle was placed in the center of the screen to aid in
fixation. Grating orientation was changed by rotating
the entire CRT display in a wooden cradle. and no
optical devices were employed. For the third experiment (retinal locus) the field was 2 high and 4 wide.
During threshold determinations, observers viewed
either the center of the display or small red fixation

DetectIon and dIrectIon dlscrrmlnatlon
lights located at various distances below the midline
of the screen. Viewing distance was 91 cm and mean
luminance of the display was always 15 cd:m’. Unless
otherwise specified. grating exposure was 800 msec in
duration.
To start each session, the observer
first was
adapted to dim illumination for j min and then to the
unmodulated
CRT
screen
for ? min. Contrast
thresholds for both detection and discrimination
were
measured by means of a staircase procedure where
target detectabilit)
was altered in manner contingent
upon accurac!.
If correct responses were made on
three consecutive trials. contrast was decreased b! a
0.1 log untt step. An error at any time resulted in a
similar size contrast increment. A detection level corresponding to the 79.6”,, correct level on a psychometric function was found by averaging the reversal
point\ tn each staircase (Wetheril] and Levitt. 196j1.
FInal data usually represented the mean of two staircases consisting of 6 or 8 reversals each. Ninety percent of the estimated standard errors fell between 0.43
and 0.57 dB.
Detection and discrimination
data were collected in
separate statrcases. In detection situations. the ob\er\cr wah only required to identify which of the two
Inter\alz contained the test grating and no direction
information
was required. To produced
discriminatlon thresholds.
the observer
merely responded
“left” or ‘.right” after each trail, and no indication of
the correct inter\,al was necessary. My method differs
from that previous11 employed since I obtained detectmn and discrtmination
thresholds from separate sets
of trial5 whtle others (Lennie. 1980: Watson 6’~ ul..
I9801 ha\e used a simultaneous detection-discriminatlon procedure. However, the two methods seem to
product stmilar results (Green. 1987bj.
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data
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would occur if detection-discrimination
ratios are the
same at each velocity. In Fig. 3. the ratios for all
combinations
of spatial and temporal frequent!
are
plotted on a common velocity axis. The data for each
observer fall on a straight line. confirming that equal
velocities produce
similar detection-discrimination
ratios. At low velocities. there is a slight but systematic trend for 0.6 Hz rates to produce lower ratios
than 0.3 Hz gratings. The detection
and discrimination thresholds of the two observers reach equalit!
at about 0.6 !sec- I. This is slight]! faster than the
value suggested by Lennie (1980). possibly because of

RESC’LTS

-W.S.

In the first experiment.
detection
and discrimitla~ml
thresholds were measured for drifting gratings
\\hich iaricd in spatial and temporal
frequency.
IFl~ure~
I
and
:!
show
the
detection-discrimination
c
ratlo\
of grating5
presented
for a duration
of
so0 IllWc‘.
Each
set
of
points
represents
ratios
~~htained for ;I range of spatial frequencies
at a single
temporal frequent!.
For clarity of presentation.
data
[roni increasing]!,
lower temporal
frequency
conditlon\ hu\e been displaced upward by 4 dB. As has
pre\iousl!
been reported (Watson c’t trl.. 1980: Green.
]YQh: Lennie. 1980) detection
and discrimination
\cnsttt\ltle\
are similar with coarse gratings but
d~\erge with Increasing spatial frequency. The growth
01 the detection discrimination
ratio describes
a
p~~!\er- function at all temporal frequencies.
It I\ apparent from Figs I and 2 that data from the
four diftrent
temporal frequencies lie along approximateI> parallel lines and are displaced horizontal]? b!
1 octa\u of spatial frequency. This is exactly what
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of temporal frequency. Details are the same :ts Fig. I.
Observer W.S.
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Fig. 3. Ratio of detection to discrimination as a function of
\eloclt!.
Each symbol represents data obtained at a particular temporal frequency. Gratings were exposure for a
duration of 800 msec. Upper panel. observer W.S.: lower
panel. observer D.G.

the longer
exposure
durations
(2 sect that
he
employed (see below).
Figure 4 shows the results for a similar experiment
except that exposure
duration
was shortened
to
200 msec. The points again fall on a single line if plotted on a velocity scale. The critical velocity required
for discrimination
of direction
increased
to about
I set- ‘. However.
at low velocities.
the ratios
obtained with the 0.6 Hz drift rate begin to fall s!stematically above the data obtained with the other
two temporal frequencies. This suggests that there
ma\ be other factors besides velocity which determine
direction sensitivity at low spatial frequencies and low
\elocitics.
The experiment
was repeated with the durations
reduced further to 100 msec. As shown in Fig. 5.
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flicker

(1X0

phase

shift)

that

This greatly impaired the
ability
to discern motion.
In a previous
experiment
(Green. 19X&t 1 have similarly noted that uniform
flicker backgrounds
disrupted motion perception.
The resuts of the present experiment.
along with
those of Harris (1980). suggest that motion sensitivity
is better at low spatial frequencies
because these

was seen at grating

0%

were lox-. Under

required for discrimination
than would be expected on the basis of velocity alone.
Subjects noted that the source of the difficulty was an

8
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The m;t.jor tinding of the expertment IS that combination spatiat and temporal frequency vvhich give rise
to the same velocity also produce similar ratios of
detection to discrimination.
The previous assertion
(Tolhurst. 1973: Kulikowski and Tolhurst. 1973) thnt
motton sensitivity is detected by ;I transient system
tuned to low spatial frequencies apparently
resulted
from the practice of maintaining a constant temporal
frequency when spatial frequency LIas varied. However. the sample relationship
between ratio and vetoctty failed at brief exposure durations when spatial

.

.
0

0

pomts from the two temporal frequencies fall on the
s3me line with the critical velocity occurring at 3
speed well over 2 set-‘. The tendency for low velocit! ratios with the 0.6 Hz temporal frequency to he
greater than expected on the basis of velocity alone is
again evident.
In addition to the lower limit for discrimtnatton
of
direction at threshold. I also attempted to determine
the upper limit. Van Nes c’t trl. (19671 reported that at
ver! high velocities. the threshold percept of drifting
gatings was that of simple flicker and that direction of
motion was not evident. 1 attempted to measure the
velocity at which this effect occurs. However. 1 was
not able to accomplish this because observers could
discriminate
direction at threshold when I used the
61.4 set-’ (0.44 c deg at 27 Hz) maximum velocit!
that my apparatus could produce.

otl’set.

Detection

and d~rrct~on

dlhcrimlnarlon

targets move at a higher velocit!. Further evidence
that velocit).
and not temporal frequent!.
is the code
for motion was reported by Thompson
( 1981 I in a
study of velocity aftereffects.
He found that the size of
the effect

depended

solel!

on the velocity

x

of the adap-

However. his conclusions
are weakened by conflicting data (PantIe. 1974) which demonstrate\ that the motion afteretfect depends on temtation

grating.

poral

frequency.

Although

my

discrimination
buggests

data

show

depends

that

detection

that

on
prr

rctrio

velocity.

of detection
other

SC is determined

to

by

ent

frequency.

spatial

Studies

frequency

t

2.5
SPATIAL

tem-

shown that the optimal
\ensiti\,it! of human observers (Crook. 1937: Watanabe or al.. 196X: Tolhurst ?‘I II/.. 19731 and of single
units (Ganz. 1978) is obtained when gratings of differ-
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move
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The optimal frequency depends on several
factors but is usually in the 4-6Hz range (see Tolburst (‘I trl.. 19731. Since I employed drift rates only as
fast as 2.4 Hz. it was not possible to determine
ivhether this relationship held true in my experiment.
The present results also exhibit some indication
that the detection-discrimination
ratio exhibits a
velocity x time tradeoff. Doubling the exposure duratIon from 100 to 200msec
halved the velocit!
requtred for the observers to discriminate
direction at
threshold
from 2 see-’ to 1 sec. The tradeoff is
likeI> to occur only at brief durations since a further
increase to 800 msec (a factor of four1 only decreased
the required velocity to 0.60 set- I. Any assertion of a
tradeofT is tentatii,e. however. since I have so little
data at brief durations.
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t/DEG)

Fig. h. Mapnltude
of the oblique effect ;I\ 3 func~mn
of
spatial frequency. Solid symbol\
shob result\ oh~atncd
for
detection
and open \!mbols
represent Dada for dlscrlmination. Temporal
frequent!
was held conbtanl at 0.h H7 for
each spatial frequency. Observer W.S

quenc!.

Experiment

showed no anisotropy at 8 Hz. and the third exhibited
none at 12Hz. This presumabl! occurred becuase the
stimuli were then detected by the transient system. To
test the validity of this claim. we measured detection
and discrimination
thresholds for a 14c,deg grating
which drifted at rates ranging from 0.6 to 9.6 Hz. The
0.6. 1.2 and 2.4 Hz gratings appeared stationary
at
detection threshold while the 4.X and 9.6 Hz gratings
could be seen to move. The magnitudies
of the
obtained oblique effects are shown in Fig. 7. The data
from both observers failed to demonstrate
any pronounced decline in the oblique effect with increasing
temporal
frequent!.
Discrimination
oblique etTects
were slightly larger at slow temporal frequencies while

2. Orirrltrrrio,l

Detection
and discrimination
thresholds
were
measured for vertical and oblique gratings with a drift
frequent!
of 0.6 Hz for 500 msec. Both 45 left and
15 right oblique gratings were employed. Since there
was no difference in sensitivity to the left and right
tilts. these data were combined to produce a single
threshold for the oblique gratings. Figure 6 shows
that a detectlon oblique effect was not obtained with
spatial frequency values of 5.0cideg and below. At
high spatial frequencies. sensitivity to oblique gratings
dropped -C-5 dB below that for verticals. These data
arc similar
to those reported
in previous
studies
ICamisa VI r/l.. 1977: Essock and Lehmkuhle.
19X3:
Campbell
c’t trl.. 1966). Motion
discrimination
thresholds show a 1 dB oblique effect for spatial frequencles up to IOc’deg where there is a jump to
h 7dB. The small effect at low spatial frequencies i’;
surprising since there are no previous reports of ani\otrop\
at such low spatial frequencies. The main
potnr. however. is that the oblique effect for motion
discrimination
is as large or larger than that of simple
contrast detection.
Camisa (‘I rrl. concluded that increasing rate of temporal frequency decreased
the size of the oblique
effect. With a 15 c’deg grating. two of three observers
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Fig. 7. Magnitude
of the oblique
effect as a function
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temporal
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show detectlon
data
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Spatial frequency
was 14c;deg. Upper panel. observer E.E.:
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Fig. X. Magnitude of the oblique effect for detection as a
funtion of spatial frequency for two types of on/offset. Solid
symbols show results obtained with sharp on/offset while
open symbols represent data resulting from gradual on,;
offset. Gratings were stationary. Observer W.S.

detection and discrimination anisotropies were similar at fast drift rates. This result confirms the data in
Fig. 6 which showed that the motion discrimination
oblique effect can be larger than that obtained for
detection.
As a further test of the effect of temporal transients
on the oblique effect. an additional experiment was
performed. Detection thresholds were measured for
two second presentations of gratings which were
switched on and off in two different ways. One
method employed a sharp rectangular pulse which
produced a highly transient on-off. The second
method was to switch the grating on and off with a
gradual cosine temporal envelope. Based on the inferences drawn by Camisa et al., it would be expected
that the gradual on and offset would (1) lower the
spatial frequency at which the oblique effect would be
obtained. and (2) increase its magnitude. The results,
shown in Fig. 8, indicate that the presence of absence
of sharp transients had little influence on the oblique
effect. This is consistent with my previous demonstration that high rates of motion did not significantly
alter the magnitude of the anisotropy.

Sensitivities for both detection and discrimination
were poorer with oblique gratings. The magnitude of
the anisotropy was rougly equal for the two classes of
threshold and was little affected by rate of temporal
modulation. The data fail to support the view
(Camisa ct u/.. 1977) that the oblique effect can dissociate sustained and transient mechanisms. These
authors claimed that the oblique effect is restricted to
the sustained system. However, I found that at 4.8
and 9.6 Hz (Fig. 7) direction of motion could be discriminated at threshold. Even though this suggests
that detection was mediated by the transient system, a
large oblique effect was still obtained. One is forced to
conclude that the transient system does exhibit anisotropy or that at high spatial frequencies, motion is
not processed by the sustained system.
The present data are not in good agreement with
previous method of adjustment results which exhi-

bited little or no flicker/motion amsotrup! (<‘am~~;i<‘I
(I/.. 1977) or a flicker/motion amsotroph which ~a>
smaller than that obtained with pattern (Esbocl, and
Lehmkuhle. 1983). Moreover. rhe<c studies :&o
reported that increasing rate of temporal modulation
greatly decreased the oblique ellect for both criteria
The difference between our data and those of pre\ IOLIA
studies is not likely due to individual nbser\er dltkrences since one subject (E.E.1 servet! 111Ehboch and
Lehmkuhle (1983) as well as here. In ;lddition to ph!.
chophysical method. previous ~tud~r~ also ditTcred
from ours in the use of counterphase ilrckermg rathcl
than drifting gratings. It is not oh\ IOLISMhick II
either, of these differences can accounl for the disp:trity in data. Levinson and Sekuler (1980) and Ball and
Sekuler (1980) also failed to find evrdence of motion
anisotropy in an isotropic dot displa~y. Their fadure
may have been due to the fact that individual dots
contain low spatial frequencies. which do not t!l”tally exhibit anisotropy. Another possibilit! is that
motion oblique effects are only found in stimuli which
possess a welt-defined orientation. This would suggest
a connection between form and motion detecting
mechanisms. Ball and Sekuler (1980) found an obhque
effect for direction discrimination ut’ highly suprathreshold dots. Whether this is due IO visual factors
or the use of gravitation cues is not <Iear.
Experiment 3. Reti&

&US

In the third experiment. I investigated the effect 01
retinal locus on detection and discrimination of a
drifting 3.5 cideg grating presented for 500 msec.
Figure 9 shows absolute sensitivitiesfor observer W.S.
who fixated at or below the midline of the display.
For all three temporal frequencies. performance m
both detection and discrimination dectined monotonically with increasing eccentricity. The slow 0.6 Hz
temporal frequency resulted in better detection than
discrimination at all eccentricities. When fixation was
6 or less from the center of the screen. the I.2 Hz rate
produced a small superiority of detection while detection and dicrimination were the same at 4.X Hz.
Curves diverged at greater eccentricity. however. due
to a relative loss of motion sensitivity.
Ratios of detection to discrimination are shown in
Fig. 10. The ratios obtained with central viewing
change little as fixation is moved a few degrees away
from the target. This was true whether discrimination
thresholds
greatly exceed those for detection
(0.6 Hz = 0.17 set- ‘) or direction could be diG
threshold
(4.8 HZ =
detection
at
criminated
1.37” set- I). At more eccentric locations. however. the
ratio begins to climb steeply. indicating that leftiright
sensitivity decreases
faster than detection sensitivity.
The loss of notion sensitivity with rccenticity is remarkably rapid. Each curve was run to the nIdXimUm
eccentricity at which direction could be discriminated.
With observer D.G. in the 4.8 Hz condition. for
example, detection and discrimination
thresholds
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Fig. 9. Contrast sensitivity as a function of retinal eccentricity for three different temporal frequencies.
Gratmps were exposed for 500 msec and had a spatial frequency of 3.5 c;deg. Observer W.S.

were similar at 10’. but at 14” direction could not be
discriminated even at maximum contrast (5O”J.

My finding that contrast sensitivity decreases with
greater retinal eccentricity is hardly surprising. Previous studies have shown that visual performance is
poorer in a number of tasks when the peripheral
retina is stimulated. Both contrast thresholds for
stationary (Hilz and Cavonius, 1974) and drifting
gratings (Sharpe. 1974). as well as motion thresholds
as defined by liminal velocity (Aubert, 1886: Leibowitz c’ttrl.. 1972: Tynan and Sekuler, 1982) are higher in
the periphery. While both detection and discrimination are disrupted by eccentric viewing. it is ciear
from my results that motion sensitivity was impaired
more. This result appears to refute the notion (Exner.
1X75: Granit. 1930; Sharpe, 1974) that the periphery
IS specialized for motion perception.
Data from other studies also support the view that
motton ‘flicker sensitivity falls rather quickly in the

ECCENTRICITY f DEG 1

FIN. 10. Ratlo of detection to discrimination
as a function
retlnal eccentricity for three temporal frequencies. lipper
panels show data for W.S.. the lower panels for D.G.

periphery. Harris (1980)compared pattern and flicker
thresholds with central and 5’ eccentric fixation. The
velocity required to obtain equal sensitivities for
flicker and pattern was 1’ set- ’ in the fovea and over
4’ see- L in the periphery. Virsu and Rovamo (1979)
obtained thresholds for left/right discriminatjon and
detection at various eccentricities but only one velocity. The results from this experiment are difficult to
relate with mine because the data were not analyzed
to directly compare detection and motion thresholds.
By picking off points from different graphs (Fig. ?A
and C). it is possible to make a rough estimation of
detection-discrimination
ratios. Virsu and Rovamo’s
results are extremely noisy. with several seemingly impossible instances where motion sensitivity exceeds
detection by a wide margin. Overall, however, the
general trend is for discrimination performance to fall
relative to detection as retinal locus is more eccentric.
However. other data suggest that under some condttions the periphery may be as good as the central
field in motion perception. Tynan and Sekuler (1482)
found that the apparent speed of moving dots was
lower in the periphery only when low velocities were
used. At high velocities. apparent speed was independent of retinal locus. Presumably. the effect of retinal
locus was found in the present study because only low
velocities were employed. Low and high velocities
may be coded by different mechanisms (Green.
1982a).
The apparent contradiction between my results and
the many anecdotal reports of superior peripheral
motion sensitivity might also be explained by Troxler
fading. Prolonged steady viewing of a visual scene
may result in objects fading from view, especially in
the peripheral field. Fading can be prevented and
faded objects returned to view by temporal modulation of the target. Motion would then appear to be
a highly salient visual cue. When a target is viewed for
a very short time. as in my experiment. fading does
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Under these conditions. motion
perception in the periphery might be limited b> some
factor such as “cortical magnification” (Rnvamo 1.1iii..
1978).
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CONCLt!DtNC

REMARIS

Previous authors (Keesey. lY71: Tolhurst.
1973:
Kulikowski and Tolhurst. 1973) have asserted that the
human visual system contains one mechanism
(the

transient system) which signals flicker~motion but no
distinct form information while a second mechanism
(the sustained system) codes nattern but cannot signal
motion. Moreover. it has been suggested that these
systems differ in that (I) the transient system is tuned
to lower spatial frequencies (Tolhurst. 1973; Kutikowski and Tolhurst. 1972). (2) the sustained but not
transient system exhibits retinal an~sotrop~ (Camisa
it al., 1977), and (3) that the transient system is relatively more sensitive in the periphery (Breitmeyer and
Ganz. 1976). I found no evidence to support the validity of any of these three proposed differences
between motion and pattern processing. My results
showed that (1) when velocity rather than temporal
frequency is the motion parameter. there was no
speciat sensitivity to motion at low spatial frequencies. (2) comparison of vertical and oblique gratings
revealed similar anisotropies for detection and discrimination. and (3) peripheral stimulation produced
reIativeIy poorer sensitivity to motion.
I do not take these results to necessarily suggest
that the sustained-transient dichotomy itself is invalid.
Evidence in favor of the dichotomy has been found in
experiments

employing

spatial

frequency

masking

(Legge, 1978), subthreshold
summation
(Wilson.
1980). detection of on-off and counterphase flickering
gratings (Kuiikowski. 1971) and uniform field flicker
adaptation (Green. 1981) and masking (Green, l982a.
1982b). Rather than totally discarding the idea of reparate sustained and transient mechanisms. the dichotomy might be retained by supposing that either systern can detect motion. Several authors IExner. 1875:
Leibowitz. 1955: Tyler and Torres. 1972: Anstis, $978)
have suggested that the human system contains two
distinct mechanisms
for motion detection. One operates at high velocities and “directly” senses molion
without processing form while the second responds to
slower motion and “infers” motion from change in the
position of form. It has been suggested (Bonnet. 1977:
see also Kulikowski.
19781 that these correspond to
sustained and transient motion detection processes. In
the present experiment, I may have failed to find evidence of a dichotomv because of the relatively low
velocities employed. ks a result, only the sust&edlike mechanism was studied.
.l~lino\~l@dgeaents-The author thanks Ed Essock. Davtd
Geffen. Wayne Shimopuchi and David Murphy for their

‘T&ber H. L.1. Vol. 8. pp. 656-673. Springer. Berlin
Auhert H. ( 18861 Die Bewegungscmpfindunp. &.lrr~ ,I~\,
P/I r.\iol. 40, 4SS47.1.
Ball I<. and Sehuler R. IIYXO) Model\ ol‘ stimulus unccrtaint!: tn motion perceptlon.
P~\c~hc*l. KPI. X7. 135 J6U.
Bonnet C. 114771 Visual motion detection mncicl~: feature>

anct frequencl fitters. Pc~cuprir~tt
6. 4ql Sot).
Brettmeyer 3, <;. and Ganz L. (19761 ftnplrcations ol’ XII>tamed
and transient channels for theories of visual partern masking. saccadic suppresston and information processlng. PIII~/IO~. Ref.. 63, 1 3h.
Camisa .I.. Blake R. and Lema 5. (1q771 The rlll-ctb 01
temporal modulation on the oblique effect in humans
PercefUioh 6. 165-I7 1.

Essock E. and Lehmukuhle S. 1lYX31 The oblique effectb ot
pattern and flicker sensitivity: Implications for mised
physiological input. Percrprion. In presb
Exner S. (1X75) Uber des &hen xou. Re~egmp.
und die
Theorie des zusammenpesetzen hug.
Sit:hPr. -UC&
fI.i\.\. ti’ietl. 72, 1S& IYff.
Granit R. (19301comparative studtes cm the peripherai
and central retina I: An interaction between distant
areas in the human eye. .4ttt. .I. Ph\Gol. 25, 216..-21Y.
Green M. (19x1) Psychophysical relationships among
mechanisms xnsitive to pattern IlIcker and motion
I’rsioJI Rer, 21. 971-984.
Green M. (19Xla) Detection and ~iserirn~R~t~on of driftingc
~rat~n~s.m~sked by flicker. To be published.

Green M. (1982b,3Visual masking hy flickering surrounds.
To be published.
Harris M. (1980) Velocity specificity 01 the fltcker to pattern sensitivity ratio in human vision. b’i.sion Rea. 20.
687.~69I.
Hilz R. and Cavonius C. (19741 Functtnn organization -of
the peripheral retina: sensitivity to periodic stimuli:

t.‘.\ica~Res. 14, 1i?3-1337.
Keesex I:. T. (19721 Flicker and pattern detection: a comparison of thresholds. 1. gr. SOC.41n. 62. 446-448.
Kulikowski J J. 11971) Some parameters affecting spatial
and temporal resolution in humans. I’iciort Res. 11,

H&9?.
Kuhhowsh~ J. J. (197X1
Spatial resolution fQr the detection
of pattern 2nd ~loven9ent (real and apparent). I’i\ir,rc
Ri%. 18. 2?7 13X.
Kulikowski J. J. and Tolhurst D, J. (19731Psychophysics!
r\idence
for sustained and transient detectors in human
LISlOrl..I. P/l~.\iOl. 232, 149.-16’.
Legge G (197X1 Sustained and transient mechamsma tn
human vismn: temporal and spatial properties. f ‘i.Gon
Kc.\. 18, 69-X:.
Leibowitz H. (1955) The relation heiween the rate
threshold for the perception of movement and luminance
for various durations of exposure. .i c*sp. Psv&tl. 49*
NY 214.
Leibowitl H. W.. Johnson C. and l&clle
E. (1972) Permheral motion detection and refractive error. Scit~tzcc,
1’77. 1207- I 208.
Lennie P. (19801Perceptual signs ol parallel pathw_ays.
Phil. Trim\. R. Sot. Lo&. 290. 23. 37~
Levinson E. and Sekuler R. fi980) A two dimensiortal
analysis of direction specific adaptation. I’r.\irm Res. 20.
10%107.

DetectIon

and dIrection

‘SY

discrlmtnatlon

he\ F. L. van. Koenderinh
J. J.. Nas H. and Bouman M. 4.
(19671 Spatlotemporal
modulation
transfer
function
of
the human eye. J. opr. Sot. Anl. 57. 30X2-1088.

Tyler C. and Torres J. (19721 Frequency
response characterlstica for sInusoIdal
movement
on the fovea And per-

Pantle A. t 19741 Motion
aftereffect magnttude as a measure
of the hpatlo-temporal
response properties
of directton
\electtve analyzers.
I’ision Rrz. 14. 397-406.
Rovamo J.. Virsus V. and Nasanen R. (1978) Cortical
ma!nificatlon
factor predtcts
the photoptc
contrast
benstttxlty of peripheral
Lesion. .k’c~rure 271. 55-56.
Sharpe C. ( lY741 The contrast senaitivit!
of the peripheral
\15ual field to drifting sInusoidal gratings. I’i\ion Ret 14.
905~ 906.
Thompwn
P. (19X11 Velocity
afterefiects:
the effects of
adaptation
to moving stimuli on the perceptton of subsequently seen moving stimuli.
L‘ision Rrs. 21. 337-335
Tolhurst
D. J. I 1973) Separate channels for the analysts of
rhape and movement
of a moving
visual stlmulu\.
./.
P/l, \fOl. 231. 3x5-402.
Tolhurht
D. J.. Sharpe C. R. and Hart G. (19731 Analysis of
the drift rate of movmg sinusoidal
gratings.
I’r\tw
Ret.

Tyan
P. and Sebuler R. II9821Motion
tpheral
jiGon:
reaction
ttme and

13. 7545 2555.

tpher!.

Pcrc~c~pr.PII chop/~ I‘\. 12. 232 236.
procewng
percelLed

m per\cloclt!.

I’~\rrw Rt,\. 22. 61 -6X.
Virsu V. and Rovamo J. 11979) visual resolution
contrast
sensitivit)
and the corttcal
mngniticatton
factor
E\-pl
Br<r~n Rr.\. .17 , 17?5IX3.
Watanabe
Spatial

A.. hlorl T.. kagata S. and Hlwatashl
K. 1lYhX1
clne-v.a\e
reFpon>e of the human 11wa1 r!\tcm
I ,\ron Rc\. 8. 1235. 1263.
Watson .4.. Thomp>on
P.. hlurph!
B. and hachmta\
J
I IYXO) SummarIon
and discrimination
of grating\
mo\In@ 111oppoztte directlow
I i\icw RL,\. 20. 341 347
Wctherdl
G. B. and Le\ttt
H. 119651 Sequential
e\tmlatlon
of points on a ps!chometrlc
functton.
Br. .I. .\/crr/~ Sr,rr.
P\1.C~/lfJ/. 18. I 9.
Wilson
H. I IWO) Spattotemporal
characterization
of ;I
transtent mechamsm in the human wsual system. I’I.\I~uI
Rc,.\. 20. 1-13mJ52.

