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Luminance thresholds for circular and bar-shape stimuli

STUART APPELLE
State University of New York, College at Brockport, Brockport , New York 14420

Studies involving th e contribution of stimulus form to the detection threshold for light are
eq u ivo ca l, but theoretical considerations suggest that circular stimuli should yield lower thresholds
than bars. This h ypothesis was te sted by obtaining luminance t hresh olds for circular and bar-shaped
ta rge ts presented from 5 to 60 deg into the periphery. Thresholds for circles were significantly lower
than thresholds for bars. The d ifference ranged from about .4 log units at 5 deg to .2 log units at
60 deg eccentricity.

Gr ah am , Brown, and Mote (I 939 ) determined
thresholds for circular stimuli of different sizes. They
concluded that the excitatory contributio n of any
parti cular area of a stimulus decreases with its distance
from the center of that stimulus. Elaborating on this
theme , some theorists (Blackwell , 1957 ; Kincaid ,
Blackwell , & Kristofferson , 1960) predict that circular
targets should yield lower luminance thresholds than
any other forms. However , the experimental support
for this theory is equivocal (Zusne , 1970).

To det ermine whether circular patches of light are ,
in fact , more visible than extended configurations,
luminance thresholds were obtained for circular and
bar-sha ped stimuli presented from 5 to 60 deg into the
periphery . Since the total area or solid visual angle
subtended by these test objects was equal , and since
the y were presen ted to the same general retinal loci,
only the configurational di fferen ces in the stimuli
could acco unt for differences in required threshold
ener gy. Thresholds were determined with binocular
(free) viewing and at photopic levels of adaptation.
These conditions were chosen to make the data more
relevant to typical search conditions oc curring outside
the laboratory .

METHOD

Subjects
The subjec ts were 20 paid volunteers with normal

uncorrected vision.

Apparatus
A central "grain-of-wheat" fixat ion bulb (set just above

foveal threshold) and eight stimulus lamps positioned at 5, 20,
40, and 60 deg bot h left and right of the fixatio n point were
mounted on a 180-deg perimeter at a viewing distance of
58 em. The light sources were Sylvania electro luminescent
panels. This lighting system provides · a luminance output
which, over the ranges used, is proportional to applied voltage
and has no acco mpanying change in spectral output.
Additio nally, brightness and spectral energy (peak occurring at
505 nm) is uniform across the panel surface. These convenient
sources have proven useful in similar applications of perimetry
(Leibowitz & Appelle, 1969; Abernet hy & Leibowitz, 1971).
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All lights were at the SUbjects' eye level. The stimulus light s
were fitt ed with bar-shape apertures, 1.48 deg x 3 min of are,
or circular apertures equivalent in area (18 min diam) to the bar
shapes. A head and chin rest was provided to mainta in proper
fixation during the testing sessions. To maintain photopic
conditions, SUbjects viewed a diffusin g screen at a distance of
80 ern (72 x 72 deg) illuminated by a 61.5 fc source.
Luminance of the adapt ing field was 1.2 log f lo Detection of
the test stimulus was indicated by operation of a switch
directly below the base of the chin rest, which also activated
the intertr ial adaptation light . To eliminate extraneous cues,
the adaptation light was ext inguished during each trial, at
which time the test chamber was completely dark.

Procedure
To begin each trial, the SUbject thr ew a switch which

exti nguished all lights in the experiment al chamber , except for
the fixation light and the peripheral light being presented.
Some dark adapta tion could be expected to take place during
this period , bu t the effect would be the same for both groups
and would not affect the relative differences bet ween circles
and lines. In addit ion, pilot data (confirmed by the recorded
data) indicate no correlation between time in the dark (trial
duration) and threshold luminance for these brief intervals
involved (an average of 19 sec). That is, threshold was a
function of stimulus eccentri city and configuration, not trial
du ration.

The subjects sat positioned in a head and chin rest facing
the perimet er, and were instructed to maintain fixation at all
times. At the commencement of each trial, a stimulus light was
activated at 2-sec intervals for a duration of 100 msec.
Between flashes, intensity was increased by increasing the
driving voltage in regular intervals accord ing to the ascending
method of limits. Appropriate starting points for the series
were determined in pilot data for each eccentricity. Subje cts
were asked to signal the moment of detection by saying " left "
or " right" when the light appe ared (indicating its visual field)
and pulling the switch located above their lap. This terminated
the trial , gave a record of trial durat ion , and reactivated the
adaptatio n light in the chamber. Subjects viewed the
adaptat ion field for l -rnin intervals between trials. This interval
was sufficient to maintain thresholds at stable pho topic levels
(again indicating that the trials themselves contributed little in
the way of dark adaptation) . However, sufficient practice trials
always had to precede record ing of data so that threshold
levels could stabilize. This requ irement was antici pated since
significant redu ctions in binocularly obtained peripheral
thresholds, af ter short practice periods, have been reported
before (Leibowitz & Appelle, 1969 ; Abernet hy & Leibowitz.
1971) .

Two groups of subjec ts were tested , with 10 subjec ts
randomly assigned to each group. One group was tested with
the line stimuli and the other group with the circular targets.
For the line group, stimuli were presente d in vertical ,
horizont al, 45, and 135 deg orientations, in a predetermined
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Figure 1. Log threshold luminance as a function of stimulus
eccentricity and shape,
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rand omized order. Three thre shold measurements were made
fo r ea ch orientat ion at each eccentricity. These 96
determinations' were made over two l -h tes ting sessions, usually
1 day apart. The subjects were not given any information
about the orientation of the stimuli, nor were the y asked to
report on stimulus orientation. In fact , since only light
detection was required , they were not able to do so. Form
recognition requires 25% greater luminan ce than simple light
dete ction (Helson & Feh rer , 1932). Subjects were specifically
que stioned about stimulus appearance when testing was
completed, and all subjects repo rted the stimuli as formless
patches of light. Therefore, while these stimuli were physically
different from the circular target s, the y were equivalent
subjectively.

Three threshold determination s were made at each
eccentricity for the circular target s. Only one testing session,
lasting about 1 h, was needed to get these 24 measurements.
For all stimuli, luminance values were first recorded in terms
of applied voltage and later converted int o relative units with a
Photovolt multiplier photometer. Each light sour ce was
calibrated separate ly. The reference level for these relative
values was determined in absolute term s with a Macbeth
iiluminometer.
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shapes was desire d , and since orientat ion was found to
make no contributio n statist ically) . The main effects of
eccentricity [F(3 /54) = 290, P < .0 I] and target shape
[F(l/l 8 =10,62, p< .01] are highly significan t. The
interacti on between target shape and eccentricity is not
significant [F(3 /54) = 1.62] .

DISCUSSION

Using luminance threshold as the measure of detection
circufa:r stimuli have been shown to requir e less energy 1'0;
dete ction than bar-shape targets. In addition , the data indicate
that this situ ation exists throughout the periphery. Since these
f o rms were equivalent in area of visual angle, re tinal
e ccentrici ty , and SUbjecti ve appeara nce and task-defined
response , differences cannot be att ribu ted to amount of ret inal
e ~itati on, region of retinal exci tation , o r knowledge of
stimulus form. Only the patt ern of excita tion can acco unt for
these dat a.

The hyp otheses of Graham et al. (193 9) and Kincaid et al.
(1960) are consiste nt with these results. In an unrelated
pro b le m, Wo lf and Zi gler (1963) obt ained data fro m
rectangular stimuli which may also support this positio n. Their
da ta show that , as a recta ngle ap proached a square in form its
thresho ld diminished. The argument that the contribution to
threshold of any stimulus element decreases with distan ce fro m
the center of that stimulus may. apply here as well. A very
different possibilit y stems from the consideration that cor tical
cells respon sive to contours receive their input fro m lower
orde r units responsive to point s along a conti nuum. The
response to line stimuli, therefore , wo uld have to be in tczratcd
fro m activity across a numb er of ap proxi mate ly aligned
ci rc ular receptive fields. While featu re det ectors are not
necessary to explain thr eshold data involving ligh t de tection
alone, they may play an indirect ro le in experience which
contrib utes to the effect.

While the se dat a have implications for understanding sensory
mechanisms at thr eshold, they may also be important in
applied sit ua tions where individuals are required to mon itor
th e visual field und er marginal conditio ns , and stimulus
sensitivity would be critical.
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