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Periodic stimuli such as sine-wave gratings and che<,kerboard patterns have been used in many 
studies ofvisual perception. It is well known that with such stimuli, visual persistence increases 
as spatial frequency increases and as contrast decreases. It is not clear, however, that similar 
relationships obtain for aperiodic stimuli such as natural images. Digitized images of objects (a 
face and.a vase) were submitted to two-dimensional Fourier analysis. Four pairs ofspatial fre­
quency band-limited images were created for each image. Each pair consisted of a normal(NP) 
and a scrambled (SP) phase version, with the. magnitude spectrum and space-averaged lumin.ance 
the same within each pair. Filter bandwidths were one octave wide. Threshold persistence-was 
measured for each spatially filtered image. Visual persistence for SP images increased signifi­
cantly as spatial frequency increased, whereas no significant differences were found for NP im­
ages. This suggests that the temporal processing of complex, aperiodic visual images is influenced 
by the spatial frequency and contrast of local features within the image and cannot be predicted 
by space-averaged estimates of contrast and spatial frequency. 

Visual persistence is the neural perseveration of a visual 
stimulus beyond its physical termination (Bowen, Pola, 
& Martin, 1974). Using gratings and checkerboards as 
stimuli, persistence has been shown to increase as a func­
tion of the visibility of the stimulus. Thus, stimuli of high 
spatial frequency or low contrast persist longer than those 
of low spatial frequency or high contrast (Badcock & 
Lovegrove, 1981; Bowling & Lovegrove, 1980, 1981; 
Bowling, Lovegrove, & Mapperson, 1979; Marx& May, 
1983; Meyer & Maguire, 1977, 1979, 1981; Schwartz, 
Winstead, & May, 1982). This suggests that the temporal 
processing of visual images depends on the contrast and 
spatial frequency content of the image. If this were strictly 
true, any two images with equal contrast and spatial fre­
quency content would be expected to produce equal per­
sistence. There are some reasons, however, to believe that 
other factors in addition to spatial frequency and contrast 
may underlie visual persistence. 

A number of reports have indicated that targets embed­
ded in a meaningful context are processed more accurately 
than targets embedded in less meaningful contexts. These 
phenomena constitute a class of superiority effects which 
suggest that a simple description of the contrast and spa­
tial frequency content of a stimulus cannot predict how 
the visual system will process the image. Numerous ex-
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periments (Weisstein, M. C. Williams, & Harris, 1979; 
A. Williams & Weisstein, 1978; M. C. Williams & 
Weisstein, 1981) have indicated that targets viewed in'the 
context of a three-dimensional figure are detected more 
quickly than targets viewed in a two-dimensional pattern 
of equivalent spatial frequency content and contrast. This 
phenomenon has been called the object-superiority' effect. 
An equally impressive set of studies (Carr, Lehmkuhle, 
Kottas, Astor-Stetson, & Arnold, 1976; Johnson, 1978; 
Krueger & Shapiro, 1979; McClelland, 1976; Solman, 
May, & Schwartz, 1981; Spector & Purcell, 1977; Staller 
& Lappin, 1979) has indicated that letters are detected 
more accurately when they are parts of words than when 
they are parts of nonwords. This is termed the word­
superiority effect. Finally, in some studies {Homa, Haver, 
& Schwartz, 1976; Purcell & Stewart, 1986, 1988; van 
Santen & Jonides, 1978), it has been demonstrated that 
facial features are more accurately detected when they are 
part of a face than when they are part of a nonface stimu­
lus. This has been described as the face-superiority effect. 

In the present study, we asked whether persistence 
differed when an object-like image and a non-object-like 
image were used as targets. We created images with iden­
tical space-averaged contrast and spatial frequency con­
tent, but with different structures, to determine whether 
the spatial aspects of an image or the object-like aspects 
of an image predict how that image will be temporally 
processed. In addition, we examined the contribution of 
the spatial frequency content of the images by using a 
range of band-passed spaHal filters to create the paired 
images. 
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Figure 1. Examples of the f"lltered images used in Experiment 1. 

EXPERIMENT 1 

Method 
Subjects. Six observers participated as subjects. All were naive 

as to the hypotheses under investigation. All had corrected 20/20 
visual acuity and were free from other visual abnonnalities. They 
ranged in age from 19 to 33 years. 

Stimuli. An image of a female face was digitized and submitted 
to two-dimensional Fourjer analysis. The image was then filtered 
with a Gaussian envelope to create four nonnal-phase (NP) images 
with bandwidths of 8.0-16.0, 16.0-32.0, 32.0-64.0, and 
64.0-128.0 cycles/image (cpi). A scrambled phase (SP) version of 
each NP-image was created by randomizing the imaginary compo­
nents of the FFTs. Reverse FFTs were displayed and photographed 
to. produce _slides (2 in. X 2 in.). The slides were presented 
tachistoscqpically (Scientific-Prototype Model N-1100) such that 
the spatia(frequency content of each pair of images was 1.5-3.0, 
3.0-6.0, o.0-12.0, or 12.0-24.0 cycles/degree (cpd). The stimuli 
used in this experiment are presented in Figure l. 

Procedure. Each trial began with the observer fixating a point 
centered on a blank field. When the fixation point was turned off, 
an image was then alternately presented with a blank field, 12 times 
in rapid succession. Image duration was fixed at 100 msoc, while 
blank frame duration or interstimulus interval {ISi) could vary from 
5-995 msec in 5-msec steps. Image and_ blank field luminances were 
always equated. Persistence was measured, using block:wise track­
ing to determine the ISi necessary for perception of the image as 
having temporal continuity on 75 % of the trials. Order of presen­
tation of image pairs was randomized across observers. The NP 
image of a pair was always tested first, followed by the SP version. 

Results 
The mean ISI for each filtered image is presented in 

Figure 2. It is.apparent that persistence for the SP con­
trol images increased as the.spatial frequency of the im­
age increased, while the persistence of the NP images re­
mained constant. Analysis of variance revealed significant 
main effects for filters [F(3,9) = 17.79, p < .0004] and 
image type [F(l ,3) = 19-29, p < .0219], and a signifi­
cant interaction between image type and filters [F(3,9) 

== 4.66, p < .0314]. Subsequent paired comparisons 
(Newman-Keuls) indicated a significant difference in per­
sistence between the high-pass SP image and all other con­
ditions (p < .0003). 

Discussion 
The results of this experiment indicate that temporal 

processing for filtered faces is significantly different from 
that for a nonface control stimulus containing the same 
Fourier magnitude spectra. The face stimuli did not differ 
in persistence, whereas persistence increased for the SP 
versions as the spatial frequency content increased. To 
determine if this result was reliable and not due to a sub­
tle artifact introduced by the photographic process, we 
carried out a second experiment with images presented 
on a display monitor, using an image-processing system. 

EXPERIMENT 2 

Method 
Subjects. Five subjects participated in this experiment. Two had 

participated in Experiment l. One new subjoct was rocruited and 
was naive as to the hypotheses under investigation. Two of the 
authors also participated as observers .. All subjocts had corrected 
20/20 visual acuity and were free of other visual abnormalities. They 
ranged in age from 19 to 48 years. 

Stimuli. An image ofa vase was digitized, using a video camera 
(Panasonic, WV-F2) and an image processor (Data Translation 
frame grabber, Model 2851 ). Using an array processor (Data Trans­
lation, Model 7020), the image was submitted to two-dimensional 
Fourier analysis. It was then filtered with a roctangular filter to 
create four band-passed images with bandwidths of 4.0-8.0, 
8.1-16.0, 16.1-32.0, and 32.1-64.0 cpi. An SP version of each 
NP filtered vase and the full-spoctrum, unfiltered vase was created 
by randomizing the imaginary components of the FFTs. Reverse 
FFTs on the NP and SP images produced five pairs of object-like 
and non-object-like images with identical Fourier magnitude spectra. 
All images were stored on a computer so that the image processor 
could a~s them and then display them on a video monitor (Tek-
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Figure 2. Mean persistence as a function of filter bandwidth and 
image type. NP normal phase; SP scrambled phase. 

tronix, Model 690SR). At a viewing distance of 170 cm, the im­
ages subtended 5.11 ° X 5.11 ° visual angle (I/A), the monitor sub­
tended 9.35° X 11° VA (height x width), and, the spatial fre.Iuency 
content ofthefourpairs of images was 0.75-1.5, 1.5-3.0, 3.0-6.0, 
and 6.0-12.0 cpd. The images were presented centered on the mon­
itor, with the surround luminance equal to the mean luminance of 
the image. During the experiment, the images were alternated with 
a blank field with luminance equal to the mean luminance of the 
image. 

Procedure. As in Experiment I, an image was rapidly alternated 
12 ti~es with a mean luminance blank field on each trial. Image 
durauon was fixed at 96 msec. Blank field duration range was 
16-320 msec, with a 16-msec step size. Subjects made a forced 
choice response on each trial, whether the image was continuous 
in time, or interrupted by a press of the appropriate key on a com­
puter terminal keyboard; ·The computer recorded the responses and 
controlled stimulus presentation. Before an experimental block was 
started, an obvious example of continuity (ISI = 16 msec) and in­
terruption (ISI 320 msec) was.demonstrated twice, using the full­
spectrum vase. A block of trials consisted of each NP and SP im­
age being randomly presented once. Persistence was measured, using 
a .PEST procedure (Taylor & Creelman, 1967). Data were aver­
aged over two blocks. 

Results 
• The mean ISi for each image is presented in Figure 3. 

The horizontal lines indicate the persistence measurements 
for unf'tltered NP and SP images. As in Experiment 1, 
~ncreased persistence is seen only with the high-pass SP 
nnage. Analysis of variance revealed significant main ef­
fects for filters [F(4,12) = 19.85, p < .00()1] and im­
age type [F(l,3) = 51.49, p < .0056), and a significant 
interaction between these two factors [F(4,12) = 14.09, 
p < .0002]. Subsequent paired comparisons indicated 
that the persistence was significantly increased only for 
the high-pass SP image (p < .0001). 

Discussion 
The results of Experiment 2 agree quite well with those 

of Experiment 1 and indicate that the persistence for 
non-object-like SP images increases with spatial fre­
quency content, whereas persistence for object-like NP . 
stimuli does not. Prior to attributing this difference to an 

object-superiority effect, we conducted a third experiment 
to determine whether or not this effect could be accounted 
for by differences in the contrast of a few local areas in 
the NP and SP images. Only the high-passedimages were 
employed, since the major effect .occurred with these 
images. 

EXPERIMENT 3 

Method 
Subjects. Five observers served as subjects in this experiment. 

Three had participated in Experiment 2. Three were naive.as to 
the hypotheses under investigation, and all had corrected 20/20 
visual acuity. They ranged in age from 19 to 48 years. • • 

Stimuli. The pixel gray-level range was evaluated for the high­
pass (32.1-64.0 cpi) NP and SP vase. The pixel gray-level railge 
was found to be greater for the NP (R = 61-196) vase compared 
to the SP (R 102-161) vase, although the means (M) and stan­
dard deviations (SD) were identical (M = 132.75, SD 7.08). 
A new high-pass NP vase was created, using the pixetgray-leyel 
range from the original SP vase, and a new SP vase was created 
using the pixel gray-level range from the original NP.vase. Th; 
two new stimuli were quite similar (NP, M 131.38, SD= 16.24; 
SP, M 133.33, SD= 3.10). Thus, the four stimuli used in this 
experiment were: an SP vase (the original with low pixel gray"level 
range), a new SP vase (with high pixel gray-level range), an NP 
vase (the original with high pixel gray-level range), and a new NP 
vase (with low pixel gray-level range). The two new versions were 
still identical in spatial frequency content, but the SP version had 
greater average contrast than the NP version did. A clear outline 
of the vase was still easily discerned in the new NP version. Ex­
cept for the use of only four stimuli,· all other viewing conditions 
and procedures were the same as in Experiment 2. 

Results 
The mean ISi as a function of pixel gray-level range 

is presented in Figure 4 for each high-pass image. The 
most persistence is obtained for images ofhighest gray­
level range. Analysis of variance revealed no significant 
main effects, but the interaction between gray-level range 
and image type was significant [F(l,4) = 11.36, 
p < .028). Subsequent tests (Newman~Keuls) revealed 
no significant differences between image types, but the 
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Figure 4. Mean persistence as a function of pixel gray-level range 
and image type. 

two highest means were signincantly different from the 
lowest with Duncan's multiple range test (ps < .03 and 
.04). 

Discussion 
Since the original high-pass NP vase image had a greater 

•gray-level range due to the high contrast of a few local 
features in the image, adjusting the gray-level range of 
the new SP image was a conservative arrangement that 
resulted .in greater net .contrast across the entire image rela­
tive to the original NF vase image. Conversely, the new 
NP vase image contained less net contrast than did the 
original SP image, but the structure of the vase was still 
quite evident. The fact that this manipulation reversed the 
trends in the persistence of these two types of images sup­
ports the notion that the results of Experiment 2, and prob­
ably also Experiment 1, can be understood in terms of 
the concentration of higher contrast in the area of a few 
local features of the high-pass NP images. 

GENERAL DISCUSSION 

The results of Experiments 1 and 2 agree and indicate 
that the persistepce of the three lowest passed images is 
the same for objects and non-object-like SP control 
stimuli. Experiment 2 showed that persistence of these 
images does not differ from the persistence of unfiltered, 
full-spectrum images. This suggests that the low spatial 
frequency content of unfiltered images mediates the per­
sistence to them, due in part to the fact that these images 
contain more power than the high-passed images do. More 
interestingly, in both Experiments 1 and 2, the persistence 
of the high-passed, non-object-like SP control images, 
which had the same contrast and spatial frequency con­
tent as did the object-like NP high-passed images, was 
significantly greater than persistence of that image. The 
results of sine-wave' grating studies would predict that per­
sistence would increase as spatial frequency increases and 
contrast decreases. This was the case with the SP image, 
but not the object-like image. Thus, it appears that a two-

dimensional Fourier description of the magnitude of im­
ages predicts· persistence measures for low spatially 
filtered images, but fails for high-passed images. 

Is this a form of object superiority or is there a more 
parsimonious explanation? One version of the object­
superiority point of view might suggest that images of ob­
jects usually contain a cluster of local features, and that 
such features are defined mainly by high spatial detail in 
the image. Furthermore, it is the unique arrangement of 
these features that conveys the information necessary for 
one to recognize the object (Fiorentini, Maffei, & San­
dini, 1983) and to infer its three-dimensional form. Since 
the SP image is devoid of such structure, it is processed 
on the basis of spatial frequency and contrast alone. 
Another view, however, is that the local features in the 
high-passed NP image contain more local contrast than 
does any comparable local area in the SP image. If per­
sistence is mediated by contrast of local areas, as opposed 
to the average contrast in the whole image, then persis­
tence of the NP image would be expected to be less than 
that of the SP image. If this is the case, then it should 
be possible to adjust the contrast of the high-passed im­
ages to equate or reverse the differences in persistence. 
In Experiment 3, we constructed two more images of the 
high-passed stimuli and scaled them to reverse the differ­
ences in peak contrast. The results of Experiment 3 clearly 
indicate that the persistence differences observed in Ex· 
periments 1 and 2 derive from differences in local con­
trast between the normal and SP high-pass images. 

The present findings suggest that· one should be cau­
tious in using earlier results with sinusoidal gratings to 
predict how complex images might be processed tem­
porally. In those studies, the spatial frequency and space­
averaged contrast were found to be prime determinants 
of visual persistence. With complex scenes, however, lo­
cal features, and not just the average scene content, must 
be considered separately. It is, perhaps, the spatial fre­
quency and contrast of these local areas which underlie 
object superiority effects. Although it is not clear how 
three-dimensional objects might differ systematically in 
phase spectra or local feature composition, such compar­
isons seem to be indicated. 
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