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What determines the visual persistence 
of complex stimuli? 
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Visual persistence has been shown to increase with the spatial frequency of sinusoidal and 
square-wave gratings. It has also been found to decrease with increasing contrast. If persistence 
is determined by visibility alone, then a square-wave grating containing greater power would 
be expected to give rise to less persistence than would a sinusoidal grating of the same fundamental 
spatial frequency. In the present experiment, measures of visual persistence were obtained with 
gratings composed of sinusoids, square waves, and square waves with the fundamental removed. 
Fundamental spatial frequency was varied from 0.5 to 4.5 cpd in l-cpd steps. Visual persistence 
was found to increase only with the missing fundamental waveform. This suggests that visual 
persistence is determined by the lowest actual sinusoidal component of complex stimuli. Addi
tional power contained in the higher harmonics of square-wave gratings does not serve to reduce 
persistence. 

Visual persistence is defmed as the subjective persever
ation of a visual sensation beyond the objective termina
tion of the physical stimulation for that sensation. Yet 
although this conceptualization appears straightforward, 
the measurement of this aspect of sensation is not trivial 
and has led to extensive investigation. Different techniques 
for the measurement of persistence have given rise to 
varied results (see Long, 1980), which has led to the sug
gestion that the perceptual phenomenon may be based on 
more than one physiological mechanism (Breitmeyer, 
Levi, & Harwerth, 1981). One technique employed to es
timate persistence involves determining the minimum in
terstimulus interval necessary to render a repetitively 
presented spatial stimulus perceptually continuous in time 
(Meyer & Maguire, 1977). This procedure has been 
shown to result in differences in persistence when a num
ber of stimulus variables are manipulated. Using this 
procedure, persistence has been found to: (1) decrease as 
a function of the contrast of the stimulus (Badcock & 
Lovegrove, 1981); (2) increase as a function of the spa
tial frequency of the stimulus (Badcock & Lovegrove, 
1981; Meyer & Maguire, 1977); (3) decrease as a func
tion of stimulus duration (Badcock & Lovegrove, 1981; 
Bowling & Lovegrove, 1980); (4) be greater for horizon
tal and vertical as opposed to obliquely oriented gratings 
(Meyer & L'Hommedieu, 1977; Schwartz, Winstead, & 
May, 1982), and (5) decrease with adaptation to the stimu
lus (Meyer & Maguire, 1981). 

Correspondence should be addressed to James G. May, Department 
of Psychology, University of New Orleans, Lakefront, New Orleans, 
LA 70148. 
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In some of the studies cited above, unidimensional sine
wave gratings were used, whereas in others, square-wave 
gratings or checkerboard stimuli were used. Although 
these stimuli vary in spatial complexity, all the relation
ships listed above can be obtained with each type. Sine
wave gratings differ from square-wave gratings, in that 
the latter contain more spatial frequency components and 
greater net power. In the present experiment, we sought 
to determine whether complex waveforms, which contain 
more spatial frequency components and more net power, 
would persist more or less than simple waveforms with 
less net power. In addition, square-wave gratings with the 
fundamental component removed have the same global 
form as square-wave gratings, but contain fewer spatial 
components and less contrast. We asked whether stimuli 
with a "missing fundamental" component would give rise 
to more or less persistence than stimuli with all of the ap
propriate components. 

Two experienced psychophysical observers served un
der all conditions. Both possessed natural or corrected 
20120 visual acuity and were free from any other visual 
abnormalities. The stimuli were displayed on a small CRT 
(Hewlett-Packard 1332A-P31 phosphor). The screen was 
masked to produce a circular stimulus field (subtending 
10° of visual angle at 50 cm), which was surrounded by 
an equiluminant field (subtending 40° of visual angle) 
matched in chromaticity to that of the CRT display. The 
stimuli were provided by modulating the z axis of the CRT 
with sine, square, and harmonic waveforms, which cor
responded to gratings with fundamental spatial frequen
cies of 0.5, 1.5, 2.5, 3.5, and 4.5 cpd. Spatial proftles 
were provided by two function generators (Wavetek, 
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Models 143 and 148), whose outputs were mixed and 
gated electronically. These spatial patterns were presented 
as a repetitive train of 40-msec pulses, the interstimulus 
interval was varied in lO-msec steps, and each train con
sisted of 12 presentations of the stimulus. Under all con
ditions, the contrast of the sine wave was matched to the 
contrast of the fundamental sine-wave component in the 
square wave (i.e. , the amplitude of the fundamental in 
the square wave was 1.4 times that of the pure sine wave). 
Missing fundamental waveforms were created by subtract
ing the fundamental sine-wave component from the square 
wave. Since the amplitude relationship among the three 
waveforms was fixed, the amplitude of the sine wave was 
used to determine contrast thresholds. 

Contrast thresholds were determined for 40-msec 
presentations of each sine wave, using the method of ad
justment. The contrast of each waveform was then set 
15% above the contrast threshold for sine waves at each 
spatial frequency. The subjects adjusted the interstimulus 
interval until the grating appeared to have temporal con
tinuity. They were allowed to "bracket" their threshold 
to find the minimal interstimulus interval that yielded a 
perceptually continuous grating. Five such determinations 
were made for each type of waveform at each of the five 
spatial frequencies (0.5, 1.5, 2.5, 3.5, and 4.5 cpd). 

The data for the 2 subjects are presented in Figure 1. 
The mean of the interstimu1us interval values is plotted 
as a function of fundamental spatial frequency for each 
waveform. Over the range of spatial frequencies tested, 
no change in visual persistence was noted for sine- or 
square-wave stimuli for either subject. This is not sur
prising, since in previous studies it has been reported that 
large increases in persistence usually occur at higher spa
tial frequencies (Badcock & Lovegrove, 1981; Meyer & 
Maguire, 1979). More importantly, no difference in per
sistence between sine- and square-wave stimuli was noted 
at any spatial frequency for either subject. This suggests 
that the subjective offset of complex gratings is determined 
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Figure l. Mean visual persistence, for 2 subjects, as a function 
of fundamental spatial frequency for the three types of wavefonns 
employed. 

by the most visible component. In these cases, that was 
the fundamental spatial frequency component. This view 
is supported when we consider the persistence observed 
with the harmonics waveform. Persistence increases 
abruptly when the (missing) fundamental frequency ex
ceeds 1.5 cpd. This is understandable, since the third har
monic component is the most visible spatial component 
in this waveform. Increased persistence with spatial com
ponents above 7.5 cpd (the third harmonic of the 2.5-cpd 
missing fundamental waveform) is well documented (Bad
cock & Lovegrove, 1981; Meyer & Maguire, 1979). 

These results indicate that visual persistence is medi
ated by the most visible component in a complex grating 
and not by the complexity or net power of the waveform. 
Thus, as Bowling (1982) has reported, a square-wave grat
ing, which has the same fundamental as a sine-wave grat
ing, but contains higher frequency components and more 
net power, persists as long as a sine wave grating. And 
a missing fundamental waveform, which has the same 
harmonic composition as a square wave, but differs in 
fundamental content, persists significantly longer than a 
square wave. One explanation for why persistence in
creases under these conditions might be that the higher 
harmonics contain less contrast, which renders the stimu
lus less visible, but previous researchers (Marx & May, 
1982) have found that gratings of equal apparent contrast 
still give rise to increasing persistence with increased spa
tial frequency. Thus, differences in frequency cannot be 
accounted for merely on the basis of contrast sensitivity. 
However, Marx and May (1982) have shown that persis
tence remains constant across spatial frequency, if the du
ration of the stimulus has been adjusted to equate for the 
temporal integration differences between spatial frequency 
channels. In the present experiment, stimuli were equated 
for contrast sensitivity with regard to the fundamental 
components, but large differences in contrast sensitivity 
and temporal integration remained for the higher harmonic 
components. Since these components mediated visibility 
when the harmonic waveforms were used, it is reasona
ble to conclude that these factors underlie the differences 
noted. 

This interpretation implies that the persistence of a com
plex stimulus can be predicted, given the knowledge of 
the spectral composition of the stimulus and the temporal 
integration properties of human spatial channels. It may 
well be that this conclusion holds only for complex stimuli 
of a periodic nature (Le., gratings, checkerboards, etc.). 
Other complex stimuli, such as more natural images (e.g., 
faces, objects, landscapes), contain local differences in 
contrast and render a two-dimensional Fourier descrip
tion of the stimulus less accurate. In those cases, persis
tence could be mediated by the features rather than by 
the more global aspects of the stimulus. 
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