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Target energy effects on Type 1 and Type 2
visual persistence
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The effects of varying target energy (luminance and duration) were determined for two differ
ent types of visual persistence. Type 1 persistence, which reflects the latency for perceived
offset of a brief stimulus, was found to be inversely related to target energy. Type 2 persistence,
which reflects the total perceived duration of the fading stimulus trace, was found to be posi
tively related to target energy. These results for both types of persistence were established
with the common asynchrony-judgment task and with a simple reaction time task. The opposite
relationships for the two types of visual persistence with target-energy manipulations were
discussed in terms of: (1) the different processes believed to underlie Type 1 and Type 2
persistences and (2) the disparate empirical results frequently reported in the current persistence
literature.

In the current visual persistence literature, there is
extensive theoretical and empirical confusion. A clear
indication of this condition can be seen in two recent
reviews that have reached very different conclusions
concerning the nature and locus of persistence effects
within the visual system (Coltheart, 1980; Long, 1980).
A significant portion of this confusion may be attributed
to the empirical discrepancies that seem to plague this
literature. For example, it has been reported that per
sistence decreases with increasing target luminance
(e.g., Bowen, Pola, & Matin, . 1974; Efron, 1970;
Hansteen, 1971; Long & Gildea, 1981), is independent
of changes in target luminance (e.g., Adelson & Jonides ,
1980; Hogben & DiLollo, 1974) , and increases with
increasing target luminance (e.g., Keele & Chase, 1967;
Long & Sakitt, 1980, 1981). Similar contradictory
claims can be found concerning the effects of varying
target duration and background luminance (cf. Long,
1980) .

One recent, and potentially fruitful, attempt to
reconcile such discrepancies has suggested that there
may exist more than a single type of visual persistence
(e.g., Hawkins & Shulman, 1979; Sakitt & Long, 1979).
In this conceptualization, following the physical offset
of a brief target , two distinguishable phenomenal events
may be available to an observer. The first is the per
ceived offset of the stimulus , which follows the phys
ical offset of the stimulus very rapidly ; the second is the
subjectively fading trace of the stimulus, which may per
sist for several hundred milliseconds. Following the pro
posal by Hawkins and Shulman (1979), the former will be
termed Type 1 persistence and the latter, Type 2 persis
tence. The value of such a dichotomy rests on the critical
proposal that Type 1 persistence exhibits inverse energy
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effects, whereas Type 2 persistence exhibits positive
energy effects (e.g., Hawkins & Shulman , 1979). It has
further been suggested (Long, 1979) that the two
persistences may be related to identifiable physiological
processes: Type 1 persistence to the latency for "off'
responses (which is inversely related to target energy)
and Type 2 persistence to prolonged photoreceptor
activity (which is positively related to target energy).
Hence, in this dual-model view of persistence, the
apparent discrepancies in the persistence literature may
be attributed to the inadvertent assessment of different
types of persistence across experimental studies.

The purpose of the present note is twofold. First , it
seeks to provide further clear evidence for the proposed
dichotomized treatment of visual persistence. The
effects of varying luminance and duration on the two
types of persistence will be assessed under "typical"
viewing conditions. Second, the comparability of two
standard persistence tasks will be determined. On both
the temporal asynchrony task (e.g., Efron , 1970) and
the simple RT task of persistence (e.g., Parker, 1980),
demonstrations of Type 1 and Type 2 persistence will
be attempted. The rationale for this comparison can
be found in the recent suggestion by Coltheart (1980)
that the RT and asynchrony tasks of persistence may
not be equivalent measures of persistence because of
different levels of stimulus processing to which each
may be sensitive.

METHOD

The target stimulus in all cases was a 1.0-deg black dot
centrally located in the 7.6 x 4.5 deg white field of a Scientific
Prototype three-channel tachistoscope (Model 3200GB). This
target was presented at three duration levels (25, 50, and
100 msec) and two luminance levels (5.0 and 15 fL). The white
background field that preceded and followed the target presen
tation was constant at 5 fL. For the asynchrony-judgment
task, three Hunter Timers (Model m-e) were interfaced with
the tachistoscope to provide a constant 500-rnsec foreperiod
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Figure I. Mean response latencies on the four persistence
tasks as a function of target duration for two luminance levels.
Figures la and Ib correspond to Type 1 persistence, in which
observers attended to target offset . Figures Ic and Id correspond
to Type 2 persistence, in which observers attended to fading
target image.
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tasks under the same instructional sets. This entire pat
tern of results is consistent with predictions for Type 1
persistence and with many previous investigations with
either of these procedures that have reported inverse
luminance and duration effects on persistence (cf.
Bowen, 1981 ; Coltheart , 1980).

The latency values in Figure 1a (RT to offset) may
appear suspiciously low for motor response times.
However, a control condition with two observers has
shown that, if an observer is instructed to respond to
target onset , the latency values (i.e. , RT-target duration)
are 50-125 msec less than those shown in the figure.
Nonetheless, observers did report considerable diffi
culty on the RT task responding to offset as distinct
from onset for the briefest (25-msec) targets . This may
represent a problem of a "cellar effect" for the RT
task under some conditions that was apparently absent
on the asynchrony task. However, when target duration
was increased to longer values, this reported difficulty
largely disappeared, and the same inverse energy effects
were obtained (e.g., Briggs & Kinsbourne , 1972 ;Parker,
1980).

between warning signal and target presentation, a variable
duration interval (adjusted by the experimenter) between the
offset of the target and the onset of the auditory probe, and
a constant 50-msec auditory probe. The probe was a 1,000-Hz
tone presented by a Lafayette audio generator and amplifier
(Model 15010). For the RT task , a Hunter Klockounter
(Model 120A) was initiated at the offset of the target stimulus
and was stopped when the observer released a telegraph key.

Five graduate students who were naive with respect to the
experimental hypotheses served as paid observers. Each observer
was run in four experimental sessions, each of which was pre
ceded by a 60-min practice session with the identical condi
tions employed in the experimental session to follow. The four
experimental sessions consisted of four different task condi
tions: (I) RT to offset , (2) asynchrony to offset, (3) RT to
persistence, and (4) asynchrony to persistence. The first two
conditions represent theoretical Type 1 persistence because the
observer was instructed to attend to the perceived offset of the
target. With the RT task, the observer was instructed to release
the telegraph key on each trial as soon as the brief target was
terminated. With the asynchrony task, the experimenter adjusted
the auditory probe in ascending or descending 50-msec steps
until the observer reported that it coincided with the offset of
the brief target . (The latter procedure has been used previously
by Long and Gildea, 1981.)

In the other two experimental conditions, theoretical Type 2
persistence was assessed. For both, observers were instructed
to attend to any' lingering trace of the brief target. With the RT
task , the observer released the telegraph key when all trace of
the target had completely disappeared. With the asynchrony
task, the experimenter adjusted the auditory probe in ascending
or descending 50-msec steps until the observer reported that it
coincided with the end of any persistence from the brief target.
(The latter procedure has been used previously by Long and
Beaton, 1980a, 1980b, and Long and Sakitt, 1981.)

Within each of the four task conditions, six conditions of the
target stimulus were employed (three durations X two lumi
nances). For the two sessions employing RT procedures, the six
target conditions were represented by six randomly ordered
blocks of 12 trials. For the two sessions employing asynchrony
procedures, the six target conditions were represented by six
randomly ordered blocks of 10 trials. Half of these asynchrony
judgment trials involved ascending 50-msec steps; half involved
descending 50-msec steps. The order of the four experimental
sessions (i.e., task conditions) was uniquely randomized for each
observer. Each experimental session lasted 60-90 min, with a
brief rest period halfway through the session.

RESULTS AND DISCUSSION

The mean results for the five observers in the four
task conditions are shown in the four panels of Figure I.
The top two panels presumably represent Type 1 per
sistence as assessed by the RT task (Figure 1a) and the
asynchrony task (Figure 1b). For both these tasks, the
observers were explicitly instructed to attend the target
offset. Note that for both tasks, the effects of increas
ing target luminance or target duration were to decrease
the response latency. For the RT task , significant main
effects of luminance [F(I,4) = 35.26, p<.005] and
duration [F(2,8) = 249.32, P < .001] were obtained ;
the interaction was not significant [F(2,8) = 4.10 ,
p > .05]. For the asynchrony task, the main effects of
luminance [F(1,4) = 31.55, P < .005] and duration
[F(2,8) = 35.67 , p<.OOI] were again significant ; no
interaction was indicated [F(2,8) = 1.49, p > .05].
Hence, an inverse energy effect was obtained on both



The bottom two panels in Figure 1 theoretically
represent Type 2 persistence as assessed by the RT task
(Figure 1c) and asynchrony task (Figure 1d) . For both
these tasks, the observers were explicitly instructed to
attend to any fading trace of the target stimulus after
its offset. Note, first , the much higher latency values in
the bottom panels than in the upper panels for the
same response tasks and stimulus conditions. This
reflects the much greater persistence for Type 2 per
sistence , which can outlast perceived offset by hundreds
of milliseconds. Second, in contrast to the upper panels
in the figure, a positive effect of increasing either target
luminance or target duration was obtained for both
tasks. For the RT task , the main effects for luminance
[F(1 ,4) = 33.49, p < .005] and duration [F(2,8) = 6.98,
p < .025] were significant; the interaction was not
significant (F < 1.0). Similarly , for the asynchrony
task , the main effects for luminance [F(1 ,4) = 37 .55,
p < .005] and duration [F(2,8) = 11.95, P< .005]
were again significant ; the interaction was not signifi
cant [F(2 ,8) = 3.99, p > .05] . This pattern of results is
consistent with predictions for Type 2 persistence out
lined above and with several previous investigations that
have obtained positive energy effects upon visual per
sistence (cf. Long, 1980).

An additional concern of the present study was the
comparability of the RT and asynchrony tasks for
assessing visual persistence. It would appear from Fig
ure I that at least under the present conditions, the two
procedures are basically equivalent, regardless of whether
Type 1 or Type 2 persistence is assessed. This is not to
say that the absolute values obtained with the two tasks
are identical. After all, different responses are required
by the two tasks. However, the relative effect of manip
ulating stimulus variables appears to be equivalent across
the RT and asynchrony tasks of visual persistence.

CONCLUSION

From the results obtained in the present work, it would
appear that the distinction between Type 1 and Type 2 persis
tence is not only readily demonstrable but also of clear empirical
importance. Under normal photopic viewing conditions, observers
have little difficulty distinguishing between the two phenomenal
events of perceived offset and the end of persistence that follow
a brief target stimulus. Moreover , the very different empirical
relationships exhibited by the two persistences in response to
manipulation of target luminance and target duration indicate
that very different processes in the visual system underlie the
phenomenally distinct events. And finally, the recognition of
these separate types of persistence permits a reconciliation of
the current persistence literature that is otherwise replete with
numerous empirical contradictions.
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