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Cerebral asymmetry in time perception
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Eighteen right-handed male subjects estimated the duration of dot patterns of varying
numerosity which were briefly flashed to the left and right visual fields. The mean judged
duration of patterns flashed to the left visual field was significantly less than the mean judged dura
tion of patterns flashed to the right visual field. However, the duration of all patterns was
underestimated, regardless of visual field. In addition, apparent duration increased linearly when
plotted as a function of log duration and increased monotonically when plotted as a function of
stimulus numerosity. Overall accuracy was nearly equivalent in both visual fields, but there
were interactions between actual durations and visual field and between numerosity and visual
field. Thomas and Weaver's (1975) model for time perception is applied to the data, and it is
suggested that the left hemisphere relies on a timer to estimate duration, while the right hemisphere
relies on a visual information processor to estimate duration.

There have been a number of experiments demon
strating cerebral asymmetry in the normal human
brain. The designs of these experiments are premised
on the fact that unilateral stimulus presentation
leads primarily to stimulation in the contralateral
cerebral hemisphere. Typical findings have included
the following:

(1) In the visual mode, verbally encoded stimuli
are more quickly processed when presented to the
right visual field (left hemisphere), while spatially
encoded stimuli are more quickly processed and
more accurately detected when presented to the left
visual field (right hemisphere) (Geffen, Bradshaw,
& Wallace, 1971; Kimura & Durnford, 1974; Klatzky
& Atkinson, 1971).

(2) In the auditory mode, using dichotic presenta
tion, verbal messages presented to the right ear are
more accurately reported than verbal messages
presented to the left ear (Kimura, 1961, 1964), while
musical sounds presented to the left ear are more
quickly monitored and more accurately identified
than musical sounds presented to the right ear
(Kallman & Corballis, 1975; Kimura, 1964).

(3) The crucial variable may not be the stimulus
per se. There is evidence that the left hemisphere
processes stimuli linearly and analytically in a lin
guistic mode, while the right hemisphere processes
stimuli holistically and synthetically in an imaginal
mode (Bever & Chiarello, 1974; Cohen, 1973;
Gordon, 1975; Robinson & Solomon, 1974; Seamon,
1974).
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An essential difference between these two modes
of processing appears to be the degree to which a
linear conception of time is reflected in thought.
In fact, there is evidence that the two hemispheres
respond differently to temporal manipulations.
Efron's experiments (1963a, b), on judging simul
taneity and temporal order of bilaterally presented
stimuli (brief electric shocks and light flashes)
"suggest that the conscious comparison of time of
occurrence of any two sensory stimuli requires the
use of the hemisphere which is dominant for language
function" (Efron, 1963a, p. 283). More recently,
Erwin and Nebes (Note 1) argued that the visual
persistence of letter arrays (as measured by the sub
tractive reaction time technique) involves an inter
action between encoding by the left hemisphere and
storage by the right hemisphere. In the present ex
periment, we have studied cerebral asymmetry in
time perception, specifically, apparent duration.

The apparent duration of an interval has been
shown to vary as a function of the cognitive activity
occurring within that interval (Fraisse, 1963; Ornstein,
1969). Most research has focused on manipulating
nominal stimulus attributes in order to effect changes
in cognitive activity. Mo (1971, 1975) found that
increasing the number of dots in briefly flashed dot
patterns led to an increase in their apparent dura
tion. Buffardi (1971) reported similar findings in
the visual, as well as in the auditory and tactual,
modalities. Mo and Michalski (1972) found that in
creasing the size of a briefly flashed small circle (9 mm)
led to an increase in its apparent duration, and
Schiffman and Bobko (1974) found that increasing
the complexity of a blinking light display (i.e., no
blinking, simultaneous blinking, random blinking)
had similar effects.

Recently, some investigators have demonstrated a
relationship between cognitive activity and apparent
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Figure 1. Mean judged duration as a function of log duration.
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The raw data (duration judgments on a 5-point
scale) were summed over the block factor. The ex
perimental design was then 2 (Visual Field) by 5 (Dur
ation) by 5 (Numerosity) with repeated measures
across all levels of each factor. All factors except
subjects were considered fixed and crossed.

There was a strong main effect of Visual Field.
The mean judged duration of patterns presented to
the left visual field was 2.68, while the mean judged
duration of patterns presented to the right visual
field was 2.87, F(1,17) == 31.22, p < .001. Since a
mean judged duration of 3.00 would correspond to
the actual mean duration, it appears that the stimuli
in both visual fields were underestimated relative
to the clock. This was the case, as t tests showed
that both 2.68 and 2.87 were significantly different
from the theoretical expected mean of 3.00 (p < .(1).

There was also a significant main effect of Dura
tion, F(4,68) == 263.00, p < .001. The appropriate
data for both visual fields are presented in Figure 1,
where mean judged duration is plotted as a function
of log duration. The linear functions, derived by
the least squares method. fit the data closely. This
is consistent with the results of other psychophysical
studies using categorical scaling (Engen, 1972,
pp. 82-83). The interaction between Visual Field
and Duration was not significant, F(4,68) == 1.70,
P < .25.

There was also a significant main effect of numer-

then asked "Ready?" When the subject responded "OK" (indi
cating that he was fixating on the X), a stimulus was exposed and
the subject indicated its apparent duration by checking the appro
priate interval on his answer sheet. The subject wore ear pro
tectors during the experiment so that he would not be distracted
by the sound of the tachistoscope-timer as it was being adjusted
between trials.

Stimuli
The stimuli, which resembled those used by Mo (1971), were

150 white index cards, 12.8 x 20.3 em in size, each marked with
1, 2, 3, 4, or 5 black dots (Prestype), 2 mm in diameter. Their
pattern was determined by randomly assigning them to the cells
of a 1.9 x 1.9 cm nine-cell matrix, the center of which was dis
placed either 2.3 deg (3.2 ern) to the left or 2.3 deg to the right
of the fixation point, a 5-mm X in the center of the visual field.
(The viewing distance was approximately 78.7 cm.)

In this manner, 75 patterns were generated, 15 patterns for
each number of dots. Each pattern appeared once on the left
and once on the right, making a total of 150 stimuli.

duration by controlling the degree of cognitive
activity directly. Avant, Lyman, & Antes (1975)
argue that differences in apparent duration may be
traced to operations of initial visual processing.
Thomas and Weaver (1975) have presented a mathe
matical model of apparent duration incorporating
storage and retrieval. as well as processing variables.

)n the present study, we have relied on changes in
the nominal stimulus to effect changes in cognitive
activity. Thus, dot patterns of varying numerosity
and varying brief durations are presented to the left
and right visual fields. Cerebral asymmetry in time
perception is indicated by laterality differences in
duration judgments.

Apparatus and Design
Each pattern was exposed on a Scientific Prototype Mod

el 800F two-channel tachistoscope at one of five logarithmically
increasing durations: 16,25,40,63, or 100 msec. More specifically,
for each number of dots, 3 of the 15 patterns (chosen random
ly) were exposed at 16 msec in both visual fields, 3 at 25 msec
in both visual fields, 3 at 40 msec in both visual fields, etc. The
pre- and postexposure fields were identical to the exposure field
except for the dots.

Each of the three patterns exposed at the same duration were
then separated in order to produce three homogeneous blocks,
each containing 50 stimuli. The stimuli in each block included
five one-dot patterns, five two-dot patterns, five three-dot
patterns, five four-dot patterns, and five five-dot patterns. For
each number of dots, one of the five patterns (chosen randomly)
was exposed once to the left and once to the right for 16 msec,
a second pattern was exposed once to the left and once to the right
for 2S msec, a third, for 40 msec, etc. The order of stimuli in
each block was randomized and was kept invariant over sub
jects; however, block order was perfectly counterbalanced such
that each of the six possible block orders was presented to three
different subjects.

Subjects
Twenty-one right-handed males participated in this study; all

were fulfilling an introductory psychology course research require
ment. The data from three subjects were not analyzed be
cause these subjects failed to follow the instructions properly.

METHOD

Procedure
Before the experiment began, the subject was shown a sample

stimulus (a card with one continuous horizontal line of dots across
its center) at each of the five durations in turn. He was then given
an answer sheet containing 150 vertical S-point bipolar scales
labeled "shortest" at the top and "longest" at the bottom and
otherwise unmarked except for interval boundaries. Before each
exposure, the trial number was given by the experimenter, who
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Figure 2. Mean judged duration as a function of numerosity.

osity such that as numerosity increased so did appar
ent duration, F(4,68) = 60.20, p < .001. This effect
is shown in Figure 2 for both visual fields. Only
patterns of low numerosity were underestimated
relative to the dock. The interaction between Visual
Field and Numerosity was not significant, F < 1.00.

There were two other significant effects: a Dura
tion by Numerosity interaction, F(l6,272) = 3.29,
p < .001, and a Visual Field by Duration by Numer
osity interaction, F(16,272) = 2.20, p < .01. In
order to examine these effects, we have plotted the
Duration by Numerosity interactions for each visual
field separately. These are shown in Figures 3 and
4. It appears that the effect of numerosity as a func
tion of duration is less complicated for stimuli
presented to the left visual field than for stimuli
presented to the right visual field. In the left visual
field, numerosity has an increasing effect on judged
duration as actual duration increases. On the other
hand, in the right visual field, the effects of numer
osity are less orderly and decrease at the longest
duration.

A second analysis of variance was computed to
determine the effects of the three experimental vari
ables on the accuracy of the duration judgments.
We already noted that patterns presented to the right
visual field were judged to last longer than patterns
presented to the left visual field. If we wish to make
inferences regarding hemispheric competence in time
perception, we must assess the accuracy of these
duration judgments. Differences in mean judged
duration do not necessarily reflect differences in
accuracy. For this accuracy analysis, the raw data
were dichotomous, 0 for an incorrect judgment and
1 for a correct judgment (see Winer, 1971,
pp. 303-305).

The main effect of Visual Field was not signifi-
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Figure 3. Mean judged duration as a function of log duration
and numerosity in the right visual field.
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cant. In the left visual field the proportion of correct
ly judged stimuli was .41. In the right visual field,
the proportion of correctly judged stimuli was .38,
F(l,17) = 2.75, p < .25.

There was a significant main effect of Duration,
F(4,68) = 7.75, p < .001. The breifer the duration
of the flash, the greater the proportion of correct
judgments. This is consistent with our finding that
the duration of stimuli in both visual fields was
underestimated. On the average, subjects gave more
short estimates than long estimates, leading to an
increase in the number of correct judgments for the
shorter durations.

There was also a significant Visual Field by Dura
tion interaction, F(4,68) = 5.52, p < .001. It is
represented in Figure 5, which shows that briefly
flashed stimuli are more accurately judged when they
are presented to the left visual field, while the effect
is reversed for longer stimuli. This is consistent with
our finding that left visual field stimuli were under
estimated more than right visual field stimuli. On
the average, subjects gave more short estimates for
left visual field stimuli than for right visual field
stimuli, reflecting greater left visual field accuracy
at brief durations and greater right visual field
accuracy at long durations.

There was a significant effect of Numerosity, such
that as numerosity increased so did accuracy of
judgment, F(4,68) = 2.66, p < .05. However, this
effect is complicated by a Visual Field by Numerosity
interaction, F(4,68) = 2.55, p < .05, which is shown
in Figure 6. Accuracy increases as a function of
numerosity only for stimuli presented to the left
visual field. Accuracy is less dependent on numer
osity for stimuli presented to the right visual field.
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Figure 5. Accuracy of judged duration as a function of log
duration and visual field.

degradation of information as it is passed from the
less competent to the more competent hemisphere.
On the other hand, Kinsbourne attributes per
ceptual asymmetries to pre- and/or poststimulus
shifts in attention. That is, perceptual asymmetries
result from gazing and head-turning, which occur
contralateral to the active, or more competent,
hemisphere.

These theories, based as they are on the notion
of relative competency, do not successfully explain
our data. If one hemisphere is more competent
regarding time perception, accuracy in judging dura
tion should be higher for the contralateral visual
field. Yet we found that neither field showed greater
accuracy; for both visual fields, overall accuracy
was nearly equivalent. Thus, we believe an alternative
explanation of our data is appropriate.

Thomas and Weaver (1975) presented a mathe
matical model of time and perception which assumes
that the perceived duration of a brief visual stimulus
is a function of two processors, a timer and a visual
information processor. Attention is shared between
these processors such that, as visual information in
creases, more attention is given to the visual
information processor. As visual information de
creases, more attention is given to the timer. Perceived
duration is assumed to be a weighted average of the
output of both processors. (It is a weighted average,
because as one processor captures more attention,
the other processor becomes less reliable.)

In applying Thomas and Weaver's model to our
data, we assume that the hemispheric distinction
serves as an automatic control over the distribution
of attention to the timer and the visual information
processor, such that, when the stimulus is presented
to the left (right) visual field, judgment of duration
is based on the output of the visual-information
processor (timer). This assumption is consistent with
previous data indicating that the left hemisphere
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Figure 4. Mean judged duration as a function of log dura
tion and numerosity in tbe left visual field.
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Moreover, with patterns of low numerosity, right
visual field stimuli are more accurately estimated,
while this effect is reversed for patterns of high
numerosity. We will discuss these data in the follow
ing section.

Finally, there was a significant Duration by
Numerosity interaction, F(16,272) = 8.08, p < .001.
This interaction could be predicted on the basis of
the significant main effects of actual duration and
numerosity on mean judged duration. At short dura
tions, stimuli of low numerosity were judged correct
ly more often than stimuli of high numerosity. At
long durations, stimuli of high numerosity were
judged correctly more often than stimuli of low
numerosity.

The mean judged duration of patterns presented
to the left visual field was significantly less than the
mean judged duration of patterns presented to the
right visual field. However, there was a systematic
tendency to underestimate the duration of all
patterns, regardless of visual field. In addition,
apparent duration increased linearly when plotted as
a function of log duration in both visual fields (see
Figure 1) and, consistent with previous findings,
was a positive function of numerosity of both visual
fields (see Figure 2).

These findings indicate that there is cerebral
asymmetry in time perception, although the precise
nature of this asymmetry is not clear. Kimura (1966)
and Kinsbourne (1970) have argued that such per
ceptual asymmetries may be attributed to functional
differences between the two hemispheres. One
hemisphere is viewed as more competent, the other
less competent, for a particular task. For Kimura,
perceptual asymmetries result from transcallosal
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being more accurate in the right hemisphere. Alter
natively, the timer may be localized in the left hemis
phere and the visual information processor localized
in the right hemisphere. The situation is further
complicated by Efron's (1963a, b) findings, which
imply that the left hemisphere is necessary for judg
ments of temporal order. Our data are consistent
with any of these possibilities, and more research
is clearly appropriate.

REFERENCE NOTE

1. Erwin, D. E., & Nebes, R. D. Right hemispheric involvement
in the functional properties of visual persistence. Paper presented
at the meeting of the Eastern Psychological Association, New York,
April 1976.

REFERENCES
Figure 6. Accuracy of judged duration as a function of

numerosity and visual field.

processes within a linear mode, while the right
hemisphere processes within a perceptual mode.
Examining our data, Figures 3 and 4 do suggest that
the right hemisphere is less variably and more
systematically affected by changes in visual informa
tion, i.e., numerosity.

We can now use Thomas and Weaver's model
to interpret Figures 5 and 6. Figure 5 can be con
sidered to represent accuracy as a function of in
creased attention to the timer, with attention to the
visual-information processor held constant. (We
assume, with Thomas and Weaver, that at these brief
durations the time to process visual information is
greater than and independent of duration.) Accuracy
is higher in the left visual field at shorter durations
because relative attention to the visual information
processor is greatest when duration is decreased.
The general decline in accuracy as a function of dura
tion probably reflects a systematic tendency for the
timer to underestimate all durations (Thomas and
Weaver observed a similar tendency.)

Figure 6 can be considered to represent accuracy
as a function of increased attention to the visual
information processor, with attention to the timer
held constant. Accuracy is higher in the right visual
field with low numerosity because relative attention
to the timer is greatest when visual information is
reduced. Accuracy is higher in the left visual field
with increased numerosity because relative attention
to the visual-information processor is greatest when
visual information is increased.

Regarding the localization of the timer and the
visual-information processor, two possibilities are
suggested: Both processors may be functions of both
hemispheres, the timer being more accurate in the
left hemisphere and the visual information processor

AVANT, L. L., LYMAN, P. J .. & ANTES, 1. Effects of stimulus famil
iarity upon judged visual duration. Perception & Psychophysics,
1975, 17, 253-262.

BEVER, T. G., & CHIARELLO, R. 1. Cerebral dominance in
musicians and nonmusicians. Science, 1974, 185,537-539.

BUFFARDI, L. Factors affecting the filled-duration illusion in the
auditory. tactual, and visual modalities. Perception & Psycho
physics. 1971, 10, 292-294.

COHEN, G. Hemispheric differences in serial versus parallel pro
cessing. Journal of Experimental Psychology, 1973, 97,
349-356.

EFRON. R. The effect of handedness on the perception of simul
taneity and temporal order. Brain, 1963,86,261-284. (a)

EFRON, R. The effect of stimulus intensity on the perception of
simultaneity in right and left handed subjects. Brain, 1963, 86,
285-294. (b)

ENGEN. T. Psychophysics: Scaling methods. In 1. W. Kling & L. A.
Riggs (Ed s.), Experimental psychology (3rd ed.) New York: Holt,
Rinehart, & Winston, 1972.

FRAISSE. P. The psychology of time. New York: Harper & Row,
1963.

GEFFEN. G .. BRADSHAW, J. L., & WALLACE, G. Interhemispheric
effects on reaction time to verbal and nonverbal visual stimuli.
Journal of Experimental Psychology, 1971, 87,415-422.

GORDON, H. W. Hemispheric asymmetry and musical perfor
mance. Science, 1975, 189, 68-69.

KALLMAN, H. J .. & CORBALLlS, M. C. Ear asymmetry in reaction
time to musical sounds. Perception & Psychophysics, 1975, 17,
368-370.

KIMURA, D. Cerebral dominance and the perception of verbal
stimuli. Canadian Journal ofPsychology; 1961, 15, 166-171.

KIMURA, D. Left-right differences in the perception of melodies.
Quarter(v Journal 0.( Experimental Psychology, 1964, 16,
355-358.

KIMURA, D. Dual functional asymmetry of the brain in visual
perception. Neuropsychologia, 1966, 4, 275-285.

KIMURA, D., & DURNFORD, M. Normal studies on the function of
the right hemisphere in vision. In S. 1. Dimond & J. G.
Beaumont (Eds.), Hemisphere function in the human brain. New
York: Halsted Press, 1974.

KINSBOURNE, M. The cerebral basis of lateral asymmetries in
attention. Acta Psychologica, 1970,33, 193-201.

KLATZKY, R. L., & ATKINSON, R. C. Specialization of the cerebral
hemispheres in scanning for information in short-term memory.
Perception & Psychophysics, 1971. 10, 335-338.

Mo, S. S. Judgment of temporal duration as a function of
numerosity. Psychonomic Science. 1971. 24, 71-72.



192 POLZELLA, DaPOLITO, AND HINSMAN

Mo , S. S. Temporal reproduction of duration as a function of
numerosity. Bulletin of the Psychonomic Society, 1975, 5,
165·167.

Mo , S. S.. & MICHALSKI, V. A. Judgment of temporal duration of
area as a function of stimulus configuration. Psychonomic
Science, 1972, 27, 97-98.

ORNSTEIN, R. E. On the experience of time. Baltimore: Penguin
Books, 1969.

ROBINSON, G. M., & SOLOMON, D. J. Rhythm is processed by the
speech hemisphere. Journal ofExperimental Psychology, 1974,
102, 508-511.

SCHIFFMAN, H. R., & BOBKO, D. 1. Effects of stimulus complex
ity on the perception of brief temporal intervals. Journal of

Experimental Psychology, 1974. 103, 156·159.
SEAMON, J. G. Coding and retrieval processes and the hemispheres

ofthe brain. In S. J. Dimond and J. G. Beaumont (Eds.), Hemi
spherefunction in the human brain. New York: Halsted Press,
1974.

THOMAS, E. A. C., & WEAVER, W. B. Cognitive processing and
time perception. Perception & Psychophysics, 1975, 17, 363-367.

WINER, B. J. Statistical principles in experimental design
(2nd ed.). New York: McGraw-Hill. 1971.

(Received for publication December 22,1975;
revision accepted December 2, 1976.)


