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The Effects of Aging and Brain Damage on Time Perception

Abstract

The effects of aging and brain damage on time perception are not well understood. In this study, we test the
hypothesis that aging affects timing variability and that parietal damage affects timing magnitude. Young and
healthy college-age students, older subjects, and a patient with bilateral parietal damage were assessed on their
ability to estimate and produce time intervals ranging from four to fifteen seconds. Subjects completed two
tasks: production of the duration of a stimulus in seconds and estimation of when the number of seconds
presented as a stimulus had elapsed. Data was analyzed via power functions: { = Kep. Aging and brain damage
should theoretically result in either reduced exponents or increased variability in performance. Information
processing models separate deficits in perception, decision-making, and memory, allowing more specific
analysis of the locus of cognitive deficits. The results of this study show no effects of aging on time perception
whereas parietal damage affects temporal processing in significant ways.
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The Effects of Aging and Brain Damage on

Time Perception

Virendra R. Desai
University of Pennsylvania

The effects of aging and brain damage on time perception are not well understood. In this study,
we test the hypothesis that aging affects timing variability and that parietal damage affects timing
magnitude. Young and healthy college-age students, older subjects, and a patient with bilateral
parietal damage were assessed on their ability to estimate and produce time intervals ranging
from four to fifteen seconds. Subjects completed two tasks: production of the duration of a
stimulus in seconds and estimation of when the number of seconds presented as a stimulus had
elapsed. Data was analyzed via power functions: gy = K(pB. Aging and brain damage should
theoretically result in either reduced exponents or increased variability in performance.
Information processing models separate deficits in perception, decision-making, and memory,
allowing more specific analysis of the locus of cognitive deficits. The results of this study show no
effects of aging on time perception whereas parietal damage affects temporal processing in

significant ways.

Introduction

While much evidence points to reductions in
cognitive ability with aging, much of this research has
avoided including sensory perception and its
relationship to cognition in its explanation of the
effects of aging on cognitive ability. In the same
respect, perceptual researchers have postulated that
aging affects visual and auditory perception, but they
have failed to include cognitive functioning in their
explanations. The age-related changes in both
cognition and perception have  prompted
neuroscientists to begin researching the relationship
between the two abilities (1).

Currently, much research has been performed on the
effects of aging on cognition. It has been
hypothesized and concluded that aging leads to
reductions in processing abilities and processing
speeds (5). The reductions in processing abilities
associated with aging have been studied and
empirically supported for a number of years, with the
strongest evidence from studies by Hebb and by
Horn. Hebb’s study shows considerable age-related
differences in Type A cognition. Hebb describes this

type of cognition as inherent intellectual ability which
develops by neural maturation. Hebb distinguishes
type A cognition from type B cognition, which
represents intelligence that is acquired through
experience (2). Horn’s study shows age-related
differences in fluid cognition (3). Fluid cognition is
defined as functioning that requires an active effort to
maintain information, whether verbal or visuospatial,
in working memory so as to plan and execute goal-
directed behavior. Fluid cognition is distinguishable,
though not distinct, from crystallized knowledge,
which represents information stored in long-term
memory (4).

Furthermore, these reduced sensory processing
speeds lead to deficits in cognitive functioning, as
proposed by Salthouse in the processing-speed
theory of cognitive aging phenomena (5). The main
assumption in this theory is that age-related deficits
in memory and cognition stem from the decreased
speed with which many cognitive functions are
executed with increased age (5). Research by
Salthouse shows reduced processing speeds
occurring with increased age in fluid cognitive
functioning. The validity of these tests stems from the
relatively undemanding tasks that the subjects were



required to perform, which controls for reductions in
speed resulting from delayed sensory perception and
sensory reaction. Thus, the reductions in speed
occurred from reduced processing speeds of the
central nervous system (6).

Despite the vast amount of research that has been
performed on aging and cognition, relatively little is
known about the link between the two, and how
increased age may lead to mental degradation. In an
attempt to broaden the understanding of the effects
of aging on cognition, neuroscientists have begun
delving into research on the neuropsychology of time
perception.

The importance of temporal processing abilities
provides further impetus for research on time
perception. Interval timing in the seconds to minutes
range is a skill necessary for motor control and
making predictions about one’s surroundings. In an
evolutionary sense, interval timing is important for
escape from predators and for attack on prey (7). In
addition, general cognitive performance tests have
been able to explain subjects’ abilities in daily
activities. Therefore, timing tasks may present
additional factors that may be useful in predicting
one’s cognitive abilities in extra-laboratory settings

(5).

Interval timing requires higher level cognitive
functions such as attention, working memory, and
decision-making ability. Since attention and working
memory are known to degrade with increased age, it
is hypothesized that interval timing abilities may also
degrade with increased age. Moreover, interval
timing, attention, and working memory are all
associated with the same brain structures and
neurotransmitter systems, and these structures are
most sensitive to aging. Therefore, temporal tasks
may provide very sensitive measurements of age-
related differences in cognitive functioning (8).
Essentially, reduced sensory processing abilities with
increased age may be a factor of reduced temporal
processing abilities with increased age.

Evidence points to the conclusion that age-related
changes in cognition correlate with brain damage to
the frontal lobes of the brain. Salthouse states that
the frontal-deficit hypotheses that have abounded
due to the relationship between aging and brain
damage must be inspected through a double-
dissociation pattern. Thus, certain cognitive deficits
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should be shown to be affected by lesions to the
frontal lobe while undergoing no effect by lesions to
other anatomical regions of the brain. In addition,
other cognitive deficits should be shown to be
affected by lesions to certain regions of the brain
while not being affected by lesions to the frontal
lobes. Evidence currently shows a variety of brain
regions involved in age-related changes in cognition,
including the cerebellum (9).

One of these brain regions that lead to cognitive
deficits may be the parietal lobes. Further, it is
theorized that temporal processing occurs in the
parietal lobes — in other words, the internal clock
resides here. Numerous studies have shown that
patients with parietal lesions suffer deprivations in
magnitude estimations. Cohen et al. reported
dyscalculia, difficulty in automatically processing
numerical magnitudes, in patients suffering from
parietal lesions as well as in healthy individuals that
were subjected to transcranial magnetic stimulation
(TMS) of the parietal cortex (10). Sack et al. report
visuospatial deficits in subjects who underwent TMS
to the parietal cortex (11).

Since patients with parietal lesions suffer deficits in
magnitude judgments, it has been theorized that
these patients would suffer deficits in timing
magnitude (12). Critchley noted deficits in time,
space, size, and number perceptions in patients with
parietal damage. He also stated that it was much
rarer to find patients who suffered timing deficits
without suffering any spatial deficits (13). Alexander
et al. performed a study on healthy individuals in
which the subjects underwent TMS to the parietal
cortex before and after both a timing task and a pitch
discrimination task. The results showed significant
effects of the TMS on time perception but no effects
on pitch discrimination (12).

All these studies strongly suggest that some aspects
of temporal processing occur in the parietal cortex.
Moreover, the effects of aging on cognition may be a
factor of reduced temporal processing abilities.
Similarly, the effects of parietal lesions on cognition
may be a factor of reduced temporal processing
abilities. This research was conducted to uncover the
effects of aging and parietal damage on time
perception.

Certain studies have shown inconclusive evidence of
the effects of unilateral spatial neglect on spatial



perception (14). However, reinterpretation of this data
provided a clearer analysis of it (15). This data was
reevaluated through the use of power functions,
which take the form y = K¢P. In 1860, Gustav
Fechner theorized a mathematical relationship
between objective stimuli and the subjective
perception of these stimuli. He extended the Weber
fraction, which proposes that the just noticeable
difference threshold for stimuli is a constant
proportion of those stimuli, to apply to subjective
sensory experiences of stimuli to the objective
representation of these stimuli. In so doing, he
introduced the discipline of psychophysics with his
publication of The Elements of Psychophysics.
Fechner’'s rendition of this mathematical relationship
was logarithmic, which took the form y = logp + k.
Here, y represents the subjective experience, or the
psychological value, and ¢ represents the objective
stimuli, or the physical value. Stevens and colleagues
identified the power function, y = Kof, as a better
descriptor of this psychophysical relationship (16).
The exponent B and the constant K are both
empirically determined.

Power functions represent the only mathematical
model that has been successfully applied to all sense
modalities:  visual, auditory, kinesthetic, etc.
Moreover, it has produced a characteristic exponent
for each sense in terms of normal, non-brain-
damaged subjects. This ability to apply across all
senses strongly suggests that the central nervous
system quantifies input from the external
environment according to psychophysical principles
(17).

The exponent of the power function captures
heterogeneity in the variances of the subjective
perception of stimuli. The constant of the power
function captures the proportionate error in the
subjective perception of stimuli (15). In this study, the
exponent represents the variable processing errors
evident in the subject while the constant represents
the constant processing errors evident in the subject.
The constant, thus, would capture delays in
registering the presentation of stimuli, in this case,
the presentation of the question mark in the
estimation task or the number in the production task.
It would also capture delays in reacting to the stimuli,
such as pressing the space bar on the computer
keyboard in the production task, etc. The exponent,
capturing the variable processing errors, represents
the cognitive ability of the subjects. Reduced
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exponents (less than 1) would show reduced sensory
processing at increasing levels of stimuli, while
increased exponents (greater than 1) would show
increased perception of stimuli as the stimuli levels
were increased. Exponents with a value of 1
represent constant perception of stimuli at increasing
levels of the stimuli.

Despite the robust nature of power functions, they
have largely been applied to data gathered from
normal, non-brain-damaged subjects. Recently,
however, power functions have been employed to
characterize the cognitive abilities of brain-damaged
individuals. Chatterjee et al. conducted studies on
patients suffering from unilateral spatial neglect and
discovered that sensory processing in these patients
is significantly affected. Their ability to perform simple
spatial tasks, such as line bisection, was reduced
when compared against the ability of normal, non-
brain-damaged subjects (15, 18). Moreover, the
performance of one patient improved over
successive trials in these spatial tasks; however, the
exponent of the power function formed from this
patient’s data remained unchanged. This represented
a deficit in some critical area of the patient’s cognitive
processing (19). Further evidence for the exponent
capturing the cognitive ability of subjects stems from
research conducted by Chatterjee et al. (15), in which
patients suffering from lesions to the central nervous
system showed reduced exponents. If the exponent
captured deficits in sensory transduction, in other
words, transduction via the peripheral nervous
system, no effect should be observed on the
exponent. Thus, lesions to the central nervous
system may influence the psychophysical power law
in ways previously not anticipated (15).

In this experiment, two comparisons are conducted.
To test age-related temporal deficits, the temporal
processing abilities of older adults are compared
against those of younger adults. To test the role of
the parietal cortex in temporal processing, the
temporal processing abilities of the patient with
bilateral parietal lesions are compared against those
of the age-matched older adults.

Power functions are used to perform these
comparisons, and the exponent is the parameter of
interest since, as stated earlier, it represents the
cognitive ability of the subject. Moreover, the R?
value, determined by the correlation between the
data points and the power function curve derived



from these data points, is of interest since it
represents the timing variability evident in the
subject. An R? value near 1 implies consistency in the
subject’s temporal processing abilities at increasing
stimuli levels. On the contrary, a significantly reduced
R? value implies inconsistency in the subject’s time
perception across varying stimuli levels.

Methods

Subjects

Three groups were tested on their temporal
processing abilities: a younger adult group, an older
adult group, and a patient with bilateral parietal
lesions. All the subjects consented to participate in
this study, which the Institutional Review Board had
approved.

Younger Adult Group

The younger adult group consisted of twenty college-
age subjects from the University of Pennsylvania.
Their average age was 18.85 + 1.04. Their ages
ranged from 18 to 21. All of the subjects were right-
handed, and none had any history of brain damage
or consumption of psychoactive substances. Eleven
of the subjects were male, and nine were female.

Older Adult Group

The older adult group consisted of twenty elder
subjects from the Philadelphia area. Their average
age was 66.35 + 12.219. Their ages ranged from 45
years old to 87 years old. All of the subjects were
right-handed, and none had any history of brain
damage or consumption of psychoactive substances.
Eight of the subjects were male, and twelve were
female.

Patient

The patient was a 38-year-old female who suffered
from bilateral parietal-occipital infarctions with right
internal artery occlusion (etiology unknown). The
strokes are in a watershed distribution between the
middle cerebral artery (MCA) and the posterior
cerebral artery (PCA) territories.

Tasks

Two tasks were completed by each subject: an
estimation task and a production task. Both the tasks
were completed on a computer. These programs
were created via E-prime software, and data
collection was performed through this software. The
tasks were presented in succession to the subject,
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while the order in which the tasks were presented for
each individual subject was randomized across the
entire group. Thus, an equal number of subjects
completed the estimation task first, followed by the
production task, as the number of subjects who
completed the production task first, followed by the
estimation task.

Estimation Task

A question mark, the stimulus, appeared on the
computer screen for a predetermined amount of time,
and the subject was requested to estimate the
number of seconds the question mark was
presented. The stimuli durations ranged from four
seconds to fifteen seconds, with each stimulus
presented twice. Thus, a total of twenty-four stimuli
were presented (twelve different time intervals with
each interval presented twice). In addition, the stimuli
were presented in random order, randomized for
each subject. Thus, no two subjects were presented
the same stimuli in the same order. So as to provide
the subject with time to prepare between each
stimulus presentation, an inter-trial-interval crosshair
appeared on screen for a brief interval. Then, the
question mark appeared, followed by these words:
“How many?” At this point, the subject would verbally
state the number of seconds that they perceived the
question mark was presented, and their response
was keyed in on a keyboard by the experimenter
(V.R.D.). The subjects were permitted to use any
strategy, including chronometric counting.

Production Task

A number, the stimulus, appeared on screen in this
task. The numbers ranged from 4 to 15, and each
number was presented twice. Twenty-four stimuli
were presented (twelve numbers with each number
presented twice). The numbers were presented in
random order, randomized for each subject. Thus, no
two subjects were presented the same stimuli in the
same order. Once again, the inter-trial-interval
fixation point appeared on screen for a brief amount
of time in between stimuli presentations so that the
subject would be prepared for each presentation. The
subject was requested to press the space bar on the
computer keyboard when they believed the number
of seconds presented had elapsed. Thus, if a 6 were
presented on screen, the subject would press the
space bar when they believed six seconds had
passed by. Again, the subjects were permitted to use
any strategy, including chronometric counting.



Data Analysis

Data was analyzed via power functions, which take
the form y = Kg@P. The data collected from the
younger adults should theoretically indicate an
exponent around 1. In this case, it is expected that
the younger adults, due to their young age and lack
of both brain damage and consumption of
psychotropic substances, show constant temporal
processing abilities across varying time intervals.

It is hypothesized that the data collected from the
older adults would show either increased timing
variability or increased deficits in timing magnitude,
or both. Similarly, the patient with parietal brain
damage should hypothetically show increased timing
variability and increased deficits in timing magnitude.
Increased timing variability would be represented in a
reduced R? value, calculated from the correlation
between the data points at each stimulus level and
the power function curve. Deficits in timing magnitude
would be captured in the constant and the exponent,
with either a reduced or inflated constant value and a
reduced exponent value.

FIGURE 1:
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Results

The power functions were calculated for each of the
three groups (younger adults, older adults, and the
patient with bilateral parietal damage). These power
functions were calculated by averaging the values for
each parameter for each individual’s power function.
Thus, each subject’s power function was derived,
and the parameter values from this power function
were averaged with the parameter values from the
power functions of all the other subjects within their
respective group.

Estimation Task

Figure 1 depicts the power functions for all three
groups. The x-axis in this figure represents the actual
duration of the stimulus in seconds. As mentioned
earlier, the question marks in this task were
presented for four to fifteen seconds, and thus, the x-
axis ranges from four to fifteen. The y-axis in this
figure represents the subjects’ perceived duration of
the presented stimuli in seconds. The data points are
as shown in the figure, and the curves represent the
best-fit power functions derived from these data
points.
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The power functions for each group in the estimation
task, along with their R® values, were as shown
below:

Younger Adults: y = 0.983X°%%; R® = 0.9718
Older Adults: y = 1.249X%%"%; R? = 0.9712
Patient: y = 2.140X"%%; R® = 0.9446

The younger adults showed a constant value of
0.983 + 0.277, an exponent value of 0.958 + 0.113,
and an R? value of 0.9718 + 0.036. The older adults
showed a constant value of 1.249 + 1.037, an
exponent value of 0.976 + 0.072, and an R? value of
0.9712 + 0.035.

From the data of the younger adults group and the
older adults group, a t-statistic was calculated to
compare their constant, exponent, and R? values,
assuming unequal variances for each parameter. For
the constant value, the t-statistic was -1.108 with a p-
value of 0.14. The exponent value had a t-statistic of
-0.5997 with a p-value of 0.2765. The R? value had a
t-statistic of 0.0535 with a p-value of 0.4788.
Therefore, neither the constant, nor the exponent,
nor the R? values for the older adults were
significantly different from those of the younger adults
at the 95% confidence level.

95% confidence intervals were calculated for all three
parameters for the older adults group for comparison
against the patient’s data. These intervals are as
follows:

Constant: 0.653 < p < 1.845
Exponent: 0.935 <y < 1.018
R?value: 0.951 < p < 0.991

All the patient's values fell outside of the 95%
intervals for the older group (2.140 for the constant,
1.039 for the exponent, and 0.9446 for the R? value).
Thus, all the parameters were significantly different
for the patient when compared against the older
adults group.

Production Task

Figure 2, on the following page, depicts the power
function curves for all three groups in the production
task. The x-axis represents the actual durations of
the stimuli in seconds — in this case, the number that
was presented on the screen during the task. The y-
axis represents the subjective perception of these
stimuli in seconds — in this case, the time in which the
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subject pressed the space bar on the computer
keyboard. The data points are as shown with the
curves representing the best-fitting power function
for each group’s data points. The older adults’
curve is the lowest one on the graph, followed by
the younger adults’ curve, and lastly, by the
patient’s curve at the top.

The power functions for each group in the
production task, along with their R? values, were as
follows:

Younger Adults: y = 1.246X%%%; R? = 0.9714
Older Adults: y = 1.022X"": R? = 0.9675
Patient: y = 2.702X%%%°; R® = 0.8891

The younger adults showed a constant value of
1.246 + 0.464, an exponent value of 0.983 + 0.085,
and an R? value of 0.9714 + 0.038. The older adults
showed a constant value of 1.022 + 0.507, an
exponent value of 1.001 £ 0.118, and an R? value
of 0.9675 + 0.040.

Once again, a t-statistic was calculated to compare
the average parameter values of the younger adults
group with those of the older adults group,
assuming unequal variances for each parameter.
The constant value had a t-statistic of 1.454 with a
p-value of 0.0771. The exponent value had a t-
statistic of -0.5503 with a p-value of 0.2928. For the
R? value, the t-statistic was 0.3180 with a p-value of
0.3761. Therefore, neither the constant, nor the
exponent, nor the R? values for the older adults
were significantly different from those of the
younger adults at the 95% confidence level.

For the older adults group, 95% confidence
intervals were calculated, with which to compare
the patient’'s data for the production task. The
following are these intervals for the constant, the
exponent, and the R? values:

Constant: 0.731 < p<1.314
Exponent: 0.933 < p < 1.069
R? value: 0.944 < p < 0.991

All the patient’s values fell outside of the 95%
intervals for the older group (2.702 for the constant,
0.863 for the exponent and 0.8891 for the R?
value). Thus, all the parameters were significantly
different for the patient when compared against the
older adults group.



FIGURE 2:
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Discussion

The data collected in this study shows that the
constant, exponent, and R? values for the older
adults group were not significantly different from
those of the younger adults group. This finding is
inconsistent with our hypothesis that increased age

would be correlated with decreased temporal
processing abilities. More specifically, aging
hypothetically would lead to increased timing

variability, reflected in a decreased R? value, or
increased deficits in timing magnitude, reflected in
significantly affected constant and exponent values,
or both. However, for both the estimation and the
production task, none of the parameters were
significantly different from the younger adults group.
From this, we conclude that temporal estimation and
production in this range are not compromised by

aging.

However, there may be various reasons for this
data showing no effects of aging on time
perception. For one issue, the subjects in this study
were allowed to perform chronometric counting — a
method in which an individual subdivides time
intervals according to the durations of verbal
statements (for example, “one thousand one...one
thousand two”). (Whether the subjects actually did
perform chronometric counting is unknown.) Hinton
et al. postulate that chronometric counting and not
counting may have different psychophysical
properties in timing (20). Essentially, chronometric
counting may provide these older adults a method
by which they can mask temporal processing
deficits. This depends on the assumption that such
counting would not be affected by cognitive decline
with aging.

Hemmes et al. support this view that different
psychophysical properties are evident based on



whether one counts or does not count. They state
that different sensory systems govern time
perception based on whether the individual performs
chronometric counting or no counting and that this
leads to differences in temporal processing. The
attentional resources that must be distributed
between the temporal task and the nontemporal task
affect the performances of the subjects. Hemmes et
al. showed that time perception with a concurrent
nontemporal task, such as number counting, results
in a flatter power function. This can be interpreted as
reduced sensory processing at increasing stimuli
levels (21).

Perbal et al. found that aging had no effect on time
perception in a simple task, which allowed counting,
whereas it had a significant effect in a concurrent
task (22). Several other experiments have found
similar results and have thus postulated that
decreased temporal processing abilities result from
reductions in attentional ability and/or memory ability
(23). Perbal et al. explain their results by noting that
in the simple task, older subjects may devote their full
attentional resources to chronometric counting. If
their internal clock was naturally slower than normal,
then they were able to compensate for this fact
through their use of chronometric counting. On the
other hand, in the concurrent condition, division of
attentional resources between the temporal task and
the nontemporal task prevented subjects from
counting chronometrically. This led to deficits in
temporal processing (22).

Information processing models attempt to explain
results such as these better. These models
deconstruct the processing into three different stages
of interval time perception. The first stage is the
“internal clock” which consists of a pacemaker that
emits pulses or ticks which are registered in an
accumulator. The second stage is the “memory”
stage which consists of two different memory stores:
working memory and a longer-term reference
memory. Information from the accumulator is
transferred to the working memory. The reference
memory holds information on time intervals based on
previous experience. The third stage is the “decision-
making” stage which compares information from the
working memory to that in the reference memory and
makes a decision (24).
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Deficits in attention result from “central executive”
deficits. The central executive function resides in
working memory and divides attentional resources
between tasks. Thus, aging could potentially show
deficits in any or all of these three stages. With
attention divided between two tasks, pulses or ticks
from the pacemaker may not all be registered in the
accumulator.  This  would result in an
underestimation of time intervals, and many studies
have shown that concurrent task conditions cause
aged subjects to underestimate time intervals (22).
The results of this experiment support the notion
that aging may not affect the internal clock, unless
the subjects compensated for variations in their
clock speed through their use of chronometric
counting.

The results of this experiment support the
hypothesis that parietal lesions would affect time
perception. The patient’s data showed significantly
different constant, exponent, and R? values when
compared against the older group in both the
estimation task and the production task.
Presumably, the parietal lesions disrupted the
temporal processing abilities of this patient.

The fact that the patient had bilateral parietal
lesions indicates that temporal processing occurs in
her region of damage in the two parietal lobes.
Time perception may be determined by abilities of
the left parietal lobe, the right parietal lobe, or both.
Interestingly, experiments by Cohen et al. show
that magnitude processing in numerical magnitude
estimation tasks is disrupted by TMS directed at the
right inferior parietal sulcus (IPS) but not by TMS
directed at the left IPS (10).

Similarly, Sack et al. showed that visuospatial
processing is disrupted when TMS is directed at the
right IPS not when it is directed at the left IPS.
Furthermore, both the right and left inferior parietal
sulci show activity in visuospatial processing under
normal circumstances (when no TMS is applied).
This suggests that the right IPS potentially takes
over functions typically presided over by the left IPS

(11).

Alexander et al. stretch these findings to temporal
processing abilities. In their experiment, in which
TMS was directed at the parietal lobe before and
after a timing task and pitch discrimination task,



different results were obtained when TMS was
directed at different specific regions of the parietal
lobe. TMS directed at the right inferior parietal cortex
(IPC) disrupted temporal processing abilities in
healthy subjects but not pitch discrimination abilities.
On the other hand, TMS directed at the left IPC did
not disrupt either temporal processing or pitch
discrimination abilities (12).

These results summarized above indicate that the
patient in this experiment would theoretically suffer
time perception deficits due to bilateral parietal
lesions. If the patient suffered from a unilateral lesion,
the results of this study may not have been as
conclusive. For instance, if the patient suffered a
lesion to the left parietal lobe, though temporal
processing in this patient may have been affected,
the right parietal cortex may have been able to take
over the functioning of the left IPC, just as had
occurred in the visuospatial and magnitude
processing tasks of the studies of Sack et al. and
Cohen et al.

In addition, the patient in this study demonstrated an
internal clock that speeds up at increasing stimuli
levels. The estimation task shows an exponent value
greater than 1. This indicates that at increasing time
intervals in this task, the patient increasingly
overestimated them. This equivalent to the following:
suppose the question mark was presented for five
seconds in the estimation task, and the subject
stated that her perception of the duration of the
question mark was five seconds. Then suppose that
the same subject perceived a ten second
presentation of the question mark as fifteen seconds.
And lastly, suppose that this subject perceived a
fifteen second time interval as thirty seconds. This
subject would show increased perceptions of time
intervals as the intervals increased. In other words,
the internal clock of this subject would run faster at
increasing time intervals. This is what the patient’s
data indicated in the estimation task.

The patient also showed a speeded clock at
increasing time intervals in the production task. The
reduced exponent indicated that the patient pressed
the space bar at disproportionately earlier times at
increasing stimuli levels. This is equivalent to the
following: suppose a number five was displayed on
the computer screen, and a subject pressed the
space bar after ten seconds. Then suppose that a
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number ten was displayed, and the subject pressed
the space bar after twelve seconds. Lastly,
suppose a number fifteen was presented, and the
subject pressed the space bar after fifteen seconds.
This indicates that the subject pressed the space
bar at earlier times when the time intervals were
increased. In other words, the subject counted
faster and faster at increasing stimuli levels. The
patient’s data resembled this and shows a speeded
up internal clock.

The constant values for the patient were intriguing.
Typically, a subject whose clock ran too fast would
show an increased constant in the estimation task
(for instance, count ten seconds when the question
mark appeared for only five seconds) and a
decreased constant in the production task (press
the space bar after three seconds when a number
five appeared on the computer screen).
Additionally, a subject who counted too slowly
would show a decreased constant in the estimation
task and an increased constant in the production
task. This patient, on the other hand, showed an
increased constant in both tasks, representing
counting that is too fast in the estimation task and
too slow in the production task. This data is
perplexing, but what may be the cause of the
slowing in the production task is the physical
requirement of pressing the space bar. Perhaps the
patient’s internal clock did not actually change
speeds in the tasks. Rather, the clock may have
remained speeded up, while the patient’s physical
response to stimuli presentations was slow.

Further studies may show what specifically may be
affecting this patient’s clock. If the production task
does indeed cause a slowing in responses in
subjects who have difficulty or show slowness in
physical responses, then the estimation task may
be a better indication of the internal clocks of these
subjects.

Moreover, further studies may better explain the
stage of temporal processing — clock, memory, or
decision-making — that suffers deficits with
increased age. Currently, several researchers have
devised experimental methods of testing a subject’s
temporal processing speed after circumventing one
of the three stages listed above. For instance,
Treisman et al. (25) performed an experiment
which manipulated the pacemaker of the clock



stage by presenting a succession of clicks or flashes
to the subject, resulting in an increased speed of the
internal clock while maintaining constancy in the
memory and decision-making stages (26).
Experiments by Wearden et al. (27) and by Allan et
al. (28) circumvented the use of reference memory
by presenting subjects with two tones and requesting
them to state whether the second tone was longer in
duration than the first one. Thus, the subjects were
required to compare information in the working
memory to information that had been in working
memory moments before information concerning the
second tone arrived.

Isolation of the decision stage has received relatively
little attention, despite the fact that many scientists
believe temporal processing errors occur in the
decision-making stage. Nevertheless, Wearden et al.
(29) have devised a clever method of isolating this
stage. Their task awards four different types of
responses: hits, misses, false positives, and correct
rejections. The task presented a tone of 400ms to
subjects at the start, and then, successive tones
ranged from 100ms to 700ms. The subjects were
required to state whether successive tones were of
the same duration as the tone in the beginning (the
400ms tone) or not. When the successive tone was
400ms, a response of “yes” (indicating that the
subject perceived the successive tone to be of equal
duration to the tone in the beginning) was classified
as a “hit”. Any other response was classified as a
“miss”. When the presented tone was not 400ms (in
other words, if it was 100ms, 200ms, 300ms, 500ms,
600ms, or 700ms), a response of “no” was classified
as a “correct rejection”. Any other response was
classified as a “false positive”. Different
classifications of the responses were given different
payoffs. When “hits” were given higher payoffs than
“correct rejections”, subjects responded by increasing
their responses of “yes” and decreasing their
responses of “no”. When “correct rejections” were
given higher payoffs than “hits”, subjects responded
by increasing their responses of “no” and decreasing
their responses of “yes”. Wearden et al. constructed
a mathematical model to describe this data. What
they found was that when “hits” were given higher
payoffs than “correct rejections”, the successive tone
could have greater variance from the original tone
and still be classified as having the same duration.
The opposite was the case when the payoffs were
reversed (29).
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Studies that isolate the different levels of
information processing models during timing tasks
may allow greater specificity in determining what
may cause temporal processing deficits with
increased age.
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