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Aging andjudgments of duration:
Effects of task complexity and method of estimation
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The effects of aging on judgments of short temporal durations were explored using the prospective
paradigm and the methods of verbal estimation and production. Younger and older adults performed
a perceptual judgment task at five levels of complexity for periods of 30, 60, and 120sec. Participants
either continued to perform the task for a specified interval (production) or were stopped and then ver
bally estimated the interval. Older adults gave shorterverbal estimates and longerproductions than did
younger adults. The methods of verbal estimation and production yielded approximately equal dura
tionjudgment ratios once range effects were taken into account. Task complexity had little effect. The
major conclusion is that duration judgment ratios decrease from younger to older adults when the in
tervals are filled with a mental task.

Older adults generally report that time appears to pass
at a faster rate at their present age than it did when they
were younger (Fraisse, 1984; Schroots & Birren, 1990).
Some evidence supporting this point was presented by
Lemlich (1975), who suggested that the subjective dura
tion of a year varies inversely with the square root of the
person's age and reported results in line with his hypoth
esis. Lemlich's results were confirmed in general by
Walker (1977) and by Joubert (1983). It might therefore
be concluded that some biological clock (or some com
plex ofinterrelated clocks; Schroots & Birren, 1990) slows
progressively as a function of increasing age, thereby
giving rise to the subjective feeling that external time is
passing ever faster. However, present-day researchers in
the area of time perception are in good agreement that
theories of human duration judgment couched solely in
terms of clocks or pacemakers are inadequate (Block,
1990; Friedman, 1990; Michon, 1990; Zakay & Block,
1996). The main reason for this consensus is that judg
ments of duration are affected by a number of cognitive
variables-such as the estimation method, environmen
tal conditions, information processing load during the in
terval to be judged, the importance of the judgment to
the participant, and the participants's expectations (Za
kay & Block, 1996)-and it is difficult to see how such
variables would affect a purely biological mechanism. Al
ternatively, the experience oftime passing has been viewed
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as a cognitive construction, as "a derived and highly for
mal product of the mind" (Michon, 1990, p. 38). Thus,
judgments of duration depend in part on the amount of
attention paid to the passage of time and temporal infor
mation processing (e.g., Hicks, Miller, & Kinsbourne,
1976; Zakay & Block, 1996), the stored contents ofmem
ory for the judged interval (Block & Zakay, 1997; Orn
stein, 1969), the presence of temporal markers segment
ing the judged interval (Poynter, 1983), and the number
of external and internal contextual changes occurring
within a time interval (Block & Reed, 1978).

Some current models embrace both biological and
psychological factors, and this may constitute a reason
able middle ground. Examples of such mixed models in
clude the ideas on rhythmic attending proposed by Jones
and Boltz (1989), in which the perceiver attunes his or
her rhythmic expectancies to the dynamic structure of
external events, and the attentional-gate model (Block &
Zakay, 1996; Zakay & Block, 1996), which augments the
idea ofan internal clock or counter (Treisman, 1963) with
a role for the amount ofattention paid to time passing. In
greater detail, the attentional-gate model postulates a cog
nitive mechanism (the gate) that opens more widely or
more frequently as more attention is paid to time; in turn,
this increased influx of temporal information causes a
pacemaker to transfer more pulses to a cognitive counter.
Duration judgments are then based on the number ofpulses
that have accumulated in the counter (Zakay & Block,
1996). A mixed model of this type is attractive in that it
allows for the effects ofboth biological and cognitive vari
ables on the final judgment of duration.

On the biological side, there is reasonably consistent
evidence that CNS depressants are associated with reduc
tions in verbal estimations of time intervals and thus ar
guably with the slowing of the internal clock, whereas
CNS stimulants have the opposite effect (Friedman, 1990;
Meek, 1996). For example, depressants such as secobar-
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bital (Goldstone & Kirkham, 1968), ethanol (Tinklenberg,
Roth, & Koppell, 1976), and cyclopropane (Adam, Ros
ner, Hosick, & Clark, 1971) are associated with reduc
tions in verbal estimates ofduration, whereas stimulants
such as amphetamines (Church, 1984; Goldstone &
Kirkham, 1968) and marijuana (Hicks, Gualtieri, Mayo,
& Perez-Reyes, 1984; Tinklenberg et al., 1976) are as
sociated with increased verbal estimates ofduration, im
plying that the internal clock is running too fast. On the
cognitive side, there is good evidence that more demand
ing or more complex tasks are associated with shorter
verbal estimates ofduration in the prospective paradigm,
in which subjects know in advance that they will be asked
to estimate the time interval (Block & Zakay, 1997;
Hicks et al., 1976).

What do these various theories predict with respect to
aging? The observation by older adults that time now
appears to pass at a faster rate suggests the slowing of
some internal clock or pacemaker, although that notion
may be too simplistic (see Schroots & Birren, 1990, for
a thoughtful discussion). It also seems likely that judg
ments about the rate at which months and years appear
to pass are made on a different basis from judgments
about intervals in the seconds-to-minutes range. Never
theless, the evidence from psychopharmacological stud
ies suggests that CNS depressants are associated with
verbal underestimations ofduration (smaller ratios ofsub
jective to objective duration), whereas CNS stimulants are
associated with verbal overestimations (larger duration
judgment ratios), and these results are in line with the re
ports ofolder people on the assumption that CNS depres
sants mimic the effects ofaging in some respects at least.
Thus, the reasonable prediction from a biological clock
perspective is that the clock or pacemaker slows with ad
vancing age, resulting in smaller duration judgment ra
tios in the elderly than in their younger counterparts.

From a cognitive perspective, a decrease in duration
judgment ratios is also the most reasonable expectation.
If judgments of duration depend heavily on the amount
ofattention paid to the passage of time, older people ar
guably have fewer attentional resources to deploy (e.g.,
Craik & Byrd, 1982), resulting in less frequent openings
of the attentional gate, fewer accumulated pulses in the
cognitive counter, and, therefore, shorter verbal esti
mates of the temporal interval. This predicted associa
tion ofaging and shorter duration judgment ratios should
be stronger in dual-task situations, given the evidence
that older participants are more negatively affected by
the necessity to perform two tasks at once (Craik, 1977;
McDowd & Craik, 1988; Salthouse, Rogan, & Prill,
1984). Specifically, in a prospective duration judgment
experiment, in which participants know that they must
provide a duration judgment at the end of each trial,
more difficult concurrent tasks will permit less attention
to the passage of time and will result iii. shorter verbal
estimates of the trial's duration. Given the greater com
plexity experienced by older adults in dividing attention
between tasks (in this case, between the ongoing task and

the judgment of duration), this tendency should be am
plified in older participants. Thus, both biological and
cognitive perspectives appear to predict that aging should
be associated with a decrease in the ratio ofsubjective to
objective duration.

It is therefore surprising to find that the available ev
idence points in exactly the other direction. In a recent
meta-analysis ofthe literature on age-related differences
in human duration judgment, Block, Zakay, and Han
cock (1998) found that duration judgment ratios were
significantly larger in older adults than in younger adults.
That is, the subjective experience ofduration was longer
in the older group, suggesting either that the internal clock
speeds up with age or that more attentional resources are
available to older participants. The meta-analysis was
based on 14 studies, and it yielded a value ofd; = 0.40,
p < .0001, which is a moderately strong effect. However,
virtually all the studies involved the judgment of an
empty interval; typically, participants were asked to pro
duce a given interval (e.g., 30 sec or 3 min) by holding
down a key or otherwise indicating the beginning and
end of the interval. Only one study is an exception: Poly
ukhov (1989) reported the typical age-related increase in
duration judgment ratio when participants performed no
task, but no significant age-related effect when they per
formed a verbal task. One purpose of the present study
was therefore to compare duration judgment ratios of
younger and older adults when they were actively per
forming a demanding perceptual task.

The experiment reported here investigated age-related
differences in subjective time estimates using intervals
of30, 60, and 120 sec and employing the methods of'ver
bal estimation ("how long were you working on the task
you have just finished?") and production ("continue
working on this task until x seconds have elapsed"). Par
ticipants knew that time was being measured, so the
prospective paradigm was used throughout. In all cases,
the interval was filled with a perceptual judgment task
that varied in complexity from trial to trial. One well
established finding in the time duration judgment litera
ture is that verbal estimates of duration decrease as task
complexity increases (Brown, 1985; Hicks et al., 1976;
Smith, 1969; Zakay, 1993; Zakay, Nitzan, & Glicksohn,
1983), possibly because greater attentional demands of
the task result in less attention being paid to the passage
of time itself (Block & Zakay, 1996; Frankenhaeuser,
1959; Zakay & Block, 1996). Given that, in the present
experiment, the intervals were all filled, and, thus, in a
sense, the duration judgment task was a secondary task,
it was predicted that older participants would report
shorter verbal estimates but produce longer intervals in
production trials; both cases would reflect the reduced
attentional resources available to older participants in
dual-task situations. Furthermore, if older adults are pe
nalized relatively more than their younger counterparts by
increasing task complexity under dual-task conditions
(McDowd & Craik, 1988; Salthouse et al., 1984), it fol
lows that the predicted age-related drop in durationjudg-



ment ratios should increase as the complexity of the pri
mary task increases.

A final purpose of the present experiment was to com
pare the methods of verbal estimation and production.
There is some agreement in the literature on duration
judgments that different methods may yield different re
sults and may even involve different processes (Allan,
1979; Zakay, 1993). This argument is not very convinc
ing in the cases ofprospective verbal estimation and pro
duction, since it seems that, in both cases, the participant
should check his or her internal clock or cognitive counter
and then either report the reading (in verbal estimation)
or decide to stop or continue performing the ongoing task
(in production). If a person's internal clock is running
slow (or little attention is devoted to the passage oftime),
then when 60 sec ofexternal time has passed, the counter
may read 45 sec, which is then reported in the case of
verbal estimation. In the case ofa 60-sec production task,
the participant will continue the task (since the counter
reads only 45 sec) and will stop the task when the counter
reads 60 sec, at which point 80 sec of real time has
elapsed. In both cases, the duration judgment ratios will
be 0.75, since, in the verbal estimation case, the subjective
duration is 45 sec, and the objective duration is 60 sec;
in the case ofproduction, the subjective duration is 60 sec,
and the objective duration is 80 sec. If these arguments
are correct, the methods ofverbal estimation and produc
tion should yield equivalent duration judgment ratios.

In summary, in the present study, we investigated age
related differences in judgments of duration by compar
ing the performance ofyounger and older adults on time
estimation and time production. Intervals of 30, 60, and
120 sec were judged while participants made perceptual
judgments at five levels of complexity. The use of three
different intervals allowed us to determine the function
relating estimated duration to actual duration and thereby
to estimate the rate of the internal clock (Salthouse,
Wright, & Ellis, 1979). Given that subjective time ap
pears to pass more quickly for older adults, we hypothe
sized that older participants have fewer attentional re
sources to devote to the passage oftime or that the process
of aging is associated with a slowing of the internal
clock. Older adults should therefore give shorter verbal
estimation values and longer production values than
younger adults. The design also enabled us to investigate
age-related effects of increasing task complexity on time
judgments and to examine the relations between the
methods of verbal estimation and production.

METHOD

Participants
In all, 60 people participated in the experiment. Ofthese, 30 were

undergraduates between 18 and 32 years of age (mean age = 22.2
years) with an average of 15.I years of education; 30 were older
adults between 63 and 83 years ofage (mean age = 72.2 years) with
an average of 13.8 years of education. The younger adults partici
pated for course credit or for a payment of$8. The older adults were
drawn from a pool of volunteers who live at home and participate
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in experiments for no payment, although their expenses are reim
bursed. The older participants traveled to the lab to be tested. All
participants were in good health.

Design and Materials
In overview, all participants performed a visual judgment task at

each of five levels of complexity. Each task was performed for 30,
60, and 120 sec under verbal estimation and time production in
structions. The design was therefore a 2 (age) X 5 (task complex
ity) X 3 (time interval) X 2 (type oftime judgment) factorial, with
age as a between-subjects factor and the other variables as within
subject factors.

The visual task was an absolute judgment task in which stimuli
were displayed serially on a computer monitor. Each stimulus was
a bright patch that could vary in shape between a circle and a series
of progressively flatter ovals; in all, seven different shapes were
used, ranging systematically in value from I (circle) to 7 (the flat
test oval). One task was to judge the shape of-a presented stimulus
by giving its judged value, 1-7. In addition to changes in shape,
each presented stimulus could vary in size, in brightness, and in hori
zontal and vertical positions on the screen; in all cases, there were
seven possible values in each dimension. Thus, for example, a spe
cific stimulus might be located at the 2nd horizontal position and
the 5th vertical position, with a shape value of 6, a size value of I,
and a brightness value of 7. The actual values for each stimulus
were determined randomly. Task complexity was manipulated by
asking the participants to judge only I dimension (e.g., brightness,
and ignore changes in the other dimensions), 2 dimensions concur
rently (e.g., size and horizontal position), or 3, 4, or all 5 dimen
sions concurrently. Thus, in the 5-dimension task, the participants
were asked to judge all 5 dimensions by giving best-guess values
for each dimension in turn. In all conditions, stimuli were displayed
for the same length of time (10 sec); thus, judgments of only I di
mension made the task easy and somewhat boring, judgments of 3
specified dimensions made the task more difficult, and judgments
ofall 5 dimensions constituted a very demanding task. Before each
trial, the participant was told which dimensions were relevant (e.g.,
shape. horizontal, brightness), and these same dimensions remained
relevant throughout the trial. To minimize confusion, as each stim
ulus appeared, the experimenter called out the first dimension to be
judged (e.g., "shape") and then the second and subsequent dimen
sions after the participant responded by saying the judged value.
The experimenter recorded the participants' responses, thereby
minimizing the possibility that they could infer the passage oftime
by looking at the number of stimuli they had judged.

As well as performing the absolute judgment task, the partici
pants made verbal estimates (or productions) with respect to the du
ration of the current trial. Half of the trials involved verbal estima
tion, and half involved production. In the case of verbal estimation,
the participants were instructed to keep working on each trial until
the computer flashed the message "How long have you been work
ing on this trial?" The participants were told to type their responses
into the computer after this message appeared. They were also told
that the durations oftrials were not obvious lengths oftime and that
they should therefore not give estimates such as "I minute" but rather
give estimates to the nearest judged second. In the case oftime pro
duction, the participants were given an interval in seconds before
each trial commenced. This interval was written on a cue card and
placed in front ofthe participants to avoid forgetting of the current
time production task. The participants were also told to keep work
ing at the visual estimation task until they judged that the specified
duration had elapsed, at which point they should terminate the trial
by pressing any key on the computer keyboard. The computer re
corded each produced duration. It was emphasized that they should
stop the trial as soon as the specified interval was reached, regard
less of whether they had finished rating the current stimulus. Pre
sentation ofverba1estimation and production trials was blocked; the



Table 1
Transmitted Information (Bits Per Stimulus and
Mean Bits Per Dimension) as a Function of Age

and Number of Judged Dimensions

Old Age Group
Totalbits per stimulus 1.52 3.00 4.34 5.32 5.50
Mean bits per dimension 1.52 1.50 1.45 1.33 1.10

Note-The values shownare averagedover duration judgment method
and time interval.

Dimensions
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participants performed 15 estimation or production trials initially
and only then received instructions for the other condition. The order
in which the participants performed the blocks was randomly de
termined. Within each block, the participants performed the com
bination of three time intervals (30, 60, 120 sec) and five levels of
task complexity; the order of these combinations and the specific
dimensions chosen for each trial were randomly determined for
each participant separately. A final feature of the duration judgment
task was that the actual intervals presented included intervals that
were 3 and 6 sec greater and less than the nominal target duration.
Thus, for example, the five 60-sec intervals used were 54, 57, 60,
63, and 66 sec. This reduced the participants' ability to guess that
the same three standard intervals were being used throughout and
also served to emphasize the point that we did not wish the partic
ipants to round up or down to more standard intervals.

Information

Totalbits per stimulus
Mean bits per dimension

2

Young Age Group
1.60 3.09
1.60 1.55

3

4.73
1.58

4

6.04
1.51

5

7.31
1.46

Procedure
The participants were tested individually. They were first given

practice on the visual judgment task. After the general principles
were explained, they judged 14 different stimuli in which all seven
values were presented twice for each dimension. The participants
made judgments on all 5 dimensions for each stimulus, and they re
ceived feedback on the accuracy of each response. On completion
of the practice session, the participants were informed that they
would be carrying out a duration judgment task while performing
the visual task. Depending on the order of blocks, they then re
ceived instructions for either the duration estimation task or the du
ration production task. Before starting each block of judgments, the
participants were given a further 75-sec practice trial, rating all 5 di
mensions. The stimulus presentations in this practice trial were pre
sented at the same rate as in the actual test-that is, each stimulus
was displayed for 9.5 sec, preceded by a 0.5-sec, "ready" message.
The participants were not informed that each stimulus was dis
played for 9.5 sec, however. Before each test trial, the participants
were told which dimensions they would be judging, and they were
given the opportunity to review the full range ofvalues on each rel
evant dimension at their own pace. The participants were not told
how much time they would have to make their judgments, but they
were told that, when judging only one dimension, the task would be
easy and that they would have plenty of time to give their answer;
however, when judging all five dimensions, they were told that the
task would be difficult and that they would have to work quickly to
finish in time. If they did not finish their judgments before the next
stimulus appeared, they were told to continue with the new stimulus.
It was stressed, however, that it was more important to finish rating
all the dimensions required of them than it was to be extremely ac
curate on some of the dimensions but not to complete them all.

RESULTS

\'isualJudgmentTask
Performance on the visual judgment task was mea

sured in terms of information transmission. The task in
volved absolute judgments of 1-5 dimensions presented
simultaneously, and the participants' performance on
each dimension was assessed by calculating the relation
between input and output variables in the manner sug
gested by Attneave (1959). Since there were always seven
possible alternative values for each stimulus on each di
mension, input information was log, 7 = 2.81 bits per
stimulus dimension, and total input information there
fore ranged from 2.81 to 14.05 bits per stimulus on each
trial, depending on how many of the 5 dimensions were
involved.Transmitted information was calculated for each

dimension and then summed to provide a measure of
performance. These values are shown in Table 1, both as
total bits per stimulus and as mean bits transmitted on
each dimension.

The table shows that, for both younger and older par
ticipants, the number ofbits per stimulus transmitted in
creased substantially as the number of dimensions to be
judged increased from 1 to 5. These results show un
equivocally that the number of successful (or partially
successful) discriminations increased as more dimen
sions were added. This increase was somewhat less for
the older participants, as would be expected if process
ing capacity declines with age (Welford, 1958). The ques
tion ofchanges in subjective difficulty was not answered
directly by these data, but it was addressed to some extent
by the changes in mean bits per dimension transmitted as
a function of number of dimensions processed. These
latter values declined in general from 1 to 5 dimensions
for both age groups, showing that performance on any
one dimension was best when it was judged alone and
was worst (presumably most difficult) when it was judged
along with 4 other dimensions. On the basis of the data
shown in Table 1, we argue that our manipulation of task
complexity was effective: The participants had to per
form more discriminative work as the number ofjudged
dimensions was increased from one to five.

Duration Judgments
The means for verbal estimations and productions are

shown graphically in Figure 1. The figure shows that, in
all cases, the verbal estimates were under the actual times,
whereas the productions were over; it also shows that this
pattern was greatly exaggerated in the older participants.
There was surprisingly little evidence ofan effect oftask
complexity, except in the case of the 120-sec judgments.
The expected result was that verbal estimates would de
cline and that productions would lengthen as complexity
increased with the number of dimensions to be judged.
The effects ofage and task complexity were assessed by
a series of analyses of variance (ANOVAs). For verbal
estimations, the analysis for 30 sec showed a significant
effect for age group [F(1,58) = 11.99, MSe = 452.7,p <
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Figure 1. Duration production and verbal estimation values for younger and older adults as a func
tion of task interval and number of dimensions judged.

.0 1] and an effect of number of dimensions judged
[F(4,232) = 2.62, MSe = 58.9, P < .05], but no reliable
interaction. Older adults gave lower verbal estimates than
younger adults, and, unexpectedly, estimates increased
slightly, if anything, as more dimensions were added.
The ANOYA for 60 sec (verbal estimation) revealed a
significant effect ofage [F( 1,58) = 12.71, MSe = 1,742,
p < .00 1], but no effect of dimensions or of the inter
action. Again, older participants gave smaller estimates.
The analysis for 120 sec (verbal estimation) showed an ef
fect ofage [F(1,58) = 23.35, MSe = 6,032,p < .001] and
a significant effect ofnumber ofdimensions [F( 4,232) =
2.83, MSe = 590.6, p < .05], but no significant interac
tion. Older participants gave smaller estimates, and more

complex tasks (i.e., more dimensions to be judged) were
associated with shorter verbal estimates. For the produc
tion data, the analysis for 30 sec showed an effect of age
[F(1,58) = 16.47, MSe = 3,617,p < .01], but no reliable
effects of dimensions or of the interaction. In this case,
older participants produced longer time intervals. The
ANOYA for 60 sec (production) revealed that the effect
of age was reliable [F(1,58) = 29.52, MSe = 7,153, p <
.001], as was the effect ofdimensions [F(4,232) = 3.16,
p < .02]. The former effect was again attributable to
older participants' producing longer intervals, and the
latter effect was attributable to the higher production val
ues for the 5-dimension condition. The interaction was
not significant. Finally, the ANOYA for 120 sec (pro-
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duction) showed a significant effect of age [F(1,58) =
25.96, MSe = 11,002,p < .001] and a significant effect
ofdimensions [F(4,232) = 5.53,MSe = 2,339,p<.001].
The interaction was not significant. Figure 1 shows that
longer produced times were associated with older partic
ipants and more judged dimensions.

A second way to view the data is to plot duration esti
mates and productions against the three time intervals
used in the experiment (30, 60, 120 sec). The values of
this method are (1) to see if the functions are linear, as
they should be ifjudged duration is some constant ratio
ofactual duration, (2) to find these ratios for the two age
groups, and (3) to determine whether duration judgment
ratios for production approximate the ratios for verbal
estimation. The third possibility follows from the assump
tion that participants make their judgments on the basis
of the same hypothesized internal clock or counter for
verbal estimation and production. Figure 2 shows the
best-fit linear functions for verbal estimation and pro
duction (collapsed over the five levels of task difficulty)
for each age group separately. The figure shows that the
mean duration judgments were well fitted graphically by
linear functions; regression equations of actual duration
on judged duration gave F values for the linear contrast of
225.4,305.2, 119.9, and 29.6 for old-production, young
production, young-estimation, and old--estimation, re
spectively (df= 1,29,p < .001, in all cases).

Table 2
Slope Constants for Best-Fit Linear Functions
Relating Judged Duration to Actual D"ration

as a Function of Age and Experimental Condition

Verbal Estimation Production

Perceptual Task Young Old Young Old

I Dimension 0.81 0.30 1.05 1.34
2 Dimensions 0.67 0.28 1.02 1.48
3 Dimensions 0.74 0.30 1.08 1.52
4 Dimensions 0.64 0.32 1.23 1.47
5 Dimensions 0.52 0.22 1.39 1.67

Table 2 shows the slope constants ofthe best-fit linear
functions relating judged duration to actual duration when
the data were broken down by task complexity (i.e., by
the number of dimensions judged in the absolute judg
ment task). In the case of verbal estimation, Table 2 shows
that the slope constants were consistently greater for
younger participants than for older participants and that
all values of the slope constant were less than 1.0. Fol
lowing the logic laid out in the introduction, these results
indicate either that the internal clock was running slow in
all cases in this experiment and that aging is associated
with a greater degree ofslowing or that older participants
devoted less attention to the passage of time. Averaging
over the two age groups, the slope constants also showed
some tendency to decrease in value as the number of

It. Production - Old
6 Production - Young
lJ Estimation - Young
• Estimation - Old

50

120eo
kiI..el tirre (sec.)

O+:-:---,.-------r----,-----,--
o

Figure 2. Best-fit linear functions relating judged duration to actual duration as a
function of age and method.



judged dimensions increased (Ms = 0.56, 0.48, 0.52,
0.48, and 0.37, for 1,2,3,4, and 5 dimensions, respec
tively). That is, there was a tendency for more complex
(and possibly more difficult) tasks to be associated with
greater degrees of underestimation. In the case of pro
duction, Table 2 shows that all slope values were greater
than 1.0, that the values were all greater for older partic
ipants than for younger participants, and that, averaging
over age groups, there was a strong trend for slope val
ues to increase with number ofjudged dimensions (Ms =
1.20, 1.25, 1.30, 1.35, and 1.53 for 1, 2, 3, 4, and 5 di
mensions, respectively). That is, more complex tasks
were associated with greater degrees of overproduction.
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Relations Between Verbal Estimation
and Production

As described previously, if duration judgments using
the methods of verbal estimation and production reflect
the same cognitive processes and/or biological mecha
nisms, the ratios of subjective to actual durations should
be equivalent for the two methods. Also, the correspond
ing ratios for the two methods should be affected simi
larly by other experimental variables (in this case, age,
task complexity, and task duration). Figure 3 shows the
observed duration judgment ratios as a function of these
variables. Note that the ratios for the method of produe
tion were all less than 1.0, despite the finding that the
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Figure 3. Duration judgment ratios as a function of task complexity, task duration, age group, and method.
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Table 3
Mean Duration Judgment Ratios as a

Function of Task Duration and Task Complexity

participants produced intervals longer than the target in
tervals (Figure 1). This occurred because the duration
judgment ratios shown in Figure 3 were all calculated as
the ratio of subjective to objective duration, and, in the
case ofproduction, the subjective duration was the spec
ified target duration (e.g., 120 sec), which was typically
shorter than the objective (produced) duration.

Differences between the ratios as a function of type of
judgment (verbal estimation vs. production), age group,
task duration (30, 60, 120 sec), and task complexity
(1-5 dimensions) were assessed by means ofa four-way
ANOVAin which age was a between-subject factor, and
judgment, duration, and complexity were within-subjects
factors.The analysis yielded main effectsof age [F(1 ,58) =
24.6,MSe = 1.377,p<.001],typeofjudgment[F(1,58) =

7.98, MSe = 0.694, P < .01], and duration [F(2,116) =
3.53, MSe = 0.119, P < .05]. Overall values of the ratios
were greater for young participants than for older par
ticipants (0.81 and 0.54, respectively), greater for pro
duction than for verbal estimation (0.73 and 0.62, re
spectively), and somewhat greater for shorter durations
(0.70,0.65, and 0.66 for 30,60, and 120 sec, respec
tively). In addition, two interactions were statistically re
liable: type of judgment X task duration [F(2,116) =
34.11,MSe = 2.511,p< .001] and task complexity X task
duration [F(8,464) = 3.62, MSe = 0.180,p < .001]. The
first interaction reflects the fact that verbal estimation ra
tios decreased with increasing durations (0.70, 0.61, and
0.54 for 30,60, and 120 sec, respectively), whereas pro
duction ratios tended to increase with increasing durations
(0.70, 0.70, and 0.79 for 30, 60, and 120 sec, respec
tively). Values for the task complexity x task duration
interaction are shown in Table 3. The table shows that
the ratios increased slightly from 1 to 5 dimensions for
30 sec, decreased slightly for 60 sec, and decreased mark
edly for 120 sec.

These comparisons between the two types of time
judgments yielded a complex but understandable picture.
First, the significant age difference again reflects the find
ing that older participants were more extreme in their
judgments, showing both greater degrees of underesti
mation in the verbal estimation task and greater degrees
ofoverproduction in the production task. The finding that
production ratios were larger than verbal estimation ra
tios was probably an artifact stemming from the use of
the participants' individual ratios in the case of produc-

Task Complexity

1 Dimension
2 Dimensions
3 Dimensions
4 Dimensions
5 Dimensions

30

0.67
0.73
0.69
0.71
0.72

Task Duration (sec)

60

0.69
0.64
0.65
0.68
0.62

120

0.71
0.68
0.70
0.66
0.58

tion scores.' When the corresponding scores were calcu
lated from the overall means of production and estima
tion scores, the values were 0.60 and 0.62, respectively.

The small effect of task duration was qualified by a
large interaction between duration and type ofjudgment:
The proportions tended to drop from 30 sec to 120 sec in
the case of verbal estimation, but rose from 30 sec to
120 sec in the case of production (see Figure 3). This pat
tern of results probably reflects the "series effect," or
central tendency, in time judgments (see Woodrow, 1951;
Woodworth, 1938), whereby participants tend to overes
timate short intervals within the experimental range but
underestimate long intervals. In the present experiment,
all subjective duration judgments tended to be less than
the actual durations, owing to other factors (e.g., age and
task difficulty), but Figure 3 shows that, in the case of
verbal estimation, the underestimations were least for
30 sec and greatest for 120 sec. In the case of duration
productions, however, the central tendency effect would
act to raise productions of shorter intervals but lower
productions of longer intervals, resulting in relatively
lower judgment ratios for 30-sec intervals and relatively
higher ratios for 120-sec intervals. These effects are also
seen in Figure 3. The final significant effect from the
ANOVA was the interaction between task duration and
task complexity shown in Table 3. To be in line with pre
vious findings, ratios should decrease from 1 to 5 di
mensions (i.e., verbal estimations decrease and produc
tions increase as task complexity increases). This effect
was present for 120 sec but was absent for 30 sec. In ret
rospect, the shorter intervals might have given the par
ticipants too many cues to passing time, given that each
stimulus was exposed for a constant 10-sec interval.

These findings have several implications for the inter
pretation ofestimation and production ratios as measures
of the rate of accumulation of pulses in the temporal
counter (or rate of the "biological clock"). Most obviously,
the ratios varied as a function of task duration, arguably
due to central tendency or range effects. Thus, the aver
age ratios may give a reasonable estimate of the counter
or clock's rate in each condition, whereas the ratios for
durations at the extremes ofthe range clearly do not. This
point is also relevant to the postulated equivalence ofdu
ration judgment ratios calculated from the methods of
verbal estimation and production. That is, this equiva
lence should be found only for ratios averaged across the
range of time intervals used. In the present experiment,
the average verbal estimation ratio for young participants
is 0.77, and the corresponding production ratio was 0.72
(calculated from the group means, not from the means of
individual production ratio scores; see note 1). For older
participants, the corresponding ratios were 0.46 and 0.47,
respectively. Overall, then, the ratios were 0.62 and 0.60
for verbal estimation and production, respectively; the
proximity of these values suggests that both methods re
flect a common time perception mechanism. However,this
comparison should be treated cautiously given that the



ANOVA based on each participant's production scores
yielded means of0.62 and 0.73 for verbal estimation and
production, respectively-a significant difference.

In summary, the present experiment showed that older
people give shorter verbal duration estimates and longer
duration production scores than do their younger counter
parts. In line with previous studies, increased task com
plexity decreased verbal estimates and increased pro
ductions, although only with the l20-sec interval. In
accordance with the notion that verbal estimation and
production methods reflect a common mechanism, the
manipulations ofage group and task complexity affected
the two methods similarly. Direct comparisons of verbal
estimation ratios and production ratios were complicated
by range effects and by the (possibly) inflated estimates
ofproduction ratios when these scores were obtained by
averaging over the participants' individual ratios.

DISCUSSION

The present experiment was carried out primarily to
examine possible age-related differences in judgments
of duration, but also with the secondary aims of com
paring the methods of verbal estimation and production
and ofgathering further information on the effects ofdif
ferent tasks on duration judgments. Our predictions were
that older participants would give shorter verbal estima
tions but longer productions than would younger partic
ipants (implying a slower internal clock or less attention
paid to the passage of time in the older group), that du
ration judgment ratios for two methods would be ap
proximately equivalent, and that more demanding tasks
would be associated with shorter verbal estimations but
longer time productions. These predictions are now dis
cussed in relation to the results obtained.

Task Effects
Task effects were generally small in the present study;

the participants might have based their responses on the
number of trials performed (all trials were 10 sec long),
and this might have overridden task effects at the shorter
intervals. In the 120-sec interval conditions, task com
plexity did have an effect: The more complex conditions
were associated with shorter verbal estimations and
longer productions, in line with previous findings (Block,
Conti, Duncan, & Zakay, 1997).

Method Effects
Ifduration judgments are based on the same set ofcog

nitive and biological processes, then estimates derived
from different methods should yield the same approxi
mate values. This prediction was tested in the present ex
periment by comparing duration judgment ratios (the ra
tios of subjective to actual durations) for the methods of
verbal estimation and duration production. The compar
isons were complicated by two factors: the presence of
strong range effects, and the fact that mean production
ratios can be biased by a few anomalous judgments. The
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Table 4
Duration Judgment Ratios for the Main Conditions Calculated

From Group Means

Time Interval (sec)

Condition 30 60 120 M

Young Age Group

Estimation 0.84 0.76 0.72 0.77
Production 0.67 0.70 0.81 0.72

Old Age Group

Estimation 0.56 0.47 0.36 0.46
Production 0.41 0.44 0.57 0.47

Note-The values given are averaged over tasks.

effects of the latter factor can be minimized by calculat
ing duration judgment ratios from group means rather
than from individual scores before averaging. Table 4
shows the ratios calculated in this way, averaged over
tasks. The table reveals the strong tendency for verbal
estimation ratios to decrease as the time interval length
ens but for production ratios to increase over the same
range of intervals. 2 As discussed previously, this pattern
stems from the tendency of the participants to give rela
tively long verbal estimates and long productions for the
shortest interval in the range used and relatively short
verbal estimates and productions for the longest intervals
used. In both cases, the range of subjective judgments is
truncated relative to the actual range. The presence of
range effects means that it is not sensible to compare in
dividual values ofduration judgment ratios, but it should
be possible to compare mean values averaged across each
range of time intervals. These means are also shown in
Table 4. The resulting mean values were reasonably close
for the two methods; when these means were averaged
over the younger and the older participants, the overall
averages for verbal estimation and production were 0.62
and 0.60, respectively. We therefore conclude that the
two methods do reflect the same underlying processes
and mechanisms.

A final implication of the present results is that al
though, at first sight, it seems reasonable to estimate the
rate of some postulated internal clock from the function
relating duration judgments to actual durations (e.g.,
Salthouse et aI., 1979), the likely presence of range ef
fects reduces this method's validity. Ifthe subjective range
is truncated, as in the present experiments, the resulting
slope will be flattened and the rate underestimated. From
the present results, it seems that a more valid index of
the rate ofsubjective time can be obtained from the mean
value of the duration judgment ratios averaged across the
time intervals used.

Age Effects
The present experiment showed large and robust age

related effects on judgments of duration. Older partici
pants exhibited the same pattern of results with respect
to tasks and intervals as their younger counterparts but
gave consistently shorter estimates in the verbal estima-
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tion trials and produced consistently longer intervals in
the production trials. These results are in line with the
observation that external clock time appears to pass faster
for older people-that is, when they estimate that 30 sec
has passed, 60 sec ofclock time has actually elapsed, and
when asked to produce 60 sec, they produce 120 sec. The
present findings are thus in agreement both with biolog
ically oriented models that postulate an age-related slow
ing of some internal clock (see Schroots & Birren, 1990,
for discussion) and with cognitive models that postulate
duration judgment processes that depend on the amount
of attention paid to time passing (Block & Zakay, 1996;
Zakay & Block, 1996). In the latter case, the suggestion
is that older people are more penalized by the need to di
vide attention between some ongoing task and the tem
poraljudgment and so devote less attention to the passage
of time.

It was also predicted that age would interact with task
complexity, in the sense that, as the perceptual task be
came more difficult, older participants would show dif
ferentially shorter verbal estimates and differentially
longer productions. The assessment ofthis prediction was
complicated by the relatively small effects of task com
plexity found in the present experiment; however, for the
120-sec interval condition, in which complexity had quite
large effects, there was no trace of the predicted inter
action. Increasing task complexity was associated with
shorter estimates and longer productions, but to the same
extent for younger and older participants.

Do these results address the question of the relative
importance of biological and cognitive factors in time
perception? The preceding discussion suggests that ifthe
smaller duration judgment ratios observed in older adults
were attributable to reduced attentional resources, the age
related differences in the ratios should have increased
with increasing task complexity, yet no such effect was
found. The finding ofa large main effect ofaging but no
interaction with task complexity thus favors a slowing of
the hypothesized clock or pacemaker, rather than a re
duction in attentional resources, as the underlying cause
ofthe age-related changes in judgments ofduration. This
conclusion is drawn quite tentatively, however, given that
the effect oftask complexity was small in the present ex
periment. It also seems likely that people would adapt to
any long-term permanent drift in the rate ofa pacemaker,
in the same way that they adapt to distortions in visual
input caused by prisms or lenses (e.g., Held, 1965; Rock
& Harris, 1967). Strong effects ofaging on time perception
may appear only under unfamiliar conditions and with an
atypically high workload, as in the present experiment.

Recent findings from neuropsychological studies of
patients with frontal lobe lesions give some support to
this speculation. Casini and Ivry (1999) and Mangels,
Ivry, and Shimizu (1998) found that patients with uni
lateral lesions in the dorsolateral prefrontal cortex (pre
dominantly in the left hemisphere) were impaired in a
judgment discrimination task and that their performance
was poorer under dual-task conditions. (Casini & Ivry,
1999). Binkofski and Block (1996) reported the case of

a patient with a tumor in his left superior prefrontal cor
tex; when asked to produce durations of60 sec, his mean
production was 286 sec, giving a subjective duration ratio
of 0.24. Although the neuropsychological evidence is
clearly at an early stage, it is nonetheless interesting given
the parallels that some researchers have drawn between
the effects of frontal lobe lesions and the effects of nor
mal aging on cognitive processing (Craik, Morris, Mor
ris, & Loewen, 1990; West, 1996).

The remaining puzzle is why the present experiment
showed such clear effects of aging that are in direct op
position to the findings of the recent meta-analysis
(Block et aI., 1998). The most likely solution to this puz
zle is that the present experiment involved participants in
a demanding perceptual task, whereas all 14 studies in
cluded in the meta-analysis used empty time intervals.
One of these studies (Polyukhov, 1989) also included
judgments of intervals filled with a sentence creation
task. The researcher found that older participants gave
higher verbal estimates of the 45-sec interval than did
their younger counterparts in the empty interval case,
whereas there were no significant age differences in the
case of filled intervals. Additionally, and in line with the
present experiment, participants of all ages underesti
mated the interval after performing the sentence creation
task. The results of a study by Mangan, Bolinskey, and
Rutherford (1997) (not included in the Block et aI.,
1998, meta-analysis) are also in line with the present
findings. These researchers found that older adults pro
duced longer durations than did their younger counter
parts when asked to judge 60 and 180 sec (i.e., duration
judgment ratios were smaller for the older participants),
and they also found that this effect was stronger when
participants engaged in a demanding cognitive task dur
ing the judged interval.

More than half ofthe studies in the Block et aI. (1998)
meta-analysis were conducted before 1980 and used a
relatively simple methodology. For example, Feifel
(1957) asked participants to produce durations ono, 60,
180, and 300 sec using any method they wished, and this
procedure was followed by several other investigators.
Under these conditions, many participants simply counted
out the required number ofseconds. A more recent study
using a more sophisticated methodology was reported by
Eisler and Eisler (1994). Using the method ofreproduc
tion and a psychophysically based clock model, these in
vestigators concluded that older adults show longer sub
jective durations than do younger adults-that is, a result
in line with the meta-analysis of Block et aI. (1998) but
opposite to the present result. Again, however, Eisler and
Eisler used empty time intervals. The Eislers suggest that
the apparent contradiction between their findings and
the general observation that time seems to pass more
quickly with advancing age may be resolved ifthe every
day observation is based on retrospective judgments of
time that has passed, as opposed to judgments of time in
progress (as in their experiment)--the prospective para
digm. Contrary to this suggestion, however, in the pre
sent experiment, we also used the prospective paradigm



yet found older age to be associated with shorter subjec
tive durations. Our tentative conclusion is therefore that
empty intervals are typically overestimated to a greater
extent by older adults, whereas intervals filled with cog
nitive activity are underestimated to a greater extent by
older adults.

In conclusion, while the present findings cannot be
used unequivocally to disentangle possible long-term bi
ological factors from task- and context-related psycho
logical factors in the perception of time, they do provide
some additional empirical evidence on some issues. First,
robust age-related effects were documented, with older
adults showing a greatly exaggerated tendency to under
estimate and overproduce intervals of time under the
present experimental conditions. Second, the approxi
mate equivalence of verbal estimation and production
methods was illustrated once range effects were taken
into account. Finally, the results endorse recent contex
tually dependent views of time perception (e.g., Allan,
1979; Block, 1990; Zakay, 1990). To understand and in
terpret a given duration judgment, such factors as task,
method, range, and age must be taken into account.
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NOTES

I. The mismatch stems from the averaging ofratios with different de
nominators. For example, if4 participants were asked to produce an in
terval of I00 sec and produced values of 120, 100, 90, and 50 sec, their
individual duration judgment ratios would be 0.83, 1.00, 1.11, and 2.00,
respectively, yielding an average of 1.24. However, the group mean pro
duction value is 90 sec, giving a duration judgment ratio of 1.11.

2. We carried out a second experiment on 16 young adults to confirm
this observation. In this experiment, participants gave verbal estimates
and productions for durations of 60, 120, and 180 sec, while perform
ing continuous cognitive tasks. Mean duration judgment ratios for ver
ba! estimation were 0.92, 0.87, and 0.84 for these three durations, re
spectively; the corresponding ratios for production were 0.78, 0.95, and
1.04. The interaction between type ofjudgment and task duration was
again reliable [F(2,30) = 6.89, MS. = 0.09,p < .01].
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