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When human subjects are required to engage in a con-
current task while simultaneously monitoring duration
under prospective-timing procedures, their temporal es-
timates are generally shorter than estimates obtained
without a concurrent task. Across many studies, previ-
ous authors have reported this effect for a fairly wide
range of durations (e.g., Block, 1992; Brown, 1995;
Brown, Stubbs, & West, 1992;Fortin, Rousseau,Bourque,
& Kirouac, 1993; Macar, Grondin, & Casini, 1994;
Sawyer, Meyers, & Huser, 1994; Zakay, 1998) under es-
timation, production, and reproduction procedures (for a
review, see Brown, 1997). Explanations of this finding
often refer to Thomas and Weaver’s (1975) attentional
model, which posits that temporal estimates are influ-
enced by the sharing of cognitive resources between tem-
poral and nontemporal information processing. Accord-
ing to such resource-allocation models of timing (e.g.,
Brown, 1997; Macar et al., 1994; Sawyer et al., 1994;
Zakay, 1998), temporal estimates are mediated by an in-

ternal clock that accumulates time units (variously re-
ferred to as pulses, temporal cues, or subjective time
units) under attentional control. The level of attention to
timing governs a switch (Lejeune, 1998) or a gate (Block
& Zakay, 1996) that controls the flow of pulses from a
pacemaker to an accumulator. Imposition of a concurrent
task reduces the attentional resources available to the
timer, resulting in suspension of timing by the switch (re-
duced flow of pulses to the accumulator) each time at-
tention is directed to the task. Because perceived duration
is proportional to the number of time units accumulated,
the attention model anticipates that estimates under both
task and no-task conditions will be proportional to stim-
ulus duration and that the discrepancy between these two
conditions will increase as sample duration increases.

There is evidence of a more complex relation between
temporal estimates and stimulus duration under task con-
ditions than that implied by the attentional model. Sev-
eral studies have indicated that performance under con-
current tasks is not confined to shortening, conforming
instead to the principles of Vierordt’s law (Woodrow,
1951)—underestimation (with respect to veridical time)
of longer intervals and overestimationof shorter intervals
(Brown, 1995;Brown et al., 1992;Kladopoulos,Hemmes,
& Brown, 1997; Wearden, Denovan, Fakhri, & Haworth,
1997). Other reports have indicated that time estimates
vary as a nonlinear function of duration under task con-
ditions (Brown et al., 1992; Kladopoulos et al., 1997).

An alternative hypothesis of task effects is that differ-
ent sensory modalities mediate performance under task
versus no-task conditions.This notion,which we term the
perceptual hypothesis, arises from the observation that
when long temporal intervals (.1 or 2 sec) are “timed,”
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Prospective time estimateswere obtained from human subjects for stimulus durations ranging from
2 to 23 sec. Presence and absence of a concurrent nontemporal task was manipulated within subjects
in three experiments. In addition, location of the task within temporal reproduction trials and psycho-
physical method were varied between groups in Experiments 2 and 3, respectively.For long-duration
stimuli, the results of all three experiments conformed to results in the literature, showing a decrease
in perceived duration under concurrent task conditions, in accord with attentional resource allocation
models of timing. The effectsof task location and psychophysical method on time estimates were also
compatible with this analysis. However, psychophysical functions obtained under task conditions were
fit well by power functions, an outcome that would not be anticipated on the basis of attention theory.
The slopes of the functions under no-task conditions were steeper than those under task conditions.
The data support the perceptual hypothesis that different sources of sensory input mediate timing
under task and no-task conditions.
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human subjects resort to chronometric counting, unless
they are prevented (or discouraged) from doing so (Wal-
lace & Rabin, 1960; Zakay, 1990). Under those condi-
tions, the discriminandum for temporal judgments is
likely to be self-generated count stimuli—typically,
chronological numbers starting with “0” or “1.” When
counting is discouraged by a concurrent task, a different
source of sensory input, arising from either an internal
clock mechanism or the sensory properties of the task,
must be employed. According to the perceptual hypoth-
esis, time judgments under task and no-task conditions
will differ because they are based on perception in dif-
ferent sensory domains (e.g., Stevens, 1960, 1975).

Many procedural and parametric differences have dis-
tinguished the reported investigations of concurrent task
effects, and in relatively few studies have individual sub-
jects been exposed to a range of temporal stimulus dura-
tions under task conditions. In the present study, the ef-
fects of a concurrent number-reading task under three
different psychophysical methods (reproduction, esti-
mation, and production) were investigated in three ex-
periments. In addition, task placement during temporal
reproduction trials was manipulated, with placements
occurring in the sample phase, the reproduction phase,
or both phases. In order to evaluate the attentional and
perceptual hypotheses, a range of durations was em-
ployed. Each subject was exposed to seven sample dura-
tions ranging from 2 to 23 sec, under task and no-task
conditions. The number-reading task was designed to
deter chronometric counting (cf. Frankenhaeuser, 1959);
accordingly, it was anticipated that the subjects’ judg-
ments would be based on counting under the no-task
condition,but not under the task condition.Data from all
experimental conditions were subjected to analyses that
addressed the following questions. (1) Are temporal es-
timates under task conditions proportionally lower than
those under no-task conditions and, therefore, in accord
with an attentional analysis? (2) Are there reliable dif-
ferences in psychophysical or psychometric parameters
between data from task and no-task conditions, thereby
supporting the premise of the perceptual hypothesis that
different sources of sensory input mediate timing under
task and no-task conditions?

The latter question was addressed in two ways. First,
the psychophysical functions in each experiment were
subjected to log-log transformations to permit estimation
of psychophysical parameters. The influence of different
sensory domains would imply differences in the slopes
of the functions under task and no-task conditions.

Second, the possibility that different perceptual pro-
cesses mediate temporal judgments under task versus
no-task conditionswas evaluated with an analysis of func-
tions relating variability of temporal estimates to stimu-
lus magnitude. Killeen and Weiss (1987) have pointed
out that errors in timing (variability) may be attributed to
more than one measurable source and that the relative con-
tribution of each source may vary with the experimental
procedure and/or the behavior of the subjects. Compo-

nent analyses based on this reasoning have been used by
Killeen and Weiss (1987), Fetterman and Killeen (1990),
and Grondin, Meilleur-Wells, and Lachance (1999) to
evaluate the effects on timing of explicit counting. A
variation of that strategy, termed a slope analysis, has
been described by Ivry and Corcos (1993) and Ivry and
Hazeltine (1995). Briefly, the logic of the analysis holds
that variance under a timing task is composed of variabil-
ity attributable to the timing process and of variability
unrelated to timing, such as task-specific response vari-
ability. By definition, only the former would be expected
to vary as a function of sample stimulus duration. There-
fore, the slope of the function relating variance of tem-
poral estimates to mean estimates for a range of sample
durations reflects the duration-dependent source of vari-
ability, whereas the intercept of the function is attribut-
able to duration-independent sources. If a common per-
ceptual mechanism governs performance under task and
no-task conditions, task-inducedvariabilitywouldproduce
an increase in intercept, but no change in slope. If slopes
differ, separate timing mechanisms will be inferred.

In addition to the preceding questions, the present
study addressed the possibility that concurrent task ef-
fects may be attributable to internal clock processes
other than, or in addition to, accumulation of time units,
as has been described above. This analysis was guided by
the structural model of human timing that includes pace-
maker, switch, accumulator, memory, and decision pro-
cesses (Treisman, 1963). Gibbon and Church (1990) have
described a methodology for determining the effects of
independent variables on memory and decision pro-
cesses. The analysis entails implementation of the peak-
interval procedure—a fixed-interval procedure origi-
nally used with animal subjects (Catania, 1970; Roberts,
1981). In the present study, the start–stop procedure (de-
scribed below), a peak-interval procedure adapted for
human subjects by Kladopoulos, Brown, Hemmes, and
Cabeza de Vaca (1998) was employed. In a previous study,
Rakitin et al. (1998) found that there was no effect of
chronometric counting on measures generated by a dif-
ferent version of the peak-intervalprocedure for repeated
trials with a 12-sec sample. The generality of this find-
ing for a range of durations was evaluated in the present
study.

EXPERIMENT 1

In Experiment 1, two groups of subjects were exposed
to stimulus durations ranging from 2 to 22.8 sec under
the method of reproduction, using the start–stop proce-
dure. Presence of a concurrent number-reading task, in-
tended to prevent the subjects from engaging in chrono-
metric counting, was manipulated in a within-subjects
design. In addition, the effect of presentation of num-
bers, without the number-reading requirement, was eval-
uated in a group design. For all the subjects, three- to
five-digit numbers were displayed on the computer mon-
itor throughout the sample stimulus on 50% of the trials.



330 HEMMES, BROWN, AND KLADOPOULOS

The subjects in the active group were required to pro-
nounce the numbers out loud as they appeared, whereas
those in the passive group were not required to pro-
nounce the numbers. The passive group was included in
order to test the possibility that mere presentation of
numbers during the sample stimulus would have an ef-
fect on temporal judgments. This possibility was antici-
pated from evidence of a filled-duration illusion, in
which temporal estimates are higher when exteroceptive
stimulus changes (e.g., clicks, tones, light flashes, or
moving visual images) fill a temporal interval (Brown,
1995; Hicks, Miller, Gaes, & Bierman, 1977; Poynter,
1989; Thomas & Brown, 1974; Vroon, 1970). Poynter
and Homa (1983), who studied the relation between
number of sensory events during the target interval and
perceived duration, noted that the positive relation con-
sistent with the filled-duration illusion is evident only at
shorter intervals. Poynter (1989) proposed that the con-
tribution of exteroceptive events to time perception is
important only when target intervals are so short that
subjects are not able (or inclined) to invoke timing strate-
gies, such as chronometric counting. The preceding
analysis anticipates that overestimates (at least at short
sample durations) will occur for both groups when num-
bers are presented, but not in their absence.

Method
Subjects

Twenty undergraduate psychology students (6 males and 14 fe-
males) participated to satisfy an academic requirement. Their ages
ranged from 17 to 41 years. The members of each consecutive pair
of students who appeared for the study were randomly assigned to
one of two groups, active and passive. All the subjects completed
each of the experimental sessions. The subjects in this and subse-
quent experiments were asked to place any timepieces out of sight.

Apparatus
A Gateway microcomputer (hardware clock rate 5 18.2 ticks/sec)

and a VGA color monitor were used to run the experimental ses-
sions and to acquire data. The left button of a Microsoft PS/2
mouse, covered by black electrical tape, served as the manipulan-
dum. The subjects were seated facing the computer screen, with the
mouse located directly in front of the computer monitor.

Procedure
The start–stop procedure. All the trials were conducted under

the method of reproduction, using the start–stop procedure. The fol-
lowing sequence of stimuli was presented at the approximate cen-
ter of the computer monitor: an initial message, a sample stimulus
(a 2 3 2 cm green square), and a response cue (a 2 3 2 cm purple
square). A trial began with the words “click the button when ready.”
One second after this response, the sample stimulus was presented
for a given duration (sample duration). Immediately after termina-
tion of the sample stimulus, the response cue appeared and re-
mained visible until the subject responded as described below.

The subjects were told that their job was to terminate the re-
sponse cue when they estimated that it had been visible for an inter-
val equal to the duration of the sample stimulus. They were in-
structed to press the mouse button when they estimated that a
duration comparable to the sample stimulus duration was about to
elapse (start time) and to release it when they estimated that the du-
ration had elapsed (stop time). The stop response terminated the re-

sponse cue. The subjects were told that the two responses should al-
ways bracket the termination of the sample duration and should cre-
ate the smallest possible bracket without the sample duration being
missed.

Presentation of numeric stimuli. During some trials, three- to
five-digit white numbers were presented successively in the center
of the sample stimulus, with the first number appearing simultane-
ously with trial onset. The probability of presenting a number that
contained three, four, or five digits was .33. The mean programmed
duration of the three- to five-digit numbers was 1,600 msec. The
duration of the individual number stimuli varied as a function of the
number of digits according to n times t, where n is the number of
digits and t is a variable duration (mean 5 400 msec, range 5 80–
720 msec); however, a number present at the end of a trial was ter-
minated at trial offset, regardless of its programmed duration. Inter-
number times also varied (mean 5 300 msec, range 5 60–540 msec).
Owing to this programmed variability, the number of numbers ap-
pearing during a sample stimulus of a given duration could vary from
trial to trial.

Training. The experimenter, who remained in the room during
training sessions, orally presented the instructions to each subject
and required the subject to verbally state them correctly before the
training phase began. There were no number stimuli presented, and no
mention was made about the number-reading task during training.
Sample durations were randomly selected from a set of whole num-
bers with a minimum duration of 2 sec and a maximum duration of
23 sec. Criterion was met when the subject’s start and stop responses
bracketed the sample duration on four of five consecutive trials. Dur-
ing training, feedback was presented on the monitor immediately
after the stop response. Feedback included the numeric value of the
sample duration (in seconds, accurate to two decimal places) and the
subject’s start and stop times. Feedback remained on the monitor
until the subject started the next trial by clicking the mouse button.

Testing. Before each test session, the subjects in each group
were told that on some trials, numbers would appear in the center
of the green square. They were also told that whether or not numbers
appeared in a trial, the objective was to estimate the duration of the
green square. The subjects in the passive group were given no fur-
ther instructions regarding the numbers. The subjects in the active
group were told that they should read the numbers aloud as they ap-
peared. Before the first test session, the subjects in this group were
shown three numbers written on paper (142, 2,365, and 57,187) as
examples of the numbers they would see in the center of the green
square during each session. Next, they practiced reading the num-
bers aloud, pronouncing each place name—for example, “two thou-
sand three hundred sixty-five.” The subjects were told that the com-
puter would record their verbal responses during the experiment;
however, this was not the case. Instead, the experimenter listened
from an adjacent room, to determine the subjects’ compliance with
the instruction to read numbers. In the subsequent experiments, the
subjects’ vocalizations were tape recorded.

For both groups of subjects, test sessions were preceded by 7
warm-up trials. Sample durations on these trials were t 5 2.0, 3.0,
4.5, 6.7, 10.1, 15.2, and 22.8 sec (based on a progression of 1.5t),
presented in a random order. Numbers were not presented during
warm-up trials, and feedback was provided after each stop re-
sponse. The experimenter left the room after the warm-up trials;
then 56 test trials commenced. Sample durations were the same as
those presented during the warm-up trials. Durations were block
randomized in 14-trial blocks, with two occurrences of each dura-
tion per block. For each duration, numbers were presented during
one randomly assigned trial within each block. A different random
order of durations was presented in each block.

The subjects participated in three test sessions, approximately
25 min in length, over a 2-day period. On the 1st day, the subjects
were trained; then, following a 5-min break, they underwent the
first test session. The second and third test sessions were presented
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on the next calendar day, with a 10-min break between sessions.
The subjects reported for experimentation at approximately the
same time on each day.

Data Analysis
For the start–stop procedure, the point of subjective equality

(PSE) is based on latency of the start and stop responses from the
onset of the response cue. The PSE is taken as (start 1 stop)/2,
termed middle time. The difference limen (DL) is estimated by the
standard deviation (SD) of middle time (the measure used in this re-
port) but may also be defined as the difference between stop and
start latencies (spread time). Start and stop times were defined as
latencies to press and release, respectively, the mouse button, timed
from the onset of the response cue.

In all instances in which multiple t tests were employed in
post hoc comparisons of a set of means, a levels were adjusted as
recommended by Holm (1979). In the figures for all three experi-
ments, signif icant effects are conveyed by presenting confidence
intervals (95%) that were computed using the method described by
Loftus and Masson (1994) for within-subjects designs. The confi-
dence interval was based on the error term for each significant main
effect, unless the interaction was significant, in which case it was
based on the interaction error term.

Results
Psychophysical Functions

Group mean middle time for the active and passive
groups is plotted for all trial types as a function of sam-
ple duration in Figure 1A. Each data point is based on 12
trials. For the three conditions under which the subjects
did not perform the number-reading task (no-task trials,
active group; filled and empty trials, passive group), mean
middle time increased directly with sample duration, ap-
proximating veridical time (indicated by the diagonal
line). However, under the task condition (active group),
estimates departed from veridical time according to a
negatively accelerated function.

These impressions were confirmed by analyses of
variance (ANOVAs). A group (active vs. passive) 3 con-
dition (number presentation vs. no numbers) 3 sample
duration ANOVA of middle time yielded a significant
second-order interaction [Fs(6,108) $ 25.38, p , .001].
Separate duration 3 condition ANOVAs of middle time
were performed for each group. For the active group,
there were significant effects of duration [F(6,54) 5
494.62, p , .001] and condition (task vs. no task)
[F(1,9) 5 28.30, p , .001] and a significant condition3
duration interaction [F(6,54) 5 52.13, p , .001]. Com-
parison of mean middle times at each sample duration
for the task and no-task conditions showed that middle
time under task trials was significantly shorter than that
under no-task trials for the four longest sample durations
(t tests, df 5 9, p , .05). For the passive group, the only
significant effect was that middle time increased with in-
creases in duration [F(6,54) 5 1,953.22, p , .001].

Trend tests of the relation of middle time to sample
duration indicated that functions for the three conditions
without number reading were linear, with no significant
nonlinear components (proportion of variance accounted
for by the linear component was . .999 in all cases).
Under the task condition for the active group, the func-

tion was concave downward; stepwise regression analy-
ses revealed both linear and quadratic components (r 2 5
.979 and . .999 for linear and added quadratic compo-
nents, respectively). All slope and intercept values were
significantly greater than zero.

For the active group, there were no significant depar-
tures from veridical time on no-task trials. On task trials,
overestimation was obtained at the shortest duration
(2 sec), and underestimation was obtained at the four
longest sample durations (t tests, df 5 9, p , .05). For
the passive group, overestimateswere found at the short-
est sample duration during empty trials (t tests, df 5 9,
p , .05). For this group, there were no other significant
departures from veridical time. Owing to the nonlinear
component revealed for the task condition, power func-
tions were fitted to the data from each subject and are
presented as group means, plotted in log-log coordinates
in Figure 1B. The transformed group functions for all
four conditions in Experiment 1 were linear. Group mean
slopes, intercepts, and proportions of variance accounted
for by the linear trend (r2) are presented in Table 1, which
shows that the slopes were steeper for the conditions in
which the subjects did not pronounce numbers (no-task,
empty trial, and filled trial conditions) than in the task
condition.The inverse relation obtained for the intercepts.

Variability Analysis
A slope analysis (Ivry & Corcos, 1993; Ivry & Hazel-

tine, 1995) was applied to estimates of variability of the
timing process under each experimental condition. A
caveat in the use of this analysis is the necessity of adopt-
ing a particular representation of the relation between
variability in temporal estimates and stimulus magnitude.
Variance of estimates may be predicted best by (1) sam-
ple duration (for a Poisson process) or (2) the square of
the sample duration (for Weber timing). Alternatively,
(3) the subject’s estimate or (4) the square of the estimate
may predict variance best. Finally, (5) analysis of psycho-
physical data in terms of Weber’s law is based on the
functional relation between SDs of time estimates and
mean time estimates. Ivry and Corcos (1993) and Ivry and
Hazeltine (1995) have taken an empirical approach to
this issue—evaluatingpossible models by using linear re-
gression analyses. The slope analysis was then applied to
the model providing the best predictive relation between
variability of estimates and stimulus magnitude and with
nonnegative y-intercepts most closely approximating
zero. On this basis, Ivry and Corcos conducted a slope
analysis based on SD as a function of sample duration,
whereas Ivry and Hazeltine used variance as a function
of estimate squared, both in accord with Weber’s law. In
both studies, stimulus durations were less than 1 sec.

Regression analyses were conducted for the present
data, using the five functional relations described in the
previous paragraph. According to the criteria of Ivry and
Corcos (1993) and Ivry and Hazeltine (1995), the func-
tion relating SD to estimates was the most satisfactory
model. Table 2 presents the regression parameters for
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this model. For the active group, the group mean slope
was greater for task trials than for no-task trials [F(1,9) 5
20.01, p , .01]. For the passive group, there was no sig-
nificant effect of number presentationon slope [F(1,9) 5
2.54, p . .10].

Start–Stop and Start–Spread Correlations
Group mean start–stop and start–spread Pearson cor-

relations for each group and condition were computed.
Consistent with the data from human and animal timing
preparations, start–stop correlations were positive, and

start–spread correlations were primarily negative. In an
exception to the latter generalization, the start–spread
correlation under the task condition for the active group
was positive. Sign tests indicated that both the positive
correlation under the task conditionand the negative cor-
relation for the no-task conditionwere reliable ( p , .05).

Discussion
The present data are in accord with those from many

other studies that have shown underestimation when a
concurrent nontemporal task has been imposed. Al-

Figure 1. (A) Experiment 1: mean middle time as a function of sam-
ple duration on task and no-task trials for the active group and on filled
and empty trials for the passive group. The diagonal line indicates
veridical time. Confidence intervals for both groups are shown as sepa-
rate points based on the within-subjects error term for the task 3 dura-
tion interaction (active group) or for the main effect of duration (passive
group). (B) Log middle time as a function of log sample duration on task
and no-task trials for the active group and on filled and empty trials for
the passive group in Experiment 1. The diagonal line indicates veridical
time. Confidence intervals are described above.
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though this finding is consistent with an attentional ac-
count of task effects, other aspects of the data are not.
First, the psychophysical function for the task condition
was nonlinear, an outcome that admits of interpretations
other than underestimation (Eisler, 1996). Equally im-

portant may be the overestimates obtained for the short-
est duration and the consistency of the data with previ-
ous evidence for Vierordt’s law with subjects exposed to
concurrent tasks. That is, the psychophysical function
has generally been flatter under the task than under the
no-task conditions. The results were consistent with the
perceptual hypothesis that the temporal judgments under
the task and the no-task conditionswere mediated by dif-
ferent sensory inputs in the present study.

In accord with the perceptual hypothesis, the slope
analysis showed that the growth of variability with in-
creases in estimates differed between the task and the no-
task conditions. Representation of the psychophysical
function in log-log coordinates also yielded support for
the perceptual hypothesis. In agreement with prior stud-
ies (e.g., Eisler, 1975; Gibbon, 1991; Stevens, 1957), the
data were fit well by power relations. The slope of the no-
task function for the active group was greater than that of
the task function; the inverse relation obtained for inter-
cepts. Similar findingshave been reported by Brown et al.
(1992, Experiment 2). Stevens (1960, 1975) noted that the
exponent of the power function differs across a wide array
of sensory continua. Although the value of an exponent
may depend on other factors in addition to sensory modal-
ity (see, e.g., Luce & Krumhansl, 1988; Poulton, 1967,
1968; Stevens, 1975), it is plausible that the variation in
exponents under task versus no-task conditions reflects
a source of sensory input specific to each condition.

Evidence regarding task effects on memory and
threshold mechanisms of the internal clock was sought
from start–stop and start–spread correlations, respec-

Table 1
Summary of Regression Analyses With Log Sample Duration

Predicting Log Time Estimates for All Experiments

Experiment Group Condition Slope y-Intercept r2

1 Active 0–0 (no-task) 0.96* 0.04* .936*
1–0 (task) 0.68* 0.18* .768*

Passive Empty trial 0.92* 0.08* .926*
Filled trial 0.91* 0.08* .893*

2 1–0 0–0 0.89* 0.08* .851*
1–0 0.71* 0.21* .705*

0–1 0–0 0.84* 0.13* .884*
0–1 0.66* 0.38* .667*

1–1 0–0 0.93* 0.05* .888*
1–1 0.73* 0.27* .661*

All 0–0 0.91* 0.04* .799*
1–0 0.76* 0.16* .666*
0–1 0.86* 0.21* .772*
1–1 0.78* 0.20* .752*

3 Reproduction 0–0 0.91* 0.06* .831*
1–0 0.75* 0.16* .778*

Estimation 0–0 0.91* 0.08* .904*
1–0 0.74* 0.18* .808*

Production 0–0 0.99* 0.00* .916*
–1 0.95* 0.09* .797*

Note—Entries are group mean values. *Indicates significant differ-
ence (related measures F test) in group mean measure between Condi-
tion 0–0 and the given task condition.

Table 2
Summary of Regression Analyses With Middle Time Predicting

Standard Deviation of Middle Time for All Experiments

r 2

Experiment Group Condition Slope y-Intercept Linear Quadratic

1 Active 0–0 (no-task) 0.08* 20.51* .893 –
1–0 (task) 0.18* 20.33* .952 .996

Passive Empty trial 0.07* 20.42* .859 –
Filled trial 0.11* 20.13* .984 –

2 1–0 0–0 0.18* 20.34* .906 .970
1–0 0.26* 20.01* .963 –

0–1 0–0 0.12* 20.39* .938 –
0–1 0.21* 20.89* .951 –

1–1 0–0 0.13* 20.482* .944 –
1–1 0.20* 21.28* .836 –

All 0–0 0.17* 20.14* .940 –
1–0 0.25* 20.02* .909 –
0–1 0.32* 20.08* .959 –
1–1 0.23* 20.42* .890 –

3 Reproduction 0–0 0.17* 20.72* .917 –
1–0 0.25* 20.34* .944 –

Estimation 0–0 0.14* 20.45* .937 –
1– 0.18* 20.55* .970 –

Production 0–0 0.12* 20.24* .970 –
–1 0.28* 20.28* .984 –

Note—Entries are group mean values. Slopeand intercept values refer to linear regression analy-
ses, and r2 values refer to proportion of variance accounted for by linear and added quadratic
components, when significant. *Indicates a y-intercept or slope value that differs signifi-
cantly from zero.
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tively. In a replication of previous findings for human
and animal subjects (Cheng & Westwood, 1993; Cheng,
Westwood, & Crystal, 1993; Gibbon & Church, 1990;
Kladopoulos et al., 1998; Rakitin et al., 1998), start–stop
correlations were positive under all the conditions of the
experiment, and start–spread correlations were negative
under three of the four conditions. In an exception to the
results in the literature, start–spread correlations were
reliably positive under the task condition for the active
group. The pattern of high positive start–stop correlations
and low but positive start–spread correlations under task
conditions implies that the task enhances memory vari-
ability relative to threshold variability, according to scalar
expectancy theory (SET; Gibbon & Church, 1990).
However, the validity of this analysis in this present study
is problematic owing to the nonlinear psychometric
function obtained under the task condition.According to
SET, perceived discrepancy between elapsed and re-
membered time on a given trial is a symmetric V-shaped
function centered on a perceived discrepancy of zero.
Symmetry follows from the assumption that perceived
time is linear in real time. Accordingly, the model in its
current form does not permit simple inferences regard-
ing the decision process under task conditions.

In the present study, there was relatively little effect of
a changing visual display (numbers appearing on the
monitor) during the temporal stimuli and no support for
a contribution of this variable to the task effect observed
for the active group. That the subjects in that group over-
estimated the shortest duration on task trials does not ap-
pear to represent a filled-duration illusion, since this ef-
fect was present in the empty trials for the passive group.
Factors possibly responsible for differences between the
present results and those in studies reporting a filled-
duration illusion (e.g., Brown, 1995; Thomas & Brown,
1974) include the properties of the stimuli present dur-
ing the target interval, such as modality, heterogeneity,
and periodicity (Poynter, 1989).

EXPERIMENT 2

Experiment 1 demonstrated that a concurrent number-
reading task was associated with substantial underesti-
mation of longer intervals and a flattening of the psycho-
physical power function under a reproduction task. In
that experiment, the concurrent task was present only
during the sample phase of each trial. The purpose of
Experiment 2 was to determine whether analogous re-
sults would be obtained when the location of the task
during the trial was manipulated under the method of re-
production. The task could occur during the sample
phase (the 1–0 condition), during the response phase
(the 0–1 condition), during both phases (the 1–1 condi-
tion), or during neither phase (the 0–0 condition). The
analytic procedures in Experiment 1 (with the exception
of the analysis based on SET) were used to further eval-
uate the attentional and perceptual hypotheses regarding
task effects.

If task effects include a decrease in the rate of pulse
accumulation, as specified by the attentional model, the
magnitude of the estimates will vary as a function of task
location, at least for the longer durations, for which un-
derestimation was obtained in the previous experiment.
When the task is presented during the sample phase only,
as in Experiment 1, the subject’s experienced duration of
the sample will be shortened relative to the no-task con-
dition. Alternatively, when the task occurs during the re-
sponse phase of the reproduction trial, reproduced dura-
tions should exceed those for no-task trials. Under this
condition, as the subject executes his/her reproduction
of a given sample duration, the concurrent task will re-
duce the subject’s experience of momentary elapsed du-
ration. Interestingly,when the task is present during both
the sample and the response phases of a reproduction
trial, the aforementioned effects should be canceled out
and the magnitude of the temporal estimates should re-
semble those of the no-task trials. Furthermore, assum-
ing that the rate of pulse accumulation does not differ be-
tween the sample and the response phases of the trial
under the 1–1 condition, the slope of the function relating
reproduced duration to sample duration should approxi-
mate a value of 1.0 (Carlson & Feinberg, 1968). Fortin
and Rousseau (1998), using sample durations ranging
from 1.6 to 2.4 sec, demonstrated task location effects
consistent with the foregoing description for the 1–0 and
0–1 conditions. A short-term memory-processing task
was presented during the sample or the reproduction
phase of temporal reproduction trials. When memory
load was manipulated during the sample phase of the
trial, temporal estimates decreased with increases in
memory load; the opposite relation was observed when
the task was required during the estimation phase.

Method
Subjects

Forty undergraduate psychology students (25 females and 15
males, 15–55 years of age) participated to satisfy an academic re-
quirement. The subjects were randomly assigned to one of four
groups in block random order, with a block size of 4 subjects. No
subject failed to complete the experiment.

Apparatus
The subjects in Groups 1–0, 0–1, and 1–1 were tested using the

apparatus described in Experiment 1. The subjects in Group All
were tested in a similar experimental setting, using computer hard-
ware and software comparable to those used for the other groups.
A tape recorder was used to record the subjects’ vocalizations dur-
ing all the sessions.

Procedure
With the exceptions noted below, the procedure of this experi-

ment was identical to that in Experiment 1.
Training. The subjects in all the groups were exposed to the

training procedures used in Experiment 1, except that instructions
were presented on the computer monitor, rather than orally.

Testing. The session and trial structure and the stimulus values
were identical to those in Experiment 1, with the exception that the
location of the concurrent task within the reproduction trial varied
between groups. For the subjects in Groups 1–0, 0–1, and 1–1, the
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task was presented in the sample phase of the trial (the 1–0 condi-
tion), the response phase (the 0–1 condition), or both phases (the
1–1 condition), respectively. For those groups, half of the 56 trials
per session were task trials, and half were no-task trials (the 0–0
condition). The subjects in Group All were presented with all four
conditions— the 1– 0, 0–1, 1–1, and 0–0 conditions (14 trials for
each condition). All the groups were exposed to three test sessions.
After the final session, the subjects were asked to describe their
strategies for estimating the duration of the sample stimulus under
the task and the no-task conditions.

To ensure the subjects’ compliance with the instructions to pro-
nounce the numbers presented on the computer monitor, they were
accurately informed that their vocal responses would be tape
recorded for later review. All the subjects complied at a level of
90% of the trials or better.

Results
Psychophysical Functions

The subjects’ estimates (mean middle times) are plot-
ted for all the groups as a function of sample duration in

Figure 2, where the diagonal lines indicate veridical tim-
ing. Performance under each of the three task conditions
was compared with that in the corresponding no-task
condition. The analyses were justified by a significant
group 3 condition 3 duration interaction [F(12,162) 5
2.92, p , .01] for Groups 1–0, 0–1, and 1–1 and by a
significant condition 3 duration interaction for Group
All [F(18,162) 5 7.90, p , .05].

Condition 1–0 versus 0–0. The pattern of results for
the 1–0 condition in comparison with the 0–0 condition
for Group 1–0 and Group All is similar to that for the
active group in Experiment 1. No-task functions (the
0– 0 condition) approximated veridical timing; task
functions (1–0) were nonlinear and departed from the
no-task functions at longer durations.

Condition 0–1 versus 0–0. A different pattern of es-
timates was obtained for the 0–1 condition, in which the
concurrent task was presented in the response, rather
than the sample phase of the trial. Estimates under the

Figure 2. Experiment 2: mean middle time as a function of sample duration for the
task and no-task trials for Group 1–0 (upper-left panel), Group 0–1 (upper-right
panel), Group 1–1 (lower-left panel), and Group All (lower-right panel). The diagonal
line in each panel indicates veridical time. Confidence intervals are shown as separate
points based on the within-subjects error term for the task 3 duration interaction
(Groups 1–0, 1–1, and All) or for the main effect of duration (Group 0–1).
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task condition (0–1) exceeded those in the no-task con-
dition (0–0) for both Group 0–1 and Group All. These
differences were all significant for Group All and for the
three shortest sample durations for Group 0–1 (t tests,
df 5 9, p , .05). Unlike the other task conditions in this
experiment, the psychophysical functions for the 0–1
conditionwere linear for both Group 0–1 and Group All.

Condition 1–1 versus 0–0. The psychophysical func-
tions for the 1–1 condition were similar to those for the
0–0 condition in both Group 1–1 and Group All. Esti-
mates differed between the two conditions in only two
cases (at the 3.0-sec sample duration for Group All, and
at 22.8 sec for Group 1–1; t tests, df 5 9, p , .05).
Psychophysical functions under the 1–1 condition were
nonlinear (concave downward) for both groups.

When the psychophysical functions were converted to
log-log coordinates, the resulting functions were linear
in all cases (Table 1). The slopes for all the task condi-
tions (1–0, 0–1, and 1–1) were smaller than those for the
corresponding no-task condition (0–0) for all the groups
(significant for all but the 0–1 condition of Group All).
For the same comparisons, the y-intercepts were signifi-
cantly higher in all cases.

Variability Analysis
Slope analyses were conducted for the functions re-

lating the SD of middle times to estimates. A linear
model provided a good description of the relation: Nine
of the 10 functions were linear, and the proportion of
variance attributable to a linear component was high (see
Table 2). There were no significant negative y-intercepts.
When the mean function for each task condition was
compared with that for its corresponding no-task func-
tion, the slope of the task function was significantly
greater in all cases.

Self-reported timing strategies. When asked to de-
scribe their strategies for estimating the duration of the
sample stimulus, all 40 subjects reported some form of
chronometric counting under the no-task condition, and
only 2 reported an attempt to count seconds (using their
f ingers) during task conditions. Eleven subjects indi-
cated that they had tried to base their temporal estimates
on the number of numbers presented during a trial, and
1 subject reported engaging in a rhythmic movement pat-
tern during the sample stimulus and attempting to repro-
duce the pattern during the response phase. Most indi-
cated that these strategies were only minimally successful
in measuring time.

Discussion
The observed systematic effect of task location is con-

sistent with the reasoning of Carlson and Feinberg
(1968) and indicates that the concurrent task is not
merely a nonspecific disrupter of temporal information
processing or of timing behavior. As in Experiment 1,
the data cannot be entirely explained by reference to a
decreased rate of pulse accumulation under task condi-

tions. Task functions were largely curvilinear, with the
interesting exception of the 0–1 condition. Furthermore,
assuming that the rate of pulse accumulation was invari-
ant between the sample and the response phases of the
trial under the 0–0 and 1–1 conditions, estimation func-
tions under those conditions should be linear, with slopes
approximating 1.0 (Carlson & Feinberg, 1968). This was
not the case, particularly for the 1–1 condition. The
slopes of the log-log psychophysical functions and the
DL functions suggest that temporal processing differs in
a fundamental way under task and no-task conditions.
The subjects’ self-reports indicated that the sensory
bases for their temporal estimates differed under task
versus no-task conditions, consistent with the perceptual
hypothesis advanced in this article.

EXPERIMENT 3

In the “evasive art of subjective time measurement”
(Zakay, 1990, p. 59), generalizations from different stud-
ies are seriously compromised, owing to methodological
variables. For that reason, the present study includes a
systematic comparison of the effects of the concurrent
task used in Experiments 1 and 2 across three conven-
tional psychophysical timing tasks—the methods of re-
production,production, and estimation.The reproduction
procedure conformed to the method used in Experi-
ments 1 and 2 (the 1–0 condition). Under the production
procedure, the subjects were required to produce numer-
ically specified temporal intervals, using the start–stop
procedure. When present, the nontemporal task occurred
as the subjects produced their estimates, as it did under
the 0–1 condition in Experiment 2. Under the estimation
procedure, a visual sample stimulus was presented for a
given duration in a method identical to that for the sam-
ple phase of the reproduction procedure, after which the
subject produced a numeric estimate, using a keyboard.
The concurrent task was presented during presentation
of the visual stimulus on some trials.

Experiment 3 was performed to assess the generality of
the perceptual hypothesis, which anticipates that slopes
of log-log psychophysical functions and DL functions
will vary systematically with presence versus absence of
the task, independently of psychophysical method. It
also permitted an extension of Stevens and Greenbaum’s
(1966) regression analysis to timing under a concurrent
task procedure. Stevens and Greenbaum argued that
psychophysical judgments are influenced by the central
tendency of judgment, or regression of judgments to-
ward a central value, an idea they attributed to Holling-
worth (1910). Regression has been shown to depend on
psychophysicalmethod. Using the psychophysicalcross-
modality matching paradigm, Stevens and Greenbaum
presented data indicating that regression occurs when a
given stimulus functions as the adjusted dimension, as
opposed to when it serves as the standard dimension.
The effect was shown for a variety of stimulus modali-
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ties, including duration. Stevens and Greenbaum argued
that for duration judgments, the methods of estimation
and productionmight be conceived as instances of cross-
modality matching, where duration and numbers func-
tion as the stimulus dimensions to be matched. Under the
method of estimation, the subject adjusts the number
scale, and under the method of production, the subject
adjusts the durationof a stimulus. Using stimulusdurations
ranging from 0.3 to 5.0 sec, Stevens and Greenbaum
compared performances under the two methods. For
each method, numerical values and stimulus values were
matched, and the values of the corresponding matches
for the two methods were plotted on log-log coordinates.
Regression varied inversely with the slope of the match-
ing function, and slope was flatter for the method of es-
timation than for that of production. The present study
extended this investigation to a broader range of dura-
tions and to a concurrent task procedure.

As in Experiment 2, to the extent that the concurrent
task influences the rate of pulse accumulation, it was an-
ticipated that task effects on the untransformed psycho-
physical functions would vary with psychophysical
method, in accord with the reasoningof Carlson and Fein-
berg (1968). Consider first the reproduction and estima-
tion procedures. Under both methods, subjects base their
estimates on the perceived duration of a visually pre-
sented sample stimulus. When the nontemporal task oc-
curs during presentation of the sample stimulus, its effects
on perceived duration should be identical under the two
procedures. Therefore, apart from differences arising from
the differential performance requirements of the two
methods (temporal reproductionvs. numeric estimation),
psychophysical functions for the methods of reproduction
and estimation should appear to be similar and should re-
semble those for the 1–0 conditions in Experiments 1 and
2. Previous authors have reported that the effects of con-
current tasks are similar under the methods of estimation
and reproduction (Brown et al., 1992; Zakay, 1993). To
the extent that they are attributable to a change in the rate
of pulse accumulation, task effects under the method of
production should be symmetric to those observed under
the method of reproduction and, by extension, the method
of estimation. Accordingly, where task trials were asso-
ciated with underestimates in Experiment 1 and the 1–0
condition in Experiment 2, overestimates should be ob-
tained under the method of production. Consistent with
this reasoning, Brown (1995) and Zakay (1993) have
shown inverse relations between temporal judgments
under the methods of production and reproduction.

If the effect of the concurrent task is mediated solely
by influences on the rate of pulse accumulation, time
judgments should be directly proportional to duration
under all conditions. However, if the concurrent task in-
troduces sources of sensory input that differ from those
under the no-task condition, departures from linearity
are to be expected in the untransformed data, as in Ex-
periments 1 and 2.

Method
Subjects

Thirty undergraduate psychology students (17 females and 13
males, 16–47 years of age) participated to satisfy an academic re-
quirement. The subjects were randomly assigned to one of three
groups in block random order, with a block size of 6 subjects. The
subjects who failed to appear for the experiment, did not meet the
training criteria, or failed to follow the instructions were replaced.
For the reproduction, production, and estimation groups, 6, 2, and
2 subjects were replaced, respectively.

Apparatus
The apparatus was the same as that used in Experiment 1.

Procedure
A different group of subjects was tested under each of three

psychophysical procedures— the methods of reproduction, produc-
tion, and estimation. Stimulus durations for all the groups were inte-
ger equivalents of the values used for Experiments 1 and 2—2, 3,
5, 7, 10, 15, and 23 sec. Integer values were used to minimize the
perceived difficulty of the temporal production task. Three test ses-
sions of 56 trials were structured identically to those in Experi-
ments 1 and 2. A structured interview followed the last test session.

Reproduction group. The subjects in the reproduction group
were exposed to the same general methodology as that used for the
active group and Group 1– 0 in Experiments 1 and 2, respectively.
Procedural changes were made to the training procedure, which was
automated for the present experiment, and to the stimulus durations
(described above).

During the training session, instructions were presented on the
computer monitor, as in Experiment 2; however, a computer program,
rather than the experimenter, monitored the subject’s performance and
terminated the session when a performance criterion was achieved or
after 100 trials. To complete training, a subject was required to pro-
duce four of five consecutive estimates in which the response brack-
eted the target duration and jointly met the criteria for start, stop, and
middle times. The start response requirement was that it should occur
no later than 95.5% of the target time; the stop response was required
to occur no sooner than 100.5% and no later than 1000% of the target
duration; the middle time was required to fall within 20% of the tar-
get duration. Liberal criteria were chosen in order to provide instruc-
tions that would place only minor constraints on the timing of re-
sponses. Three subjects failed to meet the training criterion. Although
the loss of subjects in this group was higher than that for the produc-
tion and estimation groups, performance was similar to that observed
in Experiments 1 and 2 under nearly identical conditions.

Production group. The method of production was programmed
similarly to the method of reproduction, except that only the re-
sponse cue was presented on each trial. After the subject initiated a
trial by clicking the mouse button, a message indicating the target
time was shown at the top of the computer monitor. Below the mes-
sage, centered on the monitor, was a purple or a green square (bal-
anced across subjects), as in the method of reproduction. The sub-
ject was instructed in using the start–stop procedure to produce a
temporal estimate. Training was accomplished using the automated
procedure described for the reproduction group, except that the
method of production was used. All the subjects completed training.

Estimation group. The subjects initiated each estimation trial
by clicking the mouse button, after which a green or a purple square
(balanced across subjects) was presented on the computer monitor
for the target duration. When the stimulus ended, the following in-
struction was presented: “TYPE YOUR ESTIMATE IN SECONDS AND

PRESS THE ENTER KEY.”
An automated training procedure was used, and the subjects were

required to produce four of five consecutive estimates that were
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within 20% of the target duration (analogous to the criterion for
middle time for the reproduction and production groups). All the
subjects met the training criterion.

Results
Psychophysical Functions

Temporal estimates as a function of sample duration
are plotted on separate axes for each group in Figure 3.
Performance on no-task trials was similar under the three
psychophysical methods; however, group differences
were apparent on task trials. As was anticipated for those

trials, psychophysicalfunctions for the productionmethod
differed from those for the estimation and reproduction
methods. The latter were similar to each other and to
those for the 1–0 conditions in Experiments 1 and 2.

An ANOVA of judgments, with group, condition (task
vs. no task), and duration as factors, revealed a signifi-
cant group 3 condition interaction [F(2,27) 5 9.76, p ,
.001] and a significant group 3 condition 3 duration
interaction [F(12,162) 5 12.73, p , .001]. (Significant
effects were also found for group, duration, group 3 du-
ration, and condition3 duration.) Separate ANOVAs for
each group indicated significant condition 3 duration
interactions for all the groups. Task functions were neg-
atively accelerated for the reproduction and estimation
groups and were linear for the production group. Fur-
thermore, for the estimation and reproduction groups,
task functions were lower than no-task functions at the
longer sample durations, whereas for the production
group, the task function was higher than the no-task
function. Significant differences between task and no-
task trials were obtained for the 23-sec sample duration
for the reproduction group, for the 10-, 15-, and 23-sec
durations for the estimation group, and for the 2-, 3-, 5-,
10-, and 23-sec durations for the production group
(t tests, df 5 9, p , .05, for each group).

The effect of psychophysical method was confined to
the task trials, as was indicated by two-way ANOVAs
with group and duration as factors, conducted separately
for task and no-task trials. For task trials, there were sig-
nificant effects of group [F(2,27) 5 8.30, p , .01] and
duration [F(6,162) 5 397.72, p , .001] and a signifi-
cant group 3 duration interaction [F(12,162) 5 19.01,
p , .001]. Only the effect of duration was significant for
the no-task data [F(6,162) 5 1,196.30, p , .001].

When the psychophysical functions were converted to
log-log coordinates, the resulting functions were linear in
all cases (Table 1). The slopes for all the task conditions
were lower than those for the corresponding no-task con-
dition for all the psychophysical methods, although the
difference was not significant for the method of produc-
tion. For the same comparisons, the y-intercepts were
higher in all cases, a significant effect for the methods of
estimation and production.

Variability Analysis
SD increased as a linear function of mean middle time

for task and no-task trials under each of the three proce-
dures (Table 2). There were no significant negative
y-intercepts. As in Experiments 1 and 2, the slopes of the
SD functionswere steeper for the task than for the no-task
functions.A group 3 condition (task vs. no task) ANOVA
showed a significant effect of condition [F(1,27) 5 9.49,
p , .01], no effect for group, and no group 3 condition
interaction [F(2,27) 5 1.8 and 1.52, respectively].

Analysis of Regression Effects
To assess the possibility that task-trial performance

under the three psychophysical methods was differen-

Figure 3. Experiment 3: mean time estimate as a function of
sample duration for the reproduction (upper panel), estimation
(middle panel), and production (lower panel) groups. The diago-
nal line in each panel indicates veridical time. Confidence inter-
vals are shown as separate points based on the within-subjects
error term for the task 3 duration interaction.
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tially influenced by regression, the data were analyzed in
the manner of Stevens and Greenbaum (1966). Follow-
ing log transforms of both axes, numerical values and
stimulus values were matched. The resulting functions
were linear in all cases (r2 values were .978, .984, and
.968 for the estimation, production, and reproduction
groups, respectively). In accord with the f indings of
Stevens and Greenbaum, the slope for the estimation
function (0.74) was lower than that for the production
function (1.05). Owing to the methodological similarity
between the estimation and the reproductionprocedures,
the analysis was also applied to the data for the latter,
yielding a measure comparable to that for the estimation
group (slope 5 0.75).

Self-Reported Timing Strategies
The results of the structured interview were similar to

those in Experiment 2. The subjects reported counting
under the no-task condition and difficulty in monitoring
duration under the task condition.Nine subjects reported
trying to base their estimates on the number of numbers
that had appeared during the trial, and 3 tried to count
seconds with their fingers. Two subjects reported trying
to count as they pronounced the numbers, and 1 tried to
count in between number presentations.

Discussion
The results in Experiment 3 are in accord with those

in Experiments 1 and 2 in their support of the perceptual
hypothesis. The slopes of the functions relating SDs to
estimates were higher under task than under no-task con-
ditions, whereas the slopes of the log-log psychophysical
functions were lower under task conditions. Although
these effects were independentof psychophysicalmethod,
the method variable did interact with task condition in
determining the shape of the untransformed psycho-
physical functions. As was anticipated, the relations of
task to no-task functions for the reproduction and the es-
timation groups were similar to one another—the task
was associated with lower estimates at the longer dura-
tions, and the psychophysical functions were curvilinear
(Figure 3). On the other hand, the subjects in the pro-
duction group produced a linear task function and
showed higher estimates under task than under no-task
conditions at most sample durations. In contrast to the
findings of Rakitin et al. (1998), who used a similar con-
current task, the present study indicates that performance
under the method of production is profoundly influenced
by a concurrent number-reading task. Conceivably, pre-
sentation of feedback following each estimate by Rak-
itin et al. mitigated task effects in their study.

The observed differences in the direction of task ef-
fects across methods were in line with predictions based
on the reasoning of Carlson and Feinberg (1968); how-
ever, in a departure from that account, a symmetry of
task effects under production and estimation procedures
was not obtained. An analysis of the psychophysical
functions, using the method of Stevens and Greenbaum

(1966), suggested that the lack of symmetry might be
understood in terms of differential regression effects
under the two procedures. In accord with data reported
by Stevens and Greenbaum, regression was greater for
the method of estimation than for that of production. It
is noteworthy that, in comparison with their data, the
slopes obtained in the present analysis were somewhat
low. Because Stevens and Greenbaum described no at-
tempts to discourage subjects from engaging in chrono-
metric counting, it may be more reasonable to compare
their data with those from the no-task conditions for the
production and estimation groups. When the temporal
intervals were signaled by a visual stimulus, Stevens and
Greenbaum reported slopes of 0.93 and 1.16 for estima-
tion and production, respectively; comparable values
under the no-task condition in the present study were
similar at 0.91 and 1.01. In summary, the foregoing
analyses indicate that method-based regression effects
exerted an influence upon scaling under the present
psychophysical procedures.

GENERAL DISCUSSION

In three experiments, a concurrent number-reading
task produced consistent and marked effects on tempo-
ral judgments. To a great extent, the results conform to
those in the empirical literature, which indicate that con-
current tasks are associated with a decrease in reported
duration under prospective-timing procedures. Accord-
ingly, they are consistent with the widely accepted inter-
pretation of concurrent task effects based on attentional
resource allocation models. However, the consistently
negatively accelerated psychophysical functions under
the methods of reproduction and estimation indicate that
attentional effects, mediated by changes in the rate of
pulse accumulation, do not adequately account for the
present pattern of results.

In an alternative interpretation of the present findings,
the perceptual hypothesis argues that different sources of
sensory input control judgments under task and no-task
conditions. The subjects reported that their judgments
under the no-task condition were based on chronometric
countingbut that countingwas difficult, if not impossible,
under the task condition. Thus, task and no-task inter-
vals differed considerablywith respect to the availability
of sources of stimulationon which time judgments could
be based. In support of the perceptual hypothesis, the
functions relating DL to time judgments were steeper for
task than for no-task conditions in 10 out of 10 indepen-
dent cases [p , .001, sign test; compare the 0–0 condi-
tion with the corresponding task condition(s) for each
experimentalgroup, except the passivegroup; see Table 2].
Previous findings that the value of the minimal Weber
fraction differs across sensory modalities(e.g., Woodworth
& Schlosberg, 1954) support the interpretation of the
present effects in terms of differing sensory input.

Additional evidence consistent with the perceptual hy-
pothesis was obtained by plotting the psychophysical
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functions on log-log coordinates. As is shown in Table 1,
all 20 transformed group functions from Experiments 1,
2, and 3 were linear, and the slopes for the no-task con-
dition were steeper than those for the task condition in all
cases (significant in 8 out of 10 comparisons), regard-
less of psychophysical method. Exponents for the no-
task condition averaged .92, close to the values reported
by Eisler (1975, 1976), but different from the more re-
cently reported exponent of 1.0 (Allan, 1983; Allan &
Gibbon, 1991). For the no-task conditions, the propor-
tion of variance accounted for by the power function was
reasonably high and was higher in all the experiments
than that for the task condition (Table 1). This difference
is consistent with the well-documented finding that the
variability of time judgments under task conditions is
greater than that under no-task conditions(Brown, 1997).

The data from the task and no-task conditions sup-
porting the perceptual hypothesis may also be inter-
preted in terms of other variables (Poulton, 1968), or
could represent lowered sensitivity to duration under task
conditions (Brown et al., 1992; Catania, 1970; Staddon
& Higa, 1999). Teghtsoonian (1971) observed that there
was a systematic negative correlation between the expo-
nent of the power function and the ratio of the largest to
the smallest stimulus intensity employed in a variety of
judgment tasks. This relation suggested that stimulus di-
mensions that differ in dynamic range map onto similar
sensory ranges. Consistent with this idea was the obser-
vation that the Weber fraction expressed in terms of stim-
ulus units varied inversely with the exponent across
dimensions in a manner that led to invariance in the sub-
jective Weber fraction. The negative relation of exponent
and Weber fraction obtained across task and no-task con-
ditions in the present study is consistent with this per-
ceptual theory. It also implies that the dynamic range of
durationsunder task conditions is greater than that under
no-task conditions.

According to the perceptual hypothesis, the reduction
in time judgments often observed under task conditions
with prospective estimation procedures are improperly
construed as underestimation or subjective shortening;
rather, they represent the outcome of a parameter adjust-
ment in a scaling rule. The extent to which an attention-
driven decrease in the rate of pulse accumulation medi-
ates time judgments under task conditions remains an
issue to be addressed (see, e.g., Killeen & Taylor, 2000),
but the present results call into question an exclusive re-
liance on this account of task effects in human timing.
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