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Time estimation and concurrent nontemporal
processing: Specific interference from

short-term-memory demands

C. FORTIN, R. ROUSSEAU, P. BOURQUE, and E. KIROUAC
Universite Laval, Quebec, Canada

Previous studies have shown that the effect of concurrent nontemporal processing on time esti
mation may vary depending on the level of difficulty ofthe nontemporal task. This is commonly
interpreted within the context of so-called distraction/interruption models of temporal process
ing, which propose that as concurrent task difficulty or complexity is increased, temporal pro
cessing receives less attention. We hypothesize that the effect of nontemporal processing does
not depend on the level of difficulty as such, but rather on the extent to which the concurrent
nontemporal task specifically involves processing in short-term memory. Four experiments were
run in which the short-term memory requirements ofconcurrent tasks were systematically varied,
although all of the tasks were of comparable levels of difficulty. In the first experiment, the ef
fect of memory search on simultaneous temporal productions was proportional to the number
of items to search. As with reaction time, produced intervals were shown to increase linearly
with the number of items in the memorized set. In Experiment 2, a visual search involving some
load on short-term memory interfered in the same way with time production, although to a lesser
extent. The last two experiments showed that performing attention-demanding visual search tasks
that did not involve short-term memory did not lengthen simultaneously produced time inter
vals. This suggests that interference of nontemporal processing on time processing may not be
a matter of nonspecific general purpose attentional resources, but rather of concurrent short
term-memory processing demands.

Prospective timing occurs when one is required to esti

mate the duration of a temporal interval that is to be

presented. In such a situation, it is often reported that

estimated duration decreases as a result of increasing

concurrent nontemporal processing demands. This is

commonly interpreted within the context of so-called

distraction/interruption models of temporal processing,

which propose that as concurrent task difficulty or com

plexity is increased, temporal processing receives less at

tention (Block, 1990; Brown, 1985; Fortin & Rousseau,

1987; Fraisse, 1984; Hicks, Miller, & Kinsbourne, 1976;

McClain, 1983; Rousseau, Fortin, & Kirouac, in press;

Thomas & Cantor, 1978; Vroon, 1970). The reduction

of attention to temporal processing is assumed to result

in less temporal information and, consequently, to shorter

perceived duration. In spite of the accumulation of evi

dence, the distraction models still remain quite informal,

which led Block to state that "Terms like attention to time
and temporal information processing are unacceptedly

vague" (p. 22).

We believe that two basic questions should be addressed

for some progress to be achieved. First, temporal-
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processing models must refer more formally to the sharing
of attention between temporal and nontemporal process

ing. Second, interpretation ofdual-task interaction involv

ing temporal and nontemporal processing must take into

account the current theoretical context and methodologi

cal knowledge on time-sharing between processes.

Recently, a number of authors have proposed psycho

physical timing models incorporating some form of at

tentional control (Meck, 1984; Rousseau, Picard, & Pitre,

1984). These belong to a class of models in which tem

poral processing is defined as the accumulation of tem

porally coherent information (events or pulses) from an

internal source (Church, 1984; Hicks et al., 1976; Killeen

& Weiss, 1987; Kristofferson, 1977). The accumulation

process is under the control of a gate that enables the ac
cumulation while in an "on" state. The internal repre

sentation of the duration of a given interval is some

transformation of the number of pulses or events accumu

lated from the onset to the offset of that interval. The gate

is seen as being under attentional control (Meck, 1984;

Rousseau et al., 1984). Concurrent nontemporal processing

would put the gate in an "off" state, and would temporarily

interrupt the accumulation process. Accumulation would

resume after the completion of nontemporal processing.

When a time interval is under the control of an experi

menter, accumulation interruption will reduce temporal
information, thus resulting in an underestimation of the

actual duration of a given interval. When a time interval
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TIME ESTIMATION AND SHORT-TERM MEMORY 537

of a given duration is to be produced by a subject, a cri
terion count corresponding to that interval is set in long
term memory (Church, 1984). Accumulation proceeds
from onset of the time interval until the accumulated count
reaches the criterion, at which point the production is ter
minated. In such a case, interruption in the accumulation
process will result in a lengthening of the produced in

terval that is proportional to the duration of the interrup
tion, because more real time is required to accumulate
the criterion number of counts (Rousseau et al., 1984).
This type of scheduling, in which a process A is inter
rupted to complete process B and afterwards resumes, has

been described by Schweickert and Boggs (1984) as
preemptive time-sharing of common resources. However,
these temporal-processing models do not address the issue
concerning the nature of the shared attentional resources.
For these resources to be identified, a close examination
of the nontemporal tasks interfering with temporal pro

cessing is required.
Dual-task methodology commonly assumes that a dec

rement in performance in one or both tasks performed
concurrently results from the sharing of common process
ing resources (Gopher & Donchin, 1986). Originally, cog
nitive processes were assumed to require resources from
an undifferentiated fixed-capacity resource pool (Kahne
man, 1973, Norman & Bobrow, 1975). Consequently,

given any two tasks to be performed concurrently, if pro
cessing demands were increased in one ofthe tasks, both
or the lowest priority task would show a performance

decrement.
Within the context of studies investigating the effect of

nontemporal tasks on time judgments, the approach has
been to use complex nontemporal tasks (e.g., Brown,
1985; Hicks et al., 1976; McClain, 1983; Thomas & Can
tor, 1978; Vroon, 1970). As noted by Brown and West
(1990), very different tasks have been used: card sort
ing, manual tracking, shadowing for word recognition,

tone discrimination, or letter identification. These studies
implicitly or explicitly assumed nonspecific resources, so
interpretation of observed effects has commonly been re
lated to a general effect of nontemporal task complexity
or difficulty. Increasing nontemporal-processing complex

ity or difficulty induced increased distortion in time judg
ments, suggesting that time estimation needed a general
attentional resource allocation.

Interpretation of dual-task interaction is complicated by
the fact that current theorizing considers resources to be
distributed among multiple specific pools (Navon &

Gopher, 1979; Wickens, 1980, 1984). Wickens proposed
a number of pools following an information-processing

analysis of cognitive processing. These pools can be
roughly summarized as encoding, central processing, and
response processing under visuospatial or auditory-verbal

coding. The distribution of processing resources presents
basic difficulties for the interpretation ofdisruption of tem

poral processing by nontemporal processing.
Most nontemporal tasks that have been used in research

on time estimation are complex, and all the processing

components (perceptual, central, or motor) are likely to
be involved during the concurrent execution. Therefore,

it becomes quite difficult to specify the source of the ob
served effects on time estimation. Brown and West (1990)
devised a dual-task situation in which the duration of a
number of visual stimuli had to be processed concurrently.
All of the stimuli required temporal processing, so it could
be safely assumed that they shared common resources.

The results led Brown and West to conclude that timing
was an effortful process that draws from limited non

specific attentional resources. Although the approach is
interesting, it leaves open the question of identification
of the specific resources required for temporal processing.

In an attempt to clarify the double issue of temporal
processing interruption and specificity of interference
from nontemporal processing, Fortin and Rousseau (1987)

devised a dual task in which temporal-interval produc
tion and memory search were executed concurrently.
Their subjects were trained to produce a sequence of two
keytaps at roughly 2-sec intervals. In an experimental trial,
they first had to memorize a digit set. They then initiated
the time production, during which, 0.5 sec after onset,

a digit probe was presented for recognition. The produc
tion was terminated by the recognition response. Produced
intervals were shown to increase linearly with the num
ber of digits in the memorized set. Fortin and Rousseau,
following Rousseau et al. (1984) argued that preemptive
time-sharing occurred, and that timing was interrupted

to perform the memory search and it resumed afterward.
The duration of the interruption was proportional to the
number of items to search in memory. They showed the
slope of temporal production versus memory-set size to
be about 22 msec, suggesting that comparing the test item
with one member of the memory set interrupted the ac
cumulation process for approximately 22 msec.

This combination of time production and memory
search appeared to be especially suitable to tackle the
problem of the dual-task interference specificity. First,

perceptual processing requirements during the time pro
duction were constant and minimal, because whatever the
memory-set size, a single stimulus was presented during
the interval. Furthermore, there was no motor response
component in the nontemporal task during the time pro
duction itself, because responses in both tasks were inte
grated; when the subject pressed one of two buttons to
end the interval, he/she simultaneously gave the response
to the search task. Thus, concurrent processing was lim
ited to the comparison process, which is known to oper
ate in short-term memory. The observed interference led
Fortin and Rousseau (1987) to conclude that time pro

cessing involves short-term memory. This is supported
by authors such as Zakay (1990), who states that short
term memory should be involved in estimation of short
intervals, and Gibbon, Church, and Meck (1984), who
included short-term memory as one of four major parts

of a psychological process model of timing.
The purpose of the present study is to show interference

from nontemporal processing on temporal processing to
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be specific on sharing short-term-memory resources. The
methodology proposed by Fortin and Rousseau (1987) is
of particular interest, because it uses a search task to ma
nipulate nontemporal processing. Search tasks are among
the most extensively studied tasks in the information
processing paradigm. Systematic variations of search con
ditions on reaction time provide a powerful diagnostic
means to identify the specific processing demands in a
given situation. In the present series of experiments,
search conditions were manipulated in order to system
atically vary demands on short-term memory. On one
hand, the number of items included in the search were
varied, and on the other hand, the demands on short-term
memory were reduced over experimental conditions by
comparing memory and visual search. Some search tasks
involving minimally short-term memory have previously
been shown to entail attentional control, as shown by an
increase in response latency as a function of number of
items to be compared. In fact, many visual search tasks
require attentional control, even if there is no need to oper
ate in short-term memory (see Rabbitt, 1984, for a
review). More specifically, it should be possible to de
velop experimental conditions in which increases in
response latencies as a function of number of items to be
processed would not be parallel to increases in time pro
duction, if common resources are not shared.

The first experiment aims at reproducing Fortin and
Rousseau's (1987) results while including a control reac
tion time condition. The present series ofexperiments sys
tematically compares the effect of different search tasks
on time estimation, so a reaction time condition appears
as a basic control condition to support an interpretation
in terms of processing demands. As was found in Fortin
and Rousseau's experiment, temporal productions are ex
pected to increase with the number of items involved in
the search. These data should parallel those obtained in
the reaction time paradigm.

In Experiments 2, 3, and 4, we attempt to show that
it is not the search task per se, nor the attentional control
required during the search that interfere with time pro
duction. Visual search tasks are performed concurrently
with time production. Because these tasks put a minimal
load on short-term memory, they should induce little in
terference with time production. In these experiments,
there should be an increasing dissociation between reac
tion time and time-production data as the short-term
memory load in the search task decreases.

GENERAL METHOD

Subjects
All the subjects were young, normal adult volunteers, who were

paid $5 per session. They were all naive to the experimental

hypotheses.

Apparatus
The experiments were all conducted with the same apparatus, ex

cept for Experiment 2; in this case, the apparatus will be described

in the Procedure section of Experiment 2. Stimulus and feedback

presentations as well as data collection were handled by a PC-AT

compatible computer using MEL (Micro Experimental Laboratory)

software system. The experiments took place in a sound-attenuating

test chamber. The visual stimuli were presented through an IBM
color monitor with a 20 x 27 cm screen, including a VGA graphic

board. The subject was seated approximately 60 cm in front of the

screen. The temporal productions and the responses to the search

tasks were given by pressing one or the other of three keys of a

response box; the subjects were instructed to use their preferred

hand to respond. Reaction time and temporal-production measures

were taken to the nearest millisecond.
The beginning of the experiments, as well as the beginning of

each block and trial, were controlled by the subject; when ready,

he/she pressed a key located in the middle of the three keys of the

response box. Feedback for the temporal-production task was pro
vided visually within a 10% window centered on the target inter

val, informing the subject that the produced interval was too long,

too short, or correct. Feedback for the search task was also given

visually, informing the subject if the response was correct, or if
an error had been made. In the time-production practice sessions,

feedback was generally given to help the subjects stabilize their

productions. However, when the search task was combined with
temporal production, feedback was given for search-response

accuracy only.

Procedure
The procedure was generally the same in all four experiments;

exceptions will be described in the specific procedure sections. In
each experiment, two main conditions were tested-reaction time

and search/temporal production. In the reaction time condition, the

subjects performed the search tasks with instructions to respond

as quickly as possible while minimizing errors. In the search/

temporal-production condition, they first practiced to produce a
given time interval in order to stabilize time-production performance.

Within a given experiment, the target interval did not vary. After

the practice sessions, the subjects performed the search/temporal

production task in the experimental sessions. In both conditions,
sessions were divided into blocks of trials, with a 30-sec rest be

tween blocks. In the search/temporal-production condition, the first

block of the experimental sessions aimed to reset the production
around the target duration. In this block, the subjects simply pro

duced the interval with feedback, as in the practice sessions, which

helped them to reset the production. The search/temporal-production

experimental trials occurred in the last four blocks of the experimen

tal sessions. In these blocks, the subjects were instructed to pro

duce the interval as accurately as possible while minimizing errors
in the search task. In the search/ temporal-interval condition, as
in the reaction time condition, the number of target-present trials

was the same as the number of target-absent trials. In each experi

ment, the subjects were introduced to the general setting and re

quirements in a separate introductory session. Before introducing

a new condition, they were given about 20 practice trials. In Ex

periments 1, 3, and 4, two different groups were run in the reac

tion time and search/temporal-production conditions to avoid any
interference between response patterns. In Experiment 2, which was

conducted before the others, the same subjects were run in both

conditions. However, they were divided in two groups, which were

run in a counterbalanced order in both conditions.
Repeated measures analyses of variance (ANOVAs) were car

ried out on mean reaction times and mean temporal intervals. Only

effects significant at least at p < .01 were considered to be statis
tically significant. Before performing each analysis, data more than

three standard deviations from the mean over all observations were

discarded. Trials in which an error was made in the search were

also eliminated.
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on search-response accuracy. In fact, the search-task conditions were

the same as in the reaction time condition, with the exception that

the response was not speeded, but was combined with temporal

production.

In the search task, two variables were manipulated: the memory

set size (1-6), and the target's presence or absence-a total of 12

conditions. The memory set and the memory-set size varied from

trial to trial.

Figure 1. Mean reaction time as a function of memory-set size in
Experiment 1 for positive (filled squares) and negative (open squares)

trials.

Results and Discussion
In both the reaction time and search/temporal-production

conditions, the error rate was below 3%. The mean search
times are shown in Figure 1. For the positive-response

trials, the slope is 33 msec; negative responses gave a
slope of 39 msec. To assess the effect of memory-set size
and of positive-negative response trials, a randomized
block factorial design ANOYA (RBF-62) was conducted
(see Kirk, 1982). As expected, the effect of memory-set

size was significant[F(5,44) = 55.23, p < .011. The ef
fect of positive-negative trials was also significant [F( 1,44)
= 25.35, p < .01], but the interaction of memory-set

size and positive-negative trials was not (F < 1).
Figure 2 shows the mean temporal productions. The

slopes were 28 msec for the positive-response trials, and
20 msec for the negative-response trials. As with reac
tion time, temporal productions increased with memory

set size. The ANOYA (RBF-62) showed the effect of
memory-set size to be significant [F(5,30) = 3.46, p <
.014]. The effect of positive-negative trials [F(1,30) =

1.93, P < .21] and the interaction of memory-set size
and positive-negative trials were not significant [F(5,30) =

1.21, P < .33].
As was previously found by Fortin and Rousseau

(1987), increasing the number of comparisons in short

term memory lengthens the temporal productions when
the search is interpolated in the interval. In Fortin and
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In Experiment I, a memory-search task was combined

with a time-production task. Fortin and Rousseau (1987)
have previously shown that interpolating such a task in
temporal productions leads to time-interval-production
functions that parallel those classically reported in reac

tion time experiments. However, reaction time data were
not collected in Fortin and Rousseau's experiment. It was

therefore difficult to explain the fact that the slopes of
mean temporal productions as a function of memory-set
size were lower than the slopes of the reaction time func

tions found in previous experiments, although this could
result from time-sharing strategies as well as from the
specific setting of the experiment. Experiment I was con

ducted to allow a direct comparison of the effect of vary
ing the load on memory search in reaction time and

search/time-production paradigms.

EXPERIMENT I

Method
Subjects. Twelve subjects, ranging in age from 20 to 38, took

part in this experiment. Five subjects were run in the reaction time

condition, and 7 in the time-production condition.

Stimuli. All the stimuli used in the experiment were chosen from

a set of ten digits (0-9). The viewing size of the individual ele

ments was 0.4 0 in width and 0.2
0

in height. Memory-set size varied

from I to 6; display size was always I.

Procedure. In the reaction time condition, there were three ex

perimental sessions. The subject initiated the trial by pressing the

middle key, which successively displayed the memory-set elements.

Each element appeared for 1,200 msec, in a random order. After

the memory-set presentation, a central fixation dot appeared, which

remained present until the subject again pressed the middle key.

A target appeared 500 msec after this keypress. The subject re

sponded as quickly as possible by pressing the left key if the target

was absent from the memory set (negative-response trial), and the

right key if the target was present (positive-response trial). Visual

feedback immediately followed each response. When ready, the sub

ject initiated the next trial.

In the time-production condition, there were three temporal

production practice sessions and two experimental sessions. The

practice and experimental sessions, in both conditions, were com

posed of five 48-trial blocks. The target interval was 2 sec.

The practice sessions enabled the subject to stabilize temporal

productions. In a trial, the sequence of events was as follows. The

subject started the interval by depressing the middle key. An arrow

appeared on the screen 500 msec later, informing the subject to

end the interval, after the 2-sec subjective interval, by depressing

the right or the left key. This was to familiarize the subject with

the dual response. In the first four blocks, visual feedback for the

temporal-production task was provided. In the fifth block, no feed

back was given.

In the experimental sessions, after the first block of temporal

production practice trials, the subject participated in four blocks

in which he/she produced the temporal interval while simultaneously

performing a memory-search task. The subject initiated the trial

by pressing the middle key, and the memory set was then displayed,

as in the reaction time condition. After the memory-set presenta

tion, the subject could begin the temporal interval by again press

ing the middle key. A target appeared 500 msec after the keypress,

and remained present until the subject ended the interval by press

ing the left or the right key, depending on the absence or the pres

ence of the target in the memory set. Visual feedback was then given
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Method
Subjects. Ten young adults, ranging in age from 19 to 23, were

run in this experiment. One subject did not complete the experi
ment, so his results have been eliminated from the analysis.

Apparatus. In a sound-attenuating test chamber, stimulus cards

were displayed in a Gerbrands four-ehannel tachistoscope at a view

ing distance of 72 cm. Feedback for the temporal-production task

was given through headphones; feedback for the detection task was

provided visually. In all other respects, the apparatus was the same
as that used in Experiment I.

Stimuli. Twenty consonants were used for both the target letters

and the distractors. The array varied from one to five elements in .

length. Within each category, every consonant was used once at
each serial position. One hundred different arrays were made, with

20 arrays per set size. No consonant could be presented more than

once in a given display. The numeral character "s" was used as
a delimiter on each side of the display. Each display was paired

with a single consonant card, which contained the target to be

searched in the display. At each set size, the 20 consonants were

used as targets. The target was included in the display on half of
the trials. The displays were composed of white cards with black

Letraset numbers and uppercase letters .6 cm in height. The visual

angle subtended by the largest display was 2.3 0 in width and 0.4 0

in height.
Procedure. Each of the six experimental sessions included five

blocks of trials. The experiment was divided into three parts: two

sessions of visual search in a reaction time paradigm (A), two ses
sions of time-interval production (B), and two sessions of visual

search and time-interval production in a dual-task paradigm (C).

Four subjects were tested following an AABBCC order, and the

remaining S subjects performed the tasks in a BBCCAA order. The

reaction time (A) and dual-task (C) sessions were composed of SO

trial blocks. In the time-production sessions (B), the blocks included

40 trials.
In the first block of the reaction time session, the subject was

presented with SO practice trials that provided training with the ap

paratus. These trials were initiated by pressing the middle key. An

arrow appeared SOO msec later, and, depending on its direction (left

or right), the subject pressed the left or right key as quickly as pos
sible. The last four blocks were composed of SO experimental trials,

with the following sequence of events. A target letter was presented,
and the subject pressed the middle key to display a fixation point.

The point was displayed for SOO msec and was immediately fol

lowed by the test display. The subject responded as quickly as pos

sible by pressing the right or the left button if the target was present

or absent in the display, respectively. No feedback was given. In
these sessions, the last four blocks included a total of 200 trials

in which each of the 100 arrays was used twice, once in the first
two blocks and once in the last two blocks.

In the first four blocks of the time-production sessions, the sub

ject produced 2-sec intervals. As in the first experiment, feedback
was provided on temporal production. An auditory signal of high,

low, or medium frequency informed the subject that the interval

requires one to maintain a number of items in short-term

memory, to compare the target to each item in memory,

and to switch successively from one item to the other.

The visual search task used in Experiment 2 also required

mental comparison. However, memory load was reduced,

and switching in short-term memory was not necessary

during the comparison process, because the items were

presented visually and remained present until the subject

responded. Experiment 2 should shed some light on the

component of the search that interferes with time

estimation.

652

Figure 2. Mean temporal production as a function of memory
set size in Experiment 1 for positive (filled squares) and negative
(open squares) trials.

EXPERIMENT 2

2400-.--------------------,

2350

Rousseau, the slopes were 21 and 24 msec in the nega

tive and positive trials, respectively-values quite simi

lar to those obtained in the present experiment (28 and

20 msec). Increasing the number of items involved in the

search seems to induce lower slope values with temporal

productions than with reaction time. This is a trend that
is confirmed in the present experiment; with the same ex

perimental setting, the mean slope is 24 msec with tem

poral productions, and is 36 msec with reaction time. This

suggests that some operations in search and time process

ing could be performed simultaneously.

2150

The results of Experiment 1 suggest that operating in

short-term memory interferes with time estimation. In Ex

periment 2, we wanted to see if a visual search task, which

requires less processing in short-term memory than the

search task of Experiment 1, would interfere with tem

poral production. To achieve this goal, a visual search

involving comparisons in short-term memory was com

bined with time production. The main difference with Ex

periment I is that the memory-set size was always 1. The

number of elements presented visually could vary from
one to five. As noted by Schneider and Shiffrin (1977),

results very similar to those obtained in Sternberg's (1966)

paradigm are observed in such a situation. In the proto

type of this visual search paradigm, linear-set size func

tions with slopes of about 25 msec/item led Atkinson,

Holmgren, and Juola (1969) to conclude that a serial com

parison process was carried out. However, even if these

results are comparable to those obtained in a standard

memory search, it can be readily argued that maintain

ing a single item in memory while the other items are

present in the display minimizes short-term-memory in

volvement in the task. In particular, a memory-search task

iii
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was under, over, or within a 200-msec window centered on the 2-sec

standard. In the fifth block, the subject's task was to produce a 2-sec

interval without feedback while performing a simple detection task,

as in the last four blocks of the practice sessions in Experiment 1.

In the dual-task condition, the first block was composed of 50

trials of2-sec temporal productions with feedback. In the experimen

tal trials of the next four blocks, the target, which varied from trial

to trial, was presented until the subject started the interval. This

was immediately followed by a fixation point that stayed on for

500 msec. After the disappearance of the fixation point, the dis

play was presented and remained present until the subject ended

the interval by pressing one of two keys, depending on whether

the target was or was not included in the display. The arrays used

in the search component of the dual task were the same as those

used in the reaction time condition.

2 4 0 0 , . . - - - - - - - - - - - - - - - - - - ~
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Figure 4. Mean temporal production as a function of display size
in Experiment 2 for positive (filled squares) and negative (open
squares) trials.

were performed to test the effect of set size on positive

and negative trials. The significance of the tests was de
termined by using the simultaneous test procedure (see

Kirk, 1982). On these tests (with a critical value of F =
5.0), the effect of set size appeared to be significant on

negative trials [F(4,72) = 5.44], but not on positive trials

[F(4,72) = 4.78]. Negative responses gave a slope of

12 msec per item; positive responses gave a slope of

11 msec per item.
The purpose of this experiment was to show that a visual

search task, putting less of a load on short-term memory

than the memory search in Experiment 1, would produce

less interference with time production. The results do not

clearly support this hypothesis, because the effect of

display size on the mean temporal productions is still sig

nificant in Experiment 2, at least on negative trials. Ex

periments 1 and 2 share two main features: the subjects

were required to search items in short-term memory, and

the mapping between responses and targets/distraetors was

varied, that is, items that were distractors in a given trial

could be members of the memory set in another trial.

However, the effect of display size in Experiment 2

seems weaker than that in Experiment 1. In fact, on posi

tive trials, the display-size effect failed to reach signifi

cance, and the mean slope of temporal productions versus

display size is about half the corresponding mean slope
found in Experiment 1 (11.5 msec vs. 24 msec). This

could be attributed to the fact that the memory-search load

varied from one experiment to the other. In Experiment 1,

the memory set included from one to six items; in Exper

iment 2, a single item was entered into short-term mem

ory. In a given trial, the subject had to memorize the item,
and, maintaining it in memory, compare it with the display

items. Regardless of the number of mental comparisons,

the mean number of elements to maintain in short-term

memory was lower in Experiment 2 than in Experiment 1.
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Results and Discussion
Error rates were moderate; they averaged 5.4% in the

reaction time condition and 3.1 % in the dual-task condi

tion and were not systematically related to display size.

The effects of set size and of positive-negative trials on

reaction time and temporal productions were tested in an

ANOVA (RBF-52). The mean reaction times averaged

over subjects are graphed as a function of set size in Fig

ure 3. With reaction time data, the main effects of set size

[F(4,72) = 26.72, p < .001] and of positive-negative

trials [F(l,72) = 12.95, p < .001] were significant. The

positive-negative trials X set size interaction was not sta

tistically significant [F(4,72) = 1.98, p < .11]. The

slopes of mean reaction time as a function of set size were

23 and 34 msec in the positive- and negative-response con

ditions, respectively.

The mean temporal intervals are shown as a function

of set size in Figure 4. The effects of set size [F(4,72) =
5.00, p < .001] and of positive-negative trials [F(4,72) =
27.10, p < .001] were significant. The positive-nega

tive trials x set size interaction was also significant

[F(4,72) = 4.63, p < .002]. Simple main effects tests

Figure 3, Mean reaction time as a function of display size in Ex
periment 2 for positive (filled squares) and negative (open squares)

trials.
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Moreover, the fact that there could be more than one item

in memory in Experiment 1 involves some supplemen

tary managing in short-term memory, for example,

switching between memory-set items. In fact, Schneider

and Shiffrin's (1977) data showed that a search process

in short-term memory depends not only on the number

of mental comparisons to be made, but also on switching

from one item to another in memory. Therefore, we could

conclude that the differential effect of search on time pro

duction is explained by the different demands on short

term memory in Experiments 1 and 2.

Unfortunately, there also seems to be a general lessen

ing of task complexity from Experiment 1 to Experiment

2, as revealed by the weaker slopes of reaction time data

in Experiment 2 than in Experiment 1 (28.5 msec vs.

36 msec, respectively). It could thus be argued that in Ex

periment 2, the effect of search on time production is not

as strong as in Experiment 1, because of the general de

crease in task complexity from Experiment 1 to Experi

ment 2, and not the reduced load on short-term memory.

To clarify this issue, we need to show a clear dissocia

tion between reaction time and temporal-production func

tions. If the observed lengthening of time production is

attributable to processing in short-term memory, this could

be achieved by using a visual search task that puts no load

on short-term memory. Such a visual search task should

use a single target throughout the experiment, so that a

new target does not have to be entered into short-term

memory on each trial. This should lead to a flat function

of mean temporal production versus set size. However,

in order to show the dissociation, the visual search task

should clearly give significant linear increasing functions

of reaction time versus display size.

Treisman and her colleagues have extensively studied

spatial attention tasks, in particular, search for targets that

are defined by a single or a combination of features. These

experiments clearly demonstrated that searching for tar

gets defined by a single physical feature (e.g., color or

a curved shape) may be independent of the number of dis

tractors in the visual display (Treisman & Gelade, 1980;

Treisman & Gorrnican, 1988; Treisman & Souther, 1985).

These findings are contrasted with set-size-dependent

search, which occurs when a target is defined by a con

junction offeatures, such as shape and color. In this case,

for example, if subjects have to find a green T among

green Xs and brown Ts, detection latencies are positively

related to display size, which is generally interpreted as

reflecting serial search. As stated by Treisman and

Souther: "When search is serial, we infer that it requires

focused attention. In fact we equate attention in this con

text with the serial scanning device, as if a mental spot

light was directed to each item in turn in order to allow

its accurate identification" (p. 287). Focused attention

seems to be involved, for example, if the target is defined

.by a conjunction of features (e.g., Treisman & Gelade),

or by the absence of a feature that is present in all items

except the target (e.g., Treisman & Souther). For in

stance, if subjects have to search for a circle without an

intersecting line among circles with lines, reaction time

increases linearly with the number of distractors.

Thus, spatial visual search tasks can induce large in

creases in reaction time as a function of display size

without involving processing in short-term memory.

Consequently, display size should not affect temporal pro

ductions if temporal processing specifically requires short

term-memory resources. Furthermore, combining such

search tasks with temporal production could provide a

strong test of attentional models of time estimation, which

hold that estimated duration is a function of the amount

of attention allocated to the passage of time (Zakay, 1989).

If a general attentional process is responsible for inter

ference from search tasks, a significant effect of display

size on time production should be observed.

EXPERIMENT 3

Experiment 3 was designed to test the dissociation be

tween reaction time functions and temporal-production

functions with a visual search task, in which a single fea

ture distinguishes the target from the distractors. Two

main conditions of visual search were used. In the feature

present condition, the feature was present and the distrac

tors lacked the same feature. In the feature-absent condi

tion, the target did not possess this feature, but it was

present in the distractors. Treisman and Souther (1985)

demonstrated that these two conditions lead to a clear

asymmetry between reaction time functions-the presence

of the intersecting line is detected quickly and with little

effect of display size, and searching for the target with

out the intersecting line is obviously dependent on set size.

Treisman and Souther concluded that searching for the

presence of the feature could be performed preattentively,

and that searching for the absence of the same feature re

quired focused attention. Thus, whereas reaction time

should vary with the manipulations of feature presence

and absence, time productions should be insensitive to

search conditions.

Method
Subjects. Eight subjects, between the ages of 18 and 29, were

run in this experiment.

Apparatus. The apparatus was as described in the General
Method section.

Stimuli. The displays contained circles that could, or could not,
be intersected by a vertical line (Q and 0). The circles subtended

1.40, the line, 1.0 0
• The midpoint of the vertical line intersected

the circle at the lowest point of its circumference. The items were

black, and appeared on a white background frame that subtended

7.2 0 x 10.7 0
• The targets and distractors were randomly scattered

within the frame. In the feature-present condition, the target was

the circle intersected by the line, and the distractors were the cir
cles. In the feature-absent condition, the target was the circle, and

the distractors were the circles intersected with lines. In both con

ditions, display sizes of 1, 6, and 12 were used, and for each display

size 24 displays were made-12 with the target and 12 without.

A total of 72 displays was constituted in both the feature-present
and feature-absent conditions, for a total of 144 displays used in

the experiment.
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Figure 6. Mean reaction time as a function of display size in the
feature-present condition of Experiment 3 for positive (ftIIed sqlllU'eS)
and negative (open squares) trials.

Figure S. Mean reaction time as a function of display size in the
feature-absent condition of Experiment 3 for positive (ftIIed sqlllU'eS)
and negative (open squares) trials.

were 39 msec when the target was present, and 59 msec
when the target was absent. In the feature-present condi

tion, the effects of display size [F(2,15) = 4.08, P <
.03], of positive- negative trials [F(1, 15) = 1.13, P <
.31], and the interaction between display size and target

were not significant (F < 1).
Figures 7 and 8 show the mean temporal intervals as

a function of display size in the feature-absent and feature
present conditions. Error rates were negligible: 0.6% in

the feature-present condition, and 0.4% in the feature
absent condition. As with the reaction time data, ANOVAs
(RBF-32) were run in both conditions. In the feature
absent condition, the main effect of display size did not
reach significance [F(2,15) = 5.36, p < .02], and the
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Procedure. Four subjects performed the visual search task in a

reaction time condition, 4 in a visual search and time-interval

production dual-task condition. Each group of 4 subjects was divided

into two groups of 2 subjects, which were run in the feature-present

and feature-absent conditions in a counterbalanced order.

There were four experimental sessions in the reaction time con
dition: two in the feature-present condition and two in the feature

absent condition. In these sessions, the subjects completed four

blocks of 72 trials with a IO-sec rest after each block. There were

36 displays with the target, and 36 without the target in each block.

In both conditions, with and without the target, 12 displays were

presented for each display size of I, 6, or 12 elements. Within each

block, the presentation order of the trials with and without targets

and of the different display sizes was randomized. Between trials,
a central fixation dot was presented. When ready, the subject pressed

the middle key, which initiated a 500-msec delay. The fixation dot

remained present during this delay, then the display appeared. The

display remained present until the subject responded by pressing,

as quickly as possible, the left key if the target was absent, and
the right key if the target was present, while minimizing errors.

Immediately after the response, visual feedback was presented for

500 msec, informing the subject if it was a with- or a without-target

trial.
There were seven sessions in the visual search/time-interval

production condition: three temporal-production practice sessions

and four search and time-production dual-task sessions-two in the

feature-present condition and two in the feature-absent condition.

The temporal-production practice sessions included four blocks

of 72 trials, in which the subject had to produce a 3-sec temporal

interval. The time intervals were produced by first pressing the start

ing key (the digit 0 on the numerical keyboard). After a subjective

3-sec interval, the subject ended the temporal production by press

ing one or the other of the two keys located above the starting key,

depending on the direction (left or right) of an arrow that was pre

sented on the screen during the interval. In the first three blocks,
auditory feedback informed the subject if the time interval produced

was over, under, or within a 3QO-msec window centered on the 3-sec

standard. In the fourth block, no feedback was provided.

After the three temporal-production practice sessions, the search

and time-production dual-task sessions were introduced. These were

composed of a first block of 20 temporal-production practice trials

to reset the productions around the target duration, followed by four
blocks of 72 trials of the search and time-production dual task. In

these trials, a fixation point appeared. The subject started the in

terval by pressing the starting key, as in the practice sessions. The

fixation point disappeared 500 msec after this first buttonpress, and

this was followed immediately by the visual display. After the sub

jective 3-sec interval, the subject ended the interval by pressing one
of the two keys (left or right) above the starting key, depending

on the absence or presence of the target. Visual feedback followed

the end of the interval, informing the subject if the target was present

or absent in the display. No feedback'on the time-production per

formance was provided in these experimental trials.

Results and Discussion
The mean reaction times as a function of display size

are shown in Figures 5 and 6, Error rates were low: 2.0%
in the feature-present condition, and 2.5 % in the feature

absent condition. In the feature-absent condition, an
ANOVA (RBF-32) revealed significant effects of display
size [F(2,15) = 383.13, p < .001] and of positive
negative trials [F(1, 15) = 196.08, P < .001] on reac
tion time. The interaction between display size and
positive-negative trials was significant [F(2, 15) = 19.52,
P < .001]. In the feature-absent condition, the slopes
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tion, the target is detected through a slow and apparently

serial search, requiring about 40 msec to check each dis

tractor, thus requiring attention to be focused serially on

each in tum. The results of Experiment 3 demonstrate that

it is possible to perform this attention-demanding task

without any interference from a simultaneous time

production task.

This clearly contradicts statements such as "[it] less

attention can be devoted to the cognitive counter . . . fewer

subjective time units [are] accumulated in it" (Zakay,

1989, p. 368). This view, widely held in the literature

on attentional models of time estimation, would predict

a lengthening of temporal productions with display size

in the feature-absent condition of Experiment 3. That was

not what was actually observed. Furthermore, and most

important, Experiments 1 and 2 showed that this pattern

could be observed by using a short-term-memory scanning

task. These results provide impressive support to our hy

pothesis that the interference, in Experiments 1 and 2, is

not attributable to an attentionalload itself, but rather to

the short-terrn-memory component of the nontemporal task.

126
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Figure 7. Mean temporal production as a function ofdisplay size
in the feature-absent condition of Experiment 3 for positive (filled
squares) and negative (open squares) trials.
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Figure 8. Mean temporal production as a function of display size
in the feature-present condition of Experiment 3 for positive (filled
squares) and negative (open squares) trials.

effect of positive-negative response and the interaction

between display size and positive-negative response were

also not significant (Fs < 1). When the feature was

present in the target, there was no significant effect of

display size [F(2,15) = 4.08, P < .04], of positive

negative response [F(1,15) = 1.13, P < .31], or of the

interaction between display size and positive-negative

trials (F < 1).

The most important finding in Experiment 3 is the clear

dissociation between reaction time and tempora1

production functions in the feature-absent condition. Reac

tion time data replicate well those ofTreisman and Souther

(1985). Similar (and even weaker) slopes led Treisman

and Souther to conclude that in the feature-absent condi-

EXPERIMENT 4

In Experiment 4, we investigated whether the results

of Experiment 3 depended on the specific stimuli used,

which were not digits or letters as in Experiments 1 and

2. In Experiment 4, the displays were composed of let

ters, as in Experiment 2. A visual search task was again

interpolated in temporal productions. The effect of search

ing for targets that were defined by a conjunction of

features, or by disjunctive features, was studied in the

reaction time and time-production conditions.

Method
Subjects. Eight subjects, between the ages of 21 and 31, served

as paid subjects.
Apparatus. The apparatus was the same as that used in Ex

periment 3.
Stimuli. The displays used in the experimental sessions contained

stimuli subtending 0.4 0 x 0.2°. The distractors were brown Ts

and green Xs on a white background, of approximately equal num
bers. In the conjunction condition, the target was a green T, and

in the feature condition, the target could be a blue letter (T or X)

or an S, which could be brown or green. Targets and distractors

were scattered haphazardly over the display, which subtended
7.2 0 x 10.7°. Three display sizes ofl, 5, and 15 items were used.

For each display size and each condition (feature and conjunction),

24 displays-12 with target, 12 without target-were prepared.

Procedure. Each group of4 subjects was divided into two groups,

which were run in the feature and conjunction conditions in a

counterbalanced order.

In the reaction time condition, the procedure was the same as
in Experiment 3, except there were five blocks in the four ex

perimental sessions. The task was to search for the conjunction target

(green T) in the conjunction condition, and the feature target (blue
letter, or S) in the feature condition.

In the visual search/time-interval-production condition, the pro

cedure was the same as that used in Experiment 3. A visual search,

as just described, was interpolated in the temporal production.
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display size

Figure 9. Mean reaction time as a function of display size in the
conjunction condition of Experiment 4 for positive (filled squares)
and negative (open squares) trials.

Figure 10. Mean reaction time as a function of display size in the
feature condition of Experiment 4 for positive (filled squares) and
negative (open squares) trials.

of display size reached significance [F(2,15) = 5.97,p <
.012], as did the effect of positive-negative trials [F(l, 15)

= 21.42, p < .001]. The interaction between display size
and positive-negative trials was also significant [F(2,15) =
6.60, p < .009]. The slopes of mean reaction times were,
in the conjunction condition, 15 msec for the positive

trials, and 45 msec for the negative trials. In the feature
condition, the slopes for the positive and negative trials
were -0.4 msec and 17 msec, respectively.

Figures II and 12 show the mean temporal productions
averaged over the 4 subjects as a function of display size
in the conjunction and feature conditions, The mean error
rates were 1.3% in the conjunction condition, and 1.0%

in the feature condition. In the conjunction condition, there
was a significant decrease of time production as a func
tion of display size [F(2, 15) = 10.34, p < .002]. There
was no effect of positive-negative trials, nor of an inter

action between display size and positive-negative trials
(Fs < 1). In the feature condition, there was no effect
of display size [F(2,15) = 3.88, p < .04], of positive
negative trials [F(2,15) = 1.53, p < .25], nor of the

interaction between display size and positive-negative
trials (F < 1). The slopes of mean productions were, in

the conjunction condition, - 5 msec and -4 msec for the
positive and negative trials, respectively. In the feature
condition, the corresponding slopes were - 5 msec and
-6 msec.

In this experiment, as in Experiment 3, there is no
lengthening of temporal intervals with display size, al
though there is a clear effect of display size on reaction
time. For example, even if the slope of mean reaction time
in the negative conjunctive search is 45 msec, the cor

responding slope, in the search/time-production condition
is -4 msec. In Experiment I, the mean slope of reac
tion time versus memory-set size is 33 msec; the cor

responding slope, in search/time production is 28 msec.
It is thus possible to conclude that operating the serial
scanning device that Treisman and Souther (1985) equate

with attention does not interfere with time estimation in
the same way that the serial scanning device that oper
ates in short-term memory does.

However, a slight decrease of the mean intervals with
increasing the display size appeared to be significant in
Experiment 4. Although this trend was statistically sig

nificant only in the conjunction condition, it was also
observed in the feature condition; the slopes were also
negative in this condition and of similar values, about

-5 msec. It is difficult to come to a conclusion about this
trend because it reached statistical significance in the con
junction condition only, and because such a negative re
lation between time production and set size was observed
for the first time in this experiment.

A reduction in temporal production as display size in

creases would correspond to an increase in perceived du
ration as a function of display size. Although any definite
conclusion would appear somewhat speculative at this
point, it must be noted that this effect could be related
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Results and Discussion
The mean reaction times for each display size are shown

in Figures 9 and 10 for the conjunction and the feature
conditions, respectively. The error rates averaged 2.6%

in the conjunction condition, and 2.1 % in the feature con
dition. ANOVAs were carried out on the reaction time
data for the feature and conjunction conditions, to assess
the effect of display size and of positive-negative response
trials (RBF-32). In the conjunction condition, the analy

sis showed a significant effect of display size [F(2, 15) =
15.16, p < .001] and of positive-negative trials [F(l, 15)

= 11.24, p < .004], but the interaction between size and
positive-negative trials was not significant [F(2,15) =
4.07, p < .04]. In the feature condition, the main effect
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Table 1
Mean Slopes (Averaged Over. Positive and Negative Trials)

of Reaction Time and Time Productions as a Function
of Set Size in Experiments 1 and 2, and in the

Load-Dependent Conditions of Experiments 3 and 4

tended to use such a dissociation to discriminate between

the usual interpretation of nontemporal processing inter

ference on time judgments in terms of task difficulty or

complexity and interference specific to processing in
short-term memory.

quired to accomplish a task, and task difficulty refers to

the speed or accuracy of performance (Kantowitz, 1985;

Kantowitz & Knight, 1976; Navon, 1984). In the preced

ing experiments, task complexity was varied within ex

periments by set-size manipulations. Varying search-task

complexity did not produce the same effect on temporal

production across experiments. This cannot be explained

by arguing that the tasks were of varying levels of diffi

culty, because the speed with which the search tasks could

be performed was comparable in all four experiments,

as revealed by reaction time slopes. Table I contrasts the
slopes (averaged over positive and negative trials) of reac

tion time and time productions as a function of set size

in Experiments 1 and 2 and in the load-dependent condi

tions of Experiments 3 and 4. Defining task difficulty as

the number of stimuli handled per unit of time, or response

rate (Kantowitz & Knight, 1976), the search tasks appear

to be of comparable levels ofdifficulty; in all the experi

ments, processing could be performed at an average rate

of about 40 msec per item. Table 1 shows clearly that the

difficulty of a nontemporal task performed simultaneously

with a time-production task is not related to the amount
of interference with time estimation.

This contradicts the conclusions from many experiments

on time estimation. For instance, Zakay, Nitzan, and

Glickson (1983) varied the difficulty of a verbal task and

found that time estimation of this task was a decreasing

function of task difficulty. McClain (1983) asked subjects

to estimate the duration of a time period filled with words

presented at different rates. Task difficulty was varied

through the level-of-processing requirements of the words.

Depending on the condition, the words had to be processed

at a graphemic or a semantic level. In the semantic en

coding condition, time judgments were a decreasing func

tion of the number of stimuli to process, and the relation
was inversed when graphemic processing was required.

The results of these experiments were taken as evidence

supporting attentional models of time estimation in which

time estimation results from the accumulation of subjective

temporal units corresponding to an average mental content
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Figure 11. Mean temporal production as a function of display size
in the conjunction condition of Experiment 4 for positive (filled
squares) and negative (open squares) trials.

Figure 12. Mean temporal production as a function ofdisplay size
in the feature condition of Experiment 4 for positive «(died squares)
and negative (open squares) trials.
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to a well-known phenomenon in the time perception liter
ature called the filled-duration illusion (e.g., Goldstone

& Goldfarb, 1963; Thomas & Brown, 1974). However,

further research would be needed to confirm this trend

and to explain why it appeared in these particular

conditions.

. *Feature absent. tConjunction.

The purpose of the present study was to demonstrate

that interference from search tasks on temporal produc

tion was specifically dependent on sharing short-term

memory resources. In order to do so, we sought a dis

sociation between reaction time slopes as a function of

number of items and temporal production slopes. We in-

Experiment

I
2

3*

4t

Reaction Time Time Production

Slope Slope

36 24
29 12
49 6
30 -5
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per unit of duration (Frankenhauser, 1959; Hicks et aI.,

1976). If, during the accumulation, attention is diverted

from the time estimation process, such as in McClain's

semantic processing condition, less temporal units are col

lected, thus resulting in a relative underestimation.

In the present study, the results of Experiments 1 and

2 were in line with those of Zakay et al. (1983) and

McClain (1983). However, in Experiments 3 and 4, the

pattern of results was quite different, even though the level

of difficulty of the nontemporal tasks appeared to be about

the same as in Experiments 1 and 2. As noted by Zakay

et al. (1983), a problem with time estimation research is

that a direct comparison of results with different meth

ods of time estimation or different objective durations is

quite difficult. The four experiments of the present study

used a prospective paradigm of time estimation with a pro

duction method for durations of about 3 sec. The stimuli

used in the search tasks were similar from one experiment

to the other, and the set sizes were of comparable values.

The main conclusion that can be drawn from the present

study is that time estimation is not related to simultaneous

nontemporal task difficulty per se. Even in similar ex

perimental conditions, an interference analysis between

nontemporal and temporal processing should take into ac

count precisely which processes are involved in nontem

poral processing. In the present study, we attempted to

vary the load on short-term memory in four experiments.

In Experiment 1, the memory-set size varied from 1 to

6. In this first experiment, a clear interference between

nontemporal and temporal processing was observed, and

the amount of interference was proportional to task com

plexity. The interference was additive, that is, the time

intervals lengthened with the number of items to be

processed in the search task. In Experiment 2, a single

item was put into short-term memory; this target varied

from trial to trial. In these conditions, the search still in

terfered with time production, although to a different ex

tent: the slopes of time productions as a function of set

size were weaker than in Experiment 1. In the last two

experiments, a single item that was always the same

throughout the experiment was used. No lengthening of

time intervals as a function of task complexity was

observed.

Three points in the results suggest that concurrent pro

cessing in short-term memory is the source of interfer

ence with temporal processing. First, the fact that

temporal-interval data parallel those obtained with reac

tion time when short-term-memory search is interpolated,

as in Experiment 1, signals that operating in short-term

memory seems to interfere specifically with time estima

tion. Second, there seems to be ~ lessening of the effect

of set size on temporal intervals with a concurrent search

task, which puts less of a load on short-term memory,

as in Experiment 2. Finally, Experiments 3 and 4 dem

onstrated that time production could be unaffected by a

concurrent task that requires one to actively process in

formation, if this concurrent task does not involve pro

cessing in short-term memory.

These results, together with those of Fortin and Rous

seau (1987), offer converging evidence that processing

in short-term memory interferes selectively with time es

timation. A structural analysis of this dual-processing

situation leads to the conclusion that, in a prospective

paradigm, production of brief temporal intervals would

require controlled processing in short-term memory.

These experimental data bring some support to Zakay's

(1990) statement that prospective time estimation of short

intervals relies mostly on short-term-memory processes,

and also support a model of time estimation that assumes

that temporal information must be stored in a short-term

store before being compared with a criterion duration in

a long-term store (Gibbon et al., 1984). Interestingly,

some clinical data also relate short-term-memory pro

cesses and time-interval production. In the well-known

clinical case of Scoville and Milner (1957), M.H. was

asked to reproduce time intervals ranging from 1 to 300 sec

(Richards, 1973). Two power functions are needed to de

scribe H.M. 's performance. For time intervals less than

20 sec, the exponent is 1.05; reproduced time approxi

mately equals true time, as it does for normal subjects.

However, for intervals longer than 20 sec, the exponent

of the power function is 0.44, an abnormally low value

that reflects a crude underestimation of intervals longer

than 20 sec. For intervals less than 20 sec, H.M.'s tim

ing mechanism and his decay of short-term memory ap

peared normal (Wickelgren, 1968). According to the

author of the experiment, his abnormal behavior in time

reproductions for intervals greater than 20 sec could be

attributed to a failure in a separate longer term temporal

integrator, or an inability to accurately count outputs from

a shorter term integrator.

Concurrent processing in short-term memory is shown

to systematically lengthen temporal production. This find

ing is consistent with those of numerous studies (Brown,

1985; Hicks, Miller, Gaes, & Bierman, 1977; Hicks

et al., 1976; McClain, 1983; Vroon, 1970) and with some

temporal-processing models described earlier (Church,

1984; Rousseau et al., 1984), suggesting that the atten

tional gate enabling temporal information accumulation,

or the accumulation process itself, is under short-term

memory control.

The present study is relevant to the issue of the criteria

used in the selection of concurrent nontemporal tasks. The

results of Experiments 3 and 4 show that an increase in

reaction time is no more adequate a criterion than is the

amount of stimulus information presented to the subject

during temporal processing. A performance criterion that

does not take into account the specific processing re

sources shared between temporal and nontemporal pro

cessing cannot provide a fruitful interpretation framework

for an analysis of interference effects in this concurrent

processing situation. This underlines a basic strength of

the methodology used in the present study: it allows a

microanalysis that would not have been possible with the

complex nontemporal tasks often used in research on time

estimation.
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