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Abstract. Most theorists propose that when a person is aware that a duration

judgment must be made (prospective paradigm), experienced duration

depends on attention to temporal information, which competes with attention

to nontemporal information. When a person is not aware that a duration

judgment must be made until later (retrospective paradigm), remembered

duration depends on incidental memory for temporal information. In the

present article we describe two experiments in which durations involved with

high-level, executive-control functions were judged either prospectively or

retrospectively. In one experiment, the executive function involved resolving

syntactic ambiguity in reading. In another experiment, it involved controlling

the switching between tasks. In both experiments, there was a unique cost to

the operation of control high-level, executive functions which was manifested

by prospective reproductions shortening a finding that supports an attentional

model of prospective timing. In addition, activation of executive functions

produced contextual changes that were encoded in memory and resulted in

longer retrospective reproductions, a finding that supports a

contextual-change model of retrospective timing. Thus, different cognitive

processes underlie prospective and retrospective timing. Recent findings

obtained by some brain researchers also support these conclusions.
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PROSPECTIVE AND
RETROSPECTIVE DURATION
JUDGMENTS: AN
EXECUTIVE-CONTROL
PERSPECTIVE

A person may make a duration judgment under either

of two instructional conditions. The prospective para-

digm is defined as a situation in which a person is aware,

during a time period, that he or she needs to estimate its

duration. Because of this awareness, Block (1990) re-

ferred to a duration judgment using this paradigm as one

assessing experienced duration. In the retrospective par-

adigm, a person becomes aware of the need to judge a

duration only after it has ended. In this paradigm, a dura-

tion judgment must rely mainly on information re-

trieved from memory. For this reason, Block referred to

this paradigm as one assessing remembered duration.

Some theorists (e.g., Brown and Stubbs 1992) have

claimed that prospective and retrospective duration

judgments involve similar cognitive processes, but

other researchers have argued that different cognitive

processes subserve experienced and remembered dura-

tion (Block 1990, 1992, Hicks et al. 1976, Zakay 1989,

Zakay and Fallach 1984). This argument was supported

by a meta-analytic review (Block and Zakay 1997), in

which it was found that some variables differentially in-

fluence prospective and retrospective duration judg-

ments.

EXPERIENCED DURATION

Prospective duration timing depends on attention-de-

manding processes that occur concurrently with the pro-

cessing of nontemporal information (Pouthas and Perbal

2004 – this issue). Thus, prospective timing is a dual-task

condition: a person must divide attention between tempo-

ral and nontemporal information processing, and attend-

ing to time requires access to some of the same resources

that nontemporal tasks use. For this reason, models of ex-

perienced duration usually emphasize attention (Block

and Zakay 1996, Brown 1997, Macar et al. 1994, Zakay

1993a, Zakay and Block 1996). These models often as-

sume that signals reflecting the passage of time are accu-

mulated in a cognitive counter (Wearden 2004 – this

issue). If a person focuses more attention on temporal in-

formation processing, more time signals are processed.

To the extent that a concurrent nontemporal task is more

demanding, a person has fewer attentional resources

available to allocate to temporal information processing,

and fewer time signals accumulate in the cognitive coun-

ter. Prospective duration judgments are a function of the

total number of accumulated time signals.

Block and Zakay (1997) concluded that experienced

duration decreases as the difficulty of the nontemporal

information-processing task increases. This conclusion

is supported by several experiments. Zakay and Fallach

(1984 (Experiment 3)) used either an easy or a difficult

Stroop (1935) task and found that prospective estimates

made immediately after a duration increased if the pro-

cessing task was easier, whereas retrospective estimates

were unaffected by processing difficulty. Using a differ-

ent kind of task, Block (1992 (Experiment 1)) conceptu-

ally replicated Zakay and Fallach’s findings. Another

common finding predicted by an attentional model is

that if a more complex stimulus or stimulus sequence

occurs during the time period, experienced duration de-

creases (e.g., Macar 1996). It can be concluded that an

attentional model of experienced duration has received

considerable support, although more research is needed

to further validate the model.

REMEMBERED DURATION

Unless a task is easy or boring, a person usually does

not attend to time very often under retrospective condi-

tions. Models of retrospective timing therefore usually

emphasize memory (e.g., Block 1990, Fraisse 1963,

Ornstein 1969, Poynter 1983). Ornstein’s (1969) stor-

age size hypothesis is one of the more durable models of

remembered duration. He proposed that remembered

duration is a function of the amount of memory storage

space for events that occurred during an interval. Sup-

port for this model, mostly from studies investigating

effects of number of stimuli and their complexity, has

been inconsistent (e.g., Block 1974, 1978). The contex-

tual-change model is an alternative memory-based

model (Block 1989, 1990, Block and Reed 1978). It pro-

poses that remembered duration is a cognitive construc-

tion based on the availability of contextual changes

encoded in memory during the time period. These

changes occur in emotional, environmental, and other

contextual elements. If more contextual changes are

available for retrieval, remembered duration increases.

Many researchers have investigated effects of stimulus

complexity on remembered duration. If a time period con-

tains more complex stimuli, remembered duration some-

times increases (e.g., Ornstein 1969 (Experiment 2)).
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However, past findings are inconsistent. Block and Zakay

(1997) found insufficient evidence that stimulus complex-

ity has an effect. Information-processing difficulty, the

major variable that affects prospective judgments, seems

to have little or no influence on retrospective judgments

(Block and Zakay 1996). Instead, evidence suggests that

other variables influence remembered duration and that

these do not usually influence experienced duration. For

example, Block (Block 1992 (Experiment 2), Block and

Reed 1978 (Experiment 2)) found that if a person must

change the way he or she processes information, remem-

bered duration increases, but experienced duration is not

affected. Zakay and colleagues (1994) found that segmen-

tation of information affects retrospective timing but not

prospective timing. It is essential to find more such double

dissociations to support the conclusion that at least par-

tially different cognitive processes subserve prospective

and retrospective duration judgments.

DURATION JUDGMENTS AND
MENTAL LOAD

There is an intimate link between attentional pro-

cesses and prospective duration judgments (Zakay

1998, Zakay and Block 1997). Thus, Zakay and

co-workers (1999) hypothesized that prospective dura-

tion judgments, but not retrospective judgments, can be

used as a measure of the amount of mental load required

for the performance of a nontemporal task. Zakay and

Shub (1998) demonstrated the suitability of prospective

duration estimation to serve as a secondary task for

workload measurement. In one experiment, participants

performed either a Stroop task or a card-sorting task

with two levels of difficulty. While performing these

tasks, participants were also engaged in either a dura-

tion-production or a duration-estimation task. Partici-

pants in a control group performed the nontemporal

tasks without the timing tasks. All participants also

rated the level of workload associated with performance

of these tasks. Produced durations were highly corre-

lated with subjective workload ratings and with perfor-

mance indices. Similar findings were obtained in a

flight simulation conducted by pilots. Again, produced

durations were sensitive to concurrent workload levels

associated with flight performance and were correlated

with subjective ratings of workload.

Note that there is an inverse relationship between du-

ration judgments obtained using the method of produc-

tion and those obtained using the method of verbal

estimation or the method of reproduction: Increased

workload lengthens prospective productions, but it

shortens prospective verbal estimates and reproductions

(Zakay and Block 1996). In addition, greater workload

may also lead to an increase in the variability of duration

judgments (Brown 1997).

The sensitivity of prospective duration judgments to

attentional demands has also been used to resolve issues

concerning automatic and intentional encoding processes

in face encoding. Block and colleagues (2000) found that

prospective timing is not affected by a concurrent face-en-

coding task, and they inferred that encoding faces per se is

at least partly automatic. On the other hand, Block and col-

leagues (2003) found that encoding external features of

faces (e.g., eyeglasses) interferes with prospective timing,

which indicates that this feature-encoding process is not

entirely automatic. These findings support the view that

temporal paradigm is a useful secondary task to assess

attentional interference effects.

DURATION JUDGMENTS AND
MENTAL LOAD ASSOCIATED WITH
EXECUTIVE FUNCTIONS

The findings described in the previous sections sup-

port the notion that different cognitive processes under-

lie retrospective and prospective duration judgments.

However, all the empirical findings were obtained in re-

gard to mainly nonexecutive functions and informa-

tion-processing tasks. Contemporary research in

cognitive psychology increasingly emphasizes ques-

tions pertaining to the regulatory processes underlying

supervisory control functions (Gopher 1993, 1996,

Meiran 1996, Meyer and Kieras 1997). Some of these

questions concern the processes and mechanisms by

which intentions are translated into goal-directed be-

havior and govern its conduct. Researchers who focus

on these control processes also investigate the opera-

tional costs of control activities to the human

information-processing system (Gopher et al. 2000).

The need to study executive-control functions sepa-

rate from nonexecutive functions is supported by find-

ings revealing functional and anatomical separation

between the executive-control system and other pro-

cessing systems that perform operations on specific in-

puts (Posner and Peterson 1990, Posner et al. 1988).

Several researchers (e.g., Meyer and Kieras 1997,

Shallice 1994) have introduced different views about

the architecture of the executive-control system.
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Baddeley and Hitch (1994) viewed executive control

as the operational component of working memory. This

mechanism coordinates information from several slave

systems, each of which is responsible for processing a

different kind of information. Brown (1997) suggested

that prospective duration judgments consume resources

associated with the executive control of working mem-

ory. Thus, it is natural to assume that prospective dura-

tion judgments are sensitive not only to attentional

demands of nonexecutive information-processing

tasks, but also to demands of high-level, executive-con-

trol functions. It is also expected that to the extent that

the operation of executive functions is encoded in mem-

ory, this will be reflected in the magnitude of retrospec-

tive duration judgments. In any case, the impact of

executive-control functions on prospective and retro-

spective duration judgments should yield a double dis-

sociation similar in its pattern to that revealed by

nonexecutive cognitive tasks. Obtaining the expected

double dissociation in tasks requiring executive-control

functions would strengthen the support for the notion

that different cognitive processes underlie the two

duration-judgment paradigms.

In the following sections, we describe two experi-

ments testing the impact of high-level, executive-con-

trol functions on duration timing.

IMPACT OF SYNTACTIC
AMBIGUITY ON PROSPECTIVE AND
RETROSPECTIVE DURATION
JUDGMENTS

Along with language production, reading is one of

the most important cognitive functions that differentiate

humans from other organisms. When people read a sen-

tence (for example, when you, the reader, read this sen-

tence), it seems to be mainly an automatic and effortless

activity. However, reading is a complex activity. With-

out syntax, reading would become an almost impossible

and chaotic process. Just and Carpenter (1987) said that

"Syntax helps a reader decode a linear string of words

into a more complex, interrelated structure. The syntac-

tic organization helps to hold the words of a sentence to-

gether in working memory in their appropriate

groupings while the meaning of the sentence is being

processed" (p. 165).

Readers of all ages have to allocate and divide

attentional resources between different cognitive pro-

cesses involved in reading a word, sentence, and dis-

course levels (Stine-Marrow et al. 1996). The higher the

complexity of a sentence, or of the reading task, the

greater the depth of processing the reader is required to

perform (Craik and Tulving 1975). Mistler-Lachman

(1975) reported that the depth of required processing in-

creases if a reader has to process ambiguous sentences,

and when the ambiguity is syntactic the required depth

of processing is the greatest. When a reader faces syn-

tactic ambiguity, high-level control processes intervene

in the reading process, and the reader experiences the

need to invest mental effort in the process.

Syntactic ambiguity (SA) exists when a sentence has

several possible syntactic analyses. An example is the

sentence, "Time flies like an arrow" (Just and Carpenter

1987). At least several main syntactic interpretations are

possible: (i) "Time passes as quickly as an arrow does";

(ii) "I order you to time those flies as you would time an

arrow"; (iii) "I order you to time flies as an arrow would

time flies"; and (iv) "Certain flies called "time flies" are

fond of an arrow". Just and Carpenter suggested that

readers deal with SA as follows: (i) they compute the

multiple interpretations of a sentence; but (ii) they

choose the more likely syntactic interpretation on the

basis of context and relative frequency of occurrence,

and discard the alternative interpretations; and (iii) they

mark that point in their representations of the sentence

as a choice point. This description clearly indicates that

executive-control functions are involved in the process

of resolving SA. There is a need to initiate memory

search, to inhibit responses, and to encode high-level

structures (i.e., a choice point) in memory. Inhibiting re-

sponses and encoding high-level structures is also illus-

trated by the way people comprehend the sentence,

"Time flies like an arrow and fruit flies like a banana" (a

sentence attributed to the linguist Susumu Kuno and

popularized by the comedian Groucho Marx).

If resolving SA involves executive-control functions,

and if the activation of such processes consumes

attentional resources, prospective duration judgments

should be sensitive to this: prospective reproductions

should be shorter if there is SA than if there is no SA.

Even though prospective reproductions are usually lon-

ger than retrospective reproductions (Block and Zakay

1997), prospective reproductions of sentences with SA

may be shorter than retrospective reproductions of

sentences without SA.

SA should not affect retrospective reproductions,

which are not sensitive to the amount of attentional re-

sources allocated for timing. However, resolving SA re-
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quires shifting among potential interpretations, and this

process should increase the number of contextual

changes encoded or the degree of segmentation in epi-

sodic memory structures. Information about the choice

point is also encoded. Thus, it is predicted that retro-

spective reproductions of durations during which SA

was encountered should be longer than reproductions of

durations during which SA was not encountered.

Zakay and Block (unpublished results) tested these

hypotheses. A total of 40 undergraduate students were

tested individually. They were told that the experiment

concerned reading styles, and they were asked to read a

series of sentences. Each participant was randomly as-

signed to one of four experimental conditions formed by

the orthogonal combination of temporal paradigm (ret-

rospective vs. prospective) and reading task (SA vs. no

SA). In the retrospective condition, time was not men-

tioned; in the prospective condition, participants were

told that after the reading was completed they would be

asked to reproduce the total reading duration. Reading

duration was measured for each participant without his

or her knowledge. Upon completing the reading, partic-

ipants were asked to reproduce the reading duration by

pressing a button. After the reproduction was termi-

nated, participants rated the degree of mental load they

experienced while performing the reading task. A

10-point scale was used for the rating, with 1 designated

"no feeling of mental load" and 10 labeled "extreme

feeling of mental load."

In the SA condition, six ambiguous English sen-

tences were presented. Two examples of SA sentences

are: (i) "Since Jay always jogs a mile seems a short dis-

tance to him" – the ambiguity is caused by the omission

of the comma, which can create different meanings if it

is put after "jogs" or after "a mile"; (ii) "The horse gal-

loped fast after the race his legs always shiver" – the am-

biguity is caused by the omission of the period, which

can create different meanings if it is put after "fast" or af-

ter "race".

In the control condition, the same sentences were pre-

sented with punctuation marks, so that each sentence

had only one meaning. The results of the experiment are

presented in Table I.

In result, reading duration was significantly longer if

there was SA than if there was no SA, and this effect did

not interact with duration-judgment paradigm. Ratings

of mental load were significantly higher if there was SA

than if there was no SA. If there was no SA, ratings of

mental load were significantly higher in the prospective

than in the retrospective duration-judgment paradigm.

If there was no SA, ratings of mental load did not differ

between the two paradigms. In all conditions, reproduc-

tions were significantly shorter than actual reading du-

rations, presumably because all participants were

attending to time during the reproduction, and there was

no concurrent nontemporal task to perform. If there was

no SA, prospective reproductions were significantly

longer than retrospective reproductions. The dura-

tion-judgment ratio, which is the ratio of the reproduced

duration to the reading duration, was also significantly

larger in the prospective paradigm than in the retrospec-

tive paradigm. On the other hand, if there was SA, retro-

spective reproductions were significantly longer than

prospective reproductions. The duration-judgment ratio

was also greater in the retrospective than in the

prospective paradigm.

Thus, the findings obtained in the experiment con-

firmed the predictions. The decrease in prospective re-

productions in the SA condition in comparison to the

simple reading (no-SA) condition indicates that resolv-

ing SA is a process that consumes attentional resources.

The increase in retrospective reproductions in the SA

Table I

Syntactic ambiguity experiment – results

Retrospective Condition Prospective Condition

Syntactic Ambiguity RD REP DJR LOAD RD REP DJR LOAD

Yes 46.86 37.29 0.79 4.80 49.91 24.30 0.48 4.70

No 36.98 26.59 0.71 2.30 39.09 32.68 0.83 3.00

(RD) reading duration (in seconds); (REP) reproduced duration (in seconds); (DJR) duration judgment ratio (REP/RD);

(LOAD) mental load rating (on a 10-point scale)
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condition in comparison to the no-SA condition indi-

cates that resolving SA is a process that produces con-

textual changes that are encoded in memory. This

finding is in line with theories about the process of

resolving SA (cf. Just and Carpenter 1987).

Overall, the pattern of results reveals a double disso-

ciation between prospective and retrospective duration

judgments in terms of how they are affected by the

high-level process of resolving SA.

IMPACT OF TASK SWITCHING ON
PROSPECTIVE AND
RETROSPECTIVE JUDGMENTS

The task-switching paradigm provides another meth-

odology for the study of executive-control processes,

and it is also one of the most frequent and robust manip-

ulations of executive control (Shallice 1994). In the

task-switching paradigm, participants are required to

change between two or more ways of processing infor-

mation when responding to sequences of stimulus pre-

sentations (Gopher et al. 2000). Each switch involves

activities such as inhibition of responses to the previous

task, selection and activation of new intentions and

schemata, and sequencing operations in time. Gopher et

al. suggested that the main interest concerns the differ-

ence in the performance of a task on trial n, when partici-

pants perform the same task or a different task on trial

n–1. This difference reflects the costs of switching.

Switching between tasks and mental sets is common in

everyday situations. Indeed, the task-switching paradigm

has been used in many experiments, and the results show

significant transition costs that are linked to the first trial

after a switch, costs which are not part of the cost associ-

ated with the regular performance of each task (e.g., Go-

pher et al. 2000, Meiran 1996). Meiran and Gotler (2001)

found a task-shifting cost in both young adults and el-

derly participants. There is also a strong relationship be-

tween the time taken to complete a task and the cost of

switching between tasks (Ward et al. 2001). Meiran and

Gotler (2001) also studied the relationship between ob-

jective time and switching cost in different age groups.

The largest effect they found was in the duration of the re-

sponse selection in older adults, especially on the dura-

tion of processing stages preceding or following response

selection. These findings indicate that time is associated

with switching cost. However, to our knowledge, no re-

searchers have tested the relationship between switching

cost and duration judgment.

The prediction is that prospective reproduction of an

interval should be shorter if more task switching was re-

quired than if the same tasks were performed but less

task switching was required. The reason for this predic-

tion is that as more attentional resources are allocated to

control switching, fewer attentional resources remain to

perform timing.

Retrospective reproduction of an interval during

which more task switching is required should be longer

than that of an interval during which less switching is re-

quired. The reason for this prediction is that more fre-

quent switching from one task to another entails more

contextual changes than if less frequent switching is re-

quired. Task switching may also produce greater seg-

mentation of memory structures.

Zakay and Block (unpublished results) designed an

experiment to test these hypotheses. The experiment is a

conceptual replication of Block’s (1992) Experiments 1

and 2 in a single experiment, so that it is possible to in-

vestigate interactions between processing difficulty and

the high-level processes assumed to be involved in the

control of task switching. The materials and methods

were similar to those used by Zakay (Zakay 1989 (Ex-

periments 1 and 3), Zakay 1993b, Zakay and Fallach

1984). Task difficulty (easy vs. difficult) and task

switching (low vs. high) were both manipulated.

A total of 96 undergraduate students were tested indi-

vidually. Each student was asked to perform two vari-

ants of the Stroop (1935) task. Participants who

performed difficult tasks performed two tasks: the

color-word (CW) task, in which a color word appears in

an incongruent color (e.g., the green-colored word

"red"), and the participant names the color in which the

word appears; and the word-color (WC) task, which in-

volves the same stimuli as the CW task, but the partici-

pant names the word. Participants who performed easy

tasks performed two tasks: the word (W) task, in which a

common word appears in white on a black background

and the participant names the word; and the color (C)

task, in which the person names the color of a colored

square. Participants were told that the tasks could ap-

pear in any order, and that the word "color" or word

would be presented with each stimulus to inform them

what they should name for that item. They were told that

the series of stimuli would begin with the word "start"

and would end with the word "stop". Participants in the

prospective condition were also told that following the

presentation of the stimuli, they would be asked to esti-

mate the interval between the "start" and "stop" cues.
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The words "start" and "stop" were presented for 1 s

each. The interval between these signals was 12 s, and

during this interval, six stimuli were presented. At the

start of each 2-s period, the cue "color" or "word" was

presented, followed shortly thereafter by the presenta-

tion of the stimulus. Both terminated simultaneously at

the end of the 2-s period. Participants in the high

task-switching condition had three changes in process-

ing task during the time period. Those in the diffi-

cult-task, high-switching combination of conditions

performed the tasks in the order: CW, WC, WC, CW,

CW, WC. Those in the easy-task, high-switching com-

bination performed the tasks in the order: C, W, W, C, C,

W. Participants in the low-switching condition had only

one change in processing task during the time period.

Those in the difficult-task, low-switching combination

of conditions performed the tasks in the order: CW, CW,

CW, WC, WC, WC. Those in the easy-task, low-switch-

ing combination performed the tasks in the order: C, C,

C, W, W, W.

Following the 12-s time period, participants in both

the prospective and the retrospective conditions were

asked to reproduce the time period by pressing a button

for the same length of time that had elapsed between the

"start" and "stop" signals.

The mean reproduction in each combination of con-

ditions is shown in Table II. There was a significant

three-way interaction of duration-judgment paradigm,

task difficulty, and task switching. In the prospective

paradigm, reproductions were significantly longer for

an easy task or a low-switching task, as compared to a

difficult task or a high-switching task. In the retrospec-

tive paradigm, the opposite pattern of results was found:

reproductions were significantly longer for a difficult

task or a high-switching task, as compared to an easy

task or a low-switching task. The findings of this experi-

ment reveal substantial differences between reproduc-

tions in the two paradigms. The findings in the

prospective paradigm support an attentional model,

whereas the findings in the retrospective paradigm sup-

port a contextual-change model. The prospective repro-

duction data also provide new evidence that task

switching demands attentional resources, because pro-

spective reproductions shortened if there had been more

task switching. Prospective reproductions in the

high-switching condition were shorter than they were in

the low-switching condition for both the easy and the

difficult tasks. This supports empirical evidence, cited

earlier, about a unique switching cost that is different than

that caused by task difficulty. The finding that retrospec-

tive reproductions lengthened if there was greater task

switching, added to the increase caused by task difficulty,

supports the notion that each manipulation produces con-

textual changes that are encoded in memory.

The evidence from both experiments we reviewed

here reveals a double dissociation between prospective

and retrospective duration judgments of short intervals

during which a person either performed or did not per-

form high-level, executive-control processes. This evi-

dence further supports the notion of a dissociation

between experienced and remembered duration. If a

person is told that timing is relevant (the prospective

paradigm) but the information-processing situation

calls for high attentional demands, he or she may not be

able to attend much to time, and prospective judgments

may become similar to retrospective judgments (cf.

Brown 1985). Another situation that may change a tim-

ing process from a prospective one to a retrospective

one occurs if the duration judgment is delayed after the

termination of the target interval (Zakay and Fallach

1984). However, in both conditions there is a shift from

one timing process to the other, and this does not neces-

sarily imply that the processes are similar. Thus, existing

evidence requires a distinction between retrospective and

prospective duration judgment processes.

BRAIN RESEARCH

Research is needed to clarify the brain areas that are

involved in prospective and retrospective timing. It ap-

pears that widely distributed brain structures are in-

volved in various aspects of psychological time. Among

these brain structures are the cerebellum, the lateral in-

Table II

Task-switching experiment

Duration-Judgment Paradigm

Prospective Retrospective

Task Task

Switching Difficulty

Easy Difficult Easy Difficult

Low 8.81 6.81 5.07 6.41

High 6.54 5.91 8.02 9.55

Mean 7.67 6.36 6.54 7.98

Mean reproduced duration (in seconds) in each condition.
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ferior parietal cortex, the premotor cortex, and the

dorsolateral prefrontal cortex (Diedrichsen et al. 2003,

Fuster 2000, Rao et al. 2001, Walsh 2003). Much less is

known about exactly how time-related information is

neurally implemented in these areas, as well as how

these areas intercommunicate.

In the retrospective paradigm, remembered duration

lengthens proportionally to the number of changes in

cognitive context that were encoded during the time pe-

riod and are able to be retrieved after it ends. In this para-

digm (as well as in the prospective paradigm if there are

high information-processing demands), duration judg-

ments are based primarily on the encoding and retrieval

of information from an extensive neuronal network that

subserves episodic remembering. In order to judge a du-

ration, a person must distinguish events that occurred

during the target time period from events that occurred

outside of the time period. People do this by retrieving

contextual information, much of which is automatically

encoded along with nontemporal information (Block

and Zakay 2001, Hintzman et al. 1973). Two major

brain structures are implicated. Evidence suggests that

the dorsolateral prefrontal cortex may generate, in a

rather automatic way, changing contextual information

(Block 1996, Fuster 2000). This information is appar-

ently transmitted by means of direct subcortical connec-

tions to the hippocampus, where it is neurally associated

with nontemporal information and stored in various ar-

eas of the cortex that were specifically involved in pro-

cessing that nontemporal information. Subsequently,

when a person is asked to judge a duration in retrospect,

the contextual information is retrieved along with the

memories of events that occurred during the target dura-

tion. Evidence from brain-imaging studies suggests that

the left-hemisphere prefrontal cortex largely subserves

the encoding of information in the episodic-memory

system and that the right-hemisphere prefrontal cortex

largely subserves the retrieval of the previously

encoded information (Tulving et al. 1994).

In the prospective paradigm, experienced duration

lengthens proportionally to the amount of attention that

a person allocates to processing temporal information

(attention to time). Thus, prospective timing is ordi-

narily a dual-task situation in which a person must allo-

cate resources from a common pool of limited

attentional resources (Kahneman 1973, Zakay and

Block 1997). Several widely distributed areas of the

brain are implicated in phenomena involving attention,

including the thalamus, the parietal lobes, and the ante-

rior cingulate cortex (Posner and Raichle 1994). In hu-

mans, the attentional allocation policy is largely under

conscious control. The likely candidate for a structure

that subserves the allocation of attention to external

events or to time is the anterior cingulate cortex. This

brain area is located in the anterior part of the longitudi-

nal fissure dividing the two cerebral hemispheres. The

precise neural consequences of a person’s decision to at-

tend to time are unclear. One possibility is that when a

person decides to attend to time (and is able to do so,

given the current information-processing demands),

contextual information associated with the previous act

of attending to time, including its approximate recency,

is retrieved (Block 2003). This increase in accumulated

age information may give rise to the lengthening of

experienced duration that is revealed in judgments of

duration in the prospective paradigm.

In short, several widely distributed but closely inter-

connected brain structures apparently subserve retro-

spective and prospective duration timing. However,

additional research on duration timing is clearly needed

to clarify the neural interrelationships between the ante-

rior cingulate cortex, the dorsolateral prefrontal cortex,

and the hippocampus, along with the possible roles of

other brain structures.
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