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chapter 2

Prospective and Retrospective Timing Processes: 
Theories, Methods, and Findings

Richard A. Block, Simon Grondin and Dan Zakay

1 Introduction

Although one could date the history of the study of psychological time back 
to antiquity, with early hominids’ experiences and Aristotle’s philosophical 
speculations, that is a matter for historians. The experimental study of time 
 estimation has a history that apparently started with research published in 
1868 by Vierordt (Lejeune & Wearden 2009). This was almost two decades be-
fore the widely mentioned beginning of psychological research (Wundt 1886). 
Also, in the early times of what later became psychology, several interesting 
theories on timing and time perception were proposed (e.g., Hooke, 1682, as 
cited in Hintzman 2003; Guyau, 1888; see Michon, Pouthas, & Jackson, 1988). 
Beginning especially with theoretical reviews by the philosopher-turned- 
psychologist James (1890) and continuing through Fraisse in his famous books, 
Psychologie du temps (1957/1963) and Psychologie du rythme (1974), the psychol-
ogy of timing and time perception have blossomed. This is evident in a recent 
edited volume, also with the title Psychology of time (Grondin 2008b). For a 
more in-depth historical review, see Hancock and Block (2012), and for a sum-
mary of recent review articles, see Block and Grondin (2014).

In the present chapter, we mainly focus on time perception and time 
 estimation (see Block & Hancock 2013, for an annotated bibliography). The 
 database PsycINFO distinguishes these terms in a slightly overlapping way: The 
keyword time perception is defined as “perception of duration,  simultaneity, 
or succession in the passage of time.” The keyword time estimation is defined 
as “estimation of duration or passage of time.” The MEDLINE, or PubMed, 
 database simply uses the keyword time perception, which is defined as “the 
ability to estimate periods of time lapsed or duration of time.”

In the experimental literature, which we review later, Hicks, Miller, and 
Kinsbourne (1976) conducted a seminal study. Instead of using James’s (1890)  
descriptions (time in passing and in retrospect), they used the terms  prospective 
and retrospective. In the prospective paradigm, a person is told that time es-
timation is relevant and important. In the retrospective paradigm, a person 
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is misdirected from attending to time, such as with a cover story or a cover 
task. In everyday life, a time estimate becomes relevant and important when 
an environmental situation makes demands to respond in a temporally accu-
rate way. Retrospective duration estimates are used in situations such as those 
involving remembering, eyewitness testimony, and so on.

Researchers have revealed several spans that they think might involve dif-
ferent processes: 100 ms (Block 1979) to about 1.3 s (Grondin 2010; Grondin, 
Laflamme, & Mioni, 2015), 3 s (Pöppel 1978), or 7 s (James 1890), and of course 
even longer. We distinguish between these. We start with brief temporal events, 
and then we review research on longer episodes. We first detail the importance 
of different time scales and review procedures, methods, and measures. Then 
we discuss prospective and retrospective duration judgment processes and 
findings. We conclude by reviewing research on several related issues, such as 
temporal illusions and what is usually called prospective memory.

2 Durations of Temporal Experiences

If a series of identical visual stimuli occurs at brief interstimulus intervals (<100 
ms), according to many old experiments, some interesting phenomena occur 
(see reviews in Block 1979; Patterson 1990). These phenomena were found de-
cades ago and labeled as ‘the psychological moment’; all events  occurring  within 
this period would be processed as co-temporal (but see  Elliott & Giersch 2016).

However, the experience of duration can be approached differently. It is 
now known that for the discrimination of auditory brief intervals, the  Weber 
fraction is not constant. When intervals to-be discriminated are longer than 
circa 1.3 s (Grondin 2012) the fraction increases—i.e., the discrimination is 
more  difficult (for reviews, see Gibbon, Malapani, Dale, & Gallistel, 1997; 
 Grondin 2014), just as if a crucial cognitive capacity would be exceeded with 
long  intervals  (Grondin et al. 2015). Indeed, there is a possibility to avoid this 
 increase of the Weber fraction. It has been shown that for discriminating brief 
auditory  intervals, it is worth adopting an explicit counting strategy when 
 intervals are longer than 1.2 s (Grondin, Meilleur-Wells, & Lachance, 1999).

At longer interstimulus intervals, another phenomenon is experienced, as  
revealed by several experiments. According to Pöppel (1997), there is a low-
frequency mechanism binding successive events―a kind of temporal integra-
tion―into perceptual or action units when these events occur no more than 3 s 
apart. This phenomenon is sometimes referred to as ‘the subjective present’.

Although these phenomena might result from relatively early analyses of 
sensory information, other phenomena have been reported as the “flow of time” 
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at longer interstimulus intervals in any of several sensory modalities  (visual, au-
ditory, or tactual), even with non-identical stimuli (e.g., Gruber & Block 2013). 
In other words, some of these temporal experiences appear to be multimodal 
in origin. These experiments suggest that these temporal  phenomena might be 
a result of sensory persistence, dynamic modal  completion, and  possibly also 
conceptual processes.

A longer time-related phenomenon also occurs―possibly up to James’s 
(1890) and other reviewers’ identification of 5–7 s as yet another critical  period. 
These might be a result of what are usually now called working memory 
processes.

3 Prospective Timing Methods and Processes

Several methodological procedures are used to study the processes involved in 
timing and time perception. In prospective timing, the participants know in ad-
vance that the targeted interval will have to be estimated (such as  reproduced). 
Some authors report four classical methods. In addition to verbal estimation 
and the method of production, which involve chronometric units, research 
has been conducted by using other methods, such as the  reproduction method 
and the comparison method (Bindra & Waksberg 1956; Grondin 2010, 2014; 
Wallace & Rabin 1960; Zakay 1993). Figure 2.1 summarizes the main methods 
for  studying time perception.

3.1 Estimates Relying on Conventional (Learned) Time Units
In the case of verbal estimations, participants provide a numerical estimation 
of the duration, using temporal units (seconds or minutes), of a stimulus or a 
series of stimuli previously presented, such as a flash, sound, series of words 
or pictures, and so on. Verbal estimates tend to be variable, and they are not 
suitable for studies involving young children who have not yet learned what 
seconds or minutes mean. Productions are also based on the use of chrono-
metric units. In the production method, participants are asked to produce, for 
instance, by tapping twice on the spacebar of a keyboard, to mark the begin-
ning and end of an interval lasting several seconds (Mioni, Stablum, Prunetti, 
& Grondin, 2016).

3.2 Estimates Involving Duration Comparisons
Young children must learn how to make time estimates using conventional ver-
bal units. However, researchers use other methods to assess time  perception. 
With young children, the reproduction method is often used: A child is shown 
a stimulus lasting for several seconds, and then is asked to press a button for the 
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same amount of time that the stimulus appeared (Zakay, 1992a). The wording 
of these instructions should be adjusted for the age of the child. Also,  research 
using nonhuman animals must use other methods, such as the peak-procedure 
method, which we do not review here (see, for example, Church 2003; Chapter 
6, this volume).

The method of comparison is a procedure that involves comparing two dura-
tions. Using this method, participants are asked to judge the relative  duration 
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Figure 2.1 Summary of the main methods utilized for studying time perception (Adapted from 
Grondin 2010)
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of intervals presented successively, one standard interval and one comparison 
interval. Each to-be compared interval could be marked by continuous sounds 
or continuous flashes (filled intervals) or by brief sensory signals marking the 
 beginning and end of each interval (empty intervals). Participants are asked to 
indicate, such as by pressing an appropriate button, which of two intervals, the 
first or the second, was shorter or the longer one; or if the second interval was 
shorter or longer than the first one. In the comparison method, a reminder meth-
od indicates that the standard interval is always presented first (Macmillan & 
Creelman 1991): the order of the standard and comparison intervals varies from 
trial to trial. Other methods may also be used (e.g., Macmillan & Creelman 1991).

Using the comparison method, with durations of many seconds retro-
spectively judged, Ornstein (1969) asked participants to make a mark on a 
second line when given a first line, indicating a comparison of durations. Sev-
eral  researchers have discussed this method (e.g., Block 1974; Grondin 1993; 
Rammsayer 2014). Recently, Mioni, Stablum, McClintock, and Grondin (2014) 
 emphasized the fact that when slight variations are introduced in reproduc-
tions, different results are found. They compared conditions in which partici-
pants were instructed either: (a) press only at the end of the interval after having 
been presented a signal marking the beginning of the interval to-be reproduced, 
(b) press to start and stop the interval, or (c) press continuously during the inter-
val. The highest  accuracy (closest to the target time) was obtained when using 
keypresses to start and stop the reproduction, but less variability was obtained 
with the method involving continuous pressing.

3.2.1 Time-Order Effects
In psychophysics, presenting intervals successively induces what is called a 
time-order error (Eisler, Eisler, & Hellström, 2008; Hellström 1985).  Moreover, 
using a roving or a reminder method also has an impact on duration discrimi-
nation: Discrimination is better with the reminder method—that is, with 
the standard interval kept constant in the first position (Grondin & McAuley  
2009; Hellström & Rammsayer 2004). The time-order effect is sometimes 
referred to as a Type-A effect, and the fact of having better performances in 
the  standard-comparison order than in the comparison-standard order is 
 sometimes referred to as a Type-B effect (Bausenhart, Dyjas, & Ulrich, 2015), 
or standard position effect (Hellström & Rammsayer 2015). Time-order errors 
tend to be negative for relatively short durations—that is, the second duration 
is judged as longer than the first—but tend to be positive for relatively longer 
durations, especially those judged in retrospect—that is, the first duration is 
judged longer than the second (Block 1985).
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To account for the standard position effect, Hellström (1979) proposed a 
sensation-weighting model. According to this model, in a discrimination task 
a person compares the scaled subjective difference between the first and the 
second stimuli (see Hellström & Rammsayer 2015). Dyjas, Bausenhart, and 
Ulrich (2014) proposed that the standard position effect can be explained by 
an internal reference model, which stipulates that discrimination is not based 
on the internal representation of the standard and comparison intervals, but 
rather on the internal reference that is built up dynamically from trial to trial 
during the experiment. In this model, in each experimental trial, participants 
compare the updated internal reference to the second stimulus.

3.3 Other Timing Methods
Another way to investigate processes of prospective timing is to return to 
Fechner’s traditional methods. Kuroda and Hasuo (2014) described ways of us-
ing method of limits and of adjustments, in addition of the constant method. 
For instance, a participant can be presented the standard and comparison in-
tervals, and adjust the comparison interval to make it equal to the standard 
(method of adjustment). Over a series of trials, the mean adjusted value of 
the comparison intervals would provide a point of subjective equality (pse) 
with the standard, and the variability (standard deviation) of the series of ad-
justed values could be interpreted as a just noticeable difference ( jnd; Hasuo, 
 Nakajima, & Ueda, 2011).

A strict form of the method of limits is not used in time perception  studies, 
but the adaptive procedure could be seen as a variation of this method as 
it may involve ascending trials and descending trials from specific points 
above or below threshold. Basically, after each trial, the level of difficult in a 
 discrimination task is adjusted after each trial. With an adaptive procedure, 
an  experimenter should decide what the magnitude of the changes are after a 
correct and after an incorrect response, when a series of trials ends, how many 
series of trials are necessary, and how the threshold is operationally  defined 
and calculated (Macmillan & Creelman 1991). In the classical  adaptive  method 
called the staircase procedure, the steps up and down of the  comparison 
 stimulus are changed by a fixed amount, and a series of trials could end after a 
 certain number of changes or a certain number of trials. There are several  other 
adaptive procedures,  including parameter estimation by sequential  testing 
and the  procedures based on a Bayesian procedure or maximum  likelihood 
(Shen 2013). The adaptive procedure usually provides a good approximation 
of a threshold value with a reasonable number of trials and is often used in 
 duration  discrimination studies (e.g., Rammsayer 2014).
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With the constant method, a series of comparison intervals is select-
ed and one of these, in a random order from trial to trial, is presented after 
the  standard. After multiple presentations of each comparison intervals, a 
 psychometric function can be drawn, plotting the probability of responding 
that the  comparison interval is longer than the standard on the Y-axis, as a 
function the length of the comparison intervals on the X-axis (Grondin 2008a, 
2010). On a psychometric function, the pse is given by the value on the X-axis 
corresponding 50% on the Y-axis (see Figure 2.2). It is classical to define the 
difference threshold as the difference, divided by 2, between the X values 
corresponding to 75% and 25% on the Y-axis. These two percentages corre-
spond to mid-point between perfect discrimination (0 or 100%) and random 
responses (50%).  Another  frequent way of expressing the difference threshold 
is to estimate one standard deviation on the psychometric function (Killeen & 
Weiss 1987).

The use of the constant method and of a psychometric function raises the 
question of the model adopted for drawing the function through the data points. 

Comparison Intervals (ms)

215

10

30

50

70

90

225 235 245 255 265 275 285

Pr
ob

ab
ili

ty
 o

f R
es

po
nd

in
g 

 "C
o 

> 
St

" (
%

)

Figure 2.2 Psychometric function used for estimating the difference threshold with the constant 
method. “Co > St” means that the comparison interval is judged as longer than the 
standard (250 ms). The model for fitting the data points in this example is the cumu-
lative normal distribution, and the dashes indicate the point of subjective equality 
(Adapted from Grondin 2008a)
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In psychology, it is typical to assume that a phenomenon is  distributed normal-
ly, and, thus, a Gaussian model is adopted (cumulative normal  distribution; see 
for instance Laflamme, Zakay, Gamache, & Grondin, 2015). Among the other 
models, Macmillan and Creelman (1991) proposed the logistic and the Weibull 
functions, and the reader will also find the use of a pseudo-logistic function 
in the time perception literature (Grondin 2001a; Killeen,  Fetterman, & Bizo, 
1997).

In a variant of the constant method, called the single-stimulus method, a 
participant makes a judgment after each interval presentation. This involves 
assigning the interval to one of two categories, short or long; there is no pre-
sentation of the standard on each trial (see for instance Grondin, Laflamme, & 
Gontier, 2014, Experiment 3; Kuroda, Grondin, Miyazaki, Ogata, &  Tobimatsu, 
2016). A classical method in the animal timing literature, called the bisec-
tion method, is a widely used variant of this method in human timing studies  
 (Mioni, Meligrana, Grondin, Perini, Bartolomei, & Stablum, 2015a; Mioni,  
Zakay, & Grondin, 2015b; Penney, Gibbon, & Meck, 2008; Chapter 4, this vol-
ume). With this method, a series of intervals are selected and the shortest and 
the  longest intervals (referred to as standards) of this series are first presented 
several times. In the following trials, each interval of this series is presented 
several times, in a random order, and on each trial the interval should be 
 categorized as closer to one of the two standards. As for the constant method, 
a  psychometric function can be drawn from these data. There are many other 
methods in the study of animal timing, including temporal generalization, 
which is also used in the human timing literature (Wearden & Lejeune 2006). 
With this method, the mid-point interval in a series of intervals is first pre-
sented several times and in subsequent trials, participants indicate whether 
the interval presented is or is not of the same length as the standard.

Depending on the specific field of interest, specific variants of methods 
can be used. Researchers interested in motor behavior and timing have used 
a production method, which is indeed most often a task where a participant 
first listen to a series of isochronous sounds and eventually tries to synchro-
nize finger tapping with the sound; at some point, there is no more sound but 
the participant continues to tap at the same pace. The dependent  variable of 
 interest is the variability of the inter-tap intervals in the continuous phase, and 
sometimes the mean inter-tap intervals. It is possible to distinguish the part 
of variance, in the overall observed variance, belonging to the motor system 
 (implementation of the tap) and the part belonging to the internal  timekeeping 
system (Wing & Kristofferson 1973).

Finally, researchers more interested in rhythm perception than interval 
timing often use duration discrimination methods, but instead of presenting 
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 single intervals (a single standard or a single comparison interval), multiple 
successive standard or comparison intervals are presented. Increasing the 
number of intervals generally leads to improved discrimination (for a review, 
see ten Hoopen, Miyauchi, & Nakajima, 2008). Beyond four presentations, in 
the auditory modality, there is not much improvement to expect (ten Hoopen, 
van den Berg, Memelink, Bocanegra, & Boon, 2011); and, in the visual modality, 
the gain with multiple presentations depends on the duration under inves-
tigation and on presenting or not the standard and comparison intervals in 
 continuity (Grondin 2001a).

4 Prospective Timing Processes

Much evidence reveals that attention to time is involved in prospective tim-
ing. Block (1990) criticized this concept because of the descriptive nature of 
the term, without any experimental or theoretical work on underlying pro-
cesses. Later, Block (2003), for example, came to clarify and accept the term. 
He and others suggested that it involves what is now called recursive reminding 
(e.g., Hintzman 2004). If a person is asked to indicate when an experimenter- 
specified duration has elapsed, he or she often thinks: “Is it time now?” Every 
time that the person has that thought, it retrieves a time-dated memory of 
the previous occurrence. How often that happens depends on secondary-task 
 attentional demands: If a person has to perform another cognitive task, the re-
cursive reminding process is interrupted. Thus, duration productions lengthen, 
for example.

However, this explanation does not completely reveal the reason why cogni-
tive load affects prospective duration judgments. The attentional-gate model 
(agm; see, for example, Zakay & Block 1997) provides that kind of explanation. 
In this model, attention to time affects prospective duration judgments. A clas-
sical explanation of prospective timing is based on an internal-clock device 
made of a pacemaker emitting pulses, and of a counter accumulating these 
pulses, the perceived duration being proportional to the number of pulses 
 accumulated. The agm proposed by Zakay and Block (Figure 2.3; see Block & 
Zakay 2008; Zakay & Block 1997, for a description) determines the number of 
pulses, with more pulses being accumulated when more attention is allocated 
to the passage of time, and less to a nontemporal secondary task (in the case 
of a dual-task paradigm).

Perhaps both ideas are needed, recursive reminding to explain what it means 
when a person attends to time, and attentional gating to explain  dual-task  
 interference effects. Additional evidence on prospective duration judgments 
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comes from many experiments that have been reviewed in two major meta-
analyses (Block, Hancock, & Zakay, 2010; Block & Zakay 1997) of studies us-
ing durations greater than 3 s. These findings reveal that variables involving 
cognitive load affect prospective timing. Mainly, these are response demands 
(active vs. passive), attentional demands (divided or selective vs.  unitary), and 
processing difficulty (difficult vs. easy). With any of these cognitive demands,-
prospective duration judgments made with the production method  lengthened 
and verbal estimates decreased, for example.

Zakay (1992b, 2015)) reported research on temporal relevance and tem-
poral uncertainty as variables that affect prospective timing. If an interval 
is relevant to a person’s current concern or if the person is uncertain about 
when an  interval will end, prospective temporal productions lengthen. This 
model supports a model of prospective timing that emphasizes attention. For-
example, waiting intervals are perceived as longer than same clock-time in-
tervals  without  waiting, because while waiting time is a major concern and 
the end of the  waiting is not certain. Zakay (2005) showed that when timing 
is done  concurrently with a nontemporal task, the duration of the interval is 
perceived to be longer when a person is instructed to treat timing as a primary 
rather than as a secondary task.
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Memory

Working
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Memory

Intention
Retrieval

Response

Cognitive
Comparison

Information
Processing

Task

Switch Accumulator
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Figure 2.3 The attentional-gate model of prospective timing ( from Block & Zakay 2008; Zakay 
& Block 1997)
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5 Retrospective Timing Processes

In another duration judgment paradigm, a participant is not informed in 
 advance that time has to be estimated. Experiments using this retrospec-
tive paradigm are far less numerous than those using the prospective para-
digm, probably because only one duration estimate may be obtained before 
the participant is aware that time judgments are of interest. Sometimes, at 
the onset a cover story or cover task might be used to lead participants to 
think that duration is not relevant (Grondin & Laflamme 2015). Retrospec-
tive judgments concern the remembered duration of past episodes, and they 
are based much more on memory than on attention to time. Meta-analytic 
findings (Block, Hancock, & Zakay, 2010; Block & Zakay 1997) reveal that vari-
ables involving cognitive load do not affect retrospective judgments. The im-
portant variables are segmentation (e.g., high-priority events or contextual 
interruptions) and other variables that affect memory encoding and retrieval. 
A contextual change memory model is implicated: If a person is able to re-
member more changes in context, retrospective duration judgments lengthen  
(Block & Reed 1978).

Two main methods have been most frequently used to study retrospective 
timing: the method of reproduction and the method of verbal estimation. 
When intervals under investigation are not too long, it is reasonable to consid-
er the possibility to ask a participant to reproduce the duration. In such a case, 
this means that during the encoding phase (the interval to be  reproduced), the 
participant is not informed that the duration (of the activity for instance) will 
have to be reproduced. For very long intervals, it is not realistic to adopt the 
reproduction method. Using verbal estimation is more practical. The problem 
that occurs with the verbal estimation is that people tend to round up their 
judgments to the nearest second if intervals are relatively brief, to the nearest 
5 or 10 seconds if intervals last at least one minute, and to the nearest half- 
minute, or even minute, if the intervals last several minutes. One feature of ret-
rospective judgments is that people should not be aware of the need to judge 
duration. Consequently, after completing a single trial, participants are aware 
of the importance of the duration of an activity or event. One way of collecting 
more than one judgment per participant is to ask to complete a series of activi-
ties before asking for duration judgments. Such a strategy was adopted by Boltz 
(1995), which involved a series of brief melodies (<15 s) to be learned before 
reproducing their duration (Experiment 1) and the  presentation of long films 
(Experiment 2). Brown and Stubbs (1988) used a multiple-activity approach. 
They presented musical excerpts lasting 96 to 570 s. Boltz presented brief vid-
eotape sequences. Grondin and Plourde (2007) asked participants to complete 
five cognitive tasks (e.g., counting backward, recalling names of  animals in 
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 alphabetical order) lasting 2–8 minutes, before asking for a verbal estimate of 
the duration of each of these tasks.

Researchers using retrospective timing are usually interested in the accu-
racy of judgments, not by the variability of estimates as is often the case for 
prospective timing. Limiting an investigation to a single trial actually makes 
it difficult to study the variability issue. A way to approach the problem is to 
ask not only for a verbal estimate of the activity, but also for a window within 
which the duration is certainly included. For example, a researcher may ask 
for the maximum and minimum duration of the activity (Bisson & Gron-
din 2013; Grondin & Plourde 2007; Tobin, Bisson, & Grondin, 2010; Tobin & 
 Grondin 2012). The difference between the maximum and minimum could be 
 interpreted as an uncertainty window, of a measure of variability.

6 Temporal Illusions

Like many other perceptual processes, time perception suffers from illusions 
that result from the processes underlying prospective and retrospective tim-
ing. Temporal illusions occur when the perception of duration of an interval 
do not faithfully represent the objective (clock-time) duration of that interval.

A well-known illusion is the filled-duration illusion: Empty intervals are 
perceived to be shorter or longer than filled intervals, which objectively en-
dure exactly the same clock time. The direction of the illusion depends on 
the  paradigm. If timing is done prospectively, then empty intervals, which do 
not demand many attentional resources for information processing, will be 
perceived as longer than filled intervals, which demand many attentional re-
sources (e.g., Wearden, Norton, Martin, & Montford-Bebb, 2007). The opposite 
is the case regarding retrospective estimates. In this case, empty intervals are 
perceived as shorter than same clock time compared to filled intervals.

Thus, the perceived duration of an interval depends on cognitive load 
during the interval (Block et al. 2010.) This contradicts the essential charac-
teristics of physical time. For example, it is often said that time flies when a 
person is having fun. The reason is that while having fun, attention is focused 
on the “fun” aspects (e.g., an attractive film) and not on time. Thus, the same 
 clock-time interval will be perceived as longer when a person suffers instead of 
having fun. This is, of course, another illusion.

The “watched-pot” phenomenon is another temporal illusion. When a per-
son waits for something to occur (when the water in a pot will boil), the main 
concern is time (when will this happen), and as a result most attentional re-
sources are focused on time. This results in a longer temporal experience as 
compared to a regular interval (Block, George, & Reed, 1980).
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An everyday situation in which people experience this illusion is when they 
have to wait for someone to come or some event to happen. Waiting intervals 
are perceived as longer than same clock-time intervals, without waiting. There 
are many more temporal illusions, most of them are prospective and reflect 
the dependency on attentional resources. The agm provides a good explana-
tion for that.

Temporal-illusions are an example for the dependency of subjective tim-
ing processes on measurement methods, interval durations, and other factors. 
For example, Hasuo, Nakajima, Tomimatsu, Grondin, and Udea (2014) found 
that for short intervals (40–520 ms) the illusion was more likely to occur with 
magnitude estimation than with the method of adjustment. The magnitude of 
the illusion increased as the interval duration lengthened. Taking a somewhat 
philosophical perspective, one may ask if not all temporal experience, includ-
ing the flow of time itself, is actually an illusion (Gruber & Block 2013). Subjec-
tive durations are rarely identical with objective durations.

7 Temporal Dating of Memories

For centuries, dating to Aristotle, philosophers have thought that time is 
intimately related to memory. Theorists such as James (1890) and Hooke 
(1705/1969; see Hintzman 2003) proposed ideas on time and memory in the 
brain. These earliest ideas were reviewed by Hintzman (2003) and others 
(Block &  Zakay 2008). Now, researchers have revealed how such temporal 
contiguity— proximity in time—functions (Hintzman 2016). Hintzman con-
cluded that there is little or no evidence of temporal organization by contigui-
ty per se. He said that research does not support the hypothesis that memory is 
not  organized by time or by the principle of contiguity. Then he also elaborated 
on the present status of these ideas. In our view, time perception is mainly 
 automatic only in some kinds of judgments that do not require voluntary at-
tention. Automatic encoding might apply only to temporal dating of events, 
not necessarily to the dual-task interference seen in prospective duration 
 estimation. Prospective duration estimates are based on attentional processes, 
as the agm suggests. Temporal dating of specific memories is based on other 
processes, which involve long-term memory.

8 Prospective Memory: Timing the Future

Another interesting topic, which relates to processes involved in prospective 
and retrospective duration judgments, concerns prospective memory, which 
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has also been called prospective remembering, or timing the future. These tasks 
involve intending to perform a time-based or an event-based action at some 
future time or occasion (Block & Zakay 2006; Graf & Grondin 2006; Labelle, 
Graf, Grondin, & Gagné-Roy, 2009; Mioni & Stablum 2014). For example, what 
role does temporal memory of past events serve in remembering to perform 
future actions? If people think about something that might likely occur (per-
haps with what is called stimulus-independent mentation, or daydreaming), 
what time-related processes are involved?

Time-based and event-based prospective remembering processes are simi-
lar to those implicated in prospective and retrospective duration judgments, 
respectively. In timed-based tasks, participants are asked to make a response 
when they think that an experimenter-specified duration has elapsed; this is 
similar to a prospective duration estimate. In event-based tasks, people are 
asked to respond when a particular event (such as presentation of an animal 
word, or in everyday life, meeting a specific person) is encountered.

Time-based prospective memory tasks are similar to those involved in labo-
ratory studies on prospective duration judgments, such as using the method of 
production. While is performing another task, the person must signal when a 
specified time interval (such as 30 s) has ended. The findings reveal that, such 
as in prospective duration judgments, attentional demands of the nontem-
poral task affect these processes. In everyday life, time-based tasks are often 
performed successfully by using reminder methods, such as calendars or elec-
tronic notes.

Event-based prospective memory tasks rely on the intent to respond in a 
certain way when a situation is encountered. Meeting a person or seeing a par-
ticular kind of event occur may lead to automatic retrieval of the intent. Of 
course, this is also somewhat likely to lead to failures to remember the previ-
ous intent.

9 Summary

In this chapter, we reviewed the history, methods, and current status of psy-
chological research on timing and time perception, focusing mainly on pro-
spective and retrospective judgments of time. Time perception varies as a 
function of duration, or interstimulus interval. Different phenomena argu-
ably occur at about 100 ms, 1.3 s, 3 s, 5–7 s, and longer. Various methods are 
used, including those that require knowledge of conventional time units as 
well as others that do not. The latter have been used in studies of nonhu-
man animals and young children. Prospective time judgments, which involve 
a situation in which the estimation of durations is relevant and important, 
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are affected by other information-processing demands. Retrospective dura-
tion judgments, on the other hand, depend mainly on retrieval of memories 
from the time  period, and those are mainly affected by contextual encod-
ing and retrieval processes. Other kinds of time-related phenomena occur 
in prospective memory situations, for example. Time-based remembering 
processes are similar to those of prospective timing, especially using the 
production method.  Event-based  remembering relies on memory processes 
similar to those involved in retrospective duration judgments. We did not 
review evidence on the many brain areas and processes involved in psycho-
logical time, mainly because the  evidence is still unclear; future researchers 
should focus on that issue in order to deepen the understanding of these  
processes.
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