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Task predictability and remembered duration

MARILYN G. BOLTZ
Haverford CoUege, Haverford, Pennsylvania

The effects of structural predictability on remembered duration judgments were examined within the
context of the performance of a series of highly familiar tasks. Across a set of three experiments, task
predictability was manipulated by the presence or absence of advance expectancies of what tasks were
to be performed (Experiment 1), an (in)variant ordering of task performance (Experiment 2), and the
placement of interruptions at between- versus within-task locations (Experiment 3). In each case, a
higher degree of predictability led to more accurate and reliable duration estimates that were relatively
free of bias, while uncertainty decreased accuracy through an overestimation bias. These results not
only render insight into the mediational mechanisms responsible for temporal judgments, but also sug
gest some practical applications for everyday behavior.

One of the most general goals of time-estimation re
search is to identify the factors contributing to the rela
tive accuracy of duration judgments as well as certain
systematic biases leading to over- or underestimations of
an event's time span. This, in turn, not only provides in
sight into the temporal nature of everyday behavior, but,
from a theoretical stance, suggests what underlying me
diational mechanisms may be involved in the encoding
and retrieval ofevent durations from the cognitive system.

According to several different reviews of the literature
(Block, 1989; Hicks, Miller, & Kinsbourne, 1976; Zakay,
1990), there are five general classes of variables that re
liably influence temporal judgments: (1) the method used
to assess duration estimates (e.g., reproduction, produc
tion, verbal estimation, comparative judgments); (2) char
acteristics of the experiencer such as age, gender, per
sonality traits, degree of stress and arousal; (3) use of the
prospective versus retrospective research design; (4) sub
jects' activity during a time span (e.g., cognitive process
ing demands of a task, active versus passive participa
tion); and (5) characteristics of the events to be judged,
including their total duration, sensory modality, and over
all complexity.

Within this general categorization scheme, two factors
are of particular theoretical interest because they are as
sumed to directly influence the cognitive mechanisms re
sponsible for mediating duration judgments. The first of
these involves the particular research design that is used
and whether this is prospective or retrospective in nature.
This distinction refers, in part, to the type of instructions
administered to subjects in an experimental context, but,
more importantly, is assumed to reflect different types of
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cognitive processing activities. In prospective situations,
subjects know in advance that a time judgment will be
forthcoming, and so these estimates reflect the experience
of time-in-passing. Of course, the drawback of this pro
cedure is that subjects may engage in conscious time
keeping strategies (e.g., counting, tapping, monitoring an
event's rhythm) that are artifactual to the experimental
situation. Retrospective designs reduce, ifnot eliminate,
this concern because subjects do not know a time judg
ment will be required until after an event has transpired.
Given that estimates are assessed in an incidental fashion,
they are assumed to reflect remembered duration. In re
viewing the literature, it is clear that prospective designs
have dominated much ofthe past research. Tosome extent,
this is due to the influence ofthe psychophysical tradition
and questions concerning the relationship between per
ceived and actual stimulus duration. In addition, unlike
retrospective designs in which only one time judgment per
subject can be obtained (before subjects become privy to
the experiment's purpose), prospective situations are more
economical, because they enable one to collect multiple
estimates from a single subject. Nevertheless, interest in
the study ofremembered duration has recently increased.
Retrospective designs allow one to investigate not only
how certain variables influence the encoding and subse
quent remembering of event durations, but also ways in
which these may be linked to more general processing
activities. This, in turn, has led to the development ofsev
eral different theories ofjudged duration which all focus
on a second variable of interest, namely, event complex
ity. As will be apparent in the following models, the no
tion of complexity has been defined in many different
ways but in all cases is assumed to be the primary refer
ent for duration judgments.

Models of Remembered Duration
Memory-Based Models

One of the earliest approaches to adopt cognitive pro
cessing activities as a theoretical basis is a class oftheo-
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ries known as the memory-based models. In general, they
were developed to address relative duration judgments
and a particular phenomenon known as the "filled inter
val effect." This refers to the finding that two equivalent
time spans are not always judged as such-one interval
is often estimated to be longer or shorter than the other.
In an attempt to explain the underlying mechanisms re
sponsible for this behavior, two different approaches
have been offered.

The first is the storage-size hypothesis offered by Orn
stein (1969). According to this view, more complex in
tervals will seem relatively longer than less complex
ones, because the former consume more space, that is,
more chunks of information, in memory. In support of
this idea, Ornstein found that a randomized presentation
of auditory sounds was judged relatively longer than the
same sequence of sounds blocked by semantic category.
Schiffman and Bobko (1974) reported a similar result
with visual stimuli: lights that flashed in a random se
quence were judged to be longer than those that flashed
in a regular and rhythmic fashion. In both experiments,
then, a haphazard stimulus array led to a longer duration
estimate because it presumably consumed more space in
memory.

An alternative model, offered by Block (1985), claims
that judged duration does not depend on the number of
chunks in memory but, instead, on the number ofchanges
experienced by an individual. Hence, one interval may
seem longer than another because it displays more changes
in stimulus attributes, task demands, or the surrounding
environmental context. This model has also been empir
ically supported. For example, Block and Reed (1978)
found that the time span was estimated to be signifi
cantly longer when subjects were presented with a word
list and asked to alternate between shallow and deep pro
cessing than when a single mode of processing (shallow
or deep) was consistently maintained throughout the
course of the experiment. Similarly, it has been observed
that changes in the experimental context (i.e., room in
which a given event was presented, the particular exper
imenter present) also lead to increased duration esti
mates (Block, 1982).

In sum, memory-based models differ in the presumed
referent for duration judgments, namely, the number of
chunks or changes in memory, but adhere to the common
assumption that remembered duration will lengthen with
increases in the amount of information in memory. Block
(1990) has referred to this strategy as an "availability heur
istic." Given that people do not directly encode an event's
duration into memory, they rely on the availability of
salient information to infer this estimate.

Attention-Based Models
In contrast to memory-based models, which primarily

focus on relative duration judgments, a second class of
theories has extended this perspective by addressing the
overall accuracy in which time spans are both experi
enced and remembered. Although several individual mod-
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els fall within this category (Brown, 1985;Hicks et aI., 1976;
Thomas & Cantor, 1978), all have applied the resource al
location theory of selective attention (Kahneman, 1973;
Navon & Gopher, 1979) to the study of time-estimation
behavior. A model offered by Zakay (1989) is perhaps the
most representative ofthis overall approach in that it not
only incorporates the ideas of other theorists but inte
grates these with certain assumptions from the memory
based perspective.

The primary assumption is that when subjects are per
forming any given activity, such as a set of math prob
lems, attention is split between the task's temporal and
nontemporal information, namely, the task's total time span
and, in this case, the set ofmathematical calculations. Tem
poral information is presumably encoded via a cognitive
timer while nontemporal information is processed by its
own independent mechanism. Both compete for a limited
pool of resources such that increased attention toward
one dimension will decrease performance on the other.
This, in turn, leads to the prediction that time-estimation
behavior will vary under prospective and retrospective
circumstances.

In prospective cases, where subjects know that a time
judgment is forthcoming, more attention will be allocated
toward the cognitive timer. This should result in highly
accurate and reliable estimates of a task's total duration
but relatively poor performance on nontemporal informa
tion. However, as task difficulty increases, more atten
tion will be allotted to nontemporal information, such
that duration judgments will become not only less accu
rate and more variable, but also shorter because less du
ration is encoded into the cognitive system. Retrospective
designs, on the other hand, will primarily direct atten
tional resources toward the processing of nontemporal
information, because there is no apparent reason to en
code durational information into memory. Relative to
prospective designs, then, remembered duration judgments
should be less accurate and more variable. In addition,
subjects may rely on the availability heuristic, as sug
gested by Block (1985) and Ornstein (1969). Given that
event duration is not encoded into memory, they rely on
the only source ofavailable information to infer duration
judgments, namely, the number of chunks or changes
within the array of nontemporal information. Hence, as
task complexity increases, judged duration will be in
creasingly overestimated.

This overall approach to time-estimation behavior is a
very appealing one, because it not only is linked to a more
general theory of attending but is also able to address a
wide range ofphenomena within the current literature. For
example, when comparing the use ofprospective and ret
rospective designs, the judged duration oftasks is, in fact,
more accurate and reliable with the prospective method
(see, e.g., Brown, 1985; Brown & Stubbs, 1992; Miller,
Hicks, & Willette, 1978; Zakay, 1993). In addition, ma
nipulations of complexity have been observed to exert a
differential effect on experienced and remembered dura
tion. Although the results of these studies have sometimes
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been conflicting in nature, meta-analyses of the literature
have shown that across the majority of experiments,
prospective judgments typically become shorter with in
creases in task difficulty, whereas retrospective judgments
become longer (Block & Zakay, 1997; Zakay & Meran,
1988, as described in Zakay, 1989). However, despite
these contributions to the literature, this integrative model
displays certain limitations in its generality which, in
part, stem from the underlying philosophical assump
tions about time.

The most important of these concerns retrospective
judgments. In particular, it is assumed that an event's
temporal duration is not encoded into memory under ret
rospective circumstances. Instead, people's attention is
presumably focused on nontemporal information alone,
such that event duration is later inferred from some as
pect of this memorial representation via the availability
heuristic (i.e., the number of chunks or changes it con
tains). Given that nontemporal information is presum
ably independent of and does not reflect temporal infor
mation, this means that people should be incapable of
remembering an event's duration with any degree of ac
curacy. This, however, is not the case. In several recent
studies, it has been found that if subjects are repeatedly
exposed to sets of melodies or sounds from the natural
environment and are later unexpectedly asked to recog
nize or reproduce their inherent durations, performance
is highly accurate and reliable (Boltz, 1992, 1994, 1995).
In other words, provided that sufficient learning experi
ence has occurred, event duration can be incidentally en
coded into the cognitive system even though subjects' at
tending was directed toward the array of nontemporal
information during the encoding phase.

Structural Remembering Model
The latter phenomenon has been interpreted within a

framework known as the structural remembering approach
(Boltz, in press), which, in many ways, is directly com
patible with resource allocation theory but places a
greater emphasis on the role of the environment in the
ability to remember event durations. The basic assump
tion is that events vary in their degree of structural co
herence, which in turn influences attentional processes
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and the ability to encode an event's temporal informa
tion in conjunction with its nontemporal information.

Highly coherent events are ones that display a very law
ful arrangement of structure and hence a high degree of
internal predictability. Although this can arise from many
different sources, one can be found at the level of event
timing, where it can be shown that in many cases the ar
rays of temporal and nontemporal information directly
coincide with one another. For example, a structural
analysis of a speech utterance will show an accompany
ing rhythm in which temporal accents in the form of
pauses coincide with grammatical phrase boundaries
(Goldman-Eisler, 1972; Grosjean, Grosjean, & Lane,
1979) and the pattern of stress coincides with high-con
tent words (Martin, 1972). Music displays a very similar
type ofarrangement, as shown in Figure 1, which depicts
the opening bars of "The Star Spangled Banner." Notice
that temporal accents, arising from the relatively longer
halfnotes, coincide with the words "see," "light," "hailed,"
and "gleaming," which correspond to melodic or gram
matical phrase boundaries. These phrase boundaries are
typically marked by special pitch intervals, namely mem
bers of the tonic triad chord (Berry, 1976; Cone, 1968;
Piston, 1978; Todd, 1985), and represent the beginnings
of new variations or returns to the melody's underlying
theme. The result is that the melody's rhythm directly re
inforces the nontemporal arrangement ofpitch intervals.
This type of coherent arrangement is quite typical of the
auditory environment and is found not only in speech
and music, but also in a wide variety of other ecological
sounds (Boltz, 1992).

From a cognitive perspective, highly coherent events
facilitate encoding and remembering in a number of dif
ferent ways. First, and most importantly, given that the
event's temporal and nontemporal information directly
coincide and are highly redundant to one another, there
is no need to split attending among the two structural di
mensions. Instead, both should be encoded into memory
with no extra effort such that attending to temporal or
nontemporal information alone will result in the inciden
tal encoding of the other dimension. Both should there
fore be available in memory, particularly with greater
learning experience where the inherent organization ofthe
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o say can you see, by the dawn's early light; What so proudly we hailed at the twilight's last gleaming.

Figure 1. An example of a musical composition, "The Star Spangled Banner" by Francis Scott Key, displaying a highly redundant
arrangement of temporal/nontemporal information. Within the melody's total time span, sequences of notes are nested within four
melodic phrases (p) marked by members ofthe tonic triad chord (the tonic, dominant, tonic, and tonic, respectively). These phrase
endings are attentionally highlighted by temporal accents (J) and both regularly recur in time to outline higher order phrases.



event will be more apparent. In addition, an event's tim
ing should also facilitate encoding and remembering, be
cause a regularly recurrent pattern of temporal accents
not only allows one to easily attend to and track the event
as it unfolds but also highlights the event's overall orga
nization for learning. Similarly,just as accents can be used
to guide attending, they also offer cognitive referents for
recapitulating the event's structure from memory. These
two factors working together, then-namely as a re
trieval scheme in the form of rhythmic accents and as a
direct redundancy between temporal and nontemporal
information-lead to the prediction that the durations of
highly coherent events will be remembered with a high
degree ofaccuracy. This should be true in both prospec
tive and retrospective situations in which the primary
focus of attention on temporal or nontemporal informa
tion, respectively, should lead to an incidental encoding
of the other dimension.

Although many naturalistic events are highly coher
ent, others are less so. This is perhaps most apparent dur
ing the early stages oflearning. For example, the speech
of a person learning a new, foreign language often dis
plays pauses that fail to coincide with grammatical phrase
boundaries. Similarly, the music ofa novice pianist often
shows temporal accents that conflict with melodic phrase
endings and the inherent organization of pitch relation
ships. In both cases, the event's temporal and nontempo
ral information are structurally dissociated and indepen
dent of one another. Given that people are confronted
with a seeming array of disjointed items that occur in an
unpredictable fashion, these events, in addition to being
difficult to track attentionally, will require separate pro
cessing resources for the encoding of both temporal and
nontemporal information. This, in turn, leads to the pre
diction that an event's overall structure will also be poorly
remembered, even with extensive learning experience.
Although duration memory may be fairly accurate in
prospective situations, this will not be the case in retro
spective designs in which the primary focus is on non
temporal information. As suggested previously by the
memory-based theorists (Block, 1985; Ornstein, 1969),
people may resort to the availability heuristic and attempt
to infer event duration from the number of chunks or
changes within the array of nontemporal information.

Some support for this overall framework has been ob
served. Inone set of studies (Boltz, 1992), subjects were
asked to listen to a set of environmental sounds contain
ing a single pitch value that rhythmically recurred in
time and was thereby lawfully structured (e.g., sound of
footsteps or panting), was continuous in duration (e.g.,
falling bomb or bowling ball rolling down an alley), or
irregularly timed and thereby unpredictably structured
(e.g., pecking oftypewriter keys or sound of crying). After
a varying number of learning trials, subjects were unex
pectedly asked to reproduce or recognize the total dura
tion of the sounds heard earlier. Results showed that while
the durations of regularly timed and continuous events
were well remembered, with a high degree of accuracy
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and low variabilty, the durations ofless predictable events
were poorly remembered regardless of the number of
learning trials.

There is also evidence that coherent and incoherent
events are encoded in a differential fashion. In Boltz (in
press), subjects were presented with a set of musical
compositions and asked to attend to either their tempo
ral (i.e., total durations) or nontemporal information (i.e.,
sequence of pitch intervals) either alone or both in tan
dem. When the subjects were later unexpectedly asked to
remember the inherent duration of each, the results showed
that coherent melodies produced a high level ofaccuracy
regardless ofwhich structural dimension was attended to
during the encoding phase. In addition, there was no
decrement in performance when attention was split be
tween the melodies' temporal and nontemporal infor
mation. Incoherent melodies, on the other hand, revealed
evidence for independent processing resources. A high
level ofaccuracy occurred only in the prospective group
where subjects were attending to duration during the en
coding phase. However, when attention was directed to
ward a melody's pitch or nontemporal information, dura
tion accuracy declined, particularly when attentional
demands increased due to the division ofattention to both
pitch and duration information. In these situations, peo
ple relied on the availability heuristic such that the tunes
that contained more tonal segments were judged as being
relatively longer.

As a set, then, these overall results extend the resource
allocation theory of time-estimation behavior (Zakay,
1989) by illustrating that the ability to remember duration
is dependent on event structure. Incoherent events, which
primarily appear at the early stages oflearning, display, at
the level ofevent timing, structurally dissociated tempo
ral and nontemporal information. As the resource alloca
tion model predicts, the encoding of these events there
fore requires independent processing resources such that
duration accuracy occurs only when attentional resources
are directed toward this dimension. Retrospective judg
ments, on the other hand, are highly inaccurate, because
attending is primarily focused on nontemporal informa
tion alone. Given that relatively more effort is being ex
pended on making sense of this information and the task
at hand, few resources are left over to encode duration into
the cognitive system. Hence, judgments are inferred from
the salient aspects of the nontemporal array, which typi
cally consist of the number of disconnected chunks or
changes within memory.

The novel contribution of the structural remembering
approach is addressing the time judgments of more pre
dictable events. Again, these often emerge at later stages
of learning where, on a perceptual level, it is apparent
that the event's temporal information and nontemporal
information directly coincide with one another and can
therefore be jointly encoded into the cognitive system.
This results in a high level of accuracy for both prospec
tive and retrospective duration judgments that is often
enhanced by an apparent rhythm that serves to guide both
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attending and retrieving. At a more general level, given
that these events display a high degree of internal orga
nization, fewer resources are needed to process and make
sense of them, which in turn allows a greater allocation
of resources toward the temporal dimension. In many
ways, this concept is directly analogous to one within the
more general cognition literature, where it has been found
that tasks can become automaticized over time such that
individuals can better divide their attention between two
tasks at once (Posner & Snyder, 1975). Here, it is sug
gested that a similar phenomenon occurs with the pro
cessing of information within an event.

Generalizing the Predictability Concept
The purpose of the present research was to extend the

generality of these ideas by investigating some alterna
tive ways in which structural predictability might mani
fest itself in the natural environment. To date, the con
cept of event coherence and predictability has primarily
been considered at the level of event timing and the in
terrelationship between temporal and nontemporal in
formation. Although it is clear how these constructs
manifest themselves within the auditory environment, it
is less apparent how they apply to the routine of every
day life. When one thinks about the types of activities
normally performed during the course ofa day, an analy
sis beyond the microlevel ofevent timing will reveal more
global factors contributing to the overall predictability
of an event. These can be attributed to a wide variety of
sources, but in each case there is a lawful array of infor
mation that allows one to more easily attend to the on
going course ofthe event and later to recapitulate it from
memory.

One context that is particularly useful to investigate is
requiring subjects to perform a set of tasks or activities
over a given time span. This is highly representative of
everyday behavior, because one's day, to a large extent,
is defined by the sequence of actions that must be per
formed-for example, getting up in the morning, going
to work, and doing the tasks required ofone's job. Within
this overall script, task predictability can arise in at least
three different ways. The first, investigated in Experi
ment 1, consists of simply knowing in advance what se
quence of activities must be performed. For example, if
a secretary is informed beforehand that (s)he must type
an exam into the computer, schedule a series of speakers,
enter some data into a spreadsheet, and order some sup
plies, (s)he knows exactly what (s)he is expected to do
over the course of the morning. Assuming these tasks are
well-learned ones that have been performed in the past,
this individual can imagine or plan in advance what se
quence of steps must be performed, how these should be
done, and in what temporal order. This, in turn, grants
greater predictability to the total time span than if (s)he
is not instructed on what to do next until after a preced
ing task has been completed. The second source of pre
dictability, investigated in Experiment 2, involved task
ordering. If a set ofrequired tasks is always performed in

the same invariant order, this, too, grants greater pre
dictability than if the ordering varies across successive
occasions. Relative to the latter, which may appear as a
series of disconnected chunks, an invariant ordering of
tasks imposes a higher order organizational scheme,
which should thereby facilitate both the encoding and the
remembering of the event's total time span. Lastly, Ex
periment 3 investigated the occurrence of interruptions
at between- versus within-task locations. Given that the
former coincides with task boundaries, this should also
yield greater accuracy in remembered durations.

EXPERIMENT 1

These ideas were investigated by asking advanced psy
chology students to perform a set of four familiar tasks
that were routinely required within the psychology cur
riculum: word-processing or typing a text into a com
puter; proofreading a text for spelling errors; entering
data into a spreadsheet; and calculating means on the
computer for a series ofdata sets. The main manipulation
in this first experiment was in the type ofadvance infor
mation subjects received. In one group, subjects were
told ahead of time exactly what tasks they would be per
forming and the order in which they would occur. In con
trast, a second group was not given any advance infor
mation about what they would be doing until immediately
before a given task, that is, they did not know what the
four tasks would be or the order in which they would occur
until after the experiment was over. After completing the
set of four tasks, subjects in both conditions were asked
to verbally estimate, to the nearest half minute, the du
ration of each. If the construct of structural predictabil
ity is a generalized one that influences the ability to re
member event durations, the same pattern of results as
observed with manipulations of event timing should be
obtained. Overall, the tasks that are more predictablystruc
tured should yield more accurate and reliable estimates
than those that are less predictably structured. In addi
tion, while the former condition should yield no system
atic biases, the latter may give rise to systematic overes
timations due to the seemingly disconnected nature of
the tasks' time spans (i.e., availability heuristic).

Method
Design and Subjects

The design was a 2 X 4 X 4 mixed factorial. Twogroups of sub
jects who varied in the type of advance information they received
(advance expectancies, no advance expectancies) were each asked
to perform a set of four tasks over the course of the experiment
(word processing-WP, proofreading-PR, data entry-DE, and
the calculation of means-CM). The particular ordering of these
tasks was counterbalanced across all subjects 0, II, III, IV).

Thirty-two students from thejunior and senior psychology courses
at Haverford College participated in the experiment in return for
the opportunity to win three $10 lottery prizes. Each had previously
taken an introductory statistics course and a course in experimen
tal psychology during the preceding I \12 years, in which they had
routinely been required to analyze different data sets and report the
results in APA-style manuscripts.



Stimulus Materials and Apparatus
All four tasks were performed on a Macintosh Performa 6115CD

computer. For the WP task, subjects were asked to type in a manu
script by Boltz (1991) that had previously been published in a psy
chological journal. This particular document was chosen simply
because it was similar to the types of papers required in the depart
ment's curriculum. In the PR task, a second document, published by
Boltz, Schulkind, and Kantra (1991), was presented on the com
puter and the spelling ofone to three words on each successive line
was altered. The third task required subjects to make a DE onto a
spreadsheet that accompanied the Statistica software program (pub
lished by StatSoft, Inc., 2325 East 13th Street, Tulsa, OK 74104), a
package used in all statistics courses within the department. These
data were from a hypothetical study in which 100 males and 100 fe
males were compared for differences in pain sensitivity as mea
sured by the response latency to a hotplate. To enable subjects to
enter these data into the computer, two columns on the spreadsheet
were provided: the first for the codes of I and 2 to represent males
and females, respectively, and the second for the dependent mea
sure of response latency. Lastly, 60 raw data sets were prepared for
the CM task, each consisting of eight four-digit numbers.

Procedure
The subjects were individually tested and randomly assigned to

one of four task orders (WP, PR, DE, CM; CM, DE, PR, WP; PR,
WP, CM, DE; or DE, CM, Wp, PR) and one of two instructional
groups. They were told that the purpose of the experiment was to
investigate people's ability to perform different types of cognitive
tasks and that, since they would be using their hands, to remove all
rings, watches, and bracelets so that these would not interfere with
their motor performance.

Subjects in the first group (advance expectancies) were then in
formed of what would occur during the course of the experiment.
They were given a briefdescription ofthe four tasks they would be
performing and of the particular order in which these would occur.
In contrast, subjects in the second group (no advance expectancies)
were not given any such information; instead, they were simply
told, immediately before it was presented, what task they would be
performing. Hence, the complete set of tasks and their overall or
dering was not known until the end ofthe experiment. At this point,
the subjects began their participation in the four tasks. The instruc
tions for each were as follows:

Word processing (WP). "The first task we'd like you to do is a
word-processing one-that is, we'd like you to type this paper into
the computer (where an open file for Microsoft Word was waiting).
As you're entering this paper, please go at your own pace, the rate
with which you are the most comfortable. Don't worry about proof
reading what you've already entered or correcting any typographi
cal errors. When I say START, please begin and continue to work
until I say STOP."

Proofreading (PR). "In this next task, we'd like you to proof
read a document that is displayed on the screen in front of you. We
simply want you to carefully read through the paper and correct any
errors you find. I should mention that all errors are simply spelling
ones-the grammar and syntax should be fine and so don't worry
about correcting these. When you see a spelling error, use the mouse
to delete the word and then type in the correction. Again, please go
at your own pace and work at the rate with which you are the most
comfortable. When I say START, please begin and continue to work
until I say STOP."

Data entry (DE). "Now we'd like you to enter some data into
the spreadsheet shown on the screen in front of you. They represent
data from a study in which males and females were assessed for any
differences in pain sensitivity, as measured by how long they could
keep their finger on a hotplate. All you need to do is make sure that
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the two columns of numbers you see on this piece of paper are en
tered into the appropriate columns ofthe spreadsheet. Again, please
go at your own pace and work at the rate with which you are the
most comfortable. Please begin when I say START and continue to
work until I say STOP."

Calculation ofmeans (CM). "In this last task, we'd like you to
compute the mean ofsome data sets shown on the screen in front of
you. The mean is determined by adding up all ofthe scores and then
dividing by the number of scores. Please use the calculator on the
Mac and enter the mean under its respective data set. As before,
begin when I say START and continue to work at your own pace until
I say STOP."

Each individual task was performed for 12 min, a duration that
was timed by the experimenter with a stopwatch. Following this, all
subjects were unexpectedly asked to complete a questionnaire that
assessed several different indices of behavior. They were first asked
to estimate, to the nearest half minute, the duration of the entire ex
periment and how long it had taken them to complete each individ
ual task. After this, they were asked to rate each of the four tasks,
on a 7-point scale, for three different characteristics: its overall fa
miliarity (I = very familiar), overall difficulty (I = very easy), and
overall interest level (I = very interesting).

Results

To determine both the accuracy and bias of duration
judgments, a set of ratio scores was determined for each
subject that evaluated a task's estimated duration relative
to its actual duration. Ratios equal to 1 represent perfect
accuracy, those less than 1 indicate relative underestima
tions, and those greater than 1 indicate relative overesti
mations. One can also determine the mean percent error
of subjects' estimates by subtracting a value of 1 from
each observed ratio and then multiplying by 100. For ex
ample, a ratio of 1.24 means that subjects, on average,
overestimated a task's duration by 24%. These mean
ratio scores are shown in Figure 2 as a function of the
two instructional conditions and each of the four tasks.
Means have been collapsed over the counterbalancing
variation of task order because this exerted negligible ef
fects on performance (F < 1). In addition, the estimated
duration ofthe experiment's total time span is not reported
because, in all cases, this value was equal to the sum of the
tasks' judged durations.

An overall analysis of variance indicates that the ma
nipulation of advance expectancies exerts a significant
influence on the accuracy and bias ofduration judgments
[F(l,24) = 7.29, MSe = .076,p < .001]. As seen in Fig
ure 2, the subjects who knew in advance what types of
tasks would be performed and in what order yielded more
accurate and reliable estimates than did the subjects who
had no such information. In addition, while the former
group shows no systematic bias (i.e., ratios equal to 1), the
latter displays significant overestimations that, on aver
age, are 38% longer than the tasks' actual durations. An
interaction between task type and the instructional ma
nipulation [F(3,72) = 4.61, MSe = .042,p < .01] further
reveals that this overestimation bias is significantly
higher in two ofthe tasks, namely, data entry and the cal
culation of means. An analysis of covariance indicated



774 BOLTZ

CMDEPRWPCMDEPRWP

1.50
1.45
1.40
1.35
1.30
1.25
1.20
1.15
1.10
1.05

En 1.001-.-........-._..--....-._-
AD .95

.90

.85

.80

.75

.70

.65

.60

.55

.50
Advance Expectancies No Advance Expectancies

Figure 2. Mean ratio scores (estimated duration/task's actual duration) in Experiment 1
as a function of the type of advance information subjects received and the set of tasks per
formed (WP = word processing; PR = proofreading; DE = data entry; eM = calculation
of means). Ratios equal to 1 represent perfect accuracy; those greater or less than 1 indicate
over- and underestimations of a task's duration, respectively.

Table 1
Percent Frequency of Under-, Over-, and Accurate Estimations
of Judged Duration in Experiment 1 as a Function of Task Type

and the Instructional Manipulation of Advance Expectancies

Accurate
Underestimations Overestimations Estimates

that while all tasks are comparable in their degree of
difficulty and interest, the tasks ofdata entry and the cal
culation of means are rated as less familiar to subjects
(x = 5.4 and 5.8, respectively) than are those of word
processing (x = 2.3) and proofreading (x = 3.3) and sig
nificantly influence duration judgments.

Lastly, a final analysis was conducted to assess the
percent frequency ofsubjects showing relative over- and
underestimations in each condition of the experiment.
These are shown in Table I. As previously suggested by
the ratio data, subjects in the advance-expectancies condi
tion are equally likely to make an over- or underestima
tion ofeach individual task. However, in the no-advance
expectancies condition, the percent frequency of an
overestimation is significantly higher than that of an un-

No Advance Expectancies

31.25 62.50
37.50 56.25
12.50 87.50
6.25 93.75

Word processing
Proofreading
Data entry
Calculation of means

Word processing
Proofreading
Data entry
Calculation of means

Advance Expectancies

43.75
50.00
37.50
43.75

31.25
31.25
43.75
43.75

25.00
18.75
18.75
12.50

6.25
6.25
0.00
0.00

derestimation in all task types, but particularly so in the
data entry and the calculation of means tasks. These dif
ferences were confirmed by a chi-square analysis (X2 =

28.58,p < .01).

Discussion

The primary finding of this first experiment is that
when people know ahead of time exactly what they will
be doing during a given time span, this form ofstructural
predictability leads to highly accurate estimates of the
actual durations of tasks. Across all four tasks, the ratio
scores ofestimated-to-actual durations are indistinguish
able from a value of 1 representing perfect accuracy. In
contrast, the accuracy and reliability ofestimates markedly
decline when subjects have no advance information, and
this is particularly true when they are performing rela
tively less familiar activities. In general, there are sev
eral factors that appear to be operating in tandem here to
explain this overall pattern of results.

At a global level, advance expectancies allow people to
plan ahead and to envision what set of steps will be re
quired for each task and the overall temporal ordering of
activities. This, in turn, grants a degree of integration to
the total interval that is higher than it would be if one
were not told what to do next until after a preceding task
had been completed. In effect, the former condition en
ables people to conceive the span holistically, from begin
ning to end, and as it unfolds, the overall expected sequence
ofevents matches one's preconception. One consequence
is that fewer processing resources will be required, thereby
making more resources available for the incidental en-



coding of event duration. The second condition, on the
other hand, creates a time span that is highly uncertain
throughout because one has no idea what will happen
next or when the final ending point will occur. Given that
more processing effort will be needed here, duration is
less likely to be incidentally encoded into the cognitive
system, and so people will be more apt to rely on the avail
ability heuristic to infer judged duration. In contrast to
the more holistic nature of the time span in the advance
expectancies condition, the changes from one task to an
other will be more salient and, as the memory theorists
(Block, 1985; Ornstein, 1969) predict, this results in rel
atively longer time judgments. This is especially true with
less familiar tasks where the sequenceof required steps has
not yet been integrated into a coordinated whole.

There is a second factor that is likely at play here, and
it involves the mediation of expectancies. In a previous
set of studies (Boltz, 1993), it has been found that when
the actual amount of activity within a given time span
(i.e.,number oftrials in a musical perception task) matches
one's initial expectancies, retrospective duration judg
ments are highly accurate. In contrast, relative over- and
underestimations arise, respectively, when the amount of
activity is greater or less than expected. In addition,
overestimations also arise in the absence of expectancies
when one is waiting for an ending point that has not yet
occurred and hence is late in coming. This overall sce
nario is directly analogous to the expectancy manipu
lation within the present experiment. In the advance
expectancies condition, where the actual content and se
quence of tasks conform to one's preconception, dura
tion estimates are not only highly accurate and reliable
but display no systematic bias. The no-expectancies con
dition, on the other hand, does yield an overestimation
bias which, in turn, significantly decreases the overall
accuracy of performance.

EXPERIMENT 2

Experiment 2 had three goals. The primary one was to
examine a different form of predictability that could
occur in the performance ofa set of activities, namely task
ordering. In particular, there are many jobs and vocations
that require one to perform certain routines on a daily
basis. On some occasions, these are done in the same in
variant order; on other occasions, they are done in a vary
ing order. For example, in the context of the present ex
periment, one may repeatedly perform the WP, PR, DE,
and CM tasks in the same sequence over time or in a
more random sequence. The question is, does this influ
ence duration-judgment behavior?

From the perspective of the structural remembering
approach, the higher degree ofpredictability afforded by
invariant task ordering should influence cognitive pro
cessing activities in at least two ways. First, the repetitive
performance of tasks creates a higher order rhythm, where
the change from one task to another acts as a type ofac
cent. Given that the individual tasks themselves always
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recur in the same sequence, one can anticipate in ad
vance what the next task will be. This, in turn, will de
crease the amount ofattentional effort required and allow
for more resources for the incidental encoding of event
duration. In addition, the retrieval of this information
should be facilitated by the overall rhythm that emerges,
allowing people to reconstruct the interval from begin
ning to end. Overall, this means that duration estimates
should be highly accurate and reliable and display no
systematic bias. A randomized arrangement, on the other
hand, will require more processing effort, because one
does not know which task will occur next, and there is no
overall rhythm to serve as a retrieval scheme during re
membering. Hence, estimates will not only be less accu
rate but may reflect use of the availability heuristic in the
form of an overestimation bias.

The latter prediction is related to the second purpose
of this experiment, which was to assess effects due to the
number of task segments on duration judgments. Al
though an increase in the amount ofsegmentation within
an event has consistently revealed a corresponding in
crease in duration estimates (Poynter, 1983; Zakay, Tsal,
Moses, & Shahar, 1994), a recent set of studies by Boltz
(1995) has shown that this effect depends on event struc
ture. When the number ofevent segments is varied through
manipulations in event timing, it is found that the seg
mentation bias is relatively absent in predictable events
but is strongly apparent in unpredictable ones. The use of
this availability heuristic, in fact, was assumed to con
tribute to the overestimation bias observed in the no-ex
pectancies condition of Experiment 1. Here, however, it
is examined more directly by varying the number of task
segments. That is, in addition to having two groups of
subjects who repetitively performed each task twice, in
a predictable or unpredictable order, a third group was
included who performed each task once, resulting in eight
versus four task segments, respectively, across the differ
ent conditions. If effects from event timing generalize to
the present context, then segmentation should exert a
similar influence on the manipulation of task ordering.
Relative to the four-segment condition, the variant or
dering of eight task segments should produce longer es
timations than would an invariant ordering.

A final goal was to compare time-estimation behavior
under prospective versus retrospective circumstances. One
assumption of the structural remembering approach is
that while coherent events should yield comparable ac
curacy levels in both experienced and remembered du
ration, the duration estimates of less predictable events
should be accurate only in prospective situations in which
people can rely on conscious time-keeping strategies to
aid performance. This pattern of results has previously
been observed in the judged durations of coherent and
incoherent melodies (Boltz, in press). If these findings
also occur when different activities are being performed,
then, in contrast to an invariant ordering of tasks, a vary
ing order should yield different patterns of accuracy in
prospective versus retrospective conditions.
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Method
Design and Subjects

The design was a 4 X 3 X 2 X 4 mixed factorial. All subjects
performed the same set of tasks as in Experiment I (WP, PR, DE,
CM) but in one of three different arrangements (each task once;
each task twice, predictable order; each task twice, unpredictable
order). The two remaining between-subjects variables were type of
instructions administered to subjects (prospective, retrospective)
and counterbalance order (I, II, III, IV).

Ninety-six students from the junior and senior psychology
courses at Haverford College participated in the experiment in re
turn for the opportunity to win 10 $10 lottery prizes. Each satisfied
the same criteria as in Experiment I and was randomly assigned to
I of the 24 between-subjects conditions.

Procedure
Subjects in all conditions were tested individually. They were

asked to remove all jewelry so that these would not interfere with
the set of motor tasks they would be performing. They were then
given a briefdescription of the four tasks and randomly assigned to
one of three groups that varied in task ordering and the number of
task segments. In the first condition, subjects performed each task
once for 12 min before immediately going on to the next one. These
tasks were arranged according to one of the four counterbalanced
orders used in Experiment I. Subjects in the second condition were
asked to perform each task twice for 6 min each, with the ordering
of the tasks being a predictable one. These too were performed
within the four counterbalanced orders of Group I and then imme
diately again in the same sequence. The third condition was identi
cal to the preceding one except that the tasks occurred in a more un
predictable order. That is, the subjects performed each of the four
tasks within one of the four counterbalanced orders ofGroup I and
then immediately again but in a different sequence. Across all three
groups, the total duration of each of the four tasks was 12 min, and
although the subjects knew in advance what tasks would be re
quired, they were not told in what order these would occur.

Before the beginning of the experiment, the subjects were also
randomly assigned to one oftwo instructional groups. One was told
that they would later be asked for a time judgment of each individ
ual task (prospective); the upcoming time-estimation task was not
mentioned to the second group (retrospective).

After the entire set of tasks had been completed, all subjects were
asked to verbally estimate, to the nearest half minute, how much
total time had been spent in performing each of the four tasks and,
in addition, to rate each on a 7-point scale for its degree of famil
iarity, difficulty, and overall interest level.

Results

As in Experiment I, a set of ratio scores was deter
mined for each subject in order to evaluate a task's esti
mated duration relative to its actual duration of 12 min.
These mean values are shown in Figure 3 as a function
of the four individual tasks, their overall arrangement,
and the type of instructions administered to subjects.

An overall analysis of variance reveals a main effect
for type of instructions [F(l,72) = 19.87, MSe = .0038,
p < .00 I], in which the subjects in the prospective con
dition produce more accurate and reliable estimates (x =
1.06) than those in the retrospective condition (x = 1.16).
This effect, however, is qualified by a significant inter
action with task arrangement [F(2,72) = 11.5, MSe =
.0038, P < .00 I]. In the prospective condition, there are
no differences between the three task arrays and, in all

cases, the set of ratio scores does not significantly vary
from a value of I, representing perfect accuracy. In effect,
task ordering and segmentation exert no influence on be
havior. The retrospective condition, on the other hand,
produces a very different pattern of results. Here, the most
accurate estimates are found when subjects perform each
task twice in a predictable sequence, and once again the
ratio scores are indistinguishable from a value of I. How
ever, relative to this condition, estimates not only decline
in their accuracy and reliability, but become signifi
cantly longer when subjects perform each task on a sin
gle occasion. In addition, this overestimation bias be
comes even more pronounced when tasks are performed
repetitively in an unpredictable order. These differences
between the three task arrays were confirmed by a set of
Tukey post hoc comparisons when p was set to .05.

These differential effects of task ordering/segmenta
tion on prospective versus retrospective judgments were
very robust ones that applied to each of the four tasks
within the experiment. As in Experiment I, the tasks
were rated comparably on the dimensions of interest and
difficulty but, in contrast to the word-processing and
proofreading tasks, those of data entry and the calcula
tion of means were considered relatively less familiar
(x = 1.9 and 2.5 vs. 5.5 and 5.8, respectively). However,
an analysis of covariance indicated that the overall pat
tern ofduration estimates was independent of these per
ceptual dimensions.

Lastly, the percent frequencies ofover- and underesti
mations were determined for each condition in order to
assess the overall generality of results across all subjects
within the experiment. These are shown in Table 2, where
frequencies have been collapsed over the individual tasks.
As can be seen, subjects in the prospective condition
produced a relatively high frequency of accurate esti
mates, and when bias occurs, it is equally likely to be an
over- or underestimation. In the retrospective condition,
this same pattern of findings occurs when subjects per
formed each task twice in a predictable order. In con
trast, the majority of subjects in the two remaining task
arrays were significantly more likely to overestimate a
task's duration (x2 = 14.16,P < .0 I). Again, these effects
are reliable ones that apply to all four task types in each
condition of the experiment.

Discussion

In contrast to Experiment I, the design of this second
experiment enables one to more directly assess the un
derlying mechanisms assumed to mediate durationjudg
ments. By manipulating the use of prospective versus
retrospective instructions, this not only allows one to
compare the encoding ofevent duration when time is con
sciously or only incidentally attended to, but to also ex
amine whether task ordering and segmentation exert a
differential influence on experienced versus remembered
duration. And overall, results are consistent with the re
source allocation theory of time-estimation behavior as
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Figure 3. Mean ratio scores (estimated duration/task's actual duration) in Experiment 2 as a
function of task type, task arrangement, and prospective versus retrospective instructions
(WP = word processing; PR = proofreading; DE = data entry; eM = calculation of means).
Ratios equal to 1 represent perfect accuracy; those greater or less than 1 indicate over- and un
derestimations of a task's duration, respectively.

it has been modified and extended by the structural re
membering approach.

In the prospective condition of this experiment, when
subjects were informed in advance that a time judgment
would later be required, most attentional resources were
directed toward the tasks' durations and the use of any

time-keeping strategies to facilitate this encoding process.
Hence, duration judgments were highly accurate and re
liable, a finding that converges with several other stud
ies in the past literature (Brown, 1985; Brown & Stubbs,
1992; Miller et a!., 1978; Zakay, 1993). In addition, task
ordering and segmentation exerted no effects because
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Table 2
Percent Frequency of Under-, Over-, and Accurate Estimations

of Judged Duration in Experiment 2 as a Function of
Task Arrangement and Prospective Versus

Retrospective Instructions

Accurate
Underestimations Overestimations Estimates

Prospective Judgments

Each task once 36.0 36.0 28.0
Each task twice:

predictable order 34.0 31.0 34.0
Each task twice:

unpredictable order 37.5 37.5 25.0

Retrospective Judgments

Each task once 14.0 70.0 16.0
Each task twice:

predictable order 39.0 36.0 25.0
Each task twice:

unpredictable order 8.0 88.0 3.0

these manipulations were essentially irrelevant to the
goal at hand-namely, consciously monitoring time's pas
sage. This finding is also consistent with past research
by both Poynter (1983) and Zakay et al. (1994), who com
pared prospective and retrospective time judgments of
word lists that had been segmented or unsegmented by
high-priority events (i.e., Presidential names). In prospec
tive situations, the nontemporal information of an event
is presumably processed by its own independent mecha
nism, and such features as task ordering and segmentation
are therefore ignored in temporal encoding activities.

In contrast, the retrospective judgments in this exper
iment were strongly influenced by manipulations ofnon
temporal information. Relative to the corresponding pros
pective conditions, the subjects who had performed each
task once were much less accurate and showed an over
estimation bias on the order of a 14% bias that became
further enhanced (29%) when subjects performed each
task twice in an unpredictable order. Here, given the na
ture of the retrospective instructions, there was no need
to attend to duration as the event transpired. In addition,
although subjects knew in advance what the four tasks
would be, their relative ordering was an arbitrary one that
introduced uncertainty during the encoding phase and
thereby increased the amount of processing effort. Hence,
when estimating the task durations, subjects relied on the
only source of information that was available in memory,
namely, the number oftask segments-the more segments
present, the longer the time judgments.

The more interesting finding is the retrospective time
judgments of tasks that had been performed twice in a
predictable order. Overall, these events produced no sys
tematic biases and yielded an accuracy level that was
comparable to the prospective conditions. Given that the
ordering of the second set of tasks matched the first, sub
jects could predict what the next task would be, which
thereby freed more resources for the incidental encoding
of event durations. In addition, the overall task arrange-

ment in retrospect produced a higher order rhythm that
could be used as a retrieval scheme for reconstructing
durations of the tasks. Hence, even though more task
segments were present here than in the condition in which
each task was done once, the predictable array of seg
ments led not to longer estimates as the memory and at
tention-based models would predict, but to shorter and
more accurate estimates. This highlights the point that it
is not merely the number of chunks and changes that
matters in retrospective circumstances but the overall
predictability of their arrangement.

As a set, then, the overall effects observed in this sec
ond experiment converge with previous manipulations of
predictability introduced through variations in event tim
ing and temporal accent structure (Boltz, 1995, in press).
Although predictability can arise within many different
levels of an event's structure, it nonetheless appears to
exert a common influence on time-estimation behavior.

EXPERIMENT 3

This, final, experiment evaluated a different source of
predictability which frequently occurs in everyday be
havior. That is, when performing a set of tasks or activi
ties over a given time span, one is often interrupted by
various external factors-the ringing of the telephone or
doorbell, conversations with others, and so on. Although
any sort of interruption would appear to decrease the
overall coherence of an event and disrupt cognitive pro
cessing activities, it may be that this depends on where
the distractions occur.

Such a finding, for example, has previously been ob
served with the judged duration of musical compositions
and filmed narratives (Boltz, 1995). In the latter, inter
ruptions in the form of commercial breaks were placed
at locations that either coincided (i.e., between episodes)
or conflicted (within episodes) with grammatical phrase
boundaries to yield coherent and incoherent events, re
spectively. When subjects were later unexpectedly asked
to remember a film's duration, the results showed that
the coherent versions yielded a higher level of accuracy
than the incoherent ones. In addition, relative to a no
commercial condition, an increased number ofcommer
cials at episode boundaries significantly increased both
the accuracy and reliability of judgments, while an op
posite effect occurred when commercials occurred
within episodes. Accuracy was not only lower in the lat
ter condition but became increasingly longer as the num
ber ofcommercials increased. These results suggest that,
at a more global level, interruptions act as a set of ac
cents that provide landmarks for remembering an even
t's time span. Hence, when these regularly recur and
highlight the natural boundaries of an event's structure,
they provide a higher order retrieval scheme that facili
tates remembering. In contrast, interruptions that occur
within natural boundaries detract attention away from the
event's inherent structure, and the more interruptions



there are, the more this organization is obscured. Esti
mates therefore become increasingly longer due to the
number of seemingly disconnected chunks.

Experiment 3 was designed to determine whether
a similar pattern of effects would emerge when a set of
tasks were being performed. Two conditions from Ex
periment 2 were used, with subjects performing each of
the four tasks (WP, PR, DE, and CM) twice in a pre
dictable or unpredictable order. During the course of
this, interruptions occurred in the form ofphone calls to
the experimenter, who was sitting in the same room as
the subject. The key manipulation was where these inter
ruptions occurred. In one condition, they always oc
curred between two individual tasks; in a second, they
occurred within a given task. Two other conditions, in
which no interruptions occurred, were included as con
trols. Afterwards, all subjects were unexpectedly asked
to estimate each task's total duration. Given the results of
Experiment 2, in which variations in predictability ex
erted an influence on remembered duration alone, all
judgments in this third experiment were retrospective in
nature.

If these types of interruptions form an overall accent
structure the results for the predictable task ordering
should b~ analogous to those of the film study described
earlier: relative to the no-interruption condition, phone
calls occurring between tasks should yield a higher level
of duration accuracy than should calls occurring within
tasks. Predictions for the conditions displaying an un
predictable task order are somewhat less straightfor
ward. Although the no-interruption group should show a
low level of accuracy in the form of an overestimation
bias, as in Experiment 2, these effects should increase in
magnitude when interruptions occur within a given task.
Distractions will provide an even greater degree of un
predictability and, given the increased number of task
changes and segments, the tasks' durations should seem
relatively longer in retrospect. However, the effects of
placing interruptions between tasks are less clear. On the
one hand, performance may be comparably poor due to
the mere presence of distractions within a random or
dering oftasks. Conversely, duration accuracy may actu
ally improve due to the regular recurrence of interrup
tions. If these act as accents in memory, then the tasks
that immediately follow may be attentionally highlighted
and hence be better remembered. In essence, then, the
interruption manipulation should exert a similar impact
on both arrangements of task order.

Method
Design and Subjects

The design was a 4 X 2 X 3 X 4 mixed factorial where the sole
within-subjects factor was the set of four tasks that all subjects per
formed. These tasks recurred in a predictable or unpredictable order
and displayed one of three types of interruptions (between tasks,
within tasks, none). Counterbalance order (I, II, III, IV) was the re-
maining between-subjects factor. . .

Ninety-six subjects participated in the experiment and satisfied
the same criteria as in Experiment 2.

TASK PREDICTABILITY 779

Procedure
The procedure was identical to the two conditions of Experi

ment 2 where subjects performed each of the four tasks twice, in a
predictable or unpredictable order, for a total duration of 12 min for
each task. However, in addition to these two conditions, which served
as controls, four other conditions, which varied in the placement of
interruptions, were included. These interruptions were in the form
offour briefphone calls to the room where the experiment was being
conducted; in each case, the experimenter answered the phone and
said, "No, (s)he isn't here right now;' and then hung up. In two of
the conditions, these interruptions always occurred immediately
after the instructions had been presented to a subject and before the
onset of the task itself. These occurred before the first, third, fifth,
and seventh tasks, respectively, of the predictable and unpredictable
task sequences. In the two remaining conditions, the interruptions
were identical but occurred during the first, third, fifth, and seventh
tasks. Within these four tasks, the phone calls occurred during the
4th, 2nd, 3rd, and 5th minute, respectively,ofthe 6-min task duration.

At the end of the experimental session, all subjects were unex
pectedly asked to estimate, to the nearest half minute, the total du
ration of each of the four tasks and to also rate each for Its degree
of familiarity, difficulty, and overall interest level.

Results

The mean ratio scores of estimated to actual duration
are presented in Figure 4 as a function of task ordering,
task type, and placement ofthe interruptions. As bef~re,

means have been collapsed over the counterbalancmg
variation of task order, since this exerted negligible ef
fects on performance (F < 1).

The overall analysis of variance reveals a main effect
for task order in which a predictable sequence leads to
greater duration accuracy than does an unpredictable o.ne
[F(I,72) = 31.83,MSe = .0049,p<.001]. Themore.m
teresting finding, however, is a significant interaction
between task order and the placement of interruptions
[F(2,72) = 9.89,MSe = .0049,p < .001]. As seen in the
predictable-order conditions of Figure 4 (Panel A), du
ration estimates are very accurate and do not vary from
a value of 1 when there are no interruptions within an ex
perimental session. Relative to this control group, esti
mates are equally accurate when interruptions occur be
tween tasks. However, the placement of interruptions
within individual tasks produces a significant decrease
in accuracy and reliability that is due to an overestima
tion bias. The unpredictable-task orders shown in Panel B
reveal a somewhat different pattern ofresults. In the con
trol group, there is a relatively poor level of accuracy in
which overestimations occur on the order of27.5%. How
ever while this error rate and overestimation bias signif
ican~ly increase to 36.5% when interruptions occur within
tasks, it decreases by 10% when these same interruptions
occur between tasks. These overall differences in perfor
mance are confirmed by a set ofTukey post hoc compar
isons (p < .05).

A secondary set of analyses was conducted to deter
mine whether interruptions merely influenced the judged
durations of the tasks with which they coincided (i.e., the
first, third, fifth, and seventh tasks of each sequence) or
exerted an impact on all tasks within an experimental
session. The latter was determined to be true, and this ap-
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Figure 4. Mean ratio scores (estimated duration/task's actual duration) in Experiment 3 as a
function of task arrangement, task type, and placement of interruptions (WP, word processing;
PR, proofreading; DE, data entry; eM, calculation of means). Ratios equal to 1 represent per
fect accuracy; those greater or less than 1 indicate over- and underestimations of a task's dura
tion, respectively.

plied to the placement of interruptions both between and
within tasks, as well as to both predictable and unpredict
able task orders.

As a set, then, these overall results are fairly robust ones
that generalize across different tasks. An analysis of co
variance also reveals that they are not influenced by a task's

degree of interest, difficulty, or familiarity. Lastly, an
analysis of the percent frequency of over- and underesti
mations in each condition indicates that the pattern of
bias is one that applies to the majority of subjects in the
experiment. As seen in Table 3, the conditions producing
a high degree of accuracy display no systematic bias,



Table 3
Percent Frequency of Under-, Over-, and Accurate Estimations

of Judged Duration in Experiment 3 as a Function of
Task Arrangement and Placement of Interruptions

Accurate
Underestimations Overestimations Estimates

Predictable Task Order

No interruptions 41.0 34.0 25.0

Between-task
interruptions 37.5 34.5 28.0

Within-task
interruptions 25.0 56.0 19.0

Unpredictable Task Order

No interruptions 12.5 79.5 8.0

Between-task
interruptions 25.0 62.5 12.5

Within-task
interruptions 8.0 86.0 6.0

while those yielding a low level of accuracy are accom
panied by a high percentage of overestimations (X2 =
15.55,p < .01).

Discussion

The results of this third experiment provide further ev
idence that the inherent structure of a time interval in
fluences the overall accuracy in which it is remembered.
Although external distractions can exert a deleterious ef
fect on remembering, those that coincide with the natural
boundaries ofan event significantly improve the retrieval
of the event's total time span. This has been observed pre
viously with the duration memory of musical composi
tions and filmed narratives (Boltz, 1995) and was found
here with task performance.

In the tasks that were predictably ordered, performance
was indistinguishable from perfect accuracy when there
were no interruptions during the experimental session.
Given this ceiling effect, it was not possible to determine
whether performance benefited from the placement of
interruptions between tasks. However, the comparable
conditions in the unpredictable-task sequences revealed
a 10% improvement in accuracy and bias. At a higher order
level, interruptions at these locations can act as cognitive
referents that attentionally highlight the corresponding
tasks and thereby allow one to more easily reconstruct the
interval from memory. Although performance is still im
paired from the arbitrary ordering of tasks, the regularly
recurrent pattern of interruptions provides a higher order
retrieval scheme that facilitates remembering.

In contrast, the occurrence of interruptions within tasks
gives rise to an increase in error and an overestimation
bias. Regardless of the overall ordering of the tasks, au
ditory distractions at these locations disrupt the ongoing
flow of activity and direct attention away from the task
itself. In addition to influencing the encoding of tempo
ral information, an overall pattern of segmentation is im
posed that conflicts with task boundaries and thereby de-
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creases the overall organization of the interval. The end
result is a series of seemingly unrelated chunks and
changes that, given their salience, lead to an overestima
tion bias via the availability heuristic.

GENERAL DISCUSSION

The results of the three experiments described here il
lustrate that the construct of predictability is a key fac
tor in determining both the accuracy and bias of time
estimation behavior. In each case, a higher degree of
predictability leads to more accurate and reliable dura
tion estimates that are relatively free of bias, while un
certainty decreases accuracy through an overestimation
bias. These overall results not only render insight into
those mediational mechanisms responsible for temporal
behavior, but also suggest some practical applications
for everyday behavior.

Predictability can arise from many different aspects of
an event's structure, but in each case grants greater co
herence to a given time span. At the microlevel of event
timing, temporal accents arising from pauses or prolonged
durations can be demonstrated to bear lawful or unlaw
ful ratio relations to an event's hierarchical arrangement
of nontemporal information (Boltz & Jones, 1986). This
hierarchy is typically generated from an underlying gram
mar, such as that found within musical compositions (Ler
dahl & Jackendoff, 1983), speech utterances (Grosjean
et al., 1979) and conversations (Jaffe & Feldstein, 1970),
narrative stories (Mandler & Johnson, 1977; Thorndyke,
1977), or action movements (Newtson, 1973; Pierson,
1976). In any case, temporal accents either reinforce or
conflict with phrase boundaries to attentionally highlight
or obscure the event's inherent organization. Within the
routine ofeveryday life, predictability can also arise from
more global factors. Some of these were investigated here
and include the extent to which an individual knows or
does not know in advance what exactly will be required
during a given interval, an invariant or variant ordering
of activities, and the relative placement of interruptions
during an ongoing task. Although it was not directly ad
dressed here, learning and level of expertise can also con
tribute to the overall predictability of an activity by de
termining how well an individual knows what steps will
be required and how these should be executed. This fac
tor was held constant within the present set of studies in
order to maintain methodological rigor, but it is, never
theless, an important one, because the same event or ac
tivity will seem less coherent at early stages of learning
than it will at later stages (Boltz, 1996).

Despite these different origins, predictability provides
the common function of integrating an event and its total
duration into an organized whole in which nested sets of
subelements appear to be interrelated to one another. In
addition, one can often generate expectancies about the
event's ongoing course that are subsequently confirmed.
In contrast, when predictability is absent, there is no
overarching sense oforganization; instead, the event ap-
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pears to consist ofa number ofsegments or changes from
one element to another that are all unrelated and discon
nected from one another. From a theoretical perspective,
this exerts a differential impact on cognitive processing
activities, which in turn influence time-estimation be
havior. Although many of these processes have been pre
viously addressed by the memory- and attention-based
models, others have been relatively unacknowledged but
are nonetheless consistent with these approaches.

In the past, it has traditionally been assumed by both
the attention- and memory-based models that the effects
of prospective versus retrospective circumstances apply
to all events, regardless of their inherent structure. When
people know in advance that a time judgment will be re
quired, attentional resources can be devoted to time-keep
ing strategies such that estimates will later be quite accu
rate. This, in fact, was found in Experiment 2. However,
in retrospective situations, people are presumably inca
pable of encoding event durations with any degree ofac
curacy because attention is directed exclusively toward
nontemporal information alone. To infer an event's total
time span, people therefore rely on salient features of the
nontemporal array, such as the number of chunks and
changes, and the more features present, the longer the du
ration estimate. Although these assumptions were also
supported in the present set of experiments, they applied
only to less predictable events. In contrast to the models'
predictions, highly predictable events were judged in retro
spect at an accuracy level that was indistinguishable from
the events' actual durations and displayed no systematic
bias. Given their high degree of internal coherence, these
events require fewer processing resources that enable one
to incidentally encode duration into memory. In addition,
there is often a higher order retrieval scheme within an
event's structure itself that facilitates both encoding and
remembering. At the level of event timing, remembering
can be guided by temporal accent structure and, within
the context of performing routine activities, by a lawful
ordering of tasks or the placement of interruptions at task
boundaries. In all cases, these types ofstructural changes
coincide and attentionally highlight the inherent organi
zation of the event's nontemporal information. This not
only facilitates learning, but also provides a set of cogni
tive landmarks that can be used to reconstruct the event's
total time span from beginning to end.

In sum, then, the construct of structural predictabil
ity serves to modify the traditional assumptions of the
attention-based models. Although the underlying mech
anisms of this approach do appear to apply to less co
herent events, they do not readily explain the duration
estimates of more coherent ones. To do so, it must be ac
knowledged that the structural predictability of an event
can both influence the relative allocation of attentional
resources and provide an immediate retrieval scheme for
accurately remembering event durations under retrospec
tive circumstances.

In addition to modifying the attention-based models
ofduration judgment, the ideas that have been presented
here also refine the concept of complexity that the

memory-based models are based on (Block, 1985; Orn
stein, 1969). Ofthese two theoretical approaches, Block's
cognitive-change hypothesis has been particularly suc
cessful in addressing both the direction and bias of time
judgments (see Block, 1985, for a review).Again, the basic
assumption ofthis model is that, in retrospective circum
stances, people do not encode event duration into mem
ory. Instead, an availability heuristic is used in which re
membered duration is inferred from the number of
nontemporal changes in memory: the intervals display
ing more changes (due to event structure, cognitive pro
cessing demands, environmental context, etc.) will seem
relatively longer than those containing fewer changes.
Although this heuristic is once again assumed to apply to
all events, regardless of their inherent structure, the re
sults here indicate that the predicted pattern ofbias is ob
served only for less predictable events. This, in turn,
highlights the idea that it is not merely the number of
changes that influence retrospective judgments. Instead,
changes can play different roles in cognitive-processing
activities, depending on their relative location within an
event's overall context. This is best illustrated in the re
sults of Experiments 2 and 3. In Experiment 2, there were
two conditions that yielded more changes from one task
to another because each was performed twice versus a
third condition where each task was performed once.
However, even though the number of changes was com
parable in the first two conditions, it was only when task
changes occurred in an unpredictable fashion that their
total time spans were judged longer than those of the
third group. In contrast, tasks performed twice in a pre
dictable order were judged with a high degree of accu
racy and no bias. Similar effects were observed in Exper
iment 3 with the placement of interruptions within versus
between tasks. These sets of results demonstrate that
when changes regularly recur and coincide with the hi
erarchical arrangement of nontemporal information,
they function to decrease processing effort by drawing
attention to the events' overall organization. This, in turn,
allows event duration to be encoded into memory. In ad
dition, given that changes mark nested structural rela
tions, they also provide landmarks that enable one to ac
curately retrieve event duration from memory. It is only
when changes conflict with the array of nontemporal in
formation that evidence for an availability heuristic is
manifested through an overestimation bias. The relative
location of these changes fragment the overall organiza
tion of the event and, since duration is less likely to be
encoded, people are biased by the relative number of
changes in memory. In sum, then, in contrast to the tra
ditional assumptions of the memory-based theories, an
increased number of chunks and changes do not always
lengthen remembered duration. Although these con
structs are important ones in time-estimation behavior,
one needs to consider their relative placement within the
event's overall structural arrangement to predict how du
ration judgments will be influenced.

One final issue that merits a brief discussion is that of
stimulus duration. In all three experiments reported here,



the total duration of each to-be-judged task was always
12 min. Although this methodological constant ensures
greater comparability among the individual experiments, it
may raise questions about the overall generality ofresults.
Two points should be noted. First, variations in structural
predictability at the level of event timing have been exam
ined in a broad range of events that span many different
durations. These include musical compositions 2.7 to
14.1 sec in length (Boltz, 1992, 1995, in press), various
types of ecological sounds ranging from 1.74 to 8.5 sec
(Boltz, 1992, 1994), and filmed narratives spanning 43 to
57 min (Boltz, 1995). In each case, the pattern ofresults re
vealed was identical to that observed here with manipula
tions of task predictability. Second, Kerr and Keil (1963)
have conducted a naturalistic study on factory workers in
which task ordering was varied in ways that were very
analogous to those of Experiment 2. Even though these
tasks varied from a few minutes to several hours in dura
tion, the results once again converged with those reported
here. Overall, then, the effects of structural predictability on
remembered duration appear to be very reliable ones that
generalize to a broad range of stimulus durations.

Beyond the theoretical implications of the present re
search, there are also some practical ones that apply to
everyday behavior. One involves task performance within
the work environment. Many vocations do require one to
perform certain activities on a routine basis and, accord
ing to the research here, those repeatedly performed in
the same order should yield shorter and more accurate
judgments than those performed in a varying order. The
experience of time is an important factor in the workplace
because some researchers have found that task satisfac
tion markedly increases when time appears to transpire
more quickly (Gupta & Cummings, 1986). The reverse
side of this, of course, is that an invariant task ordering
across successive days may eventually induce boredom
and thereby lengthen both experienced and remembered
duration (Loehlin, 1959). Some insight into these issues
comes from a study by Kerr and Keil (1963), who asked
a group offactory workers to estimate the duration of va
riety versus repetitive types ofjobs. In convergence with
the present data, jobs routinely performed in a varying
order were judged less accurately and longer than those
repetitively performed in the same order. The perceived
boredom of tasks did not vary across the two orders, but
it was found that increased work experience (i.e., more
years on the job) was correlated with greater accuracy
on the repetitive types of jobs than on the variety types.
In sum, then, the higher degree of predictability that
emerges from task order and past learning experience
both contribute to shorter and more accurate time esti
mates, which in turn may also influence job satisfaction,
as the related study by Gupta and Cummings (1986) sug
gests. In situations in which task order cannot be kept
constant across successive days, then, as the results of Ex
periment 1 indicate, simply informing workers in advance
what will be required throughout a given shift should
exert a similar effect on behavior.
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The effects of predictability may influence a second
type of behavior, both in the workplace and more gener
ally, and it involves the calibration of temporal experi
ence. This refers to the idea that remembered duration is
often used for planning and scheduling purposes. For ex
ample, if one has several errands to run before going to
work (e.g., stopping by the bank, post office, drugstore,
etc.), then one must tacitly estimate in advance how long
each activity will take in order to determine when to leave
the house. Burt and Kemp (1994) investigated this abil
ity by asking a group ofcollege students to first estimate
how long they thought it would take to perform different
tasks (e.g., going to the bookstore to buy a stamp, con
sulting the card catalog in the campus library, walking
from one point to another) and then comparing these es
timates to the tasks' actual durations. Overall, the results
revealed a high degree of variability-although the dura
tion of some tasks were well calibrated, others were not.
One factor that may be at play here but was unacknowl
edged in the experimental methodology is the tasks' over
all degree of predictability and familiarity. Given that
greater predictability results in more accurate time esti
mates, it would make sense that these types of tasks are
the best calibrated and would therefore allow one to
schedule activities in the most efficient manner. Although
temporal calibration abilities have not been extensively
investigated in the past literature, it is worthwhile to de
termine whether some of the various sources of structural
coherence identified here also influence this common
usage of remembered duration in everyday behavior.
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