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Relative and absolute duration judgments under
prospective and retrospective paradigms

DAN ZAKAY
Tel-Aviv University, Tel-Aviv, Israel

A dual-process contingency model of short duration judgment is proposed and tested. The first
process, or Ptt), is a timer that uses cognitive capacity to keep track of units of time. If capacity
is directed toward other tasks, Ptt) will record fewer units and produce lower time judgments
than when capacity is not directed toward other tasks. This timing process is most likely to af
fect performance when people know in advance (prospective judgments) that time judgments will
be required and when absolute, rather than relative, judgments are made. The second process,
or Ptm), which is used for retrospective and relative judgments, judges duration on the basis of
the number of remembered high priority events (HPEs) occurring during the interval. When this
process is used, time judgments increase with the amount of HPEs that can be retrieved at the
moment of judgment. Two experiments are reported. Tactual stimuli were presented, and non
temporal information processing load (simple or complex stimuli), type of judgment (absolute
or relative), and judgment paradigm (prospective or retrospective) were manipulated. The results
obtained support the proposed dual-process contingency model.

The perception of short durations is essential to devel
oping a faithful representationof the external environment
and is considered to be a cognitive process that utilizes
available information judged to be relevant for represent
ing specific durations (Aschoff, 1984; Block, 1990; Jack
son, 1990). The present paper attempts to clarify the cog
nitive processes mediating short-duration judgment.

Current Cognitive Models of Duration Judgment
Memory-based models. According to these models,

time judgments depend on information stored in memory.
According to the storage-size model (Ornstein, 1969),
time judgment is a function of the amount of information
processed during a judged interval. As the amount and
complexity of processed information increases, so does
the size of memory storage, thus producing longer time
judgments (see, e.g., Thomas & Brown, 1974; Vroon,
1970).The storage-size model has been criticized (Block,
1990), however, because it relies on vague and unmea
surable constructs.

An alternative model proposed by Block (1978, 1989)
contends that duration judgments are correlated with the
number of changes in cognitive context during a judged
interval. These changes might reflect environmental vari
ations as well as alterations in cognitive strategies or emo
tional states. Accordingly, judged duration is a positive
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monotonic function of the number of contextual changes
coded in memory (see, e.g., Block & Reed, 1978).

The segmentation model (Poynter, 1983, 1989) elabo
rates on the contextual change model. Empirical findings
(see, e.g., Poynter & Homa, 1983; Zakay & Feldman,
in press) indicate that the more an interval is segmented
by high-priority events (HPEs), suchas contextualchanges,
the longer its judged duration.

All memory-based models generate the same major pre
diction-namely, a positive monotonic relationship be
tween the magnitude of the judged duration of an interval
and that of each of the following factors: task complex
ity, nontemporal information processing load, and num
ber of contextual changes, or HPEs, occurring during a
to-be-judged interval.

Capacity models. According to these models, duration
judgments are primarily a function of the amount oftem
poral information processed by a timer (Berlyne, 1966)
whose operation requires cognitive capacity. This capac
ity is shared with processes of nontemporal information
processing. Thus, the fewer the number of temporal units
processed by the timer, the lower the judged duration (see,
e.g., Grondin & Macar, 1992; Hicks, Miller, Gaes, &
Bierman, 1977; McClain, 1983; Zakay, 1989, 1992a,
1993; Zakay, Nitzan, & Glicksohn, 1983). This predicts
a negative monotonic relationship between nontemporal
task complexityand its judged duration but cannot account
for a positive relationship.

An integrative model. Thomas and Weaver (1975) ar
gued that each stimulus is analyzed by two processors,
a timer, P(t), that processes temporal information and an
information processor, P(I). Attention is divided between
P(t) and P(I) according to task requirements, and dura
tion judgment is a joint function of the two processors.
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The contribution of each is proportional to the amount
of attention allocated to it, as described in Equation 1.

In Search of a Comprehensive Model
Given the limitations of the models presented above,

a comprehensive model meeting the following requirements
is needed. The model should articulate the conditions
under which either a positive or a negative relationship
between magnitude of judged durations and correspond
ing nontemporal information processing load will be ob
tained. It should also account for the influence of the level
of stimulus complexity and the number of contextual
changes occurring during a judged interval. To meet these
requirements, the contingency nature of duration-judgment
processes should be explored.

where a and (3 are the corresponding weights, and E is
the magnitude of a duration judgment. Nevertheless, this
model lacks an explicit specification of the conditions
governing the proportional allocation of resources to each
processor. Furthermore, the model does not explicate the
nature of the contribution of P(t) and P(I).

Event-structure models. Jones and Boltz (1989) and
Boltz (1991) suggested that time judgments are a func
tion of the difference between an actual and expected du
ration, and the intensity of temporal information process
ing. Temporal information processing is reflected by
activities (such as grouping or counting) that are governed
by the structure of events occurring during a target inter
val (i.e., hierarchical or nonhierarchical events).

This model provides a comprehensive explanation for
determinants of temporal information processing and clar
ifies the role of expectations in duration judgment. How
ever, it does not account for the influence of nontemporal
information processing load.

Duration Judgment as a Contingency Process
Block (1989, 1990) identified four types of factors that

interact to influence temporal experiences: (1) The kind
of temporal behavior involved in terms of the type of time
judgment utilized and the temporal dimension (e.g., order
or duration) to be considered; (2) the nature of external
or internal events that occur during a judged duration
(e.g., the number, content, complexity, and modality of
events, as well as their structure); (3) the characteristics
of the experiencer; and (4) activity during a judged in
terval (e.g., nontemporal information processing load,
etc.). The instructions to either prospectively or retrospec
tively judge the interval are included in the fourth cate
gory. In the prospective case, subjects are told of the need
to judge duration before the target interval is initiated,
but in the retrospective case, subjects are asked to judge
the duration only after the target interval is terminated.

The present research focuses on the factors of paradigm
and method of the duration judgment, since these two fac
tors (which according to Block, 1989, influence the ac
tivity and the temporal behavior during a judged inter-

val) are considered to be most influential (see, e.g., Hicks,
Miller, & Kinsbourne, 1976; Zakay, 1989).

The duration-judgment paradigm. It is well accepted
today that prospective and retrospective duration judg
ments are mediated by different cognitive processes (see,
e.g., Block, 1992; Hicks, Miller, & Kinsbourne, 1976;
Zakay, 1989, 1992b). Zakay (1990) pointed out that in
a prospective condition, attention is directed in real time
to information related to the passage of time. In a retro
spective condition, attention during a judged interval is
focused mainly on nontemporal information processing;
therefore, relevant information on which duration judg
ments can be based must be searched for in memory. It
seems highly probable that prospective duration-judgment
processes are based on real-time temporal information
processing, such as grouping or counting of temporal ele
ments (see, e.g., Jones & Boltz, 1989). Retrospective du
ration judgment, on the other hand, is more likely to de
pend on processes of information retrieval.

The duration-judgment method. It is generally agreed
that judgment of stimulus duration depends in part on the
measurement method used (see, e.g., Bindra & Waks
berg, 1956; Block, 1989; Carlson & Feinberg, 1970;
Clausen, 1950; Doob, 1971; Hawkes, Ray, & Hayes,
1974; Wallace & Rabin, 1960). Allan (1979) concluded
that no single method can claim consistent superiority in
terms of accuracy of measurement.

Zakay (1990) distinguished between absolute and rel
ative time-judgment methods. In relative duration judg
ment, the duration of a target interval is judged relative
to the duration of another interval that serves as a stan
dard. Absolute duration judgments, although involving
comparison with an internal subjective time unit, occur
without reference to another external interval. The rela
tive and absolute judgment types differ in the memory pro
cesses required. Regardless of whether the first presented
interval was the target or the standard, the former method
requires retrieval of a representation from long-term mem
ory. In an absolute duration judgment, on the other hand,
such a retrieval is not required.

A Dual-Process Contingency Model of Short
Duration Judgment

The dual-process contingency model is described by the
following nine postulates:

1. Duration judgment can be based on information pro
duced by a timer, P(t), information produced by a
memory-based process, P(m), or on both sources of in
formation. Duration judgment is a process in which a
source of information is selected or in which information
from both sources is integrated.

2. The contribution of P(t) and P(m) to the duration
judgment process depends on the degree of retrievability
and attentiveness of each source. Retrievability refers to
the ease of retrieving information from a specific proces
sor at the moment of judgment. Attentiveness is mainly
a function of the degree of attention allocated to a given
processor during a target interval and the making of the

(I)E = a[P(t)] + (3[P(I)],
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Figure 1. Duration judgment processes, according to the dual
processcontingencymodel. MS = memory search, T = instructions
for duration judgment, D = duration judgment, HPE = high prior
ity events, T.1. = target interval, and S.I. = standard interval.

bl. Prospective instructions follow the first (stan
dard) interval but precede the second (target) interval (PL;
see Figure IB). Here, an integrative judgment process
takes place. When the target interval is completed, P(th
is retrievable and has a high degree of attentiveness. On
the other hand, the P(t) representation of the first (stan
dard) interval is not easy to retrieve. As a result, mem
ory search takes place, and both Pun), and Pun), will
be constructed in order to make the requested compari
son. Duration judgment in this case is a function of the
perceived ratio P(m)l/P(m)1 and ofP(t)l' When nontem
poral information processing load during the target in
terval is high, P(th is low, and the ratio of P(mh/P(m)1
is high. However, when nontemporal information process
ing load during the target interval is low, P(t), is high,
and the ratio of P(mh/P(m)1 is low. Therefore, the sum
ofthe weighted average is similar in both cases, and the
magnitude of duration judgments should be similar in both
cases of high and low nontemporal information process
ing load.

c. When the duration judgment is retrospective and ab
solute (RA; see Figure IC)-namely, it refers directly
to that interval which has just ended-P(t) is retrievable
but its attentiveness level is low (see above Postulate 5).
Thus, the pattern of retrospective absolute duration judg
ments should be similar to that of retrospective relative
conditions.

d. When duration judgment is retrospective and rela
tive (RL; see Figure ID), Ptt), is not retrievable after
the second interval is completed and P(t)l has a low at
tentiveness level (see above Postulate 6). Memory search
processes are then initiated and duration judgment is based
on a comparison between Pun), and P(m)l. A positive
relationship between nontemporal information process-
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duration judgment. High degree of retrievability is a nec
essary condition for either P(t) or P(m) to make any con
tribution to time judgment. The weight assigned to spe
cific information derived from either P(t) or P(m) is a
function of the degree of attentiveness of the processor.

3. P(t) represents the number of temporal units pro
cessed at any given moment. This number is increased with
the level of attentionallocated to temporal information pro
cessing during a given interval.

4. When duration judgment is requested following the
completion of a target interval, or when P(t) is not easy
to retrieve or when its degree of attentiveness is low, a
process of memory search is initiated, and prominent in
formation coded during the target interval is retrieved
from memory storage. The retrieved prominent informa
tion represents mainly HPEs, which are discrete in na
ture, and other contextual changes occurring continuously
during the target interval. The retrieved information is
stored and counted in P(m).

5. Temporal information processing takes place at all
times, but it is done intermittently when cognitive capac
ity is not directly focused at P(t); hence, under such con
ditions, P(t) is assigned a low degree of attentiveness.

6. P(t) is easy to retrieve only immediately after the
termination of a judged interval. It is set to zero as soon
as a new meaningful interval begins, unless it was deliber
ately stored in long-term memory.

7. When duration judgment is prospective and relates
to an interval that has just ended (absolute judgment), the
content in P(t) is easy to retrieve and its attentiveness level
is high.

8. P(m) can be constructed at any time, and it is always
easy to retrieve when constructed. However, its degree
of attentiveness decreases with the level of attention allo
cated to nontemporal information processing during a tar
get interval.

9. When duration judgment is relative, memory-based
processes are activated, because the comparison has to
rely on the retrieval of the first interval. In addition, the
P(t) representation of the first presented interval is not
easy to retrieve when the second interval ends unless, of
course, it was deliberately stored in memory.

The Rules of Duration Judgment
a. When the duration judgment is prospective and ab

solute (PA; see Figure lA), P(t) is easy to retrieve and
has a high attentiveness level, whereas P(m) is not likely
to be constructed. Thus, duration judgment is based solely
on P(t), and a negative relationship between nontemporal
information processing load and magnitude of duration
judgment is expected (see above Postulates 4-7).

b. Two versions of prospective-relative conditions are
possible:

b.. Prospective instructions precede the first inter
val. Here, P(t), can be stored for comparison with Ptt),
after the second interval. Thus, the pattern of duration
judgments is expected to be similar to the prospective
absolute case. This condition was not tested in the present
study and is presented here for the sake of completeness.
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Figure 2. Geometrical figures employed as tactual stimuli.

METHOD

ing load during the target interval and magnitude of du
ration judgment is expected.

Duration-Judgment Methods
Relative duration judgment. The subjects were presented with

two consecutive intervals. The first interval, serving as a standard
interval, lasted for 10 sec and was marked by the lighting of a red
light bulb. The bulb measured 3.5 cm in widthand 1.5 em in height,
with a 4-W intensity. It extinguished immediately when turned off,
and therefore physical aftereffects were not expected.

Following the standard interval, the TI was presented, and the
tactual task was performed. The TI was always the second interval
to impose equality of conditions with absolute judgments. The on
set and termination of the TI were demarked by two buzzes pro
duced by a Sonalert buzzer (Mailory SE 623,24 V, 3-14 rnA) that
lasted 0.5 sec each. The buzzer was activated automatically by a
hidden electronic timer. The subjects were asked to judge the TI's
duration by comparing its duration with that of the red light. The
subjects were shown two horizontal straight lines, drawn at the center
of a 22 x28 cm piece of white paper. Each line was 26 em long.
On the upper line, a 13-cm section beginning at the left edge of
the line was in boldface (I mm wide). The subjects were told that
the bold section represented the duration oflighting of the red bulb.
They were asked to mark on the lower line (0.5 mm wide), ap
pearing 3 em below, the exact length that represented the duration of
the TI, relative to that of the red light. The length oflines provided
equal probabilities for the subjects to mark the second interval as
longer or shorter than the standard interval. The instructions were
printed at the bottom of the judgment form.

Absolute duration judgment. The subjects were presented with
the same two consecutive intervals described above. However, when
asked to judge the duration of the TI, no reference was made to
the first interval. The subjects were presented with the white paper
with the two lines. The subjects were told that the 13-cm bold sec
tion on the upper line representated a duration of 10 sec. They were
asked to mark on the lower line the exact length that represented
the duration ofTI. The instructions were, again, printed at the bot
tom of the judgment form.

Controlling clock time durations. Durations of the standard and
the TI intervals were controlled by a hidden electronic timer with
a precision of 10 msec.

Each relief was put inside a cardboard box (20 x 40 x 40 em) with
an opening (12 x 8 em) through which a subject could place his/her
right palm inside the box and touch the relief with the index finger.
The durations of the Tis were selected on the basis of a pilot study
that revealed that the average durations required for a correct count
ing were 11.03 sec (n =: 10, SD =: 1.06) and 22.40 sec (n =: 10;
SD =: 3.2) for the simple and complex figures, respectively.

Twelve- and 15-sec intervals were used as exposure times oftac
tual forms in order to emphasize the two degrees of difficulty of
the respective tasks. In the simple task, sufficient time was allo
cated; in the complex task, there was not enough time to complete
the task. In addition, by testing two different intervals, more ob
servations were attained for testing the hypotheses.

Paradigm Manipulation
Prospective paradigm. Before the onset of the TI, the subjects

were told that they would be asked to judge its duration immedi
ately upon termination. When the second buzz was sounded, either
the relative- or the absolute-time-judgment form was provided. Thus,
the tested conditions were PA and PL (see Figure I).

Retrospective paradigm. The subjects were asked to judge the
duration of the TI only after the second buzz was sounded, at which
time the appropriate judgment form was given. The tested condi
tions were RA and RL (see Figure I).

Experimental setting. The subjects were tested individually in
an isolated chamber (2 x2.5 m), which was soundproof and lighted
by a 4O-W fluorescent bulb. The subjects were seated in front of
a table on which the cardboard box was placed. The chair's height

ComplexSimple

/

Empirical Testing of the Model
Overall experimental design. The contingency model

was tested in two experiments comprising 16 experimental
groups.

An absolute and a relative duration judgment method
were used in Experiment 1 and Experiment 2, respec
tively. The two experiments were identical regarding all
other aspects. In both experiments, the paradigm (pro
spective or retrospective) and the duration of the target
interval (TI; 12 or 15 sec) were manipulated, as was the
complexity of the tactual stimuli presented during the TI.
A truly retrospective time judgment can be maintained only
on the first trial of each subect (Zakay, 1990). On a sec
ond trial, awareness of time is already raised. Therefore,
each subject participated only in one duration-judgment trial
in all conditions. This constraint imposed a between
subjects design. Thus, each experiment was designed as
a 2 x2 x2 (prospective or retrospective, 12 or 15 sec, and
low vs. high stimulus complexity, respectively) complete
between-subjects random factorial design.

Subjects
Two hundred twenty-four first-year social science students at Tel

Aviv University participated in the experiments in partial fulfill
ment of course requirements. There were 96 males and 128 females,
with ages ranging from 19 to 28 years. None of the subects had
participated in a previous time-perception experiment. All subjects
had normal perceptual and motor abilities, were right-handed, and
used their right hand in the experiment. The subjects were randomly
allocated to each one of the 16 experimental groups generated by
the factorial design. This was done separately for males and fe
males so that 6 males and 8 females were tested in each group.

Tactual Stimuli
Two tactual stimuli, one simple and one complex, were used.

The two geometrical figures (presented in Figure 2) are similar to
those presented visually in Ornstein's (1969) experiments.

The ability to identify forms by touch has been demonstrated in
previous research (see, e.g., Geldard & Sherrick, 1986; Zakay &
Shilo, 1985). The task was to determine, using touch alone, the
exact number of angles in a figure. The level of complexity was
determined on the basis of information theory (see, e.g., Attneave,
1959). The more angles in the figure, the higher the information
processing load for performing the task within a given time. Each
figure was presented in relief on a ltlx 10 cm cardboard card. Both
theheightof the relief above the cardboardandits width were 10 rnm.
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was adjusted for each subject so that hel she could perform the tac
tual task conveniently. The red light bulb was placed above the box
at a visual angle of 30° upward.

Procedure
The subjects were told that they were participating in an experi

ment aimed at testing tactual performance. The subjects were then
told that within the box there was a relief of a polygon and that
their task was to count as accurately as possible the number of an
gles. The subjects were instructed to perform the task with the in
dex finger of their dominant hand. The nondominant hand was held
beneath the table. The reason given for that request was that the
experiment was aimed at testing the influence of physical incon
venience on tactual performance. Actually, this manipulation was
intended to keep the subjects from looking at their watches, which
in all cases were worn on the nondominant hand. If the subjects
had been asked directly not to look at their watches, their aware
ness of time would have increased. In that event, what was intended
as a retrospective condition might actually have become a prospec
tive one.

The subjects were then told that during the lighting of the red
light bulb they could train themselves to recognize shapes by touch
ing reliefs of a circle and an ellipse placed outside of the box. Car
rying out these instructions required attending to the lighting of the
bulb. After the red bulb was extinguished, the subjects received
further instructions, which varied according to the experimental
group. The prospective subjects were told again to determine tac
tually the number of angles in a hidden polygon and at the sound
ing of the second buzz to judge the duration of the task. The
retrospective subjects were told to determine the number of angles,
but duration-judgment instructions were not given. To eliminate
periods of empty time, the subjects were ordered to move their finger
over the relief continuously. Upon hearing the second buzz, the
subjects removed their hands from the box. The prospective sub
jects received either a relative- or an absolute-duration-judgment
form. Retrospective subjects were instructed to judge the duration
of the target interval (the time starting and ending by abuzz) and
received either a relative- or an absolute-duration-judgment form.
After the duration judgment was completed, each subject was asked
to provide a count of the number of angles and to state whether
or not helshe was engaged continuously with the tactual task and
to rate its level of difficulty on a lO-point scale, in which I stood
for very easy and 10 for very difficult. In all cases, the subjects ad
mitted to constantly being engaged with the tactual task.

RESULTS

The data were analyzed separately for the absolute and
the relative time judgments. No sex differences were
found on any dependentmeasure, and, for the sake of sim
plicity, they were excluded from the reported analyses.

Absolute Duration Judgments
Difficulty ratings. In all conditions, the complex poly

gon received significantly higher difficulty ratings than
did the simple polygon. Mean ratings were 6.12 (SD =
1.03) and 2.41 (SD = 0.98) for the complex and simple
polygons, respectively. Only one main effect, that of poly
gon type, was found in a three-way analysis of variance
(ANOVA) [paradigm x polygon type X duration;
F(l,I04) = 7.12, p < .01]. Thus, support for the as
sumed difference in levels of nontemporal information
processing load was obtained.

Duration judgments. The length of line marked by
each subject was measured and taken as his/her duration
judgment. Means and standard deviations of duration
judgments are presented in Table 1. The duration judg
ments were analyzed in a three-way ANOVA (paradigm
x complexity x duration). Significant main effects of
TIduration[F(l,I04) = 7.92,p < .01] and of paradigm
[F(l, 104) = 7.11, p < .01], and a significant interaction
between stimulus complexity and paradigm [F(l, 104) =
7.43, p < .01], were obtained. As shown in Figure 3,
absolute duration judgments increased with information
processing load under retrospective conditions and de
creased when the paradigm was prospective. The differ
ences between simple and complex duration judgments
were significant only in the prospective paradigm in both
the 12- and the IS-sec durations (Duncan multiple range
tests, p < .05 and p < .01, respectively).

Relative Duration Judgments
Difficulty ratings. Again, under all conditions, the sub

jects assigned the complex polygon higher difficulty rat
ings than they assigned the simple polygon. Mean ratings
for the relative groups were 6.36 (SD = 1.11) and 2.38
(SD = 1.01) for the complex and simple polygons,
respectively. The only significant effect found for diffi
culty ratings in a three-way ANOVA was the main effect
of polygon type [F(l,I04) = 8.24, p < .01].

Duration judgments. Means and standard deviations
of duration judgments are presented in Table I. Duration
judgments were analyzed in a three-way ANOVA. Sig
nificant main effects of TI duration [F(l,I04) = 7.44,
p < .01], stimulus complexity [F(l,I04) = 4.61, p <
.05], and paradigm [F(l, 104) = 4.13, p < .05] were ob
tained, as well as an interaction between stimulus com-

Table 1
Means and Standard Deviations of Absolute (A) and Relative (L) Duration Judgments (in Centimeters)

According to Paradigm and Stimulus Complexity (n=14 in Each Cell)

Paradigm

Prospective Restrospective
Duration Simple Complex Simple Complex
of Target

A L A L A L A LInterval
(in sec) M SD M SD M SD M SD M SD M SD M SD M SD

12 8.88 2.68 8.72 1.25 6.32 2.21 9.92 2.19 10.09 2.64 9.20 1.67 12.11 2.15 11.92 2.25
15 11.48 2.81 12.60 2.15 7.96 2.19 12.60 2.15 13.10 2.59 11.88 1.60 14.44 2.44 15.70 2.20
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triple interaction between these three factors [F( 1,208) =
5.01, P < .05] were all significant. Although time judg
ments were on the whole higher for the simple than for
the complex stimulus under prospective conditions, the
opposite was the case under retrospective conditions.
Under retrospective conditions, absolute and relative time
judgments did not differ significantly in magnitude, but
under prospective conditions, relative time judgments ex
ceeded absolute ones. However, the triple interaction, in
combination with the main effect of paradigm and the two
way interactions of paradigm with difficulty and paradigm
with judgment method, indicates that only under PA con
ditions were time judgments significantly lower for the
difficult than for the simple stimulus.

13.0 DISCUSSION

Figure 3. Interactions and main effects between paradigm, stim
ulus complexity level, and duration-judgment methods. (a) IS-sec
intervals, (b) 12-sec intervals. R = retrospective, P = prospective,
A = absolute, and L = relative.

plexity and paradigm [F(l,I04) = 4.69, P < .05]. As
shown in Figure 3, retrospective relative duration judg
ments were significantly higher for the higher nontem
poral information processing load conditions (Duncan test;
p < .01 in both durations), but the differences between
complex and simple conditions were significant for
prospective judgments only in the 12-sec interval (p <
.05). Similar patterns were found for absolute judgments.

A Combined Analysis
A four-way analysis reflecting the overall design (par

adigm X judgment method x clock time x stimulus com
plexity) was used for analyzing the duration judgments
obtained in the combined absolute and relative experi
ments. On the whole,time judgments were higher under
retrospective conditions than under prospective conditions
[F(l,208) = 4.43, P < .05] and were also higher for du
rations of 15 sec than for durations of 12 sec [F(l,208) =
6.81, P < .01]. No significant differences were found
for stimulus complexity and time-judgment methods
[F(l,208) = 2.81 and F(l,208) = 3.01, respectively].
However, the interactions between paradigm and diffi
culty [F(l,208) = 7.14,p < .01], between paradigm and
judgment method [F(l,208) = 5.12, P < .05], and the

The present results lend support to the proposed dual
process contingency model of short duration judgment.
It was found that interactions for different combinations
of paradigm, judgment method, and stimulus complexity
yielded different patterns ofduration judgments. The rela
tionship between nontemporal information processing load
(manipulated by stimulus complexity) and magnitude of
duration judgments was positive under RL conditions but
negative under PA conditions. For RA and PL conditions,
however, the contingency model was only partially sup
ported by the findings. Under RA conditions, the rela
tionship between magnitude of duration judgments and
stimulus complexity was positive for both the 12- and the
IS-sec intervals, respectively, but statistical significance
was obtained only for the 12-sec interval. In the PL case,
as predicted, no significant difference between magnitudes
of duration judgments of the simple and complex stimuli
was found for the IS-sec interval. However, for the 12
sec interval, time judgments were higher for the complex
than for the simple stimulus. Thus, the pattern of results
of both the 12- and IS-sec intervals fits the model in the
RL and PA conditions, but the picture regarding the mag
nitude of time judgments is less consistent in the RA and
PL conditions. A possible explanation for this incon
sistency is that time judgments in both the RA and the
PL conditions involve both P(t) and P(m). Consequently,
the exact magnitude of the final time judgment depends
on the relative weight assigned to each processor. These
weights are not constants and might fluctuate about some
central value. Therefore, if the weights assigned to Pun),
and P(m)2 exceed that assigned to P(t), time judgments
will be higher for complex than for simple stimuli under
PL conditions. In the RA case, P(t) can contribute slightly
to the overall duration judgment because it is easy to re
trieve; on the other hand, its attentiveness level, and there
fore its overall contribution, is low. This reduces the differ
ence between magnitudes of duration judgments of simple
and complex stimuli because Ptt) is higher for durations
of simple than of complex stimuli, whereas the opposite
is true for P(m). In the cases of RL and PA, the model
predicts that only one processor contributes to the time
judgment in each; therefore, they are not dependenton flue-
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tuations in the weights' magnitudes. This is why duration
judgments in both cases are more predictable.

Nevertheless, this does not make the model unfalsifia
ble. The dual-process contingency model is tested by the
entire pattern of time judgments obtained in all conditions.
In the RL and PA conditions, the model is evidently sup
ported. In the RA and PL conditions, the relative magni
tude of time judgments is not the only test of the model.
An additional test concerns the difference between time
judgments of the simple and complex stimulus (LlT),
which should have the following properties: (1) positive
in the PA condition, (2) negative in the RL condition, and
(3) intermediate in the RA and PL conditions. These prop
erties were indeed obtained for both the 12-sec (LlT =
2.56, -1.20, -2.02, and -2.72), and the IS-sec inter
val (LlT = 3.52,0.00, -1.34, and -3.82), for the PA,
PL, RA, and RL conditions, respectively. Therefore, the
findings provide overall support for the model.

The combined analysis indicates that a model of dura
tion judgments that does not take the interactions among
contextual factors into account might be misleading. For
instance, the lack of significant differences between sim
ple and complex stimuli is an artifact. Only when the fac
tors of paradigm and judgment method are considered can
the true influence of stimulus complexity on time judg
ment be revealed.

Some clarifications regarding the role of memory and
of on-line temporal information processing in the dura
tion judgment process are appropriate at this time. It is
clear that any stimulus input is constantly interfacing with
associated memory representations, and this does not ex
clude the case of prospective conditions. Similarly, on
line processing of temporal information also occurs under
retrospective conditions. However, the level of attention
allocated to each process differs in each paradigm, and
the use of information that exists in each processor reflects
the allocated attention level. Temporal information pro
cessing is more intensive when (1) more cognitive capac
ity is allocated directly to temporal information process
ing, such as in the case when prospective instructions are
given, (2) less cognitive capacity is required for nontem
poral information processing during a judged interval, and
(3) the structure of events occurring during the interval
is more hierarchical and homogeneous (see, e.g., Jones
& Boltz, 1989) thereby producing easier and more inten
sive temporal information processing. This processing,
which might be conscious or unconscious, is initiated by
the grouping and counting of repetitive elements, such as
beats of a piece of music, walking steps, and so forth.
When it is difficult to perceive rhythmical elements dur
ing the to-be-judged interval (e.g., an "empty" interval),
a deliberate counting strategy might be employed, as was
shown even for young children (Levin & Wilkening,
1989).

Whenever pet) is difficult to retrieve and has a low level
of attentiveness, P(m) is constructed through a memory
search process. The number of units of retrieved infor
mation counted in P(m) is determined by the number of

contextual changes perceived and processed during a tar
get interval. The factors determining the number of
changes are the following: (1) the richness of environ
mental and background stimuli (i.e., Block, 1982), (2) the
required complexity of nontemporal information process
ing, and (3) ease of memory retrieval.

Most probably, the on-line processing of temporal in
formation occurs in working memory. P( m), however,
is most probably stored in memory only when a duration
judgment is required. It could be assumed, therefore, that
P(m) is also constructed in working memory, but never
theless remains a function of the information stored in
long-term memory (LTM). Whereas P(m) can always be
constructed, pet), which is produced in real time and is
a function of real-time temporal information processing,
will be lost and not retrievable in a later stage unless there
is a special reason to store its content in LTM .

The on-line processing oftemporal information appar
ently occurs under all circumstances, but its intensity de
pends on the degree ofattention allocated to it. This degree
yields a higher level of pet) attentiveness in a PA condi
tion than in any other condition. Thus, there is a differ
ence between the degrees of retrievability and of atten
tiveness. The two differ in that the former depends on
memory processes whereas the latter depends on the
degree of attention allocated during the target interval.
pet) might have the same degree ofretrievability in a PA
condition as in an RA condition, but its attentiveness level
is higher in PA.

The issue of how pet) and P(m) are integrated in the
production of duration judgment requires further elabo
ration. In one view, the process of integration is straight
forward since both processors are counting units. Whereas
pet) is a count of units derived from the temporal pro
cessing, P(m) is a count of retrieved HPEs. Therefore,
the integration is easily attained in the form of a weighted
combination of both counts. A second view applies the
judgmental heuristic of anchoring and adjustment (Tversky
& Kahneman, 1974) as an alternative to the integration
process. In this view, the content of the processor that
is most retrievable and highest in attentiveness level is
used as the anchor for the duration judgment. The con
tent of the other processor is used for adjusting the judg
ment with the degree of adjustment depending on the num
ber of units counted in the process. For instance, in RA
conditions, P(m) serves as an anchor, whereas pet) might
slightly increase the judgment in the case of a complex non
temporal task or even to a greater extent in the case of a
simple task. In the case of PA, no adjustment occurs, be
cause P(m) is assumed to be nonexistent. Similarly, in the
case of RL, pet), which is difficult to retrieve, is not ex
pected to influence the duration judgment. Both of these
explanations could be explored in further research.

Before concluding, a few points regarding the present
findings require clarification. Most often, prospective du
ration judgments exceed retrospective ones (see, e.g.,
Block, 1992). In the present study, the opposite was
found, and it appears to reflect the characteristics of the



duration-judgment procedure employed. This procedure
was specifically designed to produce a direct comparison
of absolute and relative time judgments.

A second point concerns whether the findings can be
generalized to clock times other than the 12- and l5-sec
intervals employed here. As explained earlier, these par
ticular intervals were selected in order to ensure the dif
ferent degrees of difficulty of the experimental tasks.
True, the difference of 3 sec is minimal. Nevertheless,
the monotonic relationship obtained between judged and
objective time indicates that duration judgments were sen
sitive to the difference. In future research, however, a
variety of time intervals should be examined.

To conclude, the dual-process contingency model out
lined here resolves some inconsistencies existing in the
duration-judgment literature. It provides a framework that
can incorporate existing models that previously have been
regarded as incompatible. The contingency model can also
be applied to other paradigms in short-duration-judgment
research, such as that of the "watched pot" (see, e.g.,
Block, George, & Reed, 1980). In a "watched pot" ex
periment, intervals are judged to be longer when some
prespecified event is expected to occur. An analysis of
the contextual conditions in the "watched pot" situation
revealed that it is a PA experiment, because subjects'
awareness of time is raised by the instruction to wait for
an event to occur, and the duration judgment is absolute
and takes place immediately upon the termination of the
target interval (Zakay, 1990). Also, nontemporal infor
mation processing is not required during the target inter
val. As a result, more attention is directed at P(t) in the
"waiting" condition, as compared with the "nonwaiting"
condition, thus resulting in a higher duration judgment.

Of relevance to the present model is another phenome
non, the filled-interval illusion. Filled intervals are typi
cally perceived as longer than equal empty intervals (see,
e.g., Thomas & Brown, 1974). This is true only when
duration judgment is relative, either retrospective (RL)
or prospective (PL). However, empty intervals should
be perceived as longer when nontemporal information pro
cessing is required and the duration judgment is prospec
tive and absolute (PA), as was indeed found in various
studies (see, e.g., McClain, 1983; Poynter & Homa,
1983; Zakay, Nitzan, & Glicksohn, 1983). In the PA con
dition, time judgments are produced exclusively by P(t).
As explained earlier, when a target interval is empty, P(t)
will produce more time units than when the target inter
val contains stimuli evoking information processing.

Further research is needed in order to reveal more fully
the determinants of the weights assigned to P(t) and P(m)
and of the contextual nature of short-duration-judgment
processes. In this respect, duration judgment seems sim
ilar to other judgmental processes, which have been shown
by Payne (1982) and by Payne, Bettman, and Johnson
(1988) to be contingent on situational factors.
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