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The effects of interference and retention delay
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This study investigated the effect of forgetting of the standard duration on temporal discrimination in a gen-
eralization task. In two experiments, participants were given a temporal generalization task with or without a
retention delay between the learning of the standard duration and the testing of the comparison durations. During
this delay, they either performed or did not perform an interference task. Results failed to reveal any effect of
15-min and 24-h retention delays on time judgments (Experiment 1). However, when an interference task was
performed during the 15-min delay (Experiment 2), there was a subjective shortening effect, indicating that the
standard duration was judged shorter with than without an interference task. These findings suggest that when
an interference task occurs immediately after initial temporal encoding, it affects the process of consolidation

in reference memory.

Estimating the duration of an event often requires refer-
ence to memory for the durations of similar past events.
The ability to maintain these durations in long-term mem-
ory is therefore crucial for time estimation. Even so, we
know relatively little about the maintenance of temporal
long-term memories. To quote Ogden, Wearden, and Jones
(2008), “the answers to many fundamental questions about
properties of reference memory for duration remain uncer-
tain” (p. 1525). This gap in our knowledge is all the more
surprising given the importance of memory processes in
the most influential theory of timing, scalar expectancy
theory (SET; Gibbon, 1977; Gibbon, Church, & Meck,
1984). This theory assumes that time estimation involves
three successive processing stages: encoding, maintenance
of the event duration in memory, and decisional processes.
At the encoding level, a pacemaker-counter mechanism,
or internal clock, provides the raw representation of dura-
tion. This representation is then stored in short-term work-
ing memory and can be transferred to long-term reference
memory, which contains representations of important du-
rations, such as standard durations. Time judgments are
therefore based on a comparison of the representation of
the present duration with those of other durations main-
tained in reference memory. According to this theory, one
important source of variance in time judgments would
be the representation of durations in reference memory.
The aim of the present study was to examine whether the
long retention delays degrade traces in temporal reference
memory, thereby disrupting time judgments.

Few studies have examined the properties of temporal
reference memory in human adults (Delgado & Droit-
Volet, 2007; Grondin, 2005; Jones & Wearden, 2003,
2004; Ogden & Jones, 2009; Ogden, Wearden, & Jones,
2008, 2010; Penney, Gibbon, & Meck, 2000; Rattat &
Droit-Volet, 2005), and most of these have focused on ma-
nipulating the temporal encoding and storage processes.
Jones and Wearden (2003), for instance, increased the
number of presentations of an auditory standard duration
(from one to five), assuming that this would reduce refer-
ence memory variability in a generalization task. How-
ever, what they actually found was that the number of
standard presentations had no effect on time judgments.
Only in a visual reproduction task did multiple presenta-
tions of the standard duration increase temporal accuracy
(Ogden & Jones, 2009), and this benefit was lost when
an attentional cue was provided prior to the first standard
duration presentation, suggesting a problem in the encod-
ing of the visual standard duration rather than a problem
with reference memory per se. Other researchers have
increased the load in reference memory by asking partici-
pants to encode either different standard durations (Jones
& Wearden, 2004) or the same standard duration that was
presented in different sensory modalities—auditory and
visual (Penney et al., 2000)—or even different standard
durations that were presented in different sensory mo-
dalities (Grondin, 2005). Results indicate that increas-
ing the load in memory increases discrimination errors
when different standard durations are presented in the
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same modality but not when they are presented in differ-
ent modalities. Whatever the case, it is noteworthy that all
these studies focused on the encoding of standard dura-
tions in memory and its consequences on time discrimi-
nation, rather than on the effect of the long-term retention
of standard durations, once they have been learned and
stored in reference memory.

Using a modified temporal generalization task, Ogden
et al. (2008) recently tested the effect of a retention delay
between the presentation of a standard duration and the
testing of comparison durations (shorter than, longer than,
or equal to the standard duration). The participants’ task
was to judge whether or not each comparison stimulus had
the same duration as the standard duration. Results showed
that a retention delay between the presentation of the stan-
dard duration and its subsequent testing had no significant
effect on temporal generalization gradients. In contrast, the
latter were clearly disrupted when the retention delay was
filled with an interference task that was similar to the test-
ing task but involved a different standard duration. More
specifically, the gradients shifted toward the left when the
second standard duration was longer than the first one and
toward the right when it was shorter, as compared with the
other conditions. The modeling of data using the modified
Church and Gibbon’s (1982) model (MCG model) devel-
oped by Wearden (1992) for human adults suggested that
the interference task not only increased variability in the
representation of the standard duration in reference mem-
ory, but also distorted this referent duration. Ogden et al.
(2008) therefore concluded that interference was the main
source of deterioration for temporal reference memory in a
generalization task. In their study, however, the interference
task was not a nontemporal task, but a temporal one. The
memory representation of the standard duration may there-
fore have been a mix of the two standard durations, rather
than reflecting impairment of the first standard duration by
the second one (see also Penney et al., 2000). Moreover,
since the retention delays used in this study were short (be-
tween 0 and 45 sec), the authors tested the effect of a reten-
tion delay on short-term temporal memory rather than on
long-term temporal memory.

There are fundamental differences between short-
term memory and long-term memory (for a recent re-
view, see Cowan, 2008). According to Baddeley and
Hitch’s (1974) model, short-term memory refers to the
temporary storage and rehearsal of information, whereas
long-term memory is relatively permanent. For example,
short-term memory allows you to retain a phone number
before and while you are dialing that number. When in-
formation is stored in long-term memory, it undergoes a
consolidation process that strengthens its memory trace
(McGaugh, 2000). In the case of short retention delays,
such as those used by Ogden et al. (2008), the interfer-
ence task therefore affects the rehearsal process in short-
term memory. In contrast, for longer retention delays
(=15 min), an interference task that occurs just after the
learning phase affects memory consolidation, rather than
rehearsal. The consolidation process begins straight after
learning and is intended to consolidate the information in
long-term memory (for reviews, see Lechner, Squire, &

Byrne, 1999; McGaugh, 2000). Although the time course
of the consolidation has not yet been clearly delineated,
this process must be relatively fast, taking a few hours at
most (Dudai, 2004; Sara & Hars, 2006). Wixted’s (2004,
2005) model of forgetting assumes that memories dur-
ing this consolidation period are especially vulnerable
to subsequent induction associated with the formation
of new memories, whether or not these are similar to the
ones they impair (Skaggs, 1925). Thus, performing an
interference task during the consolidation process should
degrade traces in long-term memory.

In the present article, we therefore ran two experiments
to further examine the effect of long retention delays and
interference on temporal generalization performance.
The generalization task consisted of two phases: a learn-
ing phase of the standard duration and a testing phase of
the comparison durations. In the first experiment, either
a long retention delay, lasting either 15 min or 24 h, or no
delay (i.e., immediate condition) was inserted between the
learning and testing phases. We hypothesized that if the
temporal reference memory were, indeed, affected by the
maintenance of duration in memory per se, we would see
a flattening of the temporal generalization gradient, re-
flecting reduced sensitivity to time. This flattening of the
generalization gradient would be more pronounced not
only when there was a retention delay, but also when that
retention delay lasted for 24 h rather than 15 min. In the
second experiment, we investigated the effect on tempo-
ral generalization gradients of a nontemporal interference
task administered during a 15-min retention delay. Two
ranges of durations were tested, one shorter than 1 sec and
the other longer, in order to verify whether the possible ef-
fects of retention delay or inference depended on whether
short or long durations were used.

EXPERIMENT 1

Method

Participants. Forty-five psychology students from Clermont-
Ferrand, France (28 women, and 17 men; mean age, 25.01 years,
SD = 0.57) participated in the present experiment on a voluntary
basis.

Materials. The participants were tested individually in a quiet
room in front of a PowerMacintosh computer about 50 cm from the
screen. The computer controlled the experiment and recorded data
via the PsyScope program (Cohen, MacWhinney, Flatt, & Provost,
1993). The visual stimuli were blue circles (4.5 cm in diameter) dis-
played in the center of the computer screen. Responses consisted
of pressing the “S” or the “L” keys of the computer keyboard. Each
response made during the learning phase was immediately followed
by positive (smiling clown) or negative (frowning clown) feedback
displayed in the center of the computer screen for 2 sec.

Design. A between-subjects design was used, in which participants
were randomly assigned to one of the three experimental conditions
(15 participants per group) according to the duration of the retention
delay between the learning and testing phases: immediate, 15 min,
and 24 h. In the immediate testing condition, the generalization test
was performed immediately after the end of the learning phase. In
contrast, in the other two conditions, the participants completed the
generalization test 15 min and 24 h after the training, respectively.
During the 15-min retention delay, the participants remained in the
laboratory and waited. They could ask the experimenter, who was
out in the corridor, only one or two questions. During the 24-h re-
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tention delay, the participants did not perform any specific task and
simply engaged in their day-to-day activities.

Procedure. The experiment was conducted on an individual
basis. Each participant was submitted to a generalization task con-
sisting of two successive phases: learning and testing. In all three
experimental conditions, the learning phase began with the presen-
tation of the standard duration (4 sec), five times successively. The
experimenter simply said “Look carefully, it’s your circle. It stays on
for a certain amount of time.” Participants were then told to press
one key if a comparison duration matched the standard duration and
another one if it differed from it (i.e., either 0.5 or 7.5 sec). More
specifically, they received the following instructions: “If you think
the circle stayed on for the same time as your circle, press this key
(ves responses), and if you think it stayed on for a shorter or longer
time than your circle, press that key (no responses).” The buttonpress
order was counterbalanced. Each participant completed at least two
successive blocks of four trials, two for the standard duration and
two for nonstandard durations. The intertrial interval value was
randomly chosen between 1 and 2 sec. Correct responses resulted
in positive feedback, and incorrect responses in negative feedback.
Learning ended when the participant made no errors on consecutive
eight trials. All participants needed only one block of eight trials to
meet this criterion.

In the testing phase, participants performed seven blocks of nine
trials, one for each nonstandard stimulus duration (1, 2, 3, 5, 6,
and 7 sec) and three for the standard stimulus duration (4 sec). The
different stimulus durations were presented in random order within
each block of trials, and the intertrial interval was randomly chosen
between 1 and 3 sec. The experimenter introduced the test by say-
ing, “It’s the same game, but now you won’t receive any feedback.”
Moreover, the experimenter explicitly told all the participants not
to count, adding that if they did count, the results would be dis-
torted. An unpublished study that was recently conducted in our
laboratories showed that this instruction is just as effective as other
frequently used instructions, such as articulatory suppression, in
preventing participants from using a counting strategy.
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Results

Figure 1 illustrates the proportion of yes responses (i.e.,
identification of a stimulus as having the same duration
as the standard one) plotted against comparison stimulus
durations for the immediate and retention delay condi-
tions. Initial inspection of the data suggested that the gen-
eralization gradients were skewed toward the right in all
conditions and that increasing the retention delay had no
effect on participants’ temporal performance. This was
confirmed by the statistical analyses.

An ANOVA! was run on the proportion of yes re-
sponses, with condition as a between-subjects factor and
stimulus duration as a within-subjects factor. There was a
significant effect of stimulus duration [F(6,252) = 95.83,
p <.0001, »2 = .69]. In contrast, neither the main effect
of condition nor the stimulus duration X condition inter-
action was significant (both Fs < 1). Thus, the ANOVA
on the proportion of yes responses indicated that the inser-
tion of a retention delay between the learning and testing
phases did not significantly degrade the participants’ tem-
poral generalization performance, whatever its duration
(i.e., 15 min and 24 h).

Discussion

In Experiment 1, the similarity in generalization gra-
dients for the three testing conditions suggested that par-
ticipants did not forget the learned standard duration after
a 24-h retention delay. As such, it not only confirmed
Ogden et al.’s (2008) finding that imposing a retention
delay of 0—45 sec between the presentation of the standard
duration and the generalization test does not significantly

Stimulus Duration (sec)

Figure 1. Proportions of yes responses (comparison duration = standard duration)
plotted against comparison stimulus durations for the immediate, 15-min, and 24-h

conditions in Experiment 1.
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distort the generalization gradients, but also extended it to
cover considerably longer delays. However, since previ-
ous studies of the memory consolidation process (Dudai,
2004; Wixted, 2004, 2005) have suggested that partici-
pants’ time estimations are disrupted to a greater extent
by a long retention delay if it is filled with an interference
task, we tested this in the second experiment below. It is
also important to specify that the interference task does
not have to be temporal in nature for it to affect time judg-
ments. Wixted (2004) stated that “even if the intervening
study material is not related to the original learning in any
obvious way, the new learning draws on a limited pool of
resources that may otherwise be available to consolidate
the original learning” (p. 247). In the spatial domain, for
example, a recent study showed that the similarity between
learned information and interference information is not an
essential element for the emergence of forgetting (Tlauka,
Donaldson, & Wilson, 2008, Experiment 2). In our ex-
periment, we therefore chose a nontemporal interference
task: a parlor game (see also Rattat & Droit-Volet, 2005).
This game is particularly distracting for a long retention
delay of 15 min. The interference task was administered in
order to disrupt the process of consolidation in long-term
memory of the learned standard duration.

A further purpose of Experiment 2 was to extend the
investigation of the effects of retention delays with or
without interference to durations shorter than those used
in Experiment 1 (i.e., durations less than 1 sec). Shorter
durations are often used with adults to prevent them from
counting (e.g., Grondin, Meilleur-Wells, & Lachance,
1999; Grondin, Ouellet, & Roussel, 2004; McCormack,
Wearden, Smith, & Brown, 2005; Wearden, 1992). How-
ever, some studies have suggested that the processing of
long durations is actually different from that of shorter
ones, because tracking the former demands more sus-
tained attentional effort than tracking the latter (Grondin,
2001; Kagerer, Wittmann, Szelag, & Steinbiichel, 2002;
Lewis & Miall, 2006; Rammsayer, 2006). The effect of
interference on temporal generalization performance
might therefore be specific to long durations and not to
shorter ones. Accordingly, in the following experiment,
we compared the effects of'a 15-min interference task and
a 15-min retention delay between the learning and testing
phases on time judgments in a temporal generalization
task, both with a long (i.e., 1- to 7-sec) and a short (i.e.,
100- to 700-msec) duration range.

EXPERIMENT 2

Method

Participants and Design. The sample of this experiment con-
sisted of 90 new voluntary psychology students from Clermont-
Ferrand, France (71 women, 19 men; mean age, 22.02 years, SD =
0.36). A (3 X 2) between-subjects design (immediate, delay, or
interference X 100—700 msec or 1-7 sec) was used. Participants
were randomly divided into six experimental conditions (15 partici-
pants per group), according to the duration range (100—700 msec
vs. 1-7 sec) and the testing condition (immediate vs. delay vs.
interference).

Materials and Procedure. The materials and the procedure
were the same as those used in Experiment 1 in the immediate and

the 15-min delay conditions. However, we added a new test condi-
tion in which the 15-min retention delay was filled with a specific
interference task—namely, the well-known game of “Snakes and
Ladders,” the principle of which is to roll a die and move along
the squares. The winner is the person who reaches the 100th square
first. If the player lands on the bottom of a ladder, he/she is carried
to the top of that ladder, but if he/she lands on the head of a snake,
he/she slides down to the bottom of that snake. We also added a
shorter duration range condition, in which the standard duration was
400 msec and the nonstandard durations were 100, 200, 300, 500,
600, and 700 msec.

Results

An ANOVA! was performed on the proportion of
yes responses, with condition and duration range as
between-subjects factors and stimulus duration as the
within-subjects factor. The ANOVA revealed significant
main effects of stimulus duration [F(6,504) = 170.97, p <
.0001, n2 = .67] and duration range [F(1,84) = 32.86,
p <.0001, 73 = .28] and a significant interaction between
the two [F(6,504) = 7.87, p < .0001, 3 = .09]. The last
result suggests that the accuracy of temporal discrimina-
tion was greater with the long duration range than with
the short one. As can be clearly seen in Figure 2, the gen-
eralization gradients were steeper in the 1- to 7-sec range
than in the 100- to 700-msec one. Moreover, although the
main effect of condition was not significant (F' < 1), the
stimulus duration X condition interaction did reach sta-
tistical significance [F(12,504) = 4.57, p < .0001, n3 =
.10]. There was no other significant interaction with the
condition and duration range factors [condition X dura-
tion range, F(2,84) = 1.29, p = .28; stimulus duration X
condition X duration range, F' < 1]. These results dem-
onstrated that the effects of interference on generaliza-
tion performance were relatively similar for both the long
(4-sec) and the short (400-msec) durations.

The significant interaction between stimulus duration
and condition suggests that the interference task affected
the shape of the generalization gradients, regardless of the
duration range. To examine this interaction more closely,
we initially tested the effect of condition on the compari-
son durations that were identical to the standard durations,
using a one-way ANOVA. There was no significant ef-
fect of condition (' < 1), indicating that the proportion of
yes responses was no lower in the delay condition (with or
without interference) than it was in the immediate condi-
tion. In contrast, there was greater confusion between the
standard durations and shorter comparison durations in
the interference condition than in the other two conditions.
This suggested a shortening effect, with more short dura-
tions being judged as identical to the standard one. We
therefore compared the proportions of yes responses for
the comparison stimuli that were shorter than the standard
durations (i.e., the mean proportion of yes responses for
Stimuli 1, 2, and 3) with those that were longer (i.c., the
mean proportion of yes responses for Stimuli 5, 6, and 7).
Consistent with the results of most previous studies of
temporal generalization (Delgado & Droit-Volet, 2007;
McCormack, Brown, Maylor, Darby, & Green, 1999;
Wearden, 1992; Wearden, Denovan, Fakhri, & Haworth,
1997; Wearden, Norton, Martin, & Montford-Bebb, 2007;
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Figure 2. Proportions of yes responses (comparison duration = standard
duration) plotted against comparison stimulus durations for the immediate,
delay, and interference conditions, for the short (upper panel) and long (lower

panel) duration ranges in Experiment 2.

Wearden & Towse, 1994), the generalization gradients
were asymmetrical in the immediate condition, with the
mean proportion of yes responses for longer comparison
stimuli being significantly higher than that for compari-
son stimuli that were shorter than the standard durations
[1(29) = —6.97,p < .0001]. There was also a similar asym-

metry in the generalization gradients in the delay condi-
tion [£(29) = —6.00, p < .0001]. However, the asymmetry
disappeared when this delay was filled with the interfer-
ence task. In the interference condition, no difference was
observed between the mean proportions of yes responses
to comparison stimuli that were either shorter or longer
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than the standard duration [#(29) = —1.49, p = .147]. In
addition, post hoc Scheffé tests indicated that the propor-
tion of yes responses for shorter comparison stimuli was
significantly higher in the interference condition than in
both the immediate (p = .001) and the delay (p = .012)
conditions, whereas there was no difference between the
immediate and the delay conditions (p = .747). In con-
trast, no significant difference was observed between the
three conditions for the proportion of yes responses for
longer comparison stimuli [F(2,89) = 1.47, p = .236].
Overall, these results indicate that standard durations tend
to be judged shorter with an interference task than without
an interference task during the retention delay.

Modeling and Discussion

The results of Experiment 2 showed that the interfer-
ence task, as compared with the other two conditions,
gives rise to a type of shortening effect that suggests that
participants tended to underestimate the value of the stan-
dard duration more after the interference task than they did
after an unfilled retention delay or no delay at all. More-
over, our results suggest that the effects of the interference
task on participants’ time estimations were statistically
independent of the duration range: short (100—700 msec)
or long (1-7 sec).

In order to identify the mechanisms underlying
interference-related effects on time judgments in a gen-
eralization task, the data of the present experiment were
modeled by using the MCG model employed by Ogden
et al. (2008). According to this model, the duration of the
just-presented comparison stimulus, 7, is stored in working
memory, whereas the standard duration is stored in refer-
ence memory as a Gaussian distribution, with a mean equal
to the standard value and a coefficient of variation, c¢. For
each trial, a value s* was randomly chosen from this dis-
tribution. Thus, the higher the coefficient of variation, c,
the greater the variability of the standard representation in
memory, and the flatter the generalization gradient. More
specifically, increasing the coefficient of variation ¢ and
holding the other parameters constant flattens the gener-
alization gradient while retaining a low proportion of yes
responses for the shortest stimulus durations. The coef-
ficient of variation of the remembered duration therefore
constitutes a sensitivity parameter, controlling the slope
of the generalization gradient. If ¢ is the first parameter
in the model, the second parameter, originally proposed
by McCormack et al. (1999) in their model, is memory
distortion, g, which serves as a multiplier of the remem-
bered standard duration. If ¢ = 1.0, the standard value
is correctly remembered. If ¢ < 1 or g > 1, the standard
value is recalled as being shorter or longer than it is in re-
ality. Decreasing and increasing ¢ shifts the generalization
gradient toward the left or right, respectively. The effect on
the generalization gradient of manipulating these different
parameters is clearly illustrated in Droit-Volet, Clément,
and Wearden (2001) and Droit-Volet and Izaute (2005).
We may thus expect that the shortening effect produced
by the interference task would be related to a distortion of
the standard duration in reference memory, thus lowering
the g parameter value.

However, shorter comparison durations may also be
more likely to be judged as being equivalent to the stan-
dard duration when the level of participants’ arousal in-
creased during the testing phase, as compared with the
learning phase. Indeed, it is well known that the level of
arousal changes as a function of testing contexts. In that
case, the internal clock would have run faster after the
interference task, thus shifting the generalization gradi-
ent toward the left, as compared with that obtained in the
immediate testing condition. Therefore, we also tested
another model with a g parameter held constant at 1.0 (ac-
curate representation of the standard duration in reference
memory) and a “clock” parameter, which serves as a mul-
tiplier of #. However, this model did not fit our data well.
Indeed, it tended to shift the peak of the generalization
gradient toward the left, such that the comparison duration
just shorter than the standard duration was more likely to
be judged as being equivalent to the standard than was
the comparison duration equal to the standard, without
producing a similar proportion of yes responses for these
two comparison durations. Furthermore, manipulating the
value of the “clock” parameter did not allow us to distort
the shape of the generalization gradient as found in our
experiment (Figure 2). Consequently, we did not consider
this “clock” parameter in our model.

Added to the two memory parameters ¢ and ¢ is a de-
cisional parameter, b, and a parameter p for random re-
sponding. The model of the generalization task assumes
that participants will respond yes when |(s* — )/t| < b.
The threshold b also has represented as a Gaussian dis-
tribution, with a mean value b and a coefficient of varia-
tion held constant at 0.5b. As shown by Wearden (1992),
changing this last parameter does not affect the data. For
each trial, a value b* was randomly chosen from this distri-
bution. Increasing the value of b increases the proportion
of yes responses, especially for the longer stimulus dura-
tions, but without altering the general shape of the gener-
alization gradient (see Droit-Volet et al., 2001). Since the
proportion of yes responses is slightly greater for the long
comparison stimuli than for the short ones, it results in a
greater rightward skew with a higher b value. The final pa-
rameter, p, is the proportion of random responses provided
in each trial, without reference to the stimulus duration
value (i.e., yes and no responses are equally probable). In-
creasing p flattens the generalization gradient by increas-
ing the proportion of yes responses for each nonstandard
stimulus duration, including the shortest ones.

The model was implemented in a program written in
Visual Basic 6.0 (Microsoft Corporation), and the three
experimental testing conditions were simulated using
1,000 trials for each comparison stimulus. The four pa-
rameter values were varied over a wide range in order to
obtain the best-fitting simulation for the data in terms of
the mean absolute deviation (MAD), which was the sum
of the absolute deviation between the data obtained in our
experiment (Figure 2) and those derived from the com-
puter simulation, divided by 7 (for a more detailed descrip-
tion of the procedure, see Wearden, 1992). Table 1 shows
the parameter values derived from the best fits with this
model (MAD < 0.05). Note that any attempts to reduce or
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Table 1
Parameter Values Derived From the Best Fit of the Model
With the Data Obtained in the Generalization Task
for the Short (100- to 700-msec) and Long (1- to 7-sec)
Duration Ranges in the Immediate, Delay,
and Interference Conditions in Experiment 2

Duration Testing

Range Condition c q b Y4 MAD
100—-700 msec  Immediate 0.19 1.05 036 0 0.02
Delay 023 1.05 0.34 A1 0.03

Interference  0.30  0.94 0.32 23 0.02

1-7 sec Immediate 0.19 1.0 030 0 0.02
Delay 0.19 1.0 027 0 0.02

Interference  0.22 0.9 030 0 0.03

Note—c, coefficient of variation for memory representation of standard
duration; ¢, amount of distortion for memory representation of standard
duration; b, threshold; p, probability of random responses; MAD, mean
absolute deviation between theoretical and real data.

increase the value of one of the parameters increased the
MAD between the real and theoretical data.

For the immediate testing condition, the parameter val-
ues thus obtained were consistent with those reported in
previous generalization studies (e.g., Delgado & Droit-
Volet, 2007; Droit-Volet & Izaute, 2005; Wearden, 1992;
Wearden & Towse, 1994). In particular, the p value was
null and the ¢ value was 0.19, indicating that the partici-
pants did not respond at random and that their memory
representation of the standard duration was poor. In ad-
dition, for the short duration range, the parameter g was
greater than 1 (i.e., ¢ = 1.05), suggesting that shorter du-
rations were slightly overestimated, consistent with Vier-
ordt’s (1868) law. Be that as it may, the most systematic
and important change in the parameter values was for the
memory distortion parameter g, which was clearly lower
in the interference condition (although not in the delay
one) than in the immediate condition, for both the long
and the short duration ranges. Furthermore, this decrease
in the ¢ value was similar for both the short and the long
duration ranges (i.e., 0.11 and 0.10). This confirms that
interference produces a subjective shortening effect of the
standard duration in reference memory.

Moreover, the model tended to suggest that the interfer-
ence task also flattened the generalization gradients by
increasing the coefficient of variation of the temporal rep-
resentation in reference memory (parameter c). However,
this was above all true for the short duration range, since
the increase in the ¢ parameter was four times greater for
the short duration range than for the long one (0.11 vs.
0.03). Thus, the interference task made the representations
of standard durations lasting less than 1 sec fuzzier. This
led participants to produce more judgment errors in the
interference condition than in the immediate one, as re-
vealed by the greater proportion of random responses in
the former than in the latter (p parameter). In the 100- to
700-msec condition, the participants were unable to give
a time judgment in almost one trial out of four (p = .23).
Note that for the short duration range, the proportion of
random responses was also higher in the delay condition
than in the immediate one (.11 vs. 0), and the coefficient
of variation for the temporal representation in reference

memory was slightly higher (0.23 vs. 0.19). This can be
explained by the fact that temporal discrimination was
poorer for the short duration range than for the long
one, as indicated by the significant interaction between
stimulus duration and duration range. Consequently, we
can assume that the interference task not only produced a
shortening of the remembered duration, but also affected
other aspects of time judgment (e.g., random responses)
for shorter durations, the latter perhaps being related to
the former.

Finally, although the threshold value b varied between
the three testing conditions, the values were 0.32—0.36 in
the short duration range and 0.27—-0.30 in the long dura-
tion range, suggesting little systematic influence of condi-
tion. Nevertheless, the small decrease in b between the im-
mediate and interference testing conditions for durations
less than 1 sec (0.04) was consistent with previous stud-
ies showing that when the timing task is more difficult,
participants adopt a low decision threshold and are thus
more conservative in their time judgments (e.g., Droit-
Volet & Izaute, 2005; Ferrara, Lejeune, & Wearden, 1997;
Wearden & Grindrod, 2002). This is consistent with a
higher number of random responses for the short duration
range. In sum, Experiment 2 showed that the representa-
tion of duration in reference memory in a generalization
task is disrupted more by 15 min of interference than by
a simple 15-min delay. Our model suggests that a subjec-
tive shortening of the remembered standard duration can
mainly be ascribed to this interference effect.

GENERAL DISCUSSION

Our experiments provide evidence that the maintenance
of representations in temporal reference memory is un-
affected by a simple retention delay (Experiment 1) in a
generalization task, even when this delay is extended from
15 min to 24 h. This is true for different duration ranges
that are either shorter (i.e., 100—700 msec) or longer (i.e.,
1-7 sec) than 1 sec. In contrast, for these two duration
ranges, the performance of an interference task during the
15-min retention delay was found to affect the generaliza-
tion gradients by shifting them toward the left, in compari-
son with the immediate and delay conditions.

Our data thus revealed a major effect of interference
on temporal performance in a generalization task, in the
shape of a shift of the gradient toward the left, as com-
pared with the immediate and delayed tests. There seem to
be two potential explanations for this leftward shift in the
generalization gradient. The first is that the interference
task chosen in the present study (game of “Snakes and
Ladders”™) increased participants’ arousal level, thereby
speeding up their internal clock during the test. Conse-
quently, shorter comparison durations were more likely
to be judged as being equivalent to the standard duration.
However, this internal clock acceleration would have a
multiplicative effect with stimulus duration value—
that is, a relatively greater effect on long durations than
on short ones (e.g., Burle & Casini, 2001; Wearden &
Penton-Voak, 1995)—whereas our results showed that the
proportion of yes responses for short comparison stimuli



1910 RATTAT AND DROIT-VOLET

was significantly higher in the interference condition than
in the immediate one. However, there was no difference
between these two conditions for the long comparison
stimuli. Nevertheless, the comparison stimulus durations
for the short and the long duration range preserved pro-
portionality. This means that a similar shift in the tempo-
ral generalization gradients supports a scalar timing shift.
More convincingly, our modeling of data using a “clock”
parameter did not fit our data well; indeed, it shifted the
peak of the generalization gradient toward the left, with-
out producing a distortion of the shape of the gradient
similar to that found in the present study. Overall, this sug-
gests that a change in participants’ arousal level due to the
interference task was probably not the main factor that
explained the shift of the generalization gradient toward
the left in the interference testing condition, as compared
with the immediate or delayed tests.

A second more plausible explanation, and consistent
with that put forward by Ogden et al. (2008), is that partic-
ipants underestimated the standard duration after perform-
ing the interference task. A subjective shortening effect
has often been observed in studies of short-term reten-
tion of duration in animals (e.g., Church, 1980; Kraemer,
Mazmanian, & Roberts, 1985; Leblanc & Soffié, 2001;
Spetch & Wilkie, 1983; Wilkie & Willson, 1990) and in
humans (e.g., Guay & Bourgeois, 1981; Lieving, Lane,
Cherek, & Tcheremissine, 2006; Wearden, Goodson, &
Foran, 2007; Wearden, Parry, & Stamp, 2002). These find-
ings suggest that, when the duration of an event is retained
in short-term memory, it becomes shorter as the retention
delay increases (generally from 1 sec up to 10 sec), prob-
ably because of a loss of pulses during the maintenance of
the temporal representation in memory. For short retention
delays, the shortening effect would be due to a distractive
effect on the representation of the duration while it is ac-
tively maintained in memory until the temporal judgment
is given. However, in the case of longer retention delays,
the standard duration no longer needs to be actively main-
tained, since it has been learned and stored in long-term
reference memory.

Contrary to short-term temporal memory, there has
been little prior evidence of a shortening effect in tem-
poral reference memory. The only evidence comes from
studies recently conducted by Ogden et al. (2008, 2010),
which showed marked shifts in temporal generalization
gradients when a generalization test with another standard
duration was inserted between two tests of the initial stan-
dard duration, relative to a control condition without the
second generalization test. In our study, however, we used
anontemporal interference task rather than a temporal one.
When we compare the data obtained in these two studies,
the shortening of the remembered standard duration would
appear to be greater with a temporal interference task than
with a nontemporal one. More specifically, the participants
remembered the standard duration as being 10% shorter
than it actually was with the nontemporal interference
task in the present study and 33%—35% shorter with the
temporal interference task in Ogden et al.’s (2008) study
(p- 1541). However, the latter did not use a learning phase
to strengthen the trace of the standard duration in memory,

as we did in our experiment. Furthermore, in their study,
the representation of the standard duration in memory may
have been overwritten by the second interfering standard
duration, thereby hindering the judgment of similarity be-
tween the comparison durations and the initial standard
duration. Consequently, participants may have based their
time judgments on the representation of a new standard
duration. Whatever the case may be, our findings for a
nontemporal interference task and sub- and suprasecond
durations contribute to the literature by showing for the
first time that a 15-min nontemporal interference task per-
formed immediately after the standard duration is learned
produces a subjective shortening effect in long-term tem-
poral memory, for both duration ranges used here.

As was suggested at the beginning of this article, the
consolidation of information in memory is a prerequisite
for its long-term retention. Memories take time to be fixed
or consolidated and, consequently, remain vulnerable to
disruption for a period of time after learning (Dudai,
2004; Lechner et al., 1999; McGaugh, 2000). Accord-
ingly, the process associated with the formation of new
memories retroactively interferes with previously formed
ones that are still undergoing this process of consolida-
tion, thus leading to forgetting (Wixted, 2004, 2005). If
any new memories are formed while previously learned
memories are being consolidated, one would not expect
any forgetting-related effect on the latter. Conversely, the
formation of new memories during the consolidation of
recently formed memory traces should result in the de-
terioration of the latter. This is consistent with our study
showing that an unfilled retention delay had little or no
effect on time judgments in a generalization task, whereas
aretention delay occupied by the formation of new memo-
ries (during the interference task) significantly disrupted
the process of consolidation of temporal memory traces.
The process of consolidation in memory appears to be
relatively fast, taking only a few hours at most (Dudai,
2004; Rodriguez-Ortiz & Bermudez-Rattoni, 2007; Sara
& Hars, 2006). However, further research is now needed
to clarify how long after the learning phase we have to
wait before the interference task ceases to have a deleteri-
ous effect. It should be remembered that in the present
study, the interference task was performed immediately
after the learning phase.

One may wonder whether the 24-h retention delay in
the present study can reasonably be viewed as an unfilled
delay, insofar as all participants necessarily carried out sev-
eral daily-life activities during that delay. Put differently,
the question here is how we actually define interference.
From a methodological point of view, it is impossible to
prevent participants from engaging in normal day-to-day
activities during a 24-h period; and it is true that some of
these daily activities may be relatively similar to the parlor
game used as an interference task in our experiment. How-
ever, as was previously explained, in our interference con-
dition, the interference task was performed immediately
after the learning phase. Some studies have shown that the
deterioration in memory consolidation is greater when the
interference occurs just after the initial learning (Dewar,
Garcia, Cowan, & Della Sala, 2009; see also McGaugh,
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2000, for a review). In addition, even if there were some
interfering activities during the 24-h retention delay, we
failed to find any significant effect of this retention delay
on participants’ performance in a temporal generaliza-
tion task. This suggests that the consolidation of temporal
memories after learning takes only a few hours.

Finally, another question is why an interference task that
affects the consolidation of temporal memories causes the
duration to be underestimated. The present study did not
allow us to reach any clear conclusions. Memory research,
however, has shown that during consolidation, memories
undergo qualitative changes with regard to their underly-
ing neural representation that stabilize them and shield
them from future interference (Dudai, 2004; McGaugh
& Roozendaal, 2009). The neural reactivation of newly
acquired memories is critical for their consolidation and,
most probably, for their subsequent recall (e.g., Hoffman
& McNaughton, 2002; Wilson & McNaughton, 1994).
We may thus assume that in our study, in which the par-
ticipants remained in the same experimental context, they
reactivated the learned standard duration. The interference
task may have affected the representation of duration dur-
ing this reactivation process, thereby contributing to its
distortion.

In conclusion, the present study is one of the first to try
to manipulate the maintenance of duration representations
in reference memory using a temporal generalization task.
Our results did not highlight any significant effect of the
15-min and 24-h delays on participants’ time judgments,
except when they were given an interference task to per-
form immediately after initial storage of the standard du-
ration. The interference task mainly produced a shortening
effect, which, according to our model, can be explained by
the fact that participants remembered the standard dura-
tion as being shorter than it actually was.

AUTHOR NOTE

This work was supported by Grant ANR-07-NEURO-048 to S.D.-V.
from the French Ministry for Research. The authors thank Emmanuelle
Neuville for her help with data collection. Correspondence concerning
this article should be addressed to A.-C. Rattat, Université de Toulouse,
C.U.FR. Jean-Frangois Champollion, UTM, Octogone-ECCD, EA 4156,
Place Verdun, 81012 Albi Cedex 9, France (e-mail: anne-claire.rattat@
univ-jfc.fr), or S. Droit-Volet, Université de Clermont, Laboratoire de
Psychologie Sociale et Cognitive, CNRS UMR 6024, 34 avenue Carnot,
63037 Clermont-Ferrand Cedex 1, France (e-mail: sylvie.droit-volet@
univ-bpclermont.fr).

REFERENCES

BADDELEY, A. D., & HitcH, G. (1974). Working memory. In G. A.
Bower (Ed.), The psychology of learning and motivation: Advances in
research and theory (Vol. 8, pp. 47-90). New York: Academic Press.

BURLE, B., & Casini, L. (2001). Dissociation between activation and
attention effects in time estimation: Implications for internal clock
models. Journal of Experimental Psychology: Human Perception &
Performance, 27, 195-205.

CHURCH, R. M. (1980). Short-term memory for time intervals. Learning
& Motivation, 11, 208-219.

CHURCH, R. M., & GiBBON, J. (1982). Temporal generalization. Journal
of Experimental Psychology: Animal Behavior Processes, 8, 165-
186.

COHEN, J. D., MACWHINNEY, B., FLATT, M., & PrOVOST, J. (1993).
PsyScope: An interactive graphic system for designing and control-

ling experiments in the psychology laboratory using Macintosh com-
puters. Behavior Research Methods, Instruments, & Computers, 25,
257-271.

Cowan, N. (2008). What are the differences between long-term, short-
term, and working memory? Progress in Brain Research, 169, 323-
338.

DELGADO, M. L., & DROIT-VOLET, S. (2007). Testing the representation
of time in reference memory in the bisection and the generalization
task: The utility of a developmental approach. Quarterly Journal of
Experimental Psychology, 60, 820-836.

DEWAR, M., GARCIA, Y. F., CowaN, N., & DELLA SALA, S. (2009). De-
laying interference enhances memory consolidation in amnesic pa-
tients. Neuropsychology, 23, 627-634.

DRroOIT-VOLET, S., CLEMENT, A., & WEARDEN, J. H. (2001). Temporal
generalization in 3- to 8-year-old children. Journal of Experimental
Child Psychology, 80, 271-288.

DRrOIT-VOLET, S., & IZAUTE, M. (2005). The effect of feedback on tim-
ing in children and adults: The temporal generalization task. Quarterly
Journal of Experimental Psychology, 58A, 507-520.

Dupal, Y. (2004). The neurobiology of consolidations, or, how stable is
the engram? Annual Review of Psychology, 55, 51-86.

FERRARA, A., LEJEUNE, H., & WEARDEN, J. H. (1997). Changing sen-
sitivity to duration in human scalar timing: An experiment, a review,
and some possible explanations. Quarterly Journal of Experimental
Psychology, 50B, 217-237.

GIBBON, J. (1977). Scalar expectancy theory and Weber’s law in animal
timing. Psychological Review, 84, 279-325.

GIBBON, J., CHURCH, R. M., & MEckK, W. H. (1984). Scalar timing in
memory. In J. Gibbon & L. G. Allan (Eds.), Timing and time percep-
tion (Annals of the New York Academy of Sciences, Vol. 423, pp. 52-
77). New York: New York Academy of Sciences.

GRONDIN, S. (2001). Discriminating time intervals presented in se-
quences marked by visual signals. Perception & Psychophysics, 63,
1214-1228.

GRONDIN, S. (2005). Overloading temporal memory. Journal of Experi-
mental Psychology: Human Perception & Performance, 31, 869-879.

GRONDIN, S., MEILLEUR-WELLS, G., & LACHANCE, R. E. (1999). When
to start explicit counting in a time-intervals discrimination task: A
critical point in the timing process of humans. Journal of Experimen-
tal Psychology: Human Perception & Performance, 25, 993-1004.

GRONDIN, S., OUELLET, B., & RoUssiL, M.-E. (2004). Benefits and
limits of explicit counting for discriminating temporal intervals. Ca-
nadian Journal of Experimental Psychology, 58, 1-12.

GuAy, M., & BouraGEtols, J. (1981). Short-term retention of temporal
information. Perceptual & Motor Skills, 52, 719-726.

HoremaN, K. L., & MCNAUGHTON, B. L. (2002). Coordinated reactiva-
tion of distributed memory traces in primate neocortex. Science, 297,
2070-2073.

JonEs, L. A., & WEARDEN, J. H. (2003). More is not necessarily better:
Examining the nature of the temporal reference memory component
in timing. Quarterly Journal of Experimental Psychology, 56B, 321-
343.

JonEs, L. A., & WEARDEN, J. H. (2004). Double standards: Memory
loading in temporal reference memory. Quarterly Journal of Experi-
mental Psychology, 57B, 55-77.

KAGERER, F. A., WITTMANN, M., SZELAG, E., & STEINBUCHEL, N.
(2002). Cortical involvement in temporal reproduction: Evidence
for differential roles of the hemispheres. Neuropsychologia, 40, 357-
366.

KRAEMER, P. J., MAZMANIAN, D. S., & ROBERTS, W. A. (1985). The
choose-short effect in pigeon memory for stimulus duration: Subjec-
tive shortening versus coding models. Animal Learning & Behavior,
13, 349-354.

LEBLANC, P., & SOFFIE, M. (2001). The choose-short effect in rat mem-
ory for event duration: The subjective-shortening model. Behavioural
Processes, 56, 31-40.

LECHNER, H. A., SQUIRE, L. R., & BYRNE, J. H. (1999). 100 years of
consolidation: Remembering Miiller and Pilzecker. Learning & Mem-
ory, 6,77-87.

Lewis, P.A., & MiaLL, R. C. (2006). Remembering the time: A continu-
ous clock. Trends in Cognitive Sciences, 10, 401-406.

LIEVING, L. M., LANE, S. D., CHEREK, D. R., & TCHEREMISSINE, O. V.
(2006). Effects of delays on human performance on a temporal dis-



1912 RATTAT AND DROIT-VOLET

crimination procedure: Evidence of a choose-short effect. Behav-
ioural Processes, 71, 135-143.

McCorMACK, T., BRowN, G. D. A., MAYLOR, E. A., DARrBY, R. J., &
GREEN, D. (1999). Developmental changes in time estimation: Com-
paring childhood and old age. Developmental Psychology, 35, 1143-
1155.

McCorMACK, T., WEARDEN, J. H., SmiTH, M. C., & BrRowNn, G. D. A.
(2005). Episodic temporal generalization: A developmental study.
Quarterly Journal of Experimental Psychology, 58A, 693-704.

McGAUGH, J. L. (2000). Memory: A century of consolidation. Science,
287, 248-252.

McGAUGH, J. L., & RoOZENDAAL, B. (2009). Drug enhancement of
memory consolidation: Historical perspective and neurobiological
implications. Psychopharmacology, 202, 3-14.

OGDEN, R. S., & JoNEs, L. A. (2009). More is still not better: Testing the
perturbation model of temporal reference memory across different
modalities and tasks. Quarterly Journal of Experimental Psychology,
62, 909-924.

OGDEN, R. S., WEARDEN, J. H., & JONES, L. A. (2008). The remembrance
of times past: Interference in temporal reference memory. Journal of
Experimental Psychology: Human Perception & Performance, 34,
1524-1544.

OGDEN, R. S., WEARDEN, J. H., & JoNEs, L. A. (2010). Are memories
for duration modality specific? Quarterly Journal of Experimental
Psychology, 63, 65-80.

PENNEY, T. B., GIBBON, J., & MECK, W. H. (2000). Differential effects
of auditory and visual signals on clock speed and temporal memory.
Journal of Experimental Psychology: Human Perception & Perfor-
mance, 26, 1770-1787.

RAMMSAYER, T. H. (2006). Effect of pharmacologically induced changes
in NMDA receptor activity on human timing and sensorimotor perfor-
mance. Brain Research, 1073-1074, 407-416.

RATTAT, A.-C., & DROIT-VOLET, S. (2005). The long-term retention of
time: A developmental study. Quarterly Journal of Experimental Psy-
chology, 58B, 163-176.

RODRIGUEZ-ORTIZ, C. J., & BERMUDEZ-RATTONIL, F. (2007). Memory
reconsolidation or updating consolidation? In F. Bermudez-Rattoni
(Ed.), Neural plasticity and memory: From genes to brain imaging
(pp. 209-224). Mexico City: CRC Press.

SARA, S. J., & Hars, B. (2006). In memory of consolidation. Learning
& Memory, 13, 515-521.

SKAGGS, E. B. (1925). Further studies in retroactive inhibition. Psychol-
ogy Monographs, 34, 1-60.

SPETCH, M. L., & WILKIE, D. M. (1983). Subjective shortening: A model
of pigeons’ memory for event duration. Journal of Experimental Psy-
chology: Animal Behavior Processes, 9, 14-30.

TLAUKA, M., DoNALDSON, P. K., & WiLsoN, D. (2008). Forgetting in

spatial memories acquired in a virtual environment. Applied Cognitive
Psychology, 22, 69-84.

VIERORDT, K. VON (1868). Der Zeitsinn nach Versuchen [The experi-
mental study of the sense of time]. Tiibingen: H. Laupp.

WEARDEN, J. H. (1992). Temporal generalization in humans. Journal
of Experimental Psychology: Animal Behavior Processes, 18, 134-
144.

WEARDEN, J. H., DENOVAN, L., FAKHRI, M., & HAwWORTH, R. (1997).
Scalar timing in temporal generalization in humans with longer stimu-
lus durations. Journal of Experimental Psychology: Animal Behavior
Processes, 23, 502-511.

WEARDEN, J. H., GOODSON, G., & Foran, K. (2007). Subjective shorten-
ing with filled and unfilled auditory and visual intervals in humans.
Quarterly Journal of Experimental Psychology, 60, 1616-1628.

WEARDEN, J. H., & GRINDROD, R. (2002). Manipulating decision pro-
cesses in the human scalar timing system. Behavioural Processes,
61, 47-56.

WEARDEN, J. H., NORTON, R., MARTIN, S., & MONTFORD-BEBB, O.
(2007). Internal clock processes and the filled-duration illusion. Jour-
nal of Experimental Psychology: Human Perception & Performance,
33, 716-729.

WEARDEN, J. H., PARRY, A., & STAMP, L. (2002). Is subjective shortening
in human memory unique to time representations? Quarterly Journal
of Experimental Psychology, 55B, 1-25.

WEARDEN, J. H., & PENTON-VOAK, I. S. (1995). Feeling the heat: Body
temperature and the rate of subjective time, revisited. Quarterly Jour-
nal of Experimental Psychology, 48B, 129-141.

WEARDEN, J. H., & Towsk, J. N. (1994). Temporal generalization in hu-
mans: Three further studies. Behavioural Processes, 32, 247-263.

WILKIE, D. M., & WILLSON, R. J. (1990). Discriminal distance analysis
supports the hypothesis that pigeons retrospectively encode event du-
ration. Animal Learning & Behavior, 18, 124-132.

WILsON, M. A., & MCNAUGHTON, B. L. (1994). Reactivation of hip-
pocampal ensemble memories during sleep. Science, 265, 676-679.
WIXTED, J. T. (2004). The psychology and neuroscience of forgetting.

Annual Review of Psychology, 55, 235-269.

WIXTED, J. T. (2005). A theory about why we forget what we once knew.

Current Directions in Psychological Science, 14, 6-9.

NOTE

1. Previous analyses revealed neither a significant main effect nor
any interaction effect involving the button order factor. This factor was
therefore not included in the statistical analyses.
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