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In the present study, a time discrimination task was used to investigate the effect of
different contexts for intervals varying from 400 to 1600 ms. A potential time-space
interaction was controlled, and participants used both manual responses (Experiments
1 and 2) and vocal responses (Experiment 3). Three ranges of durations were employed
(short, middle and long), and within each range condition, three standard values were
used (400, 700, and 1000 ms; 700, 1000, and 1300 ms; and 1000, 1300, and 1600 ms).
Within each range, standard intervals were randomized (Experiments 1 and 3) or remained
constant (Experiment 2) within a block of trials. Our results suggest that context influences
time discrimination performances only when the temporal range under investigation is
below 1300 ms and the temporal intervals varied within blocks. In the case of temporal
intervals longer than 1300 ms, participants presented a tendency to respond “long”
independently of the procedure used. Moreover, our results suggested that performances
in a discrimination task are mainly influenced by the fact of varying standard durations
within blocks, and not much by the time-space compatibility.
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INTRODUCTION
There are different signs in the time perception literature reveal-
ing the vulnerability of psychological time; indeed, different
contexts move the output of temporal mechanisms in differ-
ent directions. Amongst the contexts exerting influences on time
estimation, there is the fact of dealing with different tempo-
ral intervals within a given investigation. An extensive literature
shows that the duration of an event is not solely experienced on
the basis of its temporal properties: attention (Zakay, 1998; Brown
and Boltz, 2002; Grondin and Rammsayer, 2003; see also Zakay
and Block, 1996), arousal and emotional levels (Angrilli et al.,
1997; Mella et al., 2011; Droit-Volet et al., 2013; Grondin et al.,
2014), and stimulus context (Barnes and Jones, 2000; McAuley
and Jones, 2003; Jones and McAuley, 2005) can all affect the expe-
rience of time. Additionally, the time scale of the stimulus and the
task used to measure participants’ subjective duration have a great
influence on the mechanisms involved in temporal processing
(Gil and Droit-Volet, 2011; Mioni et al., 2014b).

When investigating time perception, a major concern is related
to the temporal range under investigation. In the field of time
perception, researchers have mainly used intervals in the range
of 100 ms to a few seconds (Grondin, 2001, 2010). This tempo-
ral range is particularly important in humans because it involves
processes from motor control, speech generation, playing music,
and dancing to more complex processes like learning and decision
making (Buhusi and Meck, 2005).

A general tendency in timing literature, mainly in neuroscience
researches, is to emphasize a distinction between intervals above
and below 1 s, which is based on differential pharmacological

effects (Rammsayer, 2008) and on patient studies with various
brain damages (see Ivry and Spencer, 2004; Meck, 2005; Mioni
et al., 2014a; Piras et al., 2014). Moreover, researchers claimed
that processing of smaller intervals is more sensory based, or ben-
efits from some automatic processing, whereas the processing of
longer intervals requires the support of cognitive resources (also
see Lewis and Miall, 2003; Hellström and Rammsayer, 2004).
Even if this “1-s” transition period remains somewhat arbitrary,
there is certainly some turning point on the time continuum given
the benefit one should expect from adopting an explicit counting
strategy for processing long temporal intervals (Grondin et al.,
2004; Grondin and Killeen, 2009a,b). Indeed, there are empirical
reasons to believe that this transition occurs circa 1.2 s (Grondin
et al., 1999), at least for the processing of auditory time intervals,
the Weber fraction for time increasing for intervals longer than
1.3–1.5 s (Gibbon et al., 1997; Grondin, 2012, 2014).

However, processing temporal intervals cannot be indepen-
dent from methodological issues. For example, in a typical time
discrimination task, participants are required to judge the rel-
ative durations of two temporal intervals successively presented
(first “standard” and second “comparison”). Presenting intervals
successively induces some bias in the perceived duration of inter-
vals, this effect being known as the time-order error (TOE). A
positive TOE is observed when the first stimulus presented is
over-estimated whereas a negative TOE is observed when the first
stimulus is under-estimated, compared to the second. Researchers
have explained the TOE as the result of a response bias or of a
perceptual effect (Allan, 1977; Hellström, 1985, 2003; Eisler et al.,
2008). Providing participants with information about correct
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responses (feedback) in time discrimination tasks eliminates the
tendency for judging the second duration as longer than the first
(Jamieson and Petrusic, 1975, 1978). Such a result is consistent
with the view that TOE is a reliable perceptual effect and that
practice with feedback leads participants to adopt biased decision
criteria to overcome this effect.

Moreover, and as revealed by Vierordt’s law (Vierordt, 1868;
Lejeune and Wearden, 2009), when short and long intervals are
presented within the same experimental context, shorter intervals
tend to be overestimated and longer intervals are underesti-
mated. The point in between, for which there is no constant
error, is called the indifference point. The estimated value of the
indifference point indeed depends on the durations used in the
experiment (Eisler et al., 2008; Lejeune and Wearden, 2009).

Jones and McAuley (2005) tried to give a comprehensive expla-
nation of temporal performance using time discrimination tasks.
They reported interesting results describing local and global con-
text effects. The authors pointed out that the temporal context
systematically affects the perception of a temporal interval. The
authors used an experimental setting in which a series of brief
tones are presented, which determine an isochronous sequence of
inter-onset intervals (Base IOIs). The Base IOI sequence precedes
the two final pairs of stimuli (standard and comparison) that
have to be compared. In this paradigm, the rate of the Base IOI
sequence alters the perceived duration of the standard interval,
producing a local context effect (Barnes and Jones, 2000; McAuley
and Jones, 2003). The alteration of the perceived duration occurs
because the local context sequence induces an internal periodic-
ity that distorts participants’ perception of the standard IOI in the
direction of the Base IOI (over- or under-estimation according to
the Base IOI). Barnes and Jones (2000) also reported that the rate
of other sequences within the same session affects the perceived
duration of the standard IOI, producing a global context effect
(see also McAuley and Jones, 2003; Large, 2008).

Another, more recent line of investigation rather explains tem-
poral performance from a time-space compatibility perspective
(mental time line; Ishihara et al., 2008). These studies describe an
association between temporal duration and the spatial position
of the response keys on the keyboard: specifically, the congruity
between spatial and temporal information along the “mental
time line” may facilitate manual responses, which may yield a
spatial–temporal association of response codes (STEARC) effect
(Ishihara et al., 2008). Short temporal durations are associated
with left space, and long temporal durations are associated with
right space. The time-space interaction follows the idea that
time, space, and numbers are processed by a common system
(Walsh, 2003), a magnitude mechanism that codes information
according to a quantitative representation, usually outlined as a
left-to-right orientation continuum. Specifically for the temporal
domain, in the context of time discrimination tasks, participants
are presented with pairs of temporal intervals (standard dura-
tion presented first and comparison duration presented second)
and have to judge if the second interval presented is longer (or
shorter) than the standard. For time discrimination task, the pre-
sentation order is critical in the experimental setting. Higher
accuracy is expected when the duration of the comparison stimu-
lus is short and the “short” response ispositioned on the left side,

compared to the condition in which the duration of the com-
parison stimulus is short and the “short” response is positioned
on the right side. Opposite performance patterns are expected
when the duration of the comparison is long; in fact, in this case,
higher accuracy is expected when the right response key is asso-
ciated with the “long” response, compared to the condition in
which the “long” response is positioned on the left side (Conson
et al., 2008; Ishihara et al., 2008; Bonato et al., 2012). Therefore,
it is possible that the negative or positive TOE, often observed in
time discrimination task, is partly caused by time-space compat-
ibility rather than a memory or perceptual process related to the
temporal interval under investigation.

In the present study, we first wanted to know if using different
temporal contexts affects duration discrimination. In particular,
we focused on “1-s” temporal interval and we included it within
different temporal contexts or as the longest, the medium or the
shortest standard temporal interval. In this way, it was possible
to determine if participants’ performance depends specifically on
the temporal interval used or if it is modulated by the context
within which this interval is included. Our use of context effect
is inspired more by the work related to Vierordt’s law than by
the context effect suggested by Jones and McAuley’s (2005). In
fact, in Jones and McAuley’s (2005) studies the influence of con-
text on temporal performance was induced by the presentation
of sequences of brief tones. In the present study, participants
performed a time discrimination task in which the 1-s interval
was included in blocks of trials, which include different temporal
intervals (longer or shorter than 1-s temporal intervals).

A second aim of the present study was to investigate the
time-space compatibility in order to understand the influence of
response lateralization on temporal performances. For this pur-
pose, participants were asked to respond manually (pressing a
designed lateralized response key on the keyboard) or to respond
orally. It was then possible to determine if the preference in
responding short or long depends on the compatibility between
temporal intervals (short-long) and position of the response keys
(left-right), i.e., time-space compatibility.

EXPERIMENT 1
METHODS
Participants
Fifty-six students from the University of Padova (Italy) were
randomly assigned to one of three experimental groups: 20 par-
ticipants in Group 1 (M = 21.70 years; SD = 0.97) for which
standard durations lasted 400, 700, and 1000 ms; 18 participants
in Group 2 (M = 21.56 years; SD = 1.50) for which standard
durations lasted 700, 1000, and 1300 ms, and 18 participants in
Group 3 (M = 22.00 years; SD = 1.84) for which standard dura-
tions lasted 1000, 1300, and 1600 ms. This and the following
studies, were conducted in accordance with the Department of
General Psychology guidelines, and all participants completed an
informed consent form.

Materials
Each participant was tested in a quiet room at the Department of
General Psychology of the University of Padova, (Italy). Each test
session lasted approximately 20 min. All stimuli were presented
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on a 15-inch PC monitor and participants were seated at a dis-
tance of approximately 60 cm. The stimulus marking intervals to
be discriminated was a gray dot centrally presented on a white
background (Figure 1). We used E-Prime® 2.0 to program and
implement the tasks.

Procedure
Participants were instructed to complete a duration discrimina-
tion task by judging the relative duration of two time intervals
successively presented. The first visual stimulus on the com-
puter’s screen marked the standard interval and the second one
the comparison interval. For each group, three standard intervals
were used. In Group 1 (short standard durations), the stan-
dards lasted 400, 700, and 1000 ms; in Group 2 (middle standard
durations) they lasted 700, 1000, and 1300 ms; and in Group 3
(long standard durations) they lasted 1000, 1300, and 1600 ms.
For each standard interval, one of two comparison stimuli was
presented: ±25% with respect to the standard value (Table 1).
Participants were seated at 60 cm from the computer screen and

they were instructed to press two distinct keys: “B” if the second
was shorter than the first one (“B” referred to the Italian word
“Breve” = short) or “L” if the second was longer than the first one
(“L” referred to the Italian word “Lungo” = long). For half of the
participants the label with the letter “B” was placed over the letter
“A” on the left of the keyboard and the label with the letter “L” was
placed over the letter “L” on right of the keyboard; for the other
half of the participants the label with the letter “B” was placed over
the letter “L” on the left of keyboard and the label with the letter
“L” was placed over the letter “A” on right of the keyboard. Twelve
pairs of stimuli (standard—comparison) were presented within
each block, and the standard durations were randomized within
blocks. Stimuli sequences consisted of two gray circles separated
by a 500-ms inter-stimulus interval; the next sequences of stim-
uli were presented 1000 ms after the participant’s response. There
were three blocks of trials in the experimental session. A practice
phase was included at the beginning of the session in order to clar-
ify the instructions and to familiarize participants with the task.
One presentation of each pair of stimuli (standard—comparison)

FIGURE 1 | Design of Experiment 1 (see Method). B, “Breve” (short in Italian); L, “Lungo” (long in Italian).

Table 1 | Summary of standard and comparison temporal intervals used in Experiments 1–3.

Group 1—short Group 2—middle Group 3—long

Standard Comparison Standard Comparison Standard Comparison

Standard-short 400 300 700 525 1000 750

500 875 1250

Standard-middle 700 525 1000 750 1300 975

875 1250 1625

Standard-long 1000 750 1300 975 1600 1200

1250 1625 2000
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was included in the practice phase. Participants were instructed
to be accurate and fast in their responses, and no feedback was
provided.

Statistical analyses
Data were analyzed in terms of accuracy (proportions of
correct responses) and perceived duration (proportion of
“long” responses). For accuracy, an analysis of variance
(ANOVA) according to a 3 (Group1—Short, Group 2—Middle,
Group 3—Long) × 2 (Response key Short-left, Short-right) × 3
(Standard duration short, middle, and long) × 2 (Comparison
short and long) design was conducted, with the Standard
duration and Comparison being within-subject factors. An
ANOVA on the proportions of “long” responses according to
a 3 (Group1—Short, Group 2—Middle, Group 3—Long) × 2
(Response key Short-left, Short-right) × 3 (Standard duration
short, middle, and long) design was conducted, the last factor
being within-subjects.

To further investigate the effect of response key and spatial
compatibility on time perception, we considered the responses
as “congruent” when the comparison duration was short and
the short response key was placed on the left side of the key-
board; and we considered the responses as “incongruent” when
the comparison duration was short and the short response key
was placed on the right side of the keyboard. Other ANOVAs were
then conducted on proportions of correct responses according to
a 3 (Group1—Short, Group 2—Middle, Group 3—Long) × 2
(Response key Congruent short-left, Incongruent short-right) ×
2 (Standard duration short and long), the last factor being within-
subjects. All significant analyses were followed by post-hoc analy-
ses performed with a Bonferroni correction to reduce the Type
I error rate, and the effect size was estimated with partial eta
squared (η2

p).

RESULTS AND DISCUSSION
Proportions of correct responses
The mean proportions of correct responses as a function of
groups, standard durations and comparisons are reported in
Figure 2A. The ANOVA revealed a significant effect of group
[F(2, 53) = 5.44, p = 0.007, η2

p = 0.179] and standard duration

[F(2, 106) = 15.27, p < 0.001, η2
p = 0.234]. The analysis also

showed a significant group × standard duration [F(4, 106) = 2.49,
p = 0.048, η2

p = 0.090] and standard duration × comparison

interactions [F(2, 106) = 64.49, p < 0.001, η2
p = 0.563].

Moreover, the group × standard duration × comparison inter-
action [F(4, 106) = 4.93, p < 0.001, η2

p = 0.166] was also found
(Figure 2A). Post-hoc analyses revealed similar patterns of perfor-
mance in Group 1 and Group 2: participants were more accurate
when the standard duration was short (standard-short = 400 ms
in Group 1, and = 700 ms in Group 2) and when the comparison
interval was shorter than the standard. No effect of comparison
(standard-short vs. standard-long) was observed for the mid-
dle standard durations (standard-middle = 700 ms in Group 1
and = 1000 ms in Group 2) whereas, when the standard dura-
tion was long (standard-long = 1000 ms in Group 1 and =
1300 ms in Group 2), better performances were observed when
the comparison was longer than the standard. In the case of

Group 3, better performances were observed only when the stan-
dard was long (1600 ms) and when the comparison interval was
longer than the standard.

No effect of comparison (p = 0.431) or response key (p =
0.104), as well as no interaction effect (all ps > 0.05), were
significant.

Proportion of “long” responses
The mean proportion of “long” responses as a function of groups
and standard durations are reported in Figure 3A. The ANOVA
revealed a significant effect of standard duration [F(2, 106) =
54.90, p < 0.001, η2

p = 0.523], and the group × standard dura-

tion interaction [F(4, 106) = 4.53, p = 0.002, η2
p = 0.153]. Post-

hoc analyses revealed that participants in all groups had a ten-
dency in responding “long” when the standard duration was
the longer presented. Participants of Group 1 (short = 400 ms)
responded “long” less often when the standard duration was
short than participants of Group 3 (short = 1000 ms). No effect
of group (p = 0.180) or of response key (p = 0.870), or other
interactions, were significant (all ps > 0.05).

Time-space compatibility (congruent vs. incongruent)
The analyses conducted to investigate the effect on accuracy of
time-space compatibility (congruent vs. incongruent) revealed
a significant effect of standard duration [F(1, 56) = 11.59,
p < 0.001, η2

p = 0.188] and a significant interaction between
standard duration × response key [F(1, 56) = 5.36, p = 0.025,
η2

p = 0.097] (Figure 4A). Post-hoc analyses showed that par-
ticipants were less accurate when the standard duration was
short and the response key was on the right side but no effect of
response key was found for long responses. No effect of group
(p = 0.891) or of response key (p = 0.227), or other interactions,
were significant (all ps > 0.05).

The results showed different performance patterns, depend-
ing on the temporal intervals under investigation. In the case
of Group 1 and Group 2, results showed a positive TOE when
the standard intervals were the shortest (400 ms in Group 1
and 700 ms in Group 2) and the comparison was shorter
than the standard; whereas a negative TOE was observed
when the standard interval was the longest of the experimen-
tal setting (1000 ms for Group 1 and 1300 for Group 2) and
the comparison was longer than the standard. In the case
of Group 3, a general tendency in responding “long” pro-
duced a negative TOE independently of the standard duration
(Figure 2A).

These results are consistent with the idea that there is some
transition regarding the temporal processes operating with dif-
ferent duration ranges in the vicinity of 1200–1300 ms (Grondin
et al., 1999). Further analyses of the influence of the position of
the response key on temporal performance revealed lower perfor-
mances when the standard duration was short and the response
key was in the incongruent condition (short-right).

EXPERIMENT 2
In order to further distinguish the effect of context from the effect
of temporal interval, the standard duration was kept fixed within
blocks in the present experiment.
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FIGURE 2 | Mean accuracy in each group as a function of standard durations and comparison intervals for (A) Experiment 1, (B) Experiment 2, and

(C) Experiment 3. The error bars indicate standard errors.

METHODS
Participants
As in Experiment 1, 56 students (M = 22.18 years; SD = 1.72)
from the University of Padova (Italy) were randomly assigned to
one of three experimental groups: 20 participants in Group 1 for
which standard durations lasted 400, 700, and 1000 ms; 18 partic-
ipants in Group 2 for which standard durations lasted 700, 1000,
and 1300 ms, and 18 participants in Group 3 for which standard
durations lasted 1000, 1300, and 1600 ms. All participants pro-
vided informed consent to complete the study and none took part
in Experiment 1.

Procedure and materials
The experimental setting was similar to the one used in
Experiment 1 with one key difference: the standard durations did

not vary within blocks (Figure 5). In each block, participants were
always presented with the same standard duration and the com-
parison interval was ±25% compared to the standard (Table 1).
The presentation order of the blocks was randomized. As in
Experiment 1, there was a practice phase and no feedback; partic-
ipants were instructed to be accurate and fast in their responses.
The response keys were counterbalanced between participants.
Finally, the designs of the statistical analyses are the same as the
ones described in Experiment 1.

RESULTS AND DISCUSSION
Proportions of correct responses
The mean proportions of correct responses as a function of
groups, standard durations and comparison intervals are reported
in Figure 2B. The ANOVA revealed a significant effect of standard

www.frontiersin.org July 2014 | Volume 5 | Article 717 | 5

http://www.frontiersin.org
http://www.frontiersin.org/Perception_Science/archive


Mioni et al. Interval discrimination across different durations

FIGURE 3 | Mean proportion of “long” responses in each group as a function of standard durations for (A) Experiment 1, (B) Experiment 2, and

(C) Experiment 3. The error bars indicate standard errors.

duration [F(2, 106) = 6.27, p = 0.003, η2
p = 0.111] and of com-

parison interval [F(1, 53) = 12.42, p < 0.001, η2
p = 0.199]. No

main effect of group (p = 0.360), response key (p = 0.710) or
other interactions were significant (all ps > 0.05).

Proportions of “long” responses
The mean proportions of “long” responses as a function of
groups and standard durations are reported in Figure 3B. The
ANOVA revealed only a significant standard duration effect

[F(2, 106) = 3.03, p = 0.050, η2
p = 0.054] indicating that partici-

pants pressed “long” more frequently when the standard duration
was the longest presented, compared to the shortest (p > 0.05 for
all other effects).

Time-space compatibility (congruent vs. incongruent)
The analyses conducted on accuracy to investigate the effect
of time-space compatibility (congruent vs. incongruent)
(Figure 4B) revealed only a significant standard duration effect
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FIGURE 4 | Mean proportion of correct responses as a function of standard durations and response keys for (A) Experiment 1 and (B) Experiment 2.

The error bars indicate standard errors.

FIGURE 5 | Design of the Experiment 2 (see Method). B, “Breve” (short in Italian); L, “Lungo” (long in Italian).

[F(1, 53) = 19.02, p < 0.001, η2
p = 0.276] indicating that partic-

ipants were more accurate when discriminating long temporal
intervals. No other main or interaction effects were significant
(all ps > 0.05).

Results from Experiment 2 showed high accuracy in all three
Groups and a tendency in responding long when the standard
duration was long and the comparison was longer than the stan-
dard. No effect of response key was observed, suggesting that this
effect depends on the context in which the temporal interval is
presented and is not specifically related to the single duration
employed.

EXPERIMENT 3
Pieces of scientific literature consistently suggest that there is
an interaction between time and space (Ishihara et al., 2008;
Bonato et al., 2012). In order to disentangle the specific effect of

time-space compatibility from the effect of the temporal intervals
employed, participants in Experiment 3 were asked to give vocal
responses.

METHODS
Participants
As in Experiments 1 and 2, 51 students (M = 23.16 years;
SD = 2.57) from the University of Padova (Italy) were ran-
domly assigned to one of three experimental groups: 18 par-
ticipants in Group 1 for which standard durations lasted 400,
700, and 1000 ms; 17 participants in Group 2 for which stan-
dard durations lasted 700, 1000, and 1300 ms, and 16 partic-
ipants in Group 3 for which standard durations lasted 1000,
1300, and 1600 ms. All participants provided informed con-
sent to complete the study and none took part in Experiments
1 or 2.
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Procedure and materials
The material and procedure were exactly as in Experiment 1 (see
Figure 1), except that participants were instructed to respond
vocally by saying “Breve” (“Breve” = “short” in Italian) or
“Lungo” (“Lungo” = “long” in Italian), instead of pressing the
response keys.

RESULTS AND DISCUSSION
Given that participants were instructed to give vocal response,
no effect of response key is taken into consideration. Data were
analyzed in terms of accuracy (proportions of correct responses),
and perceived duration (proportion of “long” responses). For
accuracy, an ANOVA according to a 3 (Group1—Short, Group
2—Middle, Group 3—Long) × 3 (Standard duration short, mid-
dle, and long) × 2 (Comparison short and long) design was
conducted, with the Standard duration and Comparison being
within-subjects factors. An ANOVA on the proportions of “long”
responses according to a 3 (Group1—Short, Group 2—Middle,
Group 3—Long) × 3 (Standard duration short, middle, and long)
design was conducted, the last factor being within-subjects.

Proportions of correct responses
The mean proportions of correct responses as a function of
groups, standard durations and comparison intervals are reported
in Figure 2C. The ANOVA revealed a significant effect of group
[F(2, 48) = 19.85, p < 0.001, η2

p = 0.453] and of standard dura-

tion [F(2, 96) = 7.72, p < 0.001, η2
p = 0.139]. The analyses also

revealed a significant standard duration × comparison inter-
val interaction [F(2, 96) = 63.21, p < 0.001, η2

p = 0.568] and a
significant group × standard duration × comparison interval
interaction [F(4, 96) = 4.59, p = 0.002, η2

p = 0.161] (Figure 2C).
Post-hoc analyses revealed that in Group 1 and Group 2, par-

ticipants were more accurate when the standard duration was
short (standard = 400 ms in Group 1 and standard = 700 ms in
Group 2) and the comparison interval is shorter than the stan-
dard. An opposite pattern of performance is observed when the
standard durations are long (standard = 1000 ms in Group 1
and standard = 1300 ms in Group 2). In this case, better per-
formances are observed when the comparison is longer than the
standard. No effect of comparison interval was observed for the
middle standard duration (standard = 700 ms in Group 1 and =
1000 ms in Group 2). In the case of Group 3, better performances
are observed only with the middle and long standard durations
(1300 and 1600 ms) when the comparison interval is longer. No
main effect of comparison (p = 0.176) or other interactions were
found (all ps > 0.05).

Proportions of “long” responses
The mean proportions of “long” responses as a function of groups
and standard durations are reported in Figure 3C. The ANOVA
revealed a significant effect of standard duration [F(2, 96) = 62.77,
p < 0.001, η2

p = 0.567], as well as the group × standard duration

interaction [F(4, 96) = 4.14, p = 0.004, η2
p = 0.147] indicating

that participants in Group 3 had a greater tendency to respond
“long” for short standard intervals (Group 3 = 1000 ms) than
participants in Group 1 (Group 1 = 400 ms). No main effect of
group was found (p = 0.340).

The results observed in Experiment 3 are consistent with the
ones reported in Experiment 1. In both experiments, the stan-
dard durations were randomly presented within blocks. Whether
vocal or manual responses are used, participants showed a pos-
itive TOE when the standard intervals was shorter (400 ms
in Group 1 and 700 ms in Group 2) and the comparison
was shorter than the standard; a negative TOE was observed
when the standard interval was the longest of the experimen-
tal setting (1000 ms for Group 1 and 1300 for Group 2) and
the comparison was longer than the standard. In the case of
Group 3 a general tendency in responding “long” produced
a negative TOE independently of the standard duration was
observed.

Participants’ performance was not modulated by the assign-
ment of response keys, thus suggesting that processing duration in
time perception did not involve spatial representation. This find-
ing would not follow predictions of time-space compatibility, but
would rather be consistent with alternative interpretation frame-
works. In particular, the present data would be consistent with a
sequential order system that represents items with respect to other
items, via an inter-item association or on the basis of their ordinal
position in the sequence without an absolute, spatially-defined
reference (Marshuetz, 2005).

GENERAL DISCUSSION
The present study was conducted for testing the effect of vari-
ous temporal contexts and the effect of time-space compatibility
on duration discrimination. In particular, we focused on 1-s
temporal interval considering that below and above this dura-
tion, different processes (automatic vs. controlled) would be at
play (Lewis and Miall, 2003; Hellström and Rammsayer, 2004;
Rammsayer, 2008).

TEMPORAL CONTEXTS
Results from Experiment 1 showed that participants’ accuracy
(percentage of correct responses) on time discrimination task
depended on the stimulus duration and context. Interestingly,
participants in Group 1 and Group 2 had a similar pattern of
performance. In both cases, participants of these groups had
a preference in responding “short” when the standard interval
was the shortest, and in responding “long” when the standard
duration was the longest and, this was true independently of
the standard duration used. In fact, let’s consider the standard
intervals used for Group 1 and Group 2 (Table 1). Both groups
had 700 and 1000 ms as standards, but in the case of Group 1,
700 ms was the middle and 1000 ms was the longest standard
interval, and for Group 2, 700 ms was the shortest and 1000 ms
was the middle standard interval. In the case of Group 1, no effect
of standard-comparison was observed for the 700 ms standard
interval (middle standard) and when the standard was 1000 ms
(longest standard), participants had the tendency of responding
“long.” But in the case of Group 2, participants had a tendency
in responding “short” when 700 ms was presented (shortest stan-
dard) and no effect of standard-comparison was observed for
1000 ms (middle standard). A different pattern of performance
was observed in Group 3, in which participants had the tendency
of responding long, and this pattern occurred for the middle and

Frontiers in Psychology | Perception Science July 2014 | Volume 5 | Article 717 | 8

http://www.frontiersin.org/Perception_Science
http://www.frontiersin.org/Perception_Science
http://www.frontiersin.org/Perception_Science/archive


Mioni et al. Interval discrimination across different durations

the longest standard durations (Group 3 middle = 1300 ms and
longest = 1600 ms).

Although it is difficult to totally discard the possibility that the
temporal performances observed in Groups 1 and 2 are influ-
enced by a perceptual phenomenon like the TOE (Hellström,
1977, 1978), a cognitive interpretation is viable. Over several
trials, participants might have created anchor duration, i.e., a
memory representation issued from the averaging of the shorter
and the longer temporal intervals presented. It is posited that this
anchor duration may exert influence (some weight) on the dis-
crimination process at the moment of task (for a given single
trial). Stimuli are partly classified as a function of the “anchor,”
with stimuli below the “anchor” tending to be assigned as short
and stimuli above the “anchor” as long (see also Oshio et al.,
2006).

However, this anchor hypothesis does not explain the perfor-
mance observed in Group 3. In fact, participants in Group 3
generally responded long independently of the duration of the
standard interval presented. Such a result is compatible with the
hypothesis stipulating that there are distinct systems for process-
ing duration above or below 1-s, one for longer temporal intervals
(in the range of seconds) and one for short temporal intervals
(in the range of milliseconds). It is as if the amount of infor-
mation to be processed exceeds the capacity of the system, just
like there is a limited capacity of processing in working memory
(Miller, 1956; Cowan, 2001), a limitation that could be com-
pensated by re-organization of information processing with the
creation of chunks of information. Actually, a spontaneous way
for re-organizing temporal information (too long intervals) is to
use strategies such as explicit counting or tapping (Grondin et al.,
1999, 2004). In sum, the results of Experiment 1 suggest that,
for duration between 400 and 1300 ms, temporal performance
is influenced by the context, but for standard durations longer
than 1300 ms, other processes seem to be involved and they would
attenuate or erase the anchor effect reported with briefer intervals.

Experiment 2 showed that temporal performance is not only
related to the range of the temporal intervals under investigation,
but also to the experimental procedure used. In fact, without a
randomization of trials, there is no anchor effect for short tempo-
ral intervals (Group 1 and Group 2). Interestingly, participants in
Group 3 rather showed the same pattern of performance (prefer-
ence in responding long) in Experiments 1 and 2. Moreover, for
Group 3 in these two experiments, the accuracy level was about
the same. This fact provides additional support to the idea that
a different temporal information system would contribute to the
processing of longer temporal intervals.

TIME-SPACE COMPATIBILITY
In the present study, we also tested whether time-space com-
patibility may influence a duration discrimination performance.
A recent line of research explains temporal performance from
a time-space compatibility perspective (Ishihara et al., 2008;
Bonato et al., 2012). These studies suggest that humans do not
process time and space separately, but represent time as space.
Time flows using a spatial organization or a “mental time line.” In
the present study, time-space compatibility would be expressed by
an association between temporal duration and the spatial position

of the response keys on the keyboard: specifically, short temporal
durations would be associated with left space, and long tempo-
ral durations with right space. Such an association should lead
to shorter reaction times and higher accuracies in the congru-
ent (i.e., short-left) than in the incongruent (i.e., short-right)
condition (Vallesi et al., 2008).

Results from our study tend to show at first sight that par-
ticipants’ performance could be modulated by time-space com-
patibility. In fact, in the case of Experiment 1, participants were
less accurate when response keys were placed in the incongruent
position (long-left and short-right), but only when the stan-
dard duration was the shortest. No effect of position of response
keys on time discrimination performance was observed when the
standard was the longest.

However, in the case of Experiment 2, there was no sign of
a time-space compatibility effect on time discrimination per-
formances. Participants were generally more accurate when dis-
criminating long standard intervals, with no effect of position
of the response keys. Results from Experiments 1 and 2 indi-
cate the importance of comparing duration intervals with each
other. In brief, the potential influence of space compatibility in
time discrimination was only observed in Experiment 1, i.e., when
the standard duration varied within blocks. Therefore, it is the
implicit comparison of temporal intervals and not the duration
of the interval itself that seems to be the key factor underlying the
response bias (time-space compatibility) (Vicario, 2011).

Interestingly, in Experiment 3, in which no manual response
was involved, participants showed exactly the same pattern of
performances as the one observed in Experiment 1. In fact, par-
ticipants had a tendency to respond “short” when the shortest
standard duration was presented and “long” when the longest
standard duration was presented. Participants’ performance was
not modulated by assignment of response keys, thus suggest-
ing that processing of duration in time discrimination did not
involve necessarily spatial representation. In other words, consid-
ering that the effect obtained in Experiment 1 (1) disappeared
in Experiment 2 without the randomization of standard dura-
tions within blocks, but (2) occurred in Experiment 3 with this
randomization but without the assignment of responses keys,
what could have look like a time-space compatibility effect in
Experiment 1 is indeed due to another factor, namely, varying
standard durations within blocks.

It is difficult to compare the present findings with previous
results, or to evaluate directly the impact of our findings on the
material available in the literature. Previous studies used audi-
tory stimuli and different experimental methods [see (Bonato
et al., 2012) for a review]. It remains possible that a time-space
effect is involved in other temporal performances, but this might
be caused by specific methodological and/or strategic conditions
rather than by a general and stable cognitive effect.

CONCLUSION
In conclusion, we have found a complex interaction between
context, time-space compatibility and temporal range under
investigation. Our results suggest that context influences time dis-
crimination performances only when the temporal range under
investigation is below 1300 ms and the temporal intervals vary
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within blocks. In the case of temporal intervals longer than
1300 ms, participants presented a tendency to respond “long”
independently of the method used to present the standard tempo-
ral intervals (intervals varying within blocks or between blocks).
Overall, these findings indicate that distinct temporal processes
might be at play above and below 1300 ms.

REFERENCES
Allan, L. G. (1977). The time-order error in judgments of duration. Can. J. Psychol.

31, 24–31. doi: 10.3758/BF03204158
Angrilli, A., Cherubuni, P., Pavese, A., and Manfredini, S. (1997). The influence

of affective factors on time perception. Percept. Psychophys. 59, 972–982. doi:
10.3758/BF03205512

Barnes, R., and Jones, M. R. (2000). Expectancy, attention, and time. Cogn. Psychol.
41, 254–311. doi: 10.1006/cogp.2000.0738

Bonato, M., Zorzi, M., and Umiltà, C. (2012). When time is space: evi-
dence for a mental time line. Neurosci. Biobehav. Rev. 36, 2257–2273. doi:
10.1016/j.neubiorev.2012.08.007

Brown, S. W., and Boltz, M. G. (2002). Attentional processes in time perception:
Effects of mental workload and event structure. J. Exp. Psychol. Hum. Percept.
Perform. 28, 600–615. doi: 10.1037//0096-1523.28.3.600

Buhusi, C. V., and Meck, W. H. (2005). What makes us tick? Functional and
neural mechanisms of interval timing. Nat. Rev. Neurosci. 6, 755–765. doi:
10.1038/nrn1764

Conson, M., Cinque, F., Barbarulo, A. M., and Trojano, L. (2008). A common pro-
cessing system for duration, order and spatial information: evidence from a
time estimation task. Exp. Brain Res. 187, 267–274. doi: 10.1007/s00221-008-
1300-5

Cowan, N. (2001). The magical number 4 in short-term memory: a recon-
sideration of mental storage capacity. Behav. Brain Sci. 24, 87–185. doi:
10.1017/S0140525X01583922

Droit-Volet, S., Fayolle, S., Lamotte, M., and Gil, S. (2013). Time, emotion and the
embodiment of timing. Timing Time Percept. 1, 99–126. doi: 10.1163/22134468-
00002004

Eisler, H., Eisler, A. D., and Hellström, Å. (2008). “Psychophysical issues in the study
of time perception,” in Psychology of Time, ed S. Grondin (Bingley: Emerald
Group), 75–110.

Gibbon, J., Malapani, C., Dale, C. L., and Gallistel, C. (1997). Toward a neurobi-
ology of temporal cognition: advances and challenges. Curr. Opin. Neurobiol. 7,
170–184. doi: 10.1016/S0959-4388(97)80005-0

Gil, S., and Droit-Volet, S. (2011). “Time flies in the presence of an angry
faces”. . . depending on the temporal task used! Acta Psychol. 136, 354–362. doi:
10.1016/j.actpsy.2010.12.010

Grondin, S. (2001). From physical time to the first and second moments
of psychological time. Psychol. Bull. 127, 22–44. doi: 10.1037/0033-2909.
127.1.22

Grondin, S. (2010). Timing and time perception: a review of recent behavioral and
neuroscience findings and theoretical directions. Atten. Percept. Psychophys. 72,
561–582. doi: 10.3758/APP.72.3.561

Grondin, S. (2012). Violation of the scalar property for time perception between
1 and 2 seconds: evidence from interval discrimination, reproduction, and
categorization. J. Exp. Psychol. Hum. Percept. Perform. 38, 880–890. doi:
10.1037/a0027188

Grondin, S. (2014). “About the (non)scalar property for time perception,” in
Neurobiology of Interval Timing, eds H. Merchant and V. de Lafuente (New
York, NY: Springer Editorial System).

Grondin, S., and Killeen, P. R. (2009b). Tracking time with song and count:
Different Weber functions for musicians and non-musicians. Atten. Percept.
Psychophys. 71, 1649–1654. doi: 10.3758/APP.71.7.1649

Grondin, S., and Killeen, S. (2009a). Effects of singing and counting
during successive interval productions. Neuroquantology 7, 77–84. doi:
10.14704/nq.2009.7.1.209

Grondin, S., Laflamme, V., and Gontier, E. (2014). Effect on perceived duration and
sensitivity to time when observing disgusted faces and disgusting mutilation
pictures. Atten. Percept. Psychophys. doi: 10.3758/s13414-014-0682-7

Grondin, S., Meilleur-Wells, G., and Lachance, R. (1999). When to start explicit
counting in a time-intervals discrimination task: A critical point in the timing

process of humans. J. Exp. Psychol. Hum. Percept. Perform. 25, 993–1004. doi:
10.1037/0096-1523.25.4.993

Grondin, S., Ouellet, B., and Roussel, M.-E. (2004). Benefits and limits of explicit
counting for discriminating temporal intervals. Can. J. Exp. Psychol. 58, 1–12.
doi: 10.1037/h0087436

Grondin, S., and Rammsayer, T. (2003). Variable foreperiods and duration discrim-
ination. Q. J. Exp. Psychol. 56A, 731–765. doi: 10.1080/02724980244000611

Hellström, Å. (1977). Time errors are perceptual: an experimental investigation
of duration and a quantitative successive-comparison model. Psychol. Res. 39,
345–388. doi: 10.1007/BF00308933

Hellström, Å. (1978). Factors producing and factors not producing time errors: an
experiment with loudness comparisons. Percept. Psychophys. 23, 433–444. doi:
10.3758/BF03204147

Hellström, Å. (1985). The time-order error and its relatives: Mirrors of cog-
nitive processes in comparing. Psychol. Bull. 97, 35–61. doi: 10.1037/0033-
2909.97.1.35

Hellström, Å. (2003). Comparison is not just subtraction: effects of time-and space-
order on subjective stimulus difference. Percept. Psychophys.65, 1161–1177. doi:
10.3758/BF03194842

Hellström, Å., and Rammsayer, T. H. (2004). Effects of time-order error, interstim-
ulus intervals, and feedback in duration discrimination of noise bursts in the 50-
and 1000-ms ranges. Acta Psychol. 116, 1–20. doi: 10.1016/j.actpsy.2003.11.003

Ishihara, M., Keller, P. E., Rossetti, Y., and Prinz, W. (2008). Horizontal spatial rep-
resentations of time: evidence for the STEARC effect. Cortex 44, 454–461. doi:
10.1016/j.cortex.2007.08.010

Ivry, R. B., and Spencer, R. M. C. (2004). The neural representation of time. Curr.
Opin. Neurobiol. 14, 225–232. doi: 10.1016/j.conb.2004.03.013

Jamieson, D. G., and Petrusic, W. M. (1975). Presentation order effects in duration
discrimination. Percept. Psychophys. 17, 197–202. doi: 10.3758/BF03203886

Jamieson, D. G., and Petrusic, W. M. (1978). Feedback versus an illusion in time.
Perception 7, 91–96. doi: 10.1068/p070091

Jones, M. R., and McAuley, J. D. (2005). Time judgments in global temporal
contexts. Percept. Psychophys. 67, 398–417. doi: 10.3758/BF03193320

Large, E. W. (2008). “Resonating to musical rhythm: theory and experiment,” in
Psychology of Time, ed S. Grondin (Bingley: Emerald Group), 189–232.

Lejeune, H., and Wearden, J. H. (2009). Vierordt’s the experimental study of
the time sense (1868) and its legacy. Eur. J. Cogn. Psychol. 21, 941–960. doi:
10.1080/09541440802453006

Lewis, P. A., and Miall, R. C. (2003). Distinct system for automatic and cogni-
tively controlled time measurement: Evidence from neuroimaging. Curr. Opin.
Neurobiol. 13, 1–6. doi: 10.1016/S0959-4388(03)00036-9

Marshuetz, C. (2005). Order information in working memory: an integrative
review of evidence from brain and behavior. Psychol. Bull. 131, 323. doi:
10.1037/0033-2909.131.3.323

McAuley, J. D., and Jones, M. R. (2003). Modeling effects of rhythmic context on
perceived duration: a comparison of interval and entrainment approaches to
short interval timing. J. Exp. Psychol. Hum. Percept. Perform. 29, 1102–1125. doi:
10.1037/0096-1523.29.6.1102

Meck, W. H. (2005). Neuropsychology of timing and time perception. Brain Cogn.
58, 1–8. doi: 10.1016/j.bandc.2004.09.004

Mella, N., Conty, L., and Pouthas, V. (2011). The role of physiological arousal
in time perception: psychophysiological evidence from an emotion regulation
paradigm. Brain Cogn. 75, 182–187. doi: 10.1016/j.bandc.2010.11.012

Miller, G. A. (1956). The magical number seven, plus or minus two: some limits on
our capacity for processing information. Psychol. Rev. 63, 81–97.

Mioni, G., Grondin, S., and Stablum, F. (2014a). Temporal dysfunction in trau-
matic brain injury patients: primary or secondary impairment? Front. Hum.
Neurosci. 8:269. doi: 10.3389/fnhum.2014.00269

Mioni, G., Stablum, F., McClintock, S. M., and Grondin, S. (2014b). Different
methods for reproducing time, different results. Atten. Percept. Psychophys. 76,
675–681. doi: 10.3758/s13414-014-0625-3

Oshio, K. I., Chiba, A., and Inase, M. (2006). Delay period activity of monkey
prefrontal neurons during duration-discrimination task. Eur. J. Neurosci. 23,
2779–2790. doi: 10.1111/j.1460-9568.2006.04781.x

Piras, F., Piras, F., Ciullo, V., Danese, E., Caltagirone, C., and Spalletta, G. (2014).
Time dysperception perspective for acquired brain injury. Front. Neurol. 4:217.
doi: 10.3389/fneur.2013.00217

Rammsayer, T. H. (2008). “Neuropharmacological approaches to human timing,”
in Psychology of Time, ed S. Grondin (Bingley: Emerald Group), 295–320.

Frontiers in Psychology | Perception Science July 2014 | Volume 5 | Article 717 | 10

http://www.frontiersin.org/Perception_Science
http://www.frontiersin.org/Perception_Science
http://www.frontiersin.org/Perception_Science/archive


Mioni et al. Interval discrimination across different durations

Vallesi, A., Binns, M. A., and Shallice, T. (2008). An effect of spatial–
temporal association of response codes: understanding the cognitive rep-
resentations of time. Cognition 107, 501–527. doi: 10.1016/j.cognition.2007.
10.011

Vicario, C. M. (2011). Perceiving numbers affects the subjective temporal mid-
point. Perception 40, 23–29. doi: 10.1068/p6800

Vierordt, K. (1868). Der Zeitsinn nach Versuchen. Tübingen: Laupp.
Walsh, V. (2003). A theory of magnitude: common cortical metrics of time,

space and quantity. Trends Cogn. Sci. 7, 483–488. doi: 10.1016/j.tics.2003.
09.002

Zakay, D. (1998). Attention allocation policy influences prospective timing.
Psychon. Bull. Rev. 5, 114–118. doi: 10.3758/BF03209465

Zakay, D., and Block, R. A. (1996). “The role of attention in time esti-
mation processes,” in Time, Internal Clocks and Movement, eds M.
A. Pastor and J. Artieda (Amsterdam: North-Holland/Elsevier Science),
143–164.

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 23 May 2014; accepted: 21 June 2014; published online: 08 July 2014.
Citation: Mioni G, Stablum F and Grondin S (2014) Interval discrimination across
different duration ranges with a look at spatial compatibility and context effects. Front.
Psychol. 5:717. doi: 10.3389/fpsyg.2014.00717
This article was submitted to Perception Science, a section of the journal Frontiers in
Psychology.
Copyright © 2014 Mioni, Stablum and Grondin. This is an open-access article dis-
tributed under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this jour-
nal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

www.frontiersin.org July 2014 | Volume 5 | Article 717 | 11

http://dx.doi.org/10.3389/fpsyg.2014.00717
http://dx.doi.org/10.3389/fpsyg.2014.00717
http://dx.doi.org/10.3389/fpsyg.2014.00717
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org
http://www.frontiersin.org/Perception_Science/archive

	Interval discrimination across different duration ranges with a look at spatial compatibility and context effects
	Introduction
	Experiment 1
	Methods
	Participants
	Materials
	Procedure
	Statistical analyses

	Results and Discussion
	Proportions of correct responses
	Proportion of ``long'' responses
	Time-space compatibility (congruent vs. incongruent)


	Experiment 2
	Methods
	Participants
	Procedure and materials

	Results and Discussion
	Proportions of correct responses
	Proportions of ``long'' responses
	Time-space compatibility (congruent vs. incongruent)


	Experiment 3
	Methods
	Participants
	Procedure and materials

	Results and Discussion
	Proportions of correct responses
	Proportions of ``long'' responses


	General Discussion
	Temporal Contexts
	Time-space Compatibility

	Conclusion
	References


