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Abstract

Objectives Mindfulness meditation has been reported to lengthen perceived durations, but it remains unclear whether
these effects reflect meditation itself or confounding factors such as task repetition. Brief, app-based mindfulness practices
are widely used by novices, yet they may induce states of relaxation rather than genuine mindfulness. The present study
investigated whether short meditation sessions produce unique effects on duration judgments, or whether repetition better
accounts for observed changes.

Methods In Experiment 1A, 178 adults completed an online visual temporal bisection task before and after a brief 5-min
interval which involved either a focused attention meditation (n=63), unfocused attention meditation (n=64), or doing noth-
ing (n=50). Experiment 1B (n=60) was a laboratory replication of Experiment 1A. In Experiment 2 (n=64), the order of
sessions was reversed: participants first completed a 5-min meditation and then performed the bisection task twice, allowing
direct assessment of repetition effects.

Results In both Experiments 1A and 1B, stimulus durations were overestimated after the interval across all groups, with
only small and inconsistent group differences. In Experiment 2, a clear leftward shift in the psychophysical function occurred
from the first to the second task session, indicating robust overestimation driven by task repetition.

Conclusions The findings suggest that brief meditation sessions do not uniquely affect time perception in participants with
no prior meditation experience. Instead, task repetition emerged as the dominant driver of overestimation, consistent with
attention-based models of duration judgments. These results highlight the need to distinguish meditation-specific influences
from the more general effects of relaxation and repeated task exposure.

Preregistration This study was not preregistered.

Keywords Focused attention meditation - Unfocused attention meditation - Relaxation - Temporal bisection - Task
repetition

Every day, people report feeling pressed for time, despite
their free time not decreasing or working hours strongly
increasing, and this subjective “time scarcity” is tied to
stress, reduced well-being, and impaired cognition (e.g.,
Robinson, 1999; Szollos, 2009). Mindfulness, broadly
defined as intentionally attending to present-moment experi-
ence with openness and non-judgment, has been proposed as
one avenue for increasing one’s sense of available time and
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alleviating time-related stress (e.g., Kabat-Zinn & Davidson,
2012). By cultivating heightened attention to the “prescient
present”, mindfulness may not only enhance psychological
health but also fundamentally alter how we perceive the pas-
sage of time.

Contemporary work on mindfulness shows that focused
attention meditation involves having a heightened sense of
attention and awareness of the present by focusing on one
specific object, e.g., one’s breath coming in and out (e.g.,
Bodhi, 2011; Kabat-Zinn & Davidson, 2012; Prakash et al.,
2020). It is known to enhance many aspects of cognition
(e.g., Kramer et al., 2013), such as attentional control (e.g.,
Ahne & Rosselli, 2024; Moore & Malinowski, 2009; Sauer
et al., 2012), and working memory capacity (e.g., Bajestani
etal., 2024; Jha et al., 2010). Relaxation is generally defined
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as a reduction in physiological arousal following an inter-
vention, such as following a muscle relaxation exercise (e.g.,
Benson, 1975). Psychologically, relaxation refers to a reduc-
tion in mental tension and emotional arousal, such as anxi-
ety or anger. In this definition relaxation is viewed as the
decrease in the tendency for emotional arousal.

Mindfulness has been examined as one of the ways to
increase the subjective sense of having more time (e.g.,
Kabat-Zinn & Davidson, 2012). Accurate time perception
is implicated in, and associated with, cognitive tasks, such
as recall (e.g., D’Argembeau et al., 2012), experience of the
prescient present (e.g., Ornstein, 1969), and motor actions
(e.g., Wearden, 2016). In one of the first studies to examine
the effect of mindfulness on time perception, Kramer et al.
(2013) examined the effect of a brief, 10-min meditation
on duration of visual stimuli in a temporal bisection task.
Meditation-naive participants were initially presented with
a short (0.4 s) and a long standard duration (1.6 s). They sub-
sequently judged whether comparison durations of the same
or of intermediate values were more similar to the short or
the long standard durations. The temporal bisection task was
performed both before and after the mindfulness exercise or
the audio book. The psychophysical function shifted toward
the left in the bisection task performed after the meditation
exercise compared to that before the meditation exercise,
thus lowering the point of subjective equality (bisection
point) in a way which is consistent with a lengthening effect
of focused attention meditation on duration judgments. The
authors attributed their results to the meditation exercises
which would have induced heightened attentional control in
their participants, causing them to consequently pay more
attention to time after than before the meditation exercise.

Yet evidence from later work indicates that the effects of
brief mindfulness practice on time perception may be far less
robust than initially suggested. Specifically, Droit-Volet et al.
(2015) failed to replicate the observation of Kramer et al.’s
(2013) of lengthening of durations as a result of a single
meditation session in meditation-naive participants. Instead,
they observed a perceived dilation of time occurred for both
the meditation and the relaxation groups, only after 20-min
of daily meditation or muscle relaxation for 5 weeks in prep-
aration for the study. Although the findings of both studies
are consistent with the notion that mindfulness meditation
can distort perception of time, causing stimuli to appear
longer, such time lengthening effects may only emerge after
long-term commitment to the practice as opposed to after a
single session.

Crucially, task repetition itself can bias duration judg-
ments, even in the absence of any intervention. Repeating
identical pre- and post-treatment timing tasks can lead to
duration overestimation, likely due to increased task famili-
arity or boredom (e.g., Danckert & Allman, 2005; Droit-
Volet et al., 2020; Witowska et al., 2020). Individuals who
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are more prone to boredom tend to overestimate durations to
a greater extent (Danckert & Allman, 2005), and boredom
experienced during COVID-19 lockdowns was similarly
associated with a slowing of perceived time (Droit-Volet
et al., 2020).

The aim of the present study was to obtain converging
evidence on how different forms of meditation influence
duration judgments. We extended previous work in three
key ways. First, we included an unfocused attention medi-
tation group to allow us to examine the effects of different
meditation exercises on time perception. Second, previous
work did not use a neutral baseline, where participants were
not involved in any externally guided exercise. To this effect,
in Experiment 1 we included a passive control group, where
participants were asked to relax and refrain from doing any-
thing for 5 min (see Online Resource 1 for specific instruc-
tions). Finally, given that previous studies have compared
duration judgments post-meditation to those from a pre-
meditation in an identical task, in Experiment 2, we exam-
ined the effect of task repetition on duration judgments in
addition to meditation practice.

In light of the proliferation of mindfulness apps offering
short meditations, the present study focused on the effects of
brief, 5-min meditation on the duration judgments of visual
stimuli. The temporal bisection task was chosen to study
prospective duration perception following a short medita-
tion. Sub-second durations were chosen as those are likely
to make the temporal bisection task harder because it makes
it harder for participants to count (e.g., Droit-Volet et al.,
2015; Kramer et al., 2013). Participants were trained on
two anchors: the short anchor was 200 ms, and the long
anchor was 800 ms. They were then presented with stimuli
at different durations, i.e., 200, 300, 400, 500, 600, 700, &
800 ms and asked whether the comparison intervals were
closer to the short anchor, or closer to the long anchor (e.g.,
Wearden et al., 1999). This procedure allowed us to con-
struct the psychophysical function, which describes how
participants judged the durations of stimuli across the full
range of intervals.

From this function, we derived two key measures. The
first is the Point of Subjective Equality (PSE), which is the
duration at which a participant is equally likely to classify
a stimulus as “short” or “long”. The PSE therefore reflects
the subjective midpoint of perceived time, and shifts in the
PSE indicate whether durations are perceived as lengthened
or shortened. The second measure is the Difference Limen
(DL), which reflects timing sensitivity. Specifically, the
DL is tied to the concept of the just noticeable difference,
which is the smallest change in stimulus duration that can
be reliably detected about half the time. A smaller DL indi-
cates greater sensitivity to differences in duration, whereas
a larger DL suggests less precise temporal discrimination.
Together, the PSE and DL provide complementary indices
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of how meditation and task repetition influenced both per-
ceived duration and accuracy of timing judgments.

Method
Participants
Experiment 1

Experiment 1A. Participant testing began in April 2022
and was completed by May 2024. All participants provided
informed written consent. The target sample size for Experi-
ment 1A was determined a priori using G*Power for the
planned paired-samples #-tests, which were the primary
analyses addressing our hypotheses (¢ =0.05, 90% power,
large effect size, d=0.50; McHugh et al., 2010; Reed, 2019),
indicating that 24 participants per group were required. An
equivalent analysis for the omnibus ANOVA yielded a simi-
lar requirement, confirming the adequacy of this sample size.

A total of 178 university students (135 females, 42 males;
1 other) were recruited. Power analysis indicated that 24
participants per group (72 in total) were required to detect
a small to medium effect size. However, because data col-
lection was conducted concurrently by multiple researchers,
more participants were tested per condition than originally
planned. Participants were between the ages of 18 and 67
(M =23.5; SD=28.40). All were naive to the purpose of the
study. Fifty-five participants were recruited from student
peers of two of the authors (KB and MA) through distribu-
tion of the experiment link. The remaining 83 participants
were recruited from School of Psychology Participant Pool
in exchange for participant pool credits. We did not gather
information about the amount of prior meditation experi-
ence but based on the population we recruited from (i.e.,
undergraduate students) the majority of our participants
were deemed likely to have some familiarity with medita-
tion, but unlikely to have significant meditation experience.

Experiment 1B. Participant testing of started in Febru-
ary 2025 and ended on 17th August 2025. All participants
provided informed written consent. The sample size was
informed by the power analysis reported in Experiment 1A.

Sixty new participants (42 females and 18 males) who
had not taken part in Experiment 1A were recruited via
the School of Psychology Participant Pool in exchange
for participant pool credits, and from peers of one of the
authors (MA). They were between the ages of 18 and 40
(M=21.3; SD=4.15). All were naive to the purpose of the
study. Twenty participants were randomly assigned to the
passive control, focused attention, or unfocused attention
groups. We did not collect information about prior medita-
tion experience, but we deem the majority of our participants

to have some familiarity with meditation, but no significant
meditation experience.

Experiment 2

Sixty-four participants, 40 females and 24 males, were
recruited from the Prolific website. Thirty-two participants
took part in the focused attention group (17 females and 15
males) and 32 participants in the unfocused attention group
(23 females, and 9 males). Participants were naive to the aim
of the study and were reimbursed the equivalent of £4.50 for
their time. Their age ranged between 18 and 65, with a mean
age of 38 (SD=11.07) years. Testing began on the 16th of
April 2024 and ended on the 29th of August 2025.

Procedure
Experiment 1

Experiment 1A. The experiment was based on a mixed
design with Group (focused attention meditation, unfocused
attention meditation, and passive control) as a between-par-
ticipants variable, and Stimulus Duration (200, 300, 400,
500, 600, 700, & 800 ms) and Session (baseline versus post-
manipulation), as within-participant variables. The combina-
tion of the two within-participants variables yielded a total
of 140 trials per participant, with 10 trials per stimulus dura-
tion in each of the two sessions. The dependent variables
were the percentage of long responses (responses made to
the button associated with long divided by total responses
and then multiplied by 100); the point of subjective equal-
ity (PSE; where there is equal probability of selecting long
or short when a stimulus is presented) and the difference
limen (DL; a measure of sensitivity and reflects the amount
of change in a stimulus dimension required to produce a
noticeable difference in behaviour.

All participants completed the study individually online
using the Gorilla experimental platform (gorilla.sc), using
their own PCs in their own environment. The use of tab-
lets and phones was disabled as an option in the Gorilla
experiment builder software, because we needed partici-
pants to respond using a keyboard. Participants were ran-
domly assigned to one of three groups: focused attention
meditation (n=63), unfocused attention meditation (n=64),
and passive control (n=50). Participants were presented
with instructions about the task and then proceeded to the
experiment.

In the first phase of the temporal bisection task, each
trial during the initial training started with a blank white
screen, presented for 1 s, followed by an 86 mm X 54 mm
grey oval, presented in the centre of the screen, for either
200 ms or 800 ms — this is known as the standard stimulus.
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Each standard stimulus was presented 5 times in a random
order and then disappeared from the screen. Immediately
after each stimulus, the word SHORT (for the 200 ms dura-
tion) or LONG (for the 800 ms duration) appeared on the
screen for 1 s. Each presentation followed by a 1 s inter-trial
interval.

Following the training phase, participants moved to the
test phase, where either a square or circle (in red, blue,
or green) appeared on the screen for one of the 7 possi-
ble durations — 200, 300, 400, 500, 600, 700, and 800 ms.
Colour and shape were randomised on every trial indepen-
dently of duration (in addition to duration order being ran-
domised). There were 10 trials for each condition, yielding
70 trials in total. The task was to indicate whether each
comparison interval was closer to the short anchor, or closer
to the long anchor. Using a QWERTY keyboard, half of the
participants pressed the Z key for “long” and the M key for
“short”, while the mapping was reversed for the other half
of the participants.

Participants were then exposed to either a 5-min focused
or unfocused attention meditation or do nothing (passive
control) for 5 min. Each meditation group listened to a 5-min
audio recording while watching a video of 10 images of
nature (e.g., mountains, lakes, valleys, and sunsets), each
presented for 30 s and gradually appearing and disappearing
from the screen to avoid abrupt changes. In the passive con-
trol condition, a timer counting down from 300 s appeared at
screen centre, superimposed at the top section of the images.
The audio files for the two types of meditation were nar-
rated by a professional instructor of mindfulness meditation,
originally created for a study by Hafenbrack et al. (2014).
Arch and Craske’s (2006) script was modified for use in the
focused attention-meditation audio, which used materials
from Kabat-Zinn and Davidson (2012).

The instructions for the two meditation groups, pro-
vided just prior to the start of the audio appear in Online
Resource 1. In the focused attention meditation group, par-
ticipants were instructed to focus their attention on each
breath, without trying to control it, but instead experienc-
ing it as it was in that moment with curiosity. Participants
were asked to acknowledge and accept any thoughts or
feelings without dwelling on them. These instructions
were repeated periodically throughout the 5-min session.
In the unfocused attention meditation group, participants
were asked to think about whatever came to mind, and to
let their mind wander freely without trying to focus on
anything in particular. Those instructions were repeated
frequently throughout the 5-min session at the same
time intervals used in the focused attention meditation
instructions.

Participants in the passive control group were encour-
aged to relax and refrain from any activities for 5 min (see
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Online Resource 1). Following the passive control condi-
tion, participants were asked to say whether they followed
the instructions, how they did so, and if not, what did they
do instead. Once 5 min had passed, all participants carried
out the same temporal bisection task as before.

Experiment 1B. The design of Exp.1B was identical
to Exp.1A.

The procedure of the temporal bisection task was the
same as Experiment 1A, with the only difference that the
experiment took place in the lab. The experimenter (MA
or IR) met the participants and went through the proce-
dure briefly. Participants were asked to put their phones
on silent and out of reach, and to put on experimenter-
provided headphones to ensure minimisation of distrac-
tions for all three groups, and the ability to focus on the
audio (for the meditation groups).

Experiment 2

Experiment 2 was a mixed design, with Group (focused
attention versus unfocused attention) manipulated between
participants, and Session (first versus second) and Stimu-
lus Duration (200, 300, 400, 500, 600, 700, and 800 ms)
manipulated within-participants. Participants were ran-
domly assigned to either the focused attention or to the
unfocused attention meditation. The dependent measures
were percentage of “long” responses, PSE and DL.

The procedure for temporal bisection tasks in Experi-
ment 2 was identical to that in Experiment 1. All partici-
pants completed the experiment individually online on a
PC (we did not permit the use of tablets or mobile phones).
Unlike Experiment 1, participants first followed a 5-min
meditation session, followed by the temporal bisection
task (first session). After a period of 2 min, they repeated
the temporal bisection task (second session), including the
re-training with the standard durations.

Measures
Experiment 1

Experiment 1A. The stimuli for the temporal bisection
task used in the present study was a grey oval measuring (in
millimetres) 86 mm X 54 mm, which was used during train-
ing, and a square or circle both appearing in red, blue, or
green colours, measuring 85 mm X 85 mm, which was used
during the test phase. We used grey ovals as standards and
coloured shapes as comparison stimuli to replicate Kramer
et al. (2013) as closely as possible and to keep the standards
visually distinct from the test items, minimising memory
interference between the anchor training and the subsequent
decisions.
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Experiment 1B. All materials were identical to those of
Experiment 1A.

Experiment 2
The materials were the same as in Experiment 1.
Data Analyses

The data analysis procedure followed the same rules for both
experiments. The percentage of “long” responses was cal-
culated per participants for each of the 7 stimulus durations.
Participants who reported “long” at 200 ms more than 20%
of the time and at 800 ms less than 75% of the time were
removed from the analysis (e.g., Kramer et al., 2013).

Experiment 1

Experiment 1A. The data cleaning process described above
removed 8 participants from the analysis: 2 from the focused
attention group, 5 from the unfocused attention group, and 1
from the passive control group. Participants in passive con-
trol group reported a variety of activities during the 5-min
intervention, including daydreaming, thinking about upcom-
ing tasks, watching the countdown timer, and reflecting on
personal matters.

Experiment 1B. The data from 6 participants in the
focused attention group, and 5 participants from the unfo-
cused attention group, were removed from the analysis as
outliers using the same procedure as outlined in Experiment
1A.

Experiment 2

The data from 3 of the 32 participants in the focused atten-
tion group, and 2 of the 32 participants in the unfocused
attention group were removed from the dataset due to incom-
plete data.

Results
Experiment 1

Experiment 1A. Figure 1 shows the group mean percent-
age times each stimulus duration was classified as “long”
after the baseline and post-manipulation conditions: focused
attention meditation (top panel); unfocused attention medi-
tation (middle panel); and passive control (bottom panel).
For all groups, there was the expected function of greater
percentages being classified as “long”, as the length of the
actual stimulus presented increased.

A 3 (Group: focused attention, unfocused attention, pas-
sive control) X 2 (Session: first vs. second) X 7 (Duration:
200, 300, 400, 500, 600, 700, and 800 ms) mixed Analysis
of Variance (ANOVA) with Group as the between-partici-
pants variable was carried out on the percentage of “long”
responses. There was a significant main effect of stimu-
lus Duration, F(6,1044)=1703.91, p <0.001, 771,2 =0.91,
with increasing percentage of “long” responses as stimu-
lus durations increased. There was also a significant main
effect of Session, F(1,174)=36.35, p<0.001, npz =0.17,
qualified in a significant Session X Duration interaction,
F(6,1044)=14.39, p<0.001, 17p2 =0.08. Simple main effects
analyses showed higher percentage of “long” responses in
the second compared to the first session for stimulus dura-
tions between 400-600 ms.

There was a significant main effect of Group, F(2,
174)=4.17, p=0.02, 112,,:0.05, which was further
qualified by a significant Group X Duration interaction,
F(12,1044)=2.11, p=0.01, nzp =0.02. Simple main effects
analysis showed higher overall percentage ‘long’ responses
for the focused attention compared to the unfocused attention
and passive control groups for stimulus durations between
400 and 600 ms. There were no other significant interac-
tions, and importantly no significant interaction between
Session and Group, F(2,174)=0.50, p=0.60.

Next, we present the analysis of each group in separate 2
(Session) X 7 (Duration) ANOVAs. Although these analyses
were not necessary given the lack of significant Group X
Session interaction, we nonetheless report them here only to
facilitate comparison with the study by Kramer et al. (2013),
who only reported separate analyses for their control and
experimental groups.

Focused attention group analyses. A significant
main effect of Session was observed, F(1,62)=15.97,
p <0.001, n2p= 0.20, indicating a higher percentage of
“long” responses in the second session (after the mind-
fulness audio) of the temporal bisection task relative to
the first. A main effect of Duration was also significant,
F(6,372)=806.41, p<0.001, ’7217: 0.09, confirming that
the percentage of “long” responses was higher as stimulus
durations increased. The Session X Duration interaction
was also significant, F(6,372)=6.93, p <0.001, ;72,, =0.10,
suggesting that the percentage of “long” responses varied
across durations and this degree of variance was greater in
the second session relative to the first. An analysis of the
simple main effects revealed there to be a greater percent-
age of “long” responses for 300 ms, 400 ms and 500 ms
in the second session compared to the first (p =0.02;
p<0.001, and p <0.001 respectively). There were no sig-
nificant differences in the percentage of long responses
between the first and the second session in the other stimu-
lus durations (all p-values > 0.05).
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Fig.1 Percentage of “long” responses at each stimulus duration
before (First Session) and after the 5-min treatment (Second Session)
for the three groups in Experiment 1A (online testing)

Unfocused attention group analyses. A signifi-
cant main effect of Session, F(1,63)=23.02, p<0.001,
nzp =0.27, and Duration F(6,378)=578.45, p<0.001,
n2p=0.90, were observed on the percentage of ‘long’
responses. The Session X Duration interaction was signifi-
cant, F(6,378)=5.18, p<0.001, ;72p= 0.08. Simple main
effects analyses showed a significantly greater percentage
of “long” responses in the second session relative to the
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first for the 400 ms (p <0.001), 500 ms (p <0.001), and
600 ms (p=0.003) durations. There were no significant
differences in the percentage of long responses between
the first and the second session in the other stimulus dura-
tions (all p-values > 0.05).

Passive control group analyses. In the passive con-
trol group, the main effects of Session, F(1,49)=4.86,
p=0.03, ;12p =0.09, and Duration, F(6,294)=399.31,
p<0.001, 712p= 0.89, were significant, with higher per-
centage of “long” responses in the second session (after
5 min of doing nothing), and higher percentage of “long”
responses at “long” stimulus durations. The Session X
Duration interaction was significant, F(6,294)=3.76,
p<0.001, 1121, =0.07. There was a significantly higher per-
centage of “long” responses in the second session relative
to the first session for the 400 ms (p =0.01) and 500 ms
(p=0.04) durations. There were no significant differences
in the percentage of long responses between the first and
the second session in the other stimulus durations (all p
-values > 0.05).

PSE and DL analyses. The top panel of Fig. 2 shows
the mean change (post-manipulation minus baseline) in
the Point of Subjective Equality (PSE) for all three groups.
Low PSE values in one condition compared to another
suggest a lengthening of perceived time (i.e. an increase
in “long” responses), while higher PSE values indicate a
shortening of perceived time (i.e. a reduction in “long”
responses). PSE decreased for all groups after the post-
manipulation, indicating a shift to the left, or greater over-
estimation. Visual inspection of these data suggests that
increased overestimation (decreased PSE) was most pro-
nounced for the focused and unfocused attention groups,
relative to the passive control group.

For the PSE and DL indices, we were primarily inter-
ested in whether each group showed a significant change
from baseline to post-manipulation, rather than whether
groups differed from each other. Accordingly, we ran
one-sample t-tests against zero change for each of the
groups. Comparisons against zero change using a paired
t-test (with Bonferroni correction, p=0.05 / 3=0.0167),
revealed a large-sized and significant decrease in PSE
(increased over-estimation) for the focused attention
group, #(62) =4.05, p<0.001, d=-0.51, 95% CI' [-0.77,
—0.25], and for the unfocused attention group, #(63)=4.70,
p<0.001, d=0.59, 95% CI [0.32, 0.085]. There was no
statistically significant change in overestimation for the
passive control group, #(49)=1.56, p=0.07, d=0.21, 95%
CI [-0.01, 0.56].

The bottom panel of Fig. 2 shows the change in variability
of temporal judgments, as indexed by the Difference Limen

! The Confidence Intervals (CI) reported here and throughout the
paper were for the Cohen’s d value.
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Fig.2 Changes in the Point of Subjective Equality (PSE) and in the
Difference Limen (DL) before and after the 5-min treatment for the
three groups in Experiment 1A (online testing). Error bars represent
95% confidence intervals

(DL; exercise minus baseline), for all three groups. The
difference limen is an index of time sensitivity, the lower
the DL, the steeper the psychophysical function, and the
higher the level of time sensitivity. There was no numeri-
cal difference in DL scores between the three groups, and
when DL scores for each group were compared against a
zero-change, using paired-samples t-tests, for any group, all
ps-values > 0.20.

Experiment 1B. The means per condition appear in
Fig. 3. A 3 (Group: focused attention, unfocused attention,
passive control) X 2 (Session: first vs. second) X 7 (Dura-
tion: 200, 300, 400, 500, 600, 700, 800 ms) mixed Analysis
of Variance (ANOVA) with Group as the between-partici-
pants variable was carried out on the percentage of “long”
responses. There was a significant main effect of stimulus
Duration, F(6,324)=698.73, p<0.001, nzp =0.93, with
increasing percentage of “long” responses as stimulus dura-
tions increased. There was also a significant main effect of
Session, F(1,54)=68.06, p <0.001, n2p=0.56, qualified by a
significant Session X Duration interaction, F(6,324)=13.78,
p<0.001, 172p=0.20. Simple main effects analyses showed

higher percentage of “long” responses in the second com-
pared to the first session, especially for stimulus durations
between 400-600 ms.

Unlike Experiment 1A, in Experiment 1B neither the
main effect of Group, F(2,54)=1.10, p=0.34, nor the
Group X Duration interaction, F(12,324)=0.92, p=0.53,
was significant. There were no other significant interactions,
and importantly no significant Session X Group interaction,
F(2,54)=0.13, p=0.88.

PSE and DL analyses. As in Experiment 1A, in
Experiment 1B the PSE decreased for all groups after
the manipulation, indicating greater overestimation — see
Fig. 4. Comparisons against zero change using a paired
t-test (with Bonferroni correction, p=0.05 / 3=0.0167),
revealed a large-sized and significant decrease in PSE
(increased over-estimation) for the focused attention
group, t(16)=3.42, p=0.003, d=1.05, 95% CI [-1.37,
—0.27], and for the unfocused attention group, #(18)=3.38,
p<0.001, d=-0.77, 95% CI [—1.28, —0.25]. There was
also a significant change in overestimation for the passive
control group, #(19)=5.09, p<0.001, d=-1.14, 95% CI
[-1.70,-0.56].

As in Experiment 1A, for Experiment 1B, there was no
difference in the DL scores, and when compared against a
zero-change, using paired-samples z-tests, for any group,
all p -values > 0.20.

Experiment 2

Figure 5 shows the group mean percentage times each stimu-
lus duration was classified as ‘long’ in the first and in the
second session. A 2 (Group: focused attention, unfocused
attention) X 2 (Session: first vs. second) X 7 (Duration: 200,
300, 400, 500, 600, 700 and 800 ms) mixed ANOVA with
Group as the between-participants variable was carried out
on the percentage of “long” responses. There was a signifi-
cant main effect of stimulus Duration, F(6,342)=378.19,
p<0.001, ;12P=O.87, with increasing percentage of “long”
responses as stimulus durations increased. There was also a
significant main effect of Session, F(1,57)=8.28, p=0.006,
nzp: 0.13, with more “long” responses in the second com-
pared to the first session. The main effect of Group was not
significant, F(1,57) < 1.00, p=0.77, and there were no other
significant interactions.

Despite the lack of a significant main effect and of any
interactions involving the factor Group, we present the anal-
yses separately for the two groups for the purpose of com-
parison with Experiment 1 and previous work (e.g., Kramer
et al., 2013).

Focused attention group analyses. A significant main
effect of Session was observed, F(1,28)=10.70, p=0.003,
;72[, =0.28, indicating a higher percentage of “long”
responses in the second session (after the mindfulness audio)
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Fig.3 Percentage of “long” responses at each stimulus duration
before (First Session) and after the 5-min treatment (Second Session)
for the three participant groups in Experiment 1B (Lab, in-person
testing)

of the temporal bisection task relative to the first. A main
effect of Duration was also significant, F(6,168)=178.70,
p<0.001, n2p=0.86, confirming that the percentage of
“long” responses was higher as stimulus durations increased.
The Session X Duration interaction was not significant,
F(6,168)=1.64, p=0.14.
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Fig.4 Changes in the Point of Subjective Equality (PSE) and in the
Difference Limen (DL) before and after exercise for the three groups
in Experiment 1B (Lab, in-person testing). Error bars represent 95%
confidence intervals

Unfocused attention group analyses. There was no sig-
nificant main effect of Session, F(1,29)=0.99, p=0.33,
suggesting no difference in the percentage “long” responses
between the first and second session. The main effect of
Duration however was significant, F(6,174) =203.29,
p<0.001, n2p=0.87, confirming that the percentage of
“long” responses was higher as stimulus durations increased.
The Session X Duration interaction was not significant,
F(6,174)=1.25, p=0.28, suggesting no difference in dura-
tion estimations between the first session (right after the
meditation) and the second session (which we use as a
baseline).

PSE and DL analyses. The top panel of Fig. 6 shows the
mean change (first session minus second session) in PSE
for both groups (increased PSE values suggesting a short-
ening of perceived time). However, comparisons against
zero change using paired t-tests (Bonferroni correction,
p=0.05/2=0.02), revealed small-sized and non-significant
changes for both meditation groups, both < 1, and p > 0.05.
The bottom panel of Fig. 6 shows the change in variability
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Fig.5 Percentage of long responses at each stimulus duration, imme-
diately after (First Session) the two meditations, and the second time
participants did the temporal bisection task (Second Session) in
Experiment 2. Note that unlike Experiments 1A and 1B, in Experi-
ment 2, the First Session happened immediately after the meditation,
while the second session happened 2 min after the end of the First
Session

of temporal judgments, as indexed by the Difference Limen
(first session minus second session) for both groups. There
was no difference in these scores, and when compared
against a zero-change, using paired-samples t-tests, both
p>0.10.

The present results suggest no significant differences
between the two meditation tasks. They do, however, show
that repeating the task a second time leads to an increase in
overestimation of the passage of time. It may be that repeti-
tion of the task, by itself, produces a degree of relaxation for
the participant (or, at least, reduces levels of stress) Due to
increased task familiarity.

To further clarify the relative contributions of meditation
and task repetition, we conducted additional comparisons
across Experiment 1A and Experiment 2. Figure 7 illustrates
these effects separately. For the Focused Meditation groups
(Panels A and C) and the Unfocused Meditation groups
(Panels B and D), we disentangled the effects of meditation

from those of task repetition. The effect of meditation alone
is illustrated by comparing performance in the first session
of Experiment 1A (baseline) with the first session of Experi-
ment 2 (meditation only). The effect of repetition is illus-
trated by comparing the second session of Experiment 1A
(meditation plus repetition) with the first session of Experi-
ment 2 (meditation only). As can be seen, the effect of task
repetition was clearly stronger than that of meditation, indi-
cating that repetition played the dominant role in driving
performance improvements.

The findings from Experiment 2 support the interpreta-
tion that task repetition plays a stronger role than meditation
in driving overestimation of stimulus durations, setting the
stage for the broader conclusions and implications we con-
sider in the Discussion.

Discussion

The present study aimed to disentangle the effects of medi-
tation and task repetition on prospective duration judg-
ments. Specifically, we sought to test whether (1) focused
and unfocused meditation would lead to overestimation of
stimulus durations relative to baseline, reflecting increased
attentional control or relaxation, and (2) whether such effects
could be distinguished from the influence of performing the
temporal bisection task a second time. Based on prior find-
ings that mindfulness can bias temporal perception (Droit-
Volet et al., 2015; Kramer et al., 2013), we predicted that
both focused and unfocused meditation would increase the
proportion of “long” responses, with a potentially stronger
effect for focused attention due to its greater demand on
attentional control. At the same time, we expected that rep-
etition of the temporal bisection task would itself produce
overestimation (e.g., Danckert & Allman, 2005; Witowska
et al., 2020), such that any effects of meditation would need
to be interpreted against this background. This framework
allowed us to evaluate whether short meditation interven-
tions exert unique effects on time perception, or whether
observed changes can be more parsimoniously attributed to
task repetition.

Across Experiments 1A, 1B, and 2, the most consist-
ent finding was that repeating the temporal bisection task
led to an overestimation of durations. Meditation produced
similar effects, but these were less reliable, not consistently
distinguishable from repetition, and often small in magni-
tude. Thus, task repetition emerged as the dominant influ-
ence on time perception in the present data. Although both
focused and unfocused meditation appeared to lengthen per-
ceived durations in Experiment 1A, these differences were
small, stimulus duration-specific, and did not replicate in
Experiment 1B. Moreover, in neither experiment was there
a significant Group X Session interaction, indicating that the
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pre— and post— meditation changes were similar across all
groups. In Experiment 2, the overestimation of durations was
clearly tied to repeating the task a second time, regardless of
meditation type. Taken together, these findings suggest that
the effects previously attributed to meditation may be more
parsimoniously explained by the influence of task repetition
and increased familiarity with the timing procedure.

At present, it is not possible to draw definitive conclu-
sions about differences between focused and unfocused med-
itation in meditation-naive participants. Although the results
suggest a possible divergence, no significant main effects or
Group interactions emerged. Moreover, while our sample
sizes were sufficient to detect medium-to-large effects, they
may not have been sufficient to reveal more subtle group dif-
ferences. Finally, the pattern was not consistent across exper-
iments, further limiting confidence in interpreting group
contrasts. For these reasons, any indication of differential
effects between the two meditation types should be regarded
as preliminary and in need of confirmation in future studies
with larger samples and more sensitive designs. Nonetheless,
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a lack of difference between focused and unfocused medi-
tation has been noticed elsewhere. For example, Arch and
Craske (2006) noted that the two activities yielded similar
emotional responses for positive and negative images. It is
possible that both forms of meditation produce effects for
similar, perhaps relaxation related, reasons.

The present results suggest that the most parsimonious
explanation across the two experiments is that task rep-
etition enhances attention to time, which in turn leads to
overestimation of stimulus durations. While both medita-
tion and relaxation are often proposed to influence timing
via reduced arousal or increased attentional control, our
findings show that similar lengthening effects can occur in
the absence of meditation (i.e., following a passive control
interval). This points to a mechanism by which repeating
the temporal bisection task increases familiarity with the
procedure and reduces distraction, thereby allowing par-
ticipants to attend more directly to the passage of time.
In Experiments 1A and 1B, this mechanism was present
across all conditions, although slightly stronger after medi-
tation, while in Experiment 2 it was clearly demonstrated
by the shift observed when the same task was repeated
after meditation. Taken together the present findings sug-
gest that short mindfulness interventions in meditation-
naive participants may not exert a unique effect on dura-
tion judgments beyond what can be explained by enhanced
attention to time following task repetition. Consistent
with this conclusion, the additional comparisons shown
in Fig. 7 suggest that performance gains were driven pri-
marily by task repetition rather than by meditation, indi-
cating that repetition was the dominant factor underlying
improvement.

Our findings advance the growing consensus that short-
term mindfulness interventions do not exert a distinct influ-
ence on time perception, but rather produce changes that
parallel those associated with general relaxation or increased
familiarity. This interpretation is consistent with previous
mixed findings in the literature, with some studies reporting
meditation-specific effects (e.g., Kramer et al., 2013) and
others finding similar outcomes for meditation and relaxa-
tion (e.g., Droit-Volet et al., 2015). In Kramer et al. (2013),
the proportion of “long” responses was significantly higher
following the mindfulness meditation condition compared to
their control condition, which was listening to an audiobook
extract. However, their sample size was rather small, and
both groups showed a similar increase in ‘long’ responses
following the manipulation, with the meditation group larger
than the control (audiobook) group. In contrast, Droit-Volet
et al. (2015) used two 10-min meditation sessions prior to
a temporal bisection task and did not observe a difference
between the meditation (body scan) and the relaxation (body
muscle relaxation exercises) group. In this latter study, only
in the relaxation group was a difference found, and only
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when the task was difficult (i.e. when participants had to
decide short or long from durations varying between 4 and
65s).

It is noteworthy that the Difference Limen (DL), our
index of sensitivity to temporal changes, remained sta-
ble across all conditions in every experiment. Although
the effects were non-significant, these null findings are
informative given that our sample sizes and power analyses
were adequate to detect effects of medium magnitude. The
absence of DL differences indicates that while meditation
and/or task repetition may shift subjective duration judg-
ments, likely through greater attentional engagement with
time, they do not reliably enhance the perceptual sensitivity
required for finer temporal discrimination. This distinction is
important: participants may experience the passage of time
as elongated, yet their capacity to detect subtle variations in
duration remains unchanged.

As highlighted in Morin and Grondin’s (2024) review,
brief mindfulness practices are unlikely to induce a genuine
state of mindfulness comparable to that observed in experi-
enced meditators. Instead, such brief practices more plau-
sibly elicit a general state of relaxation (e.g., Britton et al.,
2014), which can reduce anxiety and temporarily enhance

Stimulus Duration (ms)

********* Meditation Only

—— Meditation Plus Repetition

attentional capacity. Within this framework, the absence
of differences in the proportion of ‘long’ responses across
the two meditation groups and the passive control condi-
tion becomes understandable: all conditions appear to have
fostered a similarly relaxed mental state, thereby producing
comparable effects on temporal judgments.

The present findings pose important challenges for com-
mon theoretical accounts of how meditation influences
internal timing mechanisms, particularly those centred on
pacemaker-based models (e.g., Gibbon, 1977; Treisman,
1963; Wearden, 2016). These accounts typically predict that
decreases in arousal associated with relaxation should slow
the pacemaker, producing temporal underestimation (e.g.,
Ong et al., 2012). In contrast, our data consistently showed
temporal overestimation following both meditation and pas-
sive control conditions, indicating that relaxation alone can-
not be accounted for by pacemaker slowing. Instead, the pat-
tern points to effects on a different component of the timing
system. Within Scalar Expectancy Theory (SET), the switch
component—responsible for gating pacemaker pulses into
the accumulator—is thought to be modulated by attentional
resources (e.g., Lejeune, 1998; Meck & Benson, 2002). The
switch closes in response to a temporally relevant event,
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allowing pulses to accumulate, and reopens when the event
ends, terminating accumulation. Enhanced sustained atten-
tion, which can be facilitated by both meditation and relaxa-
tion (e.g., Kang et al., 2013; Valentine & Sweet, 1999), may
therefore lead to more efficient switch functioning. Increased
attentional engagement with temporal information would
result in a greater number of pulses being accumulated,
producing the observed overestimations of duration (e.g.,
Wearden, 2016; Wearden et al., 1999). In this sense, par-
ticipants may simply be attending more closely to time after
the intervention or becoming less susceptible to distraction,
yielding systematically longer subjective durations.

Limitations and Future Directions

Our conclusions come with certain limitations to note. First,
there is a possibility that the meditation manipulations did
not work as intended. Some participants may not have
engaged in the meditation exercise thus negating any pos-
sible effects of meditation and only allowing effects of task
repetition to be observed. However, we are reticent to believe
this argument can fully account for the present pattern of
results, for two reasons: first, we replicated the online pat-
tern of results in our lab replication in Experiment 1B; sec-
ond, our findings closely resemble previous work in which
mindfulness interventions were carried out under laboratory
supervision. For instance, Kramer et al. (2013) observed a
leftward shift in both the meditation and control groups, and
Droit-Volet et al., (2015, Exp. 2) reported overestimation of
durations following either relaxation or meditation, with no
difference between groups. Similarly, our findings suggest
that meditation, relaxation, or even doing nothing can all
lead to overestimation of durations.

Another limitation is that we did not assess our partici-
pants’ prior meditation experience. Although our samples
were drawn largely from meditation-naive populations, some
participants may have had varying degrees of familiarity
with mindfulness techniques. Without these data, it is not
possible to determine whether prior experience moderated
the effects of the intervention.

Third, while our sample sizes were determined a priori
and doubled in the revised manuscript to strengthen power,
they were calibrated to detect medium effects. Smaller,
more subtle differences between conditions may therefore
have gone undetected. Although effect sizes and confidence
intervals provided useful indicators of the magnitude and
precision of observed effects, the relatively modest samples
— particularly in Experiments 1B and 2 — introduce uncer-
tainty around these estimates.

Finally, our participants were meditation-naive and
exposed only to a brief, 5-min session. For many individ-
uals, such a short period is unlikely to induce a genuine
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mindfulness state comparable to that of experienced prac-
titioners. It is plausible that participants spent much of this
time mind-wandering, intermittently refocusing, or simply
relaxing. Thus, our findings are best interpreted as reflect-
ing the kinds of attentional or relaxation states that can be
induced by brief, introductory exercises. While this is a
limitation, it also carries ecological validity: many popular
mindfulness apps and introductory programs are designed
around short daily sessions for novices. Future research
should investigate longer interventions and samples with
established meditation practice to test whether genuine
mindfulness states exert effects beyond those attributable to
relaxation or task repetition.

Taken together, the present findings indicate that both
brief meditation and task repetition bias subjective time
perception, but repetition exerts the stronger and more reli-
able effect. Clinically, the perceived lengthening of dura-
tions might help individuals feel less time pressure, poten-
tially reducing stress and facilitating focus in therapeutic
contexts. While meditation techniques may not improve the
absolute accuracy of time estimation, they may nonetheless
offer benefits for wellbeing. Ongoing work in our laboratory
is examining whether meditation versus control conditions
influence the perception of empty intervals between stimuli,
in addition to stimulus durations.

In conclusion, the present study has shown a significant
effect of task repetition on duration judgments. That is, when
the same task is repeated, participants tend to over-estimate
the duration of stimuli. This finding must be considered in
light of study limitations, including the relatively brief medi-
tation sessions and the reliance on meditation-naive partici-
pants. Future work should test whether repeated or longer-
term meditation training produces additive effects beyond
task repetition, and whether such effects extend to temporal
sensitivity (DL) as well as duration bias (PSE). Such work
will be essential for clarifying the specific contributions of
mindfulness training to temporal cognition.
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