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This study explores how our perception of time expands and contracts as a result of different styles 
of meditation. Examining the relationship between time and meditation is important not only for 
deepening our understanding of meditation’s cognitive effects, but also for determining which 
style of meditation may be best suited for differing individuals who wish to make it a consistent 
practice. Experienced meditators discriminated the duration of auditory tones, characterizing them 
as either long or short based on the duration of a previously learned anchor tone. This task, referred 
to as a temporal bisection paradigm, was completed by meditators while engaging in open 
monitoring meditation, focused attention meditation, and a control audiobook listening condition. 
Significant underestimation of durations was observed in the open monitoring condition in 
comparison to the audiobook control. No such difference was observed in the focused attention 
meditation. Significant negative correlations between the power of neural oscillations in the low 
theta range (4-6 Hz), as measured by EEG, and duration overestimation were found in all three 
conditions. These findings may reflect a widening of attentional scope elicited by open monitoring 
but not focused attention meditation. In addition, increased posterior theta power may be an 
indicator of such attentional dilation.  
 
Abbreviations:  EEG – Electroencephalography; FA – Focused Attention; OM – Open Monitoring; 
BMIS – Brief Mood Introspective Scale; TB – Temporal Bisection; ROI – Region of Interest 
 
Keywords: Timing; Time perception; Mindfulness; Meditation; Mantra; EEG; Focused Attention; 
Open Monitoring; Attentional Scope; Attention 
 
 
 
Introduction 
 

The practice of meditation is a process of 
intense familiarization with the passage of time. 
Research on the relationship between time 
perception and meditation is inconsistent. A 
wealth of evidence suggests that meditation 
slows down the subjective passage of time (e.g., 
10 min objectively feels like 15 min subjectively; 
Berkovich-Ohana et al., 2011; Berkovich-Ohana 
et al., 2012; Droit-Volet et al., 2015; Kramer et 
al., 2013; Sucala and David, 2013). Yet there is 
some evidence to suggest that meditation may 
speed it up (Droit-Volet et al., 2018; Droit-Volet 
and Heros, 2017). Some even suggest that it only 
makes time judgements more accurate (Schötz et 
al., 2016). This paper will propose a framework 

to explain these inconsistencies using 
experimental time perception and 
electroencephalography (EEG) data to reconcile 
them with the most common temporal effect 
reported during meditation, the subjective feeling 
that time is slowing down (Kabat-Zin, 2005), a 
phenomenon called time dilation. EEG uses 
electrodes to detect macroscopic fluctuations in 
electric potential in the scalp caused by the 
synchronized firing of neurons. It is non-
invasive, has a high temporal resolution, and as 
such, has been used for more than half a century 
to investigate meditation and time perception’s 
neurophysiological effects and correlates (Cahn 
and Polich, 2006). 
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To begin explaining the inconsistencies 
in the contemplative time perception literature, 
meditation styles must first be classified into two 
broad categories initially proposed by Goleman 
(1988). The first of these is focused attention 
(FA) meditation, which has practitioners direct 
their attention onto an endogenous anchor 
stimulus such as a mantra, visualization, or the 
breath. The second is open monitoring (OM) 
meditation, which includes styles such as 
Mindfulness and Zen, and has practitioners let 
their mind wander, with open receptivity to the 
entire breadth of the present moment’s 
psychosomatic sensations while suppressing any 
judgement or analysis of it. In practice, both 
forms train sustained attention skills; however, 
they have differing effects on the size of one’s 
spotlight of attention, otherwise known as 
attentional scope. OM produces a broadening of 
one’s attentional scope, whereas FA leads to its 
narrowing (Lippelt et al., 2014). Distinguishing 
between these two styles of meditation is 
important for understanding the inconsistencies 
in the contemplative time perception literature, as 
only OM has demonstrated robust evidence of 
temporal distortions, whereas studies of FA 
suggest that it only increases the accuracy of 
duration judgements (Berkovich-Ohana et al., 
2011; Schötz et al., 2016). Moreover, these two 
meditative styles have been shown to have 
different neurophysiological and cognitive 
effects (Dunn et al., 1999; Lee et al., 2018; Lutz 
et al., 2008). 

The literature is inconsistent regarding 
whether OM dilates (slows) or contracts (speeds) 
subjective time. Although the majority of studies 
suggest OM dilates time (Berkovich-Ohana et al., 
2011; Berkovich-Ohana et al., 2012; Droit-Volet 
et al., 2015; Kramer et al., 2013; Sucala and 
David, 2013), two recent studies have found 
evidence for time contraction (Droit-volet and 
Heros, 2017; Droit-Volet et al., 2018). The 
differentiating characteristic of the latter two 
studies is when the time perception task was 
administered. All of the studies reporting dilation 
used either a pre-post design, wherein temporal 
tasks were completed before and after a 
meditation session and compared; or a 
retrospective judgement provided after the 
session (e.g. a Likert scale ranging from time flew 
to time dragged). In contrast, in the two studies 

reporting contraction, participants completed the 
time perception tasks during their meditation 
session. This decision was made because the 
immediate temporal effects of meditation are 
often short lasting (Droit-volet and Heros, 2017). 
The authors of these papers argue that 
administering the temporal task during 
meditation causes contraction as a result of the 
shifting of attentional resources from meditation 
to the temporal judgement task. This explanation 
is unsatisfying, as it treats attention as a single 
resource, without accounting for how changes in 
its characteristics (i.e., size of attentional scope) 
could influence this shift. 

Meditation, at its core, is paying attention 
to one’s attention. It is therefore not surprising 
that long term meditators who practice both FA 
and OM have been shown to have increased skills 
sustaining and controlling their attention 
(Chambers et al., 2008; Valentine and Sweet, 
1999). A common consensus is that these 
attentional changes are at the core of meditation’s 
effects on time perception (Block, 1979; Droit-
Volet et al., 2018; Droit-volet and Heros, 2017). 

A prominent theory relating attention and 
time perception posits an internal oscillatory 
clock which accumulates pulses of time units 
(Grondin, 2010; Treisman, 1984; Treisman et al., 
1990, 1994). Attempts to define the 
neuroanatomy of a master internal clock have 
been unsuccessful. The most compelling 
hypothesis is that there is a myriad of non-linear 
temporal oscillatory processes simultaneously 
keeping track of time at different scales and 
through different modalities (Grondin, 2010). 
Wearden et al.’s (1998) research supports this 
notion as they observed that visual intervals are  
judged to be shorter than auditory intervals of the 
same length. However, for the purposes of this 
paper, internal clock will be defined in the 
phenomenological sense as the 
neuroanatomically diffuse process recruiting a 
multitude psycho-temporal-oscillators that when 
averaged out supply one the sense of a singular, 
albeit non-linear, temporal unit accumulator 
which is relied upon to make duration judgements 
in the range of seconds.  

Previous theories relating EEG neural 
oscillations with time perception have proposed 
that an individual’s alpha peak frequency (the 
specific frequency at which there is the largest 
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amplitude within one’s alpha band; IAPF) during 
a temporal judgement corresponds to the firing 
rate of one’s internal clock (Treisman, 1984; 
Treisman et al., 1990, 1994). Though there is a 
lack of robust evidence suggesting correlations 
between the length of temporal response 
estimations and IAPFs (Kononowicz and 
Wassenhove, 2016), this relationship remains 
highly plausible as higher frequencies (in Hz) of 
neuronal firing would lead to faster accumulation 
of temporal units and thus time dilation. 

Another factor modulating the internal 
clock is attention, as when more attention is paid 
to time, more temporal units are accumulated, 
leading to longer perceived duration (Block and 
Zakay, 2008; Grondin, 2010). This explains why 
the pre-post design studies on meditation have 
found time dilation. Attentional capabilities are 
increased after meditation (Slagter et al., 2007), 
leading to more temporal units being 
accumulated and a longer perceived duration. 
This theory has been reconciled with the studies 
that found time contraction when the temporal 
task was administered during the meditation. In 
the first of these two studies (Droit-Volet and 
Heros, 2017), researchers theorized that the shift 
of attention from meditation to time judgements 
consumes cognitive resources, which delays the 
processing of time, leading to an accumulation of 
fewer temporal units, and therefore a temporal 
contraction effect. In a follow up study to test this 
hypothesis, Droit-Volet et al. (2018) compared 
duration judgements made during an OM 
meditation, an attention demanding exercise 
(recalling keywords from a poem), and a non-
attention demanding exercise (listening to a 
poem). They found that durations were judged as 
being shorter when the task was presented during 
the meditation and attention-demanding exercise 
than when compared to the non-attention-
demanding exercise. Although these results 
support this attentional shift theory, the validity 
of the specific attention-demanding task used is 
poor for comparison to meditation as it only 
accounts for attentional resource consumption, 
and not the type of attention required by the task. 
Both OM meditation and recalling keywords 
from a poem require a widened scope of 
attention, as attention is directed toward a diverse 
and evolving object, as opposed to one which is 
uniform and repetitive. 

 
The Present Study 

Measuring time perception during 
meditation is difficult as the task can break the 
participant’s meditative concentration. 
Therefore, a task which asks as little as possible 
from the participant in terms of movement and 
cognitive load was necessary to simultaneously 
probe their temporal judgement and encourage 
the maintenance of their meditative state. The 
Temporal Bisection task (TB) was chosen to 
fulfill these requirements as it is purely auditory, 
allowing participants to keep their eyes closed, 
and limits cognitive load by presenting a binary 
choice. The TB task itself involves playing a tone 
between 4 and 6 seconds and asking participants 
to judge the length of the tone as either closer to 
4 or 6 seconds. The specifics of this task are 
described in more detail in the Materials and 
Methods section. 

High variability in subjective experience 
exists between individuals performing the same 
style of meditation. It could be possible that only 
one neurophysiological state induced by 
meditation elicits temporal distortions, and that 
two individuals could reach this same state 
through two different forms of meditation (i.e., 
FA and OM). Therefore, EEG recordings were 
taken during each session to address whether 
certain neurophysiological states can be 
correlated with increased temporal distortions. 
Despite the proposed relationship between IAPF 
and the hertz of the internal clock, this measure 
was not analyzed as the current study is less 
concerned with if or how meditation affects the 
rate of production of temporal units, and more 
with how modulations in attention affect the 
uptake and storage of these units. As such, the 
magnitude of neural oscillations within fixed 
frequency bands were recorded and analyzed for 
correlations with duration judgements. 

The present study was the first to 
examine duration judgements completed during 
an FA meditation session. The comparison of FA 
with OM offered a deeper understanding of how 
not only the quantity, but also quality, of attention 
employed in meditation affects temporal 
judgements. Both styles of meditation require 
sustained attention, and as such, their comparison 
was able to control for the quantity of attentional 
resource consumption. However, FA produces a 
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narrow scope of attention whereas OM generates 
a broad scope. Thus, comparing these two styles 
isolated the variable of attentional quality from 
attentional quantity. 

It was hypothesized that if temporal 
contraction results solely from the switch 
between a condition requiring a large quantity of 
attention to a temporal judgement, then there 
should be little difference between FA and OM in 
their TB responses. In contrast, if the quality of 
attention, specifically the size of one’s attentional 
scope, is a major variable determining the 
magnitude of temporal disturbances during 
attentional shifts, then time contraction should 
only be observed in the OM condition, when 
compared to a non-attention-demanding control. 

 
 
Materials and Method 
 
Participants 

Fourteen adults ranging in age from 24 to 
77 years (7 females, M age = 54.1 years, SD = 
16.7), who were members of the Bodhi Mind 
Center meditation group in Colorado Springs, 
Colorado, participated in exchange for a $50 
Amazon gift card. This study was approved by 
the Colorado College Institutional Review Board. 
Each participant signed a written consent form 
and regularly practiced either FA or OM 
meditation (regular practice: FA, N = 9; OM, N = 
5). Participants self-reported their lifetime 
experience with meditation by providing the 
number of years of consistent practice and the 
average amount of time spent meditating each 
day. Rough estimations of total lifetime 
meditation hours were calculated from this (M = 
6880.10, SD = 8713.43, Minimum = 91.25, 
Maximum = 25550). 

 
Experimental Design 

In a within-subjects design, participants 
experienced three separate conditions: a control 
condition, an FA condition, and an OM 
condition. In the control condition, participants 
were instructed to relax while an audiobook, the 
first 20 min of Bill Bryson’s “A Short History of 
Nearly Everything” (Bryson, 2003), was played. 
The FA condition was operationalized as internal 
mantra recitation, and the OM condition as 

mindfulness. Before each session, participants 
completed the Brief Mood Introspective Scale 
(BMIS; Mayer and Gaschke, 2001), as mood has 
been shown to influence both meditation and time 
perception (Droit-Volet and Heros, 2017). The 
order in which each participant took part in these 
three conditions was counterbalanced as fully as 
possible across participants. 

 
Procedure 

The experiment was conducted inside 
Shove Memorial Chapel on the Colorado College 
campus. All 14 participants completed the three 
conditions on separate days. Each experimental 
session lasted ~35 min. The first ~12 min 
consisted of participants completing the BMIS, 
listening to meditation and TB instructions, 
answering questions about meditation history, 
completing a practice TB block, and fitting the 
EEG headset. The subsequent ~22 min consisted 
of 20 min of meditation with two ~1 min 
temporal bisection task interruptions presented 
once after 15 min of meditation and another after 
20 min of meditation. At the end of the session 
Participants were asked “How was that 
meditation for you?” However, the vagueness of 
this question prompted similarly vague answers 
and as such, responses to this were not included 
in analysis. Figure 1 illustrates the flow chart of 
this procedure. No more than a week separated 
each individual participant’s sessions to avoid 
maturation effects. For each session, participants 
were instructed to remove any time keeping 
devices and turn their phones on silent, then to sit 
on either a meditation cushion or a chair, to their 
preference. After completion of the BMIS, they 
were offered use of the restroom before 
beginning their session. 
 
Meditation Conditions 

The researcher sat to the left of the 
meditator so that the meditator was not facing 
him. This researcher remained consistent across 
all experimental sessions. Participants were told 
that the researcher would be meditating along 
with them during the session. When each 
participant felt ready, a large singing bowl was 
played to begin the session. Throughout all three 
conditions, participants were instructed to keep 
their eyes closed to avoid eye blink artifacts in the 
EEG data and to standardize their frequency 
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bands (Barry et al., 2007). As each participant 
was an experienced meditator (at least 1 year of 
consistent practice), instructions for each 
condition were brief. In the control condition, 
participants were instructed to “relax and listen to 
the audiobook.” Some of the participants had 
heard of the book before, but none had read or 
listened to it previously. In the FA condition, 
participants were told to use whichever mantra 

they had the most practice with. If participants 
did not have a mantra, they were allowed to come 
up with their own or use one recommended by the 
researcher. If a mantra recommendation was 
requested, the researcher provided the Tibetan 
Buddhist mantra “Om Mani Padme Hum,” or the 
non-religiously affiliated mantra “Be With It.” 
Participants were instructed to “repeat your 
mantra on every exhale, and don’t repeat 
anything in your head on the inhale.” In the OM 
condition, participants were instructed to 
meditate by letting the mind wander, and to 
“greet each new thought arrived at with non-
judgmental awareness, and then let it pass.” 
Throughout each condition a small bell, known as 
a rin, was struck every 5 minutes to remind 
participants to engage in their meditation practice 
(or to relax if in the control condition).  

 
Temporal Bisection 

Subjective passage of time was measured 
by administering the temporal bisection task to 
participants during each session (control, FA, and 
OM). To introduce participants to the task, before 
the meditation or control conditions began, two 
anchor tones (“long” = 6.00 s, “short” = 4.00 s) 
were played repeatedly until the participant felt 
comfortable distinguishing the two. The task 
itself entailed listening to tones of an intermediate 
length between the anchor tones, and participants 
responding “short” or “long” depending on if 
they perceived the stimulus to be closer in 
duration to the long or short anchor tone. The 4:6 
ratio (i.e., ratio in seconds between the anchor 
tones) for the TB task was taken from Droit-Volet 
et al. (2015), in which this ratio successfully 
elicited differences in duration judgments 
between participants in a meditation and a 
relaxation condition. A Psychopy3 (Peirce et al., 
2019) program run on a 2013 MacBook Pro 
controlled the experiment and recorded the TB 
data. The auditory stimulus used for the task was 
a 440 Hz sinusoidal tone played at a volume level 
standardized for each participant except for two, 
who had hearing difficulties and required a higher 
volume. Participants responded with a right click 
on the mouse when they felt that the duration of 
the tone played was closer to the “long” 6.00 s 
anchor tone, and with a left click when they felt 
the duration of the tone was closer to the “short” 
4.00 s anchor tone. Before beginning the 

BMIS completion 

TB instructions and practice 

Meditation history 

Condition instructions 
(Audiobook, FA, or 

EEG headset 

Play singing bowl 
(beginning of 

Beginning of experimental condition 

First 15 min of 

First ~1 min TB 

Final 5 min of meditation 

Second ~1 min TB task 

Play singing bowl 
(end of condition) 

Figure 1: Procedure flow chart. 
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meditation or audiobook session, participants 
completed a practice TB block of 9 trials (9 
different intermediary tone durations) to ensure 
they understood the task. In total, participants 
completed three temporal bisection blocks for 
each session: a practice block, block one, and 
block two. Data from the practice block were not 
analyzed as they were used to train participants in 
the task. Block one was presented at Minute 15 
of the meditation, and block two at Minute 20. 

The acute temporal effects of meditation 
are short lived (Droit-Volet and Heros, 2017). 
Therefore, to improve the chance that the 
temporal bisection data were gathered within the 
small time window of meditation’s after-effects, 
only one block of 9 tone-response trials for each 
of the two session-interruptions was 
administered. To adjust for the small number of 
responses collected, a higher stepwise resolution 
within the 4-6 s spectrum of tone durations–9 
different tone-durations per block as opposed to 
the more common 7 (Droit-Volet et al., 2015; 
Kramer et al., 2013)—was employed. This 
allowed each TB interruption to be only ~1 min 
in duration, while still providing sufficient 
responses for analysis. Each block consisted of 
nine tones of varying duration (seconds = 4.00, 
4.25, 4.50, 4.75, 5.00, 5.25, 5.50, 5.75, and 6.00); 
the 5 s tone was always the first to be presented, 
then the rest followed in random order. The time 
interval separating the presentation of each tone 
during the block was randomized between 0.5 s, 
1.0 s, and 1.5 s so that participants were unable to 
get into a rhythm and use the duration of the 
previous tone to make a judgement (Droit-Volet 
et al., 2015). Participants were instructed not to 
count during the task (Rattat and Droit-Volet, 
2012), and to try to remain in their meditative or 
relaxed state during the blocks. During the FA 
condition, participants were asked to stop 
internally repeating their mantra during 
completion of the TB task, but to remain “as if 
you are in that silent state between each recitation 
of your mantra.” No accuracy feedback was 
given during any of the three blocks. The small 
bell (rin) that was struck every five minutes rung 
roughly one second before presentation of each 
TB block to further encourage participants to 
remain in their meditative state.  

 

Electroencephalography 
The use of EEG in this study was 

primarily exploratory, as there were no 
predefined regions or frequencies of interest. A 
3D printed 8-channel OpenBCI Ultracortex Mark 
IV EEG headset with dry comb Ag-AgCl 
electrodes was used (Figure 2). Participants were 
asked to comb their hair before arriving to the 
session. The EEG headset was fitted on each 
participant after the initial practice block of tones. 
Participants were allowed to adjust the fit of the 
headset until they claimed it was comfortable 
enough not to cause pressure points and 
subsequent pain during the 20-minute session. 
The EEG data were streamed at 250 Hz via 
Bluetooth to the 2013 MacBook Pro using the 
OpenBCI_GUI application. Two earlobe clips 
(one for each ear) were used as reference 
electrodes. 

The EEG data were cleaned using 
MATLAB’s EEGLAB software (Delorme and 
Makeig, 2004). The ~2 min of signals recorded 
during the TB task were excluded from analysis 
to isolate meditation related neurophysiology. A 
2-50 Hz bandpass filter was applied and the data 
were manually cleaned to remove artifacts and 
bad channels. Average re-referencing was not 
used due the low density of electrodes (Nunez 
and Srinivasan, 2006). After manual removal of 
artifacts and bad channels, the EEGLAB 
extension Clean_rawdata (Kothe, 2014) version 
2.2 was used to further identify bad channels and 
remove them. The parameters for this channel 
removal were to remove a channel if: 1) it was 
flat for more than 10 s; 2) it exhibited high 
frequency noise with a standard deviation of 7 or 
higher; or 3) its correlation with nearby channels 
was 0.5 or lower. After this, further artifact 
removal and correction were conducted using 
Clean_rawdata’s Artifact Subspace 
Reconstruction (ASR) function using a max 
acceptable 0.5 second standard deviation of 5. In 
total, this left each participant with a large 
amount of continuous data to be analyzed 
(control, M = 18.65 min). EEGLAB’s default 
independent component analysis (ICA) was then 
run on each file. ICLabel (Pion-Tonachini et al., 
2019) version 1.3 was subsequently used to 
identify artifact components for removal. 
Components were removed if ICLabel’s 
predicted percent chance that that a given 
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component represented brain data was less than 
15% (average predicted brain data percentage of 
removed ICs, M = 1.3%). Interpolation of 
removed channels was performed after ICA to 
avoid ghost components. For each electrode 
(channel), the absolute spectral power (µV^2) 
was compiled into frequency bands using the 
Darbelai EEGLAB extension with a FFT window 
of 20 s (low theta = 4-6 Hz, high theta = 6-8 Hz, 
low alpha = 8-10 Hz, high alpha = 10-12 Hz, beta 
= 12-25 Hz, gamma = 25-50 Hz) and then log 
base 10 transformed. 

 
 

Results 
 
Temporal Bisection 

Responses from the TB task were coded 
0 for “short” and 1 for “long,” and mean response 
was analyzed as a function of condition (3; 
control, FA, and OM), tone-duration (9), and 
block-number (2; block 1 or 2) using a three-
factor repeated measures ANOVA in SPSS 
(version 25; IBM, Inc.). As expected, there was a 
significant main effect of tone duration on 
participant response, F(8,104) = 35.00, p < .00, 
ηp

2 = 0.73, with longer tones eliciting higher 
proportions of “long” responses. There was no 
significant effect found for either block-number 
or condition. However, a significant interaction 
effect was found between block-number and 
condition, F(2,26) = 4.54, p = .02, ηp

2 = .26. To 
probe this interaction effect, two separate post-
hoc two-way ANOVAs using condition (3) and 
tone-duration (9) as factors were run on TB 
responses from block one and block two. The 
two-way ANOVA with condition run on duration 
judgements from block one revealed a trend for a 
main effect of condition, F(2,26) = 2.89, p = .07 
(see Figure 3A). The two-way ANOVA run on 
block two responses revealed no such effect. This 
suggests that the 5 minutes between these two 
blocks was not long enough for participants to 
fully resume their meditative state that was 
present at Minute 15; and that the short ~1 minute 
block was enough for the acute after-effects of 
meditation to wear off. Therefore, TB responses 
from block two were excluded from further 
analysis.  

Pairwise comparisons of the block one 
effect revealed a significant difference in TB 
responses between the control condition and the 
OM condition (p = .05; control, M = 0.61, SD = 
.23 FA, M = 0.52, SD = .19; OM, M = 0.45 SD = 
.13), such that after 15 min of listening to an 
audiobook, participants overestimated the 
duration of TB tones, yet after 15 min of OM 
meditation, the same participants underestimated 
these same tones (Table 1). The FA condition did 
lead to a non-significant underestimation of tones 
when compared to the control; nevertheless, 
responses in this condition were the closest to 

A 

B 

Figure 2: Images of the the OpenBCI UltraCortex Mark 
IV EEG headset with labeled electrode positionings. A: 
The principal researcher wearing the EEG headset used 
in this study. B: The 8 electrode positions used in this 
study are highlighted in black within those defined by 
the international 10-20 system of electrode placements. 
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objective time, and therefore the most accurate. 
The variability of time judgements decreased in 
the FA and OM conditions when compared to the 
control, with the OM condition showing the least 
variability (see Figure 3B). 

 
Table 1 Means and standard deviations of TB 
responses 
 

Condition Mean 
Standard 
Deviation 

Control .61 .23 
FA .52 .19 
OM .45 .13 

Note: A mean above .5 indicates overestimation while 
a mean below .5 indicates underestimation. 
 
Electroencephalography 

After the EEG data were cleaned, the 
power (log10(µV2)) at each frequency band and 
channel was then loaded into SPSS version 25 for 
statistical analysis, with condition (3), frequency 
band (6), and channel (8) as independent 
variables. Data from all channels were found to 
be normally distributed. 

A three-way repeated measures ANOVA 
using the factors of condition (3), frequency band 
(6), and channel (8), was conducted to compare 
the effect of condition on EEG scalp signals in 
the control, FA, and OM conditions. Because 
assumptions of sphericity were violated, a 
Greenhouse-Geyser correction was employed. 
No significant main effect of condition was 
found. As expected, the effects of frequency 
band, F(2.19, 26.22) = 4.44, p = .02, ηp

2 = .27, 
and channel, F(3.11,37.35) = 7.64, p < .00, ηp

2 = 
.39, were significant. In addition, there was a 
significant interaction effect between channel and 
condition, F(4.61, 55.30) = 2.61, p = .04, ηp

2 = 
.18. To probe this interaction, eight (one for each 
channel) post-hoc two-way ANOVAs with 
condition (3) and frequency band (6) were run to 
evaluate the effect of condition across the 8 
channels individually. Significant main effects of 
condition were found on both the P8 channel, 
F(1.83, 21.93) = 5.51, p = .01, ηp

2 = .32, and the 
C4 channel, F(1.90, 22.83) = 4.14, p = .03 such 
that across all frequency bands C4 and P8 power 
was lower during the OM condition compared to 
both the FA and control conditions. Both these 
electrodes are located on the right hemisphere of 
the scalp, with C4 being nearest to Brodmann’s 
area (BA) 1, and P8 being nearest BA 37. 
However, because neural oscillations project 
widely across the surface of the scalp, a much 
higher electrode density (at least 64) would be 
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needed to make any robust claim of from where 
these signals originated. Further pairwise 
comparisons using a Bonferroni adjustment to 
correct for these multiple comparisons (as 8 
separate ANOVAs were conducted) revealed 
only one significant difference across conditions 
at the P8 electrode between the control and OM 
condition, p = .01. The results of these 
comparisons are available in Table 2, and power 
at the P8 electrode across conditions and 
frequency bands is plotted in Figure 4. 

 
Table 2 Pairwise comparisons and values of EEG 
power (log(µV2)) of electrodes P8 and C4 across 
conditions 
 

Electrode
s 

Control vs 
OM 

Control vs 
FA 

FA vs 
OM 

P8 p = .01 p = 1.00 p = .08 
C4 p = .31 p = .67 p = .07 

Note: All significance values are taken using 
Bonferroni adjustment for multiple comparisons. 
 
EEG and TB Correlations 

To create a single time dilation score for 
each participant, the average response to all tone 
lengths was calculated for block one. A value 
above 0.5 indicates an overestimation of TB 
tones, and below 0.5, an underestimation. This 
method for consolidating TB values was used in 
place of the classic method of finding the point of 
subjective equality, otherwise known as bisection 
point (Kramer et al., 2013; Droit-Volet et al., 
2015), as each participant’s average response to 
each tone duration could not be calculated due to 
the exclusion of block two responses from 
analysis. To reduce the possibility of type 1 errors 
from multiple comparisons, the 8 EEG channels 
were grouped into 2 regions of interest (ROIs): 
anterior (FP1, FP2, C3, C4) and posterior (P7, P8, 
O1, O2). Power spectral density (PSD) graphs of 
these two ROIs are presented in Figure 5. 
Bivariate Pearson correlations were run between 
each participant’s frequency band powers 
(log(µV2)) at both ROIs and their time dilation 
metric within each condition and frequency band. 
Posterior low theta power was found to be 
significantly negatively correlated with the time 
dilation metric in across all conditions (see Table 
3 for the correlation matrix). To illustrate where 
these differences occurred across conditions, 
head plots of power topography have been 

provided for frequencies within this range 
(Figure 6). 
 
Table 3 Bivariate Pearson correlations between 
posterior low theta power and time dilation metric 
 

Condition N Correlation Coeff. P 
Control 13 -.741 .004 
FA 14 -.578 .030 
OM 14 -.566 .035 

Note: Posterior low theta power is the log base 10 
transformed absolute power (µV2) of frequencies 
ranging from 4 to 6 Hz recorded from the posterior 
electrodes P7, P8, O1, and O2. This was correlated 
with the time dilation score, which was the average 
response to each temporal bisection tone presented 
during block one. 
 
Participant Affect 

No significant correlations were found 
between responses on the BMIS and either EEG 
signals or TB responses which were consistent 
across all three conditions. The few significant 
correlations that were found were therefore 
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assumed to be Type 1 errors because of the high 
volume of correlations made (17 BMIS responses 
X 3 conditions), and because none were 
significant at the p = 0.001 level. As such, none 
are reported here. 

 
 

Discussion 
 

Results from the present study suggest 
that the form of attention generated by OM is 
distinct from that produced during FA. OM 
elicited significantly more temporal contraction 
(as measured by TB responses) compared to the 
control condition. There was no such difference 
between the FA and control condition (Table 1). 
These temporal distortions were likely the result 
of attentional processes rather than affective 
ones, as there were no correlations between 
BMIS responses and TB responses, which were 
consistent across all three conditions. Because the 
main attentional difference between OM and FA 
is the size of the attentional scope, this likely 
accounts for the observed temporal differences. 
These results support the present study’s initial 
hypothesis that the size of one’s attentional scope 
determines the magnitude of temporal 
disturbances during attentional shifts, as time 
contraction was only observed in the OM 

condition, the only condition where attentional 
scope is broadened.  A broader scope of attention 
allows for more information processing. It has 
been shown that increased information 
processing leads to retrospective time dilation 
(Vroon, 1970). This can explain the commonly 
reported subjective temporal dilation effect of 
OM meditation (Kabat-Zin, 2005).  

However, the opposite is observed when 
one’s broad attentional scope shifts from its 
global awareness down to a single temporal 
bisection tone. In comparison to the previous 
high flux of information, a single sinusoidal tone 
occupies relatively little attentional bandwidth 
(Figure 7). The residual attentional bandwidth 
therefore remains occupied with task-irrelevant 
stimuli which require attentional resources to 
suppress so the tone can be focused on fully. 
When a portion of one’s finite attentional 
resources is occupied with suppressing these 
distractors, fewer of these resources are available 
to accumulate temporal units, resulting in time 
contraction. Here, “attentional resources” is used 
as a catch-all term which refers to cognition’s 
limited supply of computational power that can 
be allocated to attention at any given moment. 
These resources can be taken up by information 
storage, perceptual discrimination, prediction, 
motor activities, suppression of irrelevant 
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stimuli, etc.. For further explanation of the 
interference effects of different tasks on 
attentional resources used in time perception, see 
Brown (1997). Under the framework presented in 
this paper, when OM meditation is interrupted by 
a TB task, temporal unit storage competes with 
task-irrelevant stimuli suppression for these 
attentional resources, and while both are needed 
for the task, neither can operate at maximal 
efficiency, causing the observed temporal 
contraction. 

Why does this contraction not happen in 
those studies in which a pre-post TB design is 
used? A likely possibility is that upon the arrival 
of any given stimulus within the contents of our 
attentional scope, weight is assigned to it, 
determining the percentage of attentional 
bandwidth it occupies. OM meditation trains one 
to allocate small attentional weights to each 
sensation, to fit the entirety of the present 
moment’s psychosomatic sensations within one’s 
attentional scope. When TB tones are presented 
during OM meditation, and the participant is 
asked to maintain their meditative state during the 
TB task, they subsequently may assign the TB 
tone a very small attentional weight, just as they 
do with all other sensations. The tone in turn 

takes up less attentional bandwidth, and fewer 
temporal units are accumulated. Moreover, 
because the tone takes up only a small percentage 
of the attentional scope, additional attentional 
resources are required to suppress the 
surrounding task irrelevant stimuli within it, 
further reducing the number of temporal units 
accumulated. When the TB task is completed 
post OM meditation, greater attentional weight 
can be allocated to the TB tone since the 
meditative mindset is not being maintained, thus 
allowing it to take up the full, now broadened, 
attentional scope, accounting for the time dilation 
results seen in pre-post TB design studies. This 
attentional weight hypothesis aligns with the 
results of the current study as the average time 
dilation score from the FA condition was slightly, 
though not significantly, lower than in the control 
condition. In contrast to OM, in the FA condition, 
the attentional scope is narrowed, meaning there 
is less space for task-irrelevant stimuli. 
Furthermore, FA meditation encourages one to 
allocate maximal attentional weight to one’s 
object of focus (i.e., mantra). These attentional 
processes most likely account for the FA 
condition having the most objectively accurate 
duration judgements.  

Figure 6: Scalp topography of average low theta power in µV2 within the low theta frequency across conditions. Note: All 
continuous files for each participant in a condition were merged in EEGLAB to create a single file for each condition. 
EEGLAB’s pop_spectopo function was performed on these files using a user defined ‘maplimits’ function with value [-2 1.6] 
and a ‘freqfac’ function value of 10. MATLAB Script: figure; pop_spectopo(EEG, 1, [epoch start epoch end (sec)], 'EEG' , 
'freq', [4 4.5 5 5.5 6], 'freqrange',[2 25],'electrodes','on','maplimits',[-2 1.6],'freqfac',10); 
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During the control session, the 
audiobook faded out before administration of the 
TB task. This gave participants in this condition 
an attentional advantage on the task for two 
reasons. Firstly, the fade offered several seconds 
of warning for participants to ready their attention 
for the task. Secondly, since the audiobook was 
not playing during the task, no previously 
attended-to stimuli were present during it, and 
therefore, no attentional resources for 
suppression were required to focus on the tone. 
These advantages, in conjunction with previous 
research which suggests experienced meditators 
display trait time dilation as a function of their 
mindfulness abilities (Droit-Volet and Heros, 
2017), are the most likely explanation for the high 
time dilation scores observed in this condition.  

In further support of this attentional 
weight hypothesis, specifically that OM trains the 
allocation of smaller attentional weights, Slagter 
et al. (2007) examined OM meditators’ 
proficiency on an attentional blink task after an 
intensive three-month vipassana retreat. For 
background, the attentional blink task presents 
two task-relevant targets (numbers), T1 and T2, 

within a rapid stream of distractor stimuli 
(letters). When T1 and T2 are presented in close 
temporal proximity (within ~500 ms of each 
other), the second, T2, is often not encoded into 
short term memory. This attentional blinking is 
thought to stem from competition between the 
two numbers for limited attentional resources, 
such that the entire supply of these is used up by 
the encoding of T1 and there are none left to 
encode T2. In other words, too great attentional 
weight is allocated to T1, thus obscuring T2 
within the attentional scope for the attentional 
blink interval. ERP analysis of these meditators 
during this task supports this explanation. The 
P3b amplitude was examined as it is an indicator 
of attention allocation to task-relevant stimuli 
during a series of distractors. The ERPs of the 
meditators showed a reduction in T1-elicited P3b 
amplitude, suggesting less attentional weight was 
allocated to T1 thus allowing T2 to be encoded as 
well. Indeed, a reduction in P3b amplitude was 
significantly correlated with increased T2 
accuracy. It is safe to assume that these 
meditators were maintaining an OM mindset 
during this task due to the nature of their retreat 

Figure 7: Diagram of how attentional scope and its contents affect time perception. Note: The myriad shapes within the OM 
“meditation alone” represent the various stimuli present within the present moment that are attended to during OM (i.e, the 
breath, back pain, affect, different desires, etc.). To fit them all in one’s attentional scope required both broadening the 
attentional scope itself and allocating small attentional weights to each stimulus. In the FA “meditation alone” the text 
“ཨ་མ་ཎ་ིཔ་ ྨེ་ ྃ” is the mantra “om mani padme hum’ written in Tibetan and repeated just as a mantra is. The diagonal lines 
covering these meditative stimuli represent their suppression to focus on the TB tone. 
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(10-12 hours of practice daily). Therefore, if the 
participants in the present study were assigning a 
smaller attentional weight to the TB tone during 
the OM condition than in the other conditions, it 
follows that the tones in the OM condition would 
accumulate fewer temporal units in the internal 
clock and subsequently be judged as shorter. This 
is exactly what was observed (Table 1).  

An interesting, yet unusual, finding from 
the current study is that low theta waves (4-6 Hz) 
in the posterior region (P7, P8, O1, O2) recorded 
during the entire meditation duration (excluding 
recordings taken during the TB task) were 
significantly negatively correlated with time 
dilation across all three conditions (Table 3). 
These findings suggest that increased power in 
low theta waves may indicate a broadening of the 
attentional scope. This claim is supported by Lim, 
Yeo, and Yoon’s 2019 study which found 
increased theta during an immersive-attention 
task, which requires a broad attentional scope, 
when compared to concentrative-attention task, 
which requires a narrow attentional scope. 
Further support for the specific ROI where TB 
correlations were found comes from List et al. 
(2017) where ERP analysis of an electrode at the 
site PO8 was used to predict broad vs narrow 
attentional scope. This electrode location is 

directly between sites P8 and O2, which were the 
two right hemisphere electrodes used in this 
study’s posterior ROI. 

However, this conclusion ought to be 
greeted with skepticism, seeing as there were no 
significant differences in low theta waves 
between the FA and OM condition. Moreover, 
another study designed to directly assess the 
relationship between the breadth of attentional 
scope and EEG power did not find correlations 
between theta power and increased attentional 
breadth (Pitchford and Arnell, 2019), instead 
finding it related more to posterior alpha power. 
Nevertheless, a look at the scalp topography for 
power within this frequency range (4-6 Hz) does 
show an interesting similarity between the 
control and FA in the right central section, 
whereas OM shows more diffuse power 
throughout the entirety of the posterior portion of 
the brain (Figure 6). In addition, previous 
research on the effect of visual stimuli of various 
complexities has shown that increased stimulus 
complexity is positively correlated with posterior 
theta power (Gale et al., 1971). Although these 
studies tested visual perception and not 
interoception, it follows that an increase in 
stimulus complexity would produce a broadening 
of attention. These same researchers also found 
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that alpha power decreases when stimulus 
complexity increases. The relative power of EEG 
signals recorded in the current study (Figure 8) 
support this, assuming that FA is the least and 
OM is the most complex condition. These 
differences, however, were not significant.  

Finally, the current results need to be 
reconciled with the commonly reported 
subjective effect of temporal dilation during OM 
meditation. A concept originally proposed by 
James (1890), the psychological present, posits 
that what we perceive as the present moment is 
not a durationless instant, but rather a stream of 
overlapping 2-3 second (Fraisse, 1984) intervals 
wherein perceptual information can gather 
context. Auditory stimuli, such as beats in a song, 
with inter-event intervals below roughly 2 
seconds are perceived as different than those 
above the 2 second mark; these stimuli appearing 
within 2 s of each other are perceived as being 
contextually dependent on their previous stimuli 
(Nakajima et al., 1980). This effect breaks down 
when intervals above 2-3 s separate each beat 
(Mates et al., 1994). This 2-3 s moment also 
appears in the visual modality. Experiments using 
ambiguous figures such as the Necker cube have 
found that reconstrual of the figure takes around 
3 s before the next construal can be perceived 
(Gómez et al., 1995; Kornmeier et al., 2007). It is 
possible that as attentional scope dilates, so too 
does the psychological present. During OM 
meditation, when both one’s attentional scope 
and psychological present are broadened, each 
individual moment feels longer, yet when judging 
the duration of tones in a TB task, fewer of these 
moments will comprise the tone. This may then 
contribute to the tone being judged as shorter. 
However, further research is required to 
understand the relation between accumulation of 
temporal units and the length of the psychological 
present. Nevertheless, it is compelling that large 
differences in TB response means and respective 
variability appeared only for shorter tone 
durations closer to the psychological present 
(Figure 4). 

A few limitations of the current study 
must be addressed. First, the EEG machine used 
in this experiment contained only 8 scalp 
electrodes, which is relatively few compared to 
those used in most contemporary studies on this 
topic. With a greater number of electrodes, far 

more robust conclusions could be made regarding 
the association between neural oscillations, 
temporal perception, and attentional scope. 
Though all the participants were familiar with the 
use of a rin periodically during meditation, two of 
the participants expressed distaste with its 
inclusion in their sessions, citing that it broke 
their concentration. However, periodic ringing of 
bells during meditation is common practice, and 
often the researcher could see that a couple 
seconds after the ringing of the bell, the signals 
from each electrode became more synchronized 
in the alpha band (supplementary video). 
However, these data were not analyzed as they 
were not the focus of the experiment. Next, the 
data produced from the short questionnaire used 
to assess participants’ mood, the BMIS, showed 
no correlations with either TB or EEG data. This 
is concerning, as many previous studies have 
found associations between affect and temporal 
perception during meditation (Droit-Volet and 
Heros, 2017; Droit-Volet et al., 2018). To 
administer this in a pre-post design would have 
provided far more resolution as to how each 
condition affected a participant’s mood. The TB 
task was presented at Minute 15 of the 
meditation, and these prior 15 minutes likely 
contributed to a change in participant affect, thus 
making the previously recorded mood responses 
obsolete. Questions assessing trait mindfulness, 
such as those from the Mindful Attention 
Awareness Scale (MAAS; Medvedev et al., 
2016), should have been included in this as well, 
as these have been found to predict trait time 
dilation scores on temporal tasks (Weiner et al., 
2016). Another limitation of this study is the 
length of tones used in the TB task. Choosing 
briefer tones would have tapped more directly 
into the duration of the psychological present, 
and it would have allowed for more responses to 
be recorded within the short time window of 
meditation’s acute after-effects. Finally, the 
experienced meditators who participated in this 
study were not matched for age or regular 
meditation style. The majority of participants 
were more familiar with FA than OM (only 35% 
regularly practiced OM), and this could have 
biased the study. The lack of age matching in this 
study (SD = 16.7 years) probably diminished the 
robustness of the EEG results, as the frequency 
bands of younger people are often higher in Hz 
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than those of older people (Gaál et al., 2010). This 
could have been accounted for by determining 
each participant’s frequency band individually. 
Further research could account for these pitfalls 
and go beyond by administering the TB task in a 
pre-during-post design. If a study were to do this, 
it could bridge a gap in the literature which 
remains after this present study. 

To understand the mechanisms behind 
meditation’s beneficial effects on wellbeing, a 
thorough knowledge of what happens to attention 
and time perception during meditation may prove 
crucial. In addition, the evidence presented here 
supports the preexisting notion that OM 
meditation causes greater time dilation than FA 
meditation. From this it can be gathered that 
beginners who wish to initiate a consistent 
meditation practice should start with FA, as 
previous research suggest that self-regulatory 
behaviors that cause time dilation, or the belief 
that the activity lasted overly long, renders people 
less likely to sustain the activity in a consistent 
manner (Vohs and Schmeichel, 2003). 

 
 

Conclusion 
 
 The evidence presented here suggests 
that the forms of attention generated by OM and 
FA meditation are distinct as evidenced by their 
differing effects on temporal discriminations. By 
comparing these two styles of meditation to a 
control condition, this is the first contemplative 
time perception study that has been able to isolate 
the variable of attentional quality from attentional 
quantity. The current results suggest that only 
attentional quality, specifically the distinction 
between a broad and narrow attentional scope, is 
the at the core of the temporal disturbances 
commonly reported during meditation. As such, 
only the TB responses recorded during the OM, 
and not FA, condition were significantly different 
(shorter) than those recorded in the control 
condition. To explain this, it was theorized that 
switching from OM’s broadened scope of 
attention to the TB task consumes more 
attentional resources than switching from the 
narrow scope of attention generated by FA, thus 
lessening the amount that could be dedicated to 
time. In addition, neurophysiological evidence 

gathered via EEG during each condition was 
found to be negatively correlated with time 
dilation. This novel finding may represent a 
direct relationship between the power of posterior 
low-theta waves and the size of the attentional 
scope. However, further research using more 
sophisticated neuroimaging equipment is 
required to confirm this conclusion.  Taken as a 
whole, the evidence presented here suggests that 
meditation is not a monolith. Different meditation 
styles promote different forms of attention, and 
these attentional differences likely affect much 
more than just time perception. 
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