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ABSTRACT

Reports of Extrasensory Perception (ESP)-like experiences have been associated with altered temporal sensitivity,
sense of agency, and alpha-band neural activity. However, evidence for these associations has been drawn largely
from clinical or clinically enriched samples, limiting understanding of whether similar processes characterize
individuals recruited outside explicitly clinical contexts who report persistent ESP-like experiences. The present
study compared an ESP-like experience group, comprising individuals reporting persistent ESP-like experiences
and no self-reported psychiatric diagnosis, with a non-ESP comparison group, comprising participants who did
not report such experiences. Participants completed behavioural measures of temporal sensitivity (double-flash
illusion) and sense of agency (judgement of agency), together with resting-state Electroencephalography (EEG)
measures of posterior alpha power and Individual Alpha Frequency (IAF). A subset of participants in the ESP-like
experience group also completed EEG during a self-reported active ESP-like state. Relative to the non-ESP
comparison group, the ESP-like experience group showed reduced temporal sensitivity and a broader SoA
window, consistent with broader temporal integration across perceptual and agentive domains. Resting-state
EEG further revealed higher posterior alpha power and higher IAF in the ESP-like experience group. Multivar-
iate analyses indicated that temporal sensitivity uniquely predicted group membership, whereas alpha measures
explained shared, but not independent, variance. Exploratory within-participant analyses additionally suggested
state-dependent modulation of alpha dynamics, with higher IAF during the active ESP-like state than during rest.
These findings indicate that persistent ESP-like experiences in a sample recruited outside explicitly clinical

contexts are associated with altered temporal integration and alpha-band dynamics.

1. Introduction

Reports of experiences interpreted as Extrasensory Perception (ESP)
remain difficult to account for at the cognitive and neural levels. In the
present study, ESP-like experiences refer to subjective experiences in
which individuals believe they have acquired information or anticipated
events without an apparent conventional sensory route. Rather than
attempting to adjudicate between competing interpretations of such
experiences, the present study examines whether ESP-like experiences
are associated with differences in Sense of Agency (SoA), temporal
sensitivity and alpha-band oscillatory activity.

The SoA refers to the subjective experience that one’s actions or
thoughts are self-generated and linked to their consequences (Chambon
& Haggard, 2012). Experimental work suggests that SoA depends partly
on temporal information, such that self-attribution declines as the delay
between an action and its outcome increases (Erdogan & Balci, 2025;
Farrer et al., 2013; Sato, 2009; Shimada et al., 2010). More broadly,
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research on self-monitoring suggests that disruptions in linking internal
events to the self may alter source attribution in clinical populations
(Shergill et al., 2000; Krugwasser et al., 2022). Although this does not
imply that ESP-like experiences are equivalent to clinical symptoms, it
suggests that individual differences in the temporal boundaries of
agency may be relevant to experiences involving unusual source
attribution.

A related construct is temporal sensitivity, often indexed by the
Temporal Binding Window (TBW), defined as the interval within which
sensory signals are likely to be integrated as belonging to the same event
(Cecere et al., 2015; Watson, 1986). A broader TBW reflects reduced
temporal sensitivity and greater tolerance for temporal discrepancy
during multisensory integration. Prior work has further shown that TBW
and SoA are closely related, with broader TBWs associated with broader
SoA windows (Venskus et al., 2021). One possible explanation is that
when events are integrated across a broader temporal interval, action
outcomes remain eligible for self-attribution over longer delays.
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Reduced temporal sensitivity may therefore influence not only percep-
tual binding, but also the temporal boundaries within which actions and
outcomes are experienced as causally linked. If individuals reporting
ESP-like experiences are more likely to link events across broader tem-
poral intervals, this should be observable at both perceptual and agen-
tive levels.

Alpha oscillations provide a plausible neural correlate of these pro-
cesses. Alpha-band activity has been linked to temporal sensitivity and
the organisation of perceptual information over time (Gupta et al., 2025;
Kononowicz & van Wassenhove, 2016; Marsicano et al., 2024; Treis-
man, 1963). Empirical studies indicate that Individual Alpha Frequency
(IAF) predicts the width of the TBW, with higher IAF associated with
narrower TBWs (Cecere et al.,, 2015; Venskus & Hughes, 2021).
Consistent with this, Mioni et al. (2020) showed that modulation of IAF
was associated with shifts in time perception, further supporting a role
for IAF in subjective timing mechanisms. Alpha power has also been
linked to agency-related processing, with Bu-Omer et al. (2021) showing
that increases in parieto-occipital alpha and low-beta power were
associated with reduced SoA. Together, these findings suggest that
alpha-band dynamics are relevant to temporal sensitivity and agency-
related processing, although the direction and specificity of these re-
lationships may vary across tasks and populations. Both IAF and alpha
power may therefore be relevant to processes associated with ESP-like
experiences.

Despite these converging findings, an important gap remains. Most
evidence linking altered temporal sensitivity, SoA and alpha dynamics
to unusual perceptual experiences has come from clinical or clinically
enriched samples, where such experiences often co-occur with broader
psychiatric symptoms or related psychological characteristics (HaB
et al., 2017; Krugwasser et al., 2022; Ramsay et al., 2021; Rossetti et al.,
2026). This makes it difficult to determine whether the observed
behavioural and neural differences are specifically related to ESP-like
experiences or instead reflect other co-occurring factors. To begin to
address this limitation, the present study compared an ESP-like experi-
ence group, comprising individuals reporting persistent ESP-like expe-
riences, with a non-ESP comparison group drawn from the general
population who did not report such experiences. Using behavioural
measures of temporal sensitivity and SoA, together with resting-state
EEG indices of posterior alpha power and IAF, the study tested
whether the groups differed on these measures. A subset of participants
in the ESP-like experience group also completed EEG during a self-
reported active ESP-like experiential state. Based on prior work, group
differences were expected in TBW, SoA window, posterior alpha power
and IAF.

2. Method
2.1. Participants

Participants for the non-ESP comparison group were recruited
through the University of Greenwich Sona Systems, a database of more
than 2000 consenting participants. Eligibility for this group was deter-
mined using a study-specific self-report screening question asking
whether participants had ever experienced ESP-like experiences. Par-
ticipants were included in the non-ESP comparison group if they
responded negatively to this question. This criterion was used to ensure
that the comparison group did not self-report ESP-like experiences.
Participants for the ESP-like experience group were recruited through
local spiritual churches and colleges. For the purposes of this study, ESP-
like experiences were defined as subjective experiences in which par-
ticipants believed they had acquired information or anticipated events
without an apparent conventional sensory route. Eligibility for the ESP-
like experience group was determined using study-specific self-report
screening questions. Participants were included if they responded
affirmatively to a question assessing repeated extrasensory-type expe-
riences, affirmatively to a question assessing whether such experiences
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had occurred on at least three separate occasions over a period of at least
one year, negatively to a question assessing whether they offered paid
psychic services, and negatively to a question assessing psychiatric
diagnosis. The self-reported absence of psychiatric diagnosis was used to
distinguish this sample from individuals recruited from explicitly clin-
ical contexts. Intensity of ESP-like experiences was not assessed, and no
validated measure of ESP-like experiences was administered. No struc-
tured diagnostic interview or validated measures of schizotypy, disso-
ciation, absorption, hallucination proneness, or paranormal belief were
administered.

A priori power analyses were conducted in G*Power 3.1. For the
primary group comparisons between the ESP-like experience group and
the non-ESP comparison group, power was estimated for independent-
samples t-tests (two-tailed). Assuming a medium effect size (d = 0.50),
an alpha level of 0.05, and 80% power, the required total sample size
was N = 128 (64 participants per group). Power for the multivariable
prediction of group membership was estimated using binary logistic
regression. Assuming a medium effect corresponding to an odds ratio
(OR) of 1.70, an alpha level of 0.05, and 80% power, the required total
sample size was again N = 128. Because power in multivariable models
depends on shared variance among predictors and the number of com-
plete cases, this analysis was treated as secondary, and results are re-
ported with odds ratios and 95% confidence intervals.

All participants had normal (or corrected to normal) vision and
hearing to avoid these variables influencing the tasks. The local ethics
committee approved the study, and participants gave their informed
consent before taking part in the study. The study was conducted in
accordance with the ethical standards of the 1964 Declaration of Hel-
sinki and approved by the University of Greenwich’s University
Research Ethics Board. Data is made accessible on OSF via the following
link: https://osf.io/e2b39/overview?view_only=88f14850526b408ca4
b9cc4ef5fdof72.

The final sample comprised 81 participants (ESP-like experience
group: n = 43; non-ESP comparison group: n = 38). The non-ESP
comparison group had a mean age of 26.37 years (SD = 8.65),
whereas the ESP-like experience group was older on average, with a
mean age of 36.81 years (SD = 16.17). In terms of gender distribution,
the non-ESP comparison group included 9 males and 29 females,
whereas the ESP-like experience group included 12 males and 31 fe-
males. Gender ratios were comparable across groups, with a predomi-
nance of female participants in both samples.

Due to task-specific exclusions (e.g., non-convergent psychometric
fits) and EEG artefact rejection, sample sizes varied slightly across
dependent measures. Specifically, SoA data were available for 68 par-
ticipants (ESP-like experience group: 35; non-ESP comparison group:
33), TBW data for 69 participants (ESP-like experience group: 37; non-
ESP comparison group: 32), and EEG measures (posterior alpha power
and IAF) for 81 participants (ESP-like experience group: 43; non-ESP
comparison group: 38). All analyses were conducted using all avail-
able data for each outcome variable.

2.2. Design

The study employed a between-groups design comparing the ESP-
like experience group and the non-ESP comparison group. Group
served as the independent variable. Multiple behavioural and neural
measures were collected as dependent variables. SoA was assessed
behaviourally using a judgement of agency task, quantified as the width
of the SoA window, following the procedure described in Venskus et al.
(2021). Temporal sensitivity was measured using the TBW derived from
a double-flash illusion task, implemented in line with Venskus et al.
(2023). Neural oscillatory activity was assessed via resting-state EEG,
from which posterior alpha power and IAF were extracted, following
established protocols (e.g., Cecere et al., 2015; Venskus & Hughes,
2021).
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2.3. Measures

2.3.1. Judgement of agency task

The judgement of agency task was adapted from Farrer et al. (2013).
The task was programmed and controlled by the INQUISIT Millisecond
software package 5.0. Each trial started with a white fixation cross in the
centre of the monitor. After a delay of 500 ms the fixation cross disap-
pears, signalling the beginning of the trial. After the cross disappears,
participants were asked to press the space bar on the computer keyboard
whenever they want. Once participants pressed the key, a circle of 2.5
cm in diameter was displayed in the centre of the screen for 500 ms with
11 possible delays ranging from 0 ms to 1400 ms in steps of 140 ms. The
task consisted of 2 blocks with each delay being presented 10 times in
random order. In total participants completed 220 trials. Participants
were required to judge if the appearance of the circle was caused by their
button press, or if the computer had triggered the circle to appear.
Participants were told that on some trials the computer would cancel
their button press and re-trigger the appearance of the circle at a random
interval. Participants were required to press key ‘1°if they thought that it
was most likely they triggered the circle to appear and ‘2¢ if they thought
that it was most likely computer triggered the circle to appear. This
response approach was chosen over that of that of Farrer et al. (2013),
where participants were given three choices (i.e. full control, partial
control and no control), to avoid participants opting for the partial
control if not fully sure. Such partial control responses would complicate
the calculation of the time window of SoA, via the fitting of a sigmoid
function. If the participants stated they felt they caused the appearance
of the circle then they have experienced SoA. The delay of the appear-
ance of the circle at which participant‘s judgements decline (according
to sigmoid function) was taken as the width of their SoA window. (See
Fig. 1)

2.3.2. Double-flash illusion

The double-flash illusion used was the same as that in the study of
Cecere et al. (2015). We chose to use this version of the task, as it has
previously been associated with individual differences in the EEG alpha
peak frequency and successfully captured modulation by tACS (Cecere
et al., 2015). The task was programmed and controlled by the INQUISIT
Millisecond software package 5.0 (Millisecond Software, 2016) on an
LCD monitor with a refresh rate of no less than 60 Hz. Visual and
auditory stimuli were 33.3 ms in duration to ensure compatibility with
majority of monitors (60 Hz refresh rate, 16.6 ms). Visual stimuli were in
the form of a white circle with a diameter 1.32 cm located 1 cm below
the fixation cross that was positioned in the centre of the screen. This
stimulus setup was chosen as it has been shown that tasks involving
multisensory integration are optimised when visual stimuli are dis-
played in peripheral vision (Shams et al., 2002). Auditory stimuli were
in a form of a 3500 Hz pure tone presented via two typical PC stereo
speakers. In order to minimise the possible effect of the spatial cues on
the perception of the task, speakers were placed at each side of the
monitor and raised to align with the position of the visual stimuli
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(Macaluso et al., 2004). Each trial begun with a white fixation cross in
the centre of the monitor that remained on the screen throughout the
trial. Stimulus Onset Asynchrony were between 32 ms and 208 ms, in
steps of 16 ms. These particular Stimulus Onset Asynchronies were
chosen to synchronize the stimulus timing with the refresh rate of the
screen (60 Hz, 16.6 ms). Each Stimulus Onset Asynchrony was presented
28 times, for a total 308 trials. Participants were instructed to fixate on
the fixation cross and report whether they perceived one or two flashes
by pressing the key ‘1° or the key ‘2‘ respectively. If the second auditory
stimulus occurs within the individual’s TBW not just the first auditory
stimulus is integrated with the visual stimulus but also the second
auditory stimulus. This creates an illusion whereby participants report
experiencing two flashes despite only one flash being presented. The
stimulus onset asynchrony at which an individual no longer perceives
two flashes is taken as the width of their TBW. (See Fig. 2)

2.3.3. Electroencephalography (EEG) recording

To measure IAF and alpha power, continuous resting-state EEG was
recorded from an extended posterior region of interest (ROI) comprising
electrodes 01, 02, Oz, POz, Pz, PO3, PO4, P3, and P4, mounted on an
elastic cap (EasyCap) and acquired using a Brain Products BrainAmp DC
system. Resting-state EEG was recorded for 2 min with eyes closed. The
left mastoid served as the reference during recording. This posterior
electrode cluster was selected because resting-state alpha activity is
typically maximal over posterior scalp regions (Cecere et al., 2015;
Venskus & Hughes, 2021).

2.4. Procedure

The study began online via Qualtrics. Participants were first pre-
sented with a Participant Information Sheet outlining the purpose and
content of the study, the estimated time required, potential risks,
confidentiality arrangements, and their right to withdraw. After
providing Informed Consent, participants completed the inclusion
screening questions and demographic items (i.e., age and gender). They
were then instructed to download the INQUISIT software and complete
the judgement of agency task and the double-flash illusion task.
Following completion of the behavioural tasks, resting-state EEG data
were recorded. Finally, participants received a debrief.

2.5. Analysis

2.5.1. Judgement of agency task

SoA was explored via SoA window determined by the judgement of
agency task. The number of times the individual reported that they
caused the circle to appear on the screen was recorded for each delay.
Thereafter, a sigmoid function was fitted to the data, determining each
participant's inflection point (corresponding to the width of the SoA
window), in ms. A sigmoid function was used to fit the distribution of
responses and was defined by the equation: y = a + b/(1 + exp(—(x-¢)/
d)) (a = upper asymptote; b = lower asymptote; ¢ = inflection point; d =

SOA Oms-1400ms

Fig. 1. Paradigm of the judgement of agency task.
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Fig. 2. Paradigm of the double-flash illusion task.

slope). For each participant, ¢ was taken as the SoA window, i.e. the
point of decay of the self-attribution (Sato, 2009; Shimada et al., 2010).
SoA window values (in ms) were used as the dependent measure in
subsequent statistical analyses.

2.5.2. Double-flash illusion

To assess temporal sensitivity the width of the TBW was measured
via double-flash illusion. To measure the width of the TBW, the time
window in which the illusion was maximally perceived, the percentage
of trials where two flashes were reported was first plotted as a function
of the inter-beep delay. A psychometric sigmoid function was then fitted
to the data. The sigmoid function was defined by the equation: y = a +
b/(1 + exp(—(x-c)/d)) (a = upper asymptote; b = lower asymptote; ¢ =
inflection point; d = slope). For each participant, ¢ was taken as the
TBW, i.e. the point of decay of the illusion (Cecere et al., 2015). TBW
values (in ms) were used as the primary index of temporal sensitivity in
subsequent analyses.

2.5.3. Alpha oscillations

Resting-state EEG data were processed in EEGLAB (Delorme &
Makeig, 2004) using a preprocessing pipeline designed to support robust
estimation of alpha-band activity. Continuous EEG data were filtered,
cleaned for artefacts, re-referenced, epoched, and corrected for ocular
components using independent component analysis. Analyses focused
on an extended posterior region of interest (01, 02, Oz, POz, Pz, PO3,
PO4, P3, and P4), reflecting the posterior dominance of resting-state
alpha activity (Cecere et al., 2015; Venskus & Hughes, 2021). Power
spectra were computed for each participant, and two alpha metrics were
extracted from the ROI-averaged spectrum: IAF, defined as the fre-
quency of the maximum spectral peak within the 7-14 Hz range, and
alpha power, defined as the mean power across the 7-14 Hz band. Full
preprocessing and spectral analysis details are provided in the Supple-
mentary Materials.

2.6. Statistical analysis

All statistical analyses were conducted using MATLAB and SPSS.
Statistical significance was assessed using a two-tailed alpha level of
0.05.

Descriptive statistics (means and standard deviations) were
computed separately for the ESP-like experience group and the non-ESP
comparison group for each dependent variable: SoA window, TBW,
alpha power, and IAF. Data distributions were inspected visually, and
assumptions of normality and homogeneity of variance were evaluated
using Shapiro-Wilk and Levene’s tests, respectively. Where violations of
homogeneity of variance were observed, Welch-corrected tests were
applied.

Group differences were examined using independent-samples t-tests,
conducted separately for each dependent variable using all available

data. Effect sizes are reported as Hedges’ g. Given the a priori nature of
the outcome measures, statistical inference was based on uncorrected p-
values, with results additionally evaluated using false discovery rate
(FDR) correction.

To examine whether temporal sensitivity, SoA, and alpha oscillatory
measures jointly predicted group membership, a binary logistic regres-
sion was conducted with group (ESP-like experience group vs non-ESP
comparison group) as the dependent variable. TBW, SoA window, pos-
terior alpha power and IAF were entered simultaneously as predictors.
Predictors were z-standardised prior to analysis. Model fit was assessed
using likelihood ratio tests and pseudo-R? indices, and results are re-
ported as odds ratios with 95% confidence intervals.

Due to task-specific exclusions and EEG artefact rejection, sample
sizes varied across measures. Analyses were conducted using pairwise
deletion, such that each analysis included all participants with valid data
for the relevant variables.

2.7. Additional EEG recording during ESP-like experiences

A separate subgroup from the ESP-like experience group (n = 15),
who did not complete the behavioural tasks, participated in an addi-
tional EEG-only session. Following a resting-state EEG recording, par-
ticipants completed a further 3-minute EEG recording during which they
were instructed to relax and attempt to perceive sensory information via
ESP. All participants included in this analysis reported experiencing
ESP-like phenomena during the recording period. EEG acquisition,
preprocessing, and spectral analysis procedures were identical to those
used for the resting-state EEG recordings described above. This addi-
tional recording allowed a within-participant comparison of alpha
oscillatory activity between resting state and a self-reported active ESP-
like experiential state.

3. Results
3.1. Data screening and assumption checks

Prior to hypothesis testing, distributions of SoA window, TBW, alpha
power, and IAF were inspected using histograms and Q-Q plots.
Although Shapiro-Wilk tests indicated some deviations from normality
for TBW, alpha power, and IAF, visual inspection suggested no extreme
departures from normality, and sample sizes were sufficient for para-
metric analyses, given the robustness of t-tests under moderate non-
normality. Homogeneity of variance was assessed using Levene’s test.
This assumption was violated for TBW, and therefore Welch-corrected t-
tests were used for this measure. For SoA, alpha power, and IAF, ho-
mogeneity of variance was not violated, and standard independent-
samples t-tests were applied. Outliers were evaluated using stand-
ardised scores and visual inspection. No extreme outliers were identified
beyond cases reflecting clear measurement failure (e.g., non-convergent
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psychometric fits or unusable EEG following preprocessing), which were
excluded at the task level as described in the Methods.

3.2. Descriptive statistics
(See Table 1 andFig. 3)
3.3. Sense of agency window

Group differences in SoA were examined using an independent-
samples t-test. Homogeneity of variance was not violated for SoA (Lev-
ene’s test, p = 0.071), and therefore a standard t-test was applied. The
ESP-like experience group showed a significantly wider SoA window
than the non-ESP comparison group (M = 823.20 ms, SD = 273.01 vs. M
= 518.52 ms, SD = 200.60), t(66) = 5.22, p < 0.001, Hedges’ g = 1.25.

3.4. Temporal binding window

Temporal sensitivity was indexed by the width of the TBW derived
from the double-flash illusion. Inspection of assumptions indicated that
homogeneity of variance was violated for TBW (Levene’s test, p =
0.010); therefore, a Welch-corrected independent-samples t-test was
applied. The ESP-like experience group showed a significantly wider
TBW than the non-ESP comparison group (M = 141.49 ms, SD = 44.40
vs. M = 81.47 ms, SD = 30.59), Welch’s t(63.98) = 6.61, p < 0.001,
Hedges’ g = 1.54.

3.5. Alpha power (7-14 Hz)

Posterior alpha power differed significantly between groups. Ho-
mogeneity of variance was met for alpha power (Levene’s test, p =
=.15), and therefore a standard independent-samples t-test was applied.
The ESP-like experience group showed higher alpha power than the non-
ESP comparison group (M = 0.73, SD =0.18 vs. M = 0.62, SD = 0.26), t
(79) = 2.21, p = =.030, Hedges’ g = 0.49.

3.6. Individual alpha frequency (IAF)

Group differences in individual IAF were examined using an
independent-samples t-test. Homogeneity of variance was met for IAF
(Levene’s test, p = 0.28), and therefore a standard t-test was applied.
The ESP-like experience group showed a significantly higher IAF than
the non-ESP comparison group (M = 10.55 Hz, SD = 1.06 vs. M = 9.42
Hz, SD = 1.14), t(79) = 4.65, p < 0.001, Hedges’ g = 1.03.

3.7. Multivariate prediction of group membership

To examine whether temporal sensitivity, SoA, and alpha oscillatory
measures jointly predicted group membership (ESP-like experience
group vs. non-ESP comparison group), a binary logistic regression was
conducted. Group was entered as the dependent variable (0 = non-ESP

Table 1
Descriptive statistics for behavioural and EEG measures.

Measure ESP-like experience group Non-ESP comparison group
(N, M, £ SD) (N, M, + SD)
Sense of Agency 35, 823.20, + 273.01 33, 518.52, + 200.60
Window (ms)
Temporal Binding 37, 141.49, + 44.40 32, 81.47, + 30.59
Window (ms)

Alpha Power (dB)
Individual Alpha
Frequency (Hz)

43,0.73, £ 0.18
43, 10.55, + 1.06

38, 0.62, = 0.26
38,9.42, £ 1.14

Note. Sense of Agency (SoA) window and Temporal Binding Window (TBW)
values represent inflection points (parameter c) derived from sigmoid fits
computed in MATLAB. Ns may vary across measures.
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comparison group, 1 = ESP-like experience group), and TBW, SoA
window, posterior alpha power, and IAF were entered simultaneously as
predictors. Analyses were conducted on participants with complete data
across all variables (N = 62). The overall model was statistically sig-
nificant, y%(4) = 38.97, p < 0.001, indicating that the predictor set
reliably distinguished between groups. The model explained a sub-
stantial proportion of variance in group membership (R? = 0.45) and
demonstrated good classification performance. At the individual pre-
dictor level, TBW emerged as a significant unique predictor, such that
wider TBWs were associated with increased odds of belonging to the
ESP-like experience group (OR = 1.04, 95% CI [1.01, 1.07], p = 0.006).
Neither SoA window (p = 0.103) nor posterior alpha power (p = 0.519)
independently predicted group membership when controlling for the
other variables. IAF showed a trend-level association with group mem-
bership (OR = 2.49, 95% CI [0.93, 6.71], p = 0.071), suggesting that
higher IAF may contribute to group differentiation, although this effect
did not reach conventional significance in the multivariable model.

3.8. Additional EEG analysis during ESP-like experiences

To explore state-dependent modulation of alpha oscillatory activity
during self-reported ESP-like experiences, alpha power and IAF were
compared between resting state and the active ESP-like recording within
the EEG-only subgroup from the ESP-like experience group (n = 15).
(See Table 2 and Fig. 4)

Prior to analysis, distributions of the IAF and alpha power difference
scores were inspected using histograms and Q-Q plots. No extreme de-
partures from normality were observed. Given the within-subject design
and the robustness of paired-samples t-tests to modest deviations from
normality, parametric tests were deemed appropriate.

A paired-samples t-test revealed a significant increase in IAF during
the active ESP-like state relative to rest. IAF was higher during the ESP
condition (M = 10.22 Hz, SD = 1.25) than during resting state (M =
9.44 Hz, SD = 0.98), t(14) = 2.35, p = 0.034, indicating a shift toward
faster IAF during the active ESP-like state.

A paired-samples t-test indicated a trend toward reduced posterior
alpha power during the active ESP-like state compared with rest. Alpha
power was lower during the ESP condition (M = 0.62, SD = 0.19) than
during resting state (M = 0.67, SD = 0.17); however, this difference did
not reach conventional statistical significance, t(14) = — 2.08, p =
0.057.

4. Discussion

The present study examined whether temporal sensitivity, SoA and
alpha oscillatory dynamics differed between the ESP-like experience
group and the non-ESP comparison group. Across behavioural measures,
the ESP-like experience group showed both a broader TBW and a
broader SoA window than the non-ESP comparison group. At rest, the
ESP-like experience group also showed higher posterior alpha power
and IAF. In the multivariate analysis, TBW emerged as the strongest
unique predictor of group membership, whereas alpha measures
contributed shared but not independent variance. In exploratory within-
participant analyses, IAF increased during a self-reported active ESP-like
state, whereas alpha power showed a non-significant reduction. Taken
together, these findings indicate that, in the present sample, the ESP-like
experience group showed broader temporal integration across percep-
tual and agentive domains, alongside altered alpha-band dynamics.
Overall, the findings point to differences in temporal and agency-related
processing in individuals reporting persistent ESP-like experiences.
However, the results should be interpreted cautiously given the study’s
methodological limitations.

4.1. Temporal sensitivity and group differences

TBWs than the non-ESP comparison group, indicating reduced
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Fig. 3. Posterior Region-of-Interest (ROI) power spectra during resting state for the non-ESP comparison group (a) and the ESP-like experience group (b). The solid
black line represents the grand-average resting-state spectrum. Spectra were averaged across posterior ROI channels (01, 02, Oz, POz, Pz, PO3, PO4, P3, and P4) and

across participants. Grey lines represent individual participant spectra.

Table 2
Descriptive statistics for behavioural and EEG measures.

Measure ESP-like experience group:

rest (N, M, + SD)

ESP-like experience group:
during (N, M, + SD)

Alpha Power (dB)
Individual Alpha
Frequency (Hz)

15, 0.67, £ 0.17
15, 9.44, £ 0.98

15, 0.62, = 0.19
15, 10.22, + 1.25

temporal precision in multisensory integration. This finding is consistent
with previous work linking wider TBWs to broader perceptual integra-
tion windows and reduced temporal resolution (Cecere et al., 2015;
Venskus et al., 2023). One implication of a broader TBW is that sensory
events separated by longer temporal intervals may still be experienced
as belonging to the same event. Such increased temporal tolerance may,
in turn, promote a greater tendency to perceive connections or corre-
spondences between events that would otherwise be treated as separate.
The multivariate analysis further indicated that TBW was the strongest
unique predictor of group membership. This suggests that temporal
sensitivity may be particularly important in distinguishing the ESP-like
experience group from the non-ESP comparison group in the present
sample. However, the specificity of this association remains uncertain.

Accordingly, the present findings are best interpreted as indicating that
broader temporal integration was more evident in the ESP-like experi-
ence group than in the non-ESP comparison group in the present sample.

4.2. Sense of agency and group differences

The groups also differed significantly in SoA, with the ESP-like
experience group showing a broader SoA window than the non-ESP
comparison group. This indicates that action outcomes continued to
be attributed to the self over longer delays. In the present framework,
however, this should not be interpreted as enhanced agency. Rather, a
broader SoA window is more appropriately interpreted as reduced
temporal precision in agency attribution, such that outcomes remain
eligible for self-attribution across a wider temporal interval. Interpreted
in this way, the finding is consistent with previous work showing that
agency judgements depend on the temporal relationship between ac-
tions and their effects (Erdogan & Balci, 2025; Farrer et al., 2013;
Venskus et al., 2021). It also complements the TBW findings by sug-
gesting that broader temporal integration in the ESP-like experience
group may extend beyond perceptual binding to higher-order judge-
ments of action and authorship. When events are integrated across
broader temporal intervals, action outcomes may remain eligible for
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Fig. 4. (a) Posterior Region-of-Interest (ROI) power spectra during resting state in the ESP-like experience group. The solid black line represents the grand-average
resting-state spectrum. Spectra were averaged across posterior ROI channels (01, 02, Oz, POz, Pz, PO3, PO4, P3, and P4) and across participants. Grey lines represent
individual participant spectra. (b) Posterior ROI power spectra during the self-reported active ESP-like state in the ESP-like experience group. The solid black line
represents the grand-average spectrum during the active ESP-like state. Spectra were averaged across posterior ROI channels (01, 02, Oz, POz, Pz, PO3, PO4, P3, and

P4) and across participants. Grey lines represent individual participant spectra.
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self-attribution over longer delays. Reduced temporal precision may
therefore influence not only perceptual binding, but also the temporal
boundaries within which actions and outcomes are experienced as
causally linked, consistent with the relationship between TBW and SoA
reported by Venskus et al. (2021). However, SoA did not uniquely pre-
dict group membership once TBW and alpha measures were included in
the multivariate model. This pattern suggests that SoA may not function
as an independent marker in the present sample but may instead reflect
variance shared with broader temporal integration processes. Accord-
ingly, the present findings suggest that agency-related differences
formed part of the broader profile observed in the ESP-like experience
group, although the specificity of this association remains uncertain.

4.3. Alpha dynamics and group differences

The present study also found that the ESP-like experience group
showed higher resting-state posterior alpha power and higher IAF than
the non-ESP comparison group. These findings indicate that group dif-
ferences were evident not only at the behavioural level but also in
ongoing alpha-band dynamics. Alpha oscillations were examined
because prior work has linked them to temporal sensitivity, subjective
timing, and agency-related processing (Bu-Omer et al., 2021; Cecere
et al., 2015; Gupta et al., 2025; Kononowicz & van Wassenhove, 2016;
Marsicano et al., 2024; Mioni et al., 2020). However, the direction of the
present alpha findings did not map straightforwardly onto expectations
derived from that literature.

Previous work has linked higher IAF to narrower TBWs and greater
temporal precision (Cecere et al., 2015; Venskus & Hughes, 2021). In the
present study, by contrast, the ESP-like experience group showed higher
resting-state IAF alongside broader TBWs and broader SoA windows
relative to the non-ESP comparison group. This pattern is not straight-
forwardly consistent with prior findings and indicates that the rela-
tionship between IAF and behavioural measures was more complex in
the present sample than might have been expected. Because these
findings are based on between-group differences rather than direct
within-sample associations, they do not establish a simple relationship
between IAF and behavioural measures in the present dataset. Instead,
they suggest that the relationship between IAF and behavioural indices
of temporal integration may not generalise straightforwardly to this
sample, or that IAF and behavioural measures may index partially
distinct aspects of processing.

A similar issue applies to alpha power. Prior work has linked pos-
terior alpha power to agency-related processing, with increased parieto-
occipital alpha and low-beta power associated with reduced SoA (Bu-
Omer et al., 2021). In the present study, the ESP-like experience group
showed higher resting-state posterior alpha power while also showing a
broader SoA window. Although this pattern is broadly consistent with
altered agency-related processing, it does not support a simple or uni-
form account of alpha power in relation to SoA. As with IAF, the present
findings suggest that posterior alpha power may reflect aspects of
ongoing neural processing that do not map directly onto the behavioural
indices examined here.

The multivariate results further support a cautious interpretation.
Posterior alpha power did not uniquely predict group membership when
the behavioural measures were included, and IAF showed only a trend-
level contribution. Thus, although alpha measures differentiated the
groups at the univariate level, they did not make strong independent
contributions once shared variance with behavioural measures was
taken into account. Taken together, these discrepancies suggest that
altered alpha-band dynamics formed part of the broader profile
observed in the ESP-like experience group, but do not support a simple
or independent link between alpha measures and self-reported ESP-like
experiences in the present sample.
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4.4. State-dependent alpha dynamics during ESP-like experiences

The exploratory within-participant EEG analysis provides pre-
liminary evidence that alpha dynamics may also vary as a function of
self-reported experiential state. In the EEG-only subgroup from the ESP-
like experience group, IAF increased during the active ESP-like state
relative to rest, whereas alpha power showed a non-significant reduc-
tion. This pattern suggests that alpha-band activity may be modulated
during attempts to engage in an ESP-like state, rather than reflecting
only a stable resting-state group difference. These findings should,
however, be interpreted with caution. The subgroup was small, the
active state was defined by self-report rather than by an objective
marker, and no behavioural or physiological measure was available to
verify the nature or intensity of the reported state. Accordingly, this
within-participant EEG analysis should be regarded as exploratory and
hypothesis-generating rather than confirmatory. Nevertheless, the
observation of state-related variation complements the resting-state
findings and suggests that alpha dynamics may reflect not only
between-group differences, but also within-participant changes associ-
ated with self-reported ESP-like states.

4.5. Limitations and future directions

Several limitations should be acknowledged. First, the ESP-like
experience group was defined on the basis of self-reported ESP-like ex-
periences and self-reported absence of psychiatric diagnosis, rather than
structured diagnostic interview or validated symptom screening. The
sample was therefore recruited outside explicitly clinical contexts, but
the study did not establish the absence of clinically relevant or sub-
clinical features. In addition, ESP-like experiences were identified using
study-specific self-report screening rather than a validated measure, and
their intensity was not assessed. The study also did not include validated
measures of schizotypy, dissociation, absorption, hallucination prone-
ness, or paranormal belief. These limitations are important because such
factors may relate both to anomalous experience reports and to the
cognitive and electrophysiological measures examined here, meaning
that the observed group differences cannot be assumed to reflect self-
reported ESP-like experiences specifically. At the same time, the study
remains informative in showing that this pattern of behavioural and
alpha-band differences was observed in a sample of individuals report-
ing persistent ESP-like experiences recruited outside explicitly clinical
settings.

Second, sample sizes varied across measures because of task-specific
exclusions and EEG artefact rejection, and the multivariate model was
based only on participants with complete data across all predictors.
Although this approach allowed the use of all available data for each
analysis, it reduced precision and may have affected the stability of some
estimates, particularly in the multivariable analysis. Nevertheless,
convergent group differences were observed across multiple behav-
ioural and electrophysiological measures, which increases confidence
that the findings do not depend on a single outcome alone.

Third, the exploratory EEG analysis during the active ESP-like state
was based on a relatively small subgroup and should therefore be
interpreted cautiously. The subgroup analysis should be regarded as
preliminary and hypothesis-generating rather than confirmatory. Even
so, it provides an initial indication that alpha dynamics may vary not
only between groups at rest, but also across self-reported experiential
states within participants reporting persistent ESP-like experiences.

A further limitation is that the ESP-like experience group was older
on average than the non-ESP comparison group. Although age was not
the primary focus of the present study, age-related differences in
perceptual and electrophysiological measures cannot be ruled out and
may have contributed to some of the observed between-group effects.
This is particularly relevant because the present study examined tem-
poral integration, agency and alpha-band measures, all of which may
vary with age (De Dieuleveult et al., 2017; Scally et al., 2018; Wolpe
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et al., 2016). Accordingly, the between-group findings should be inter-
preted with caution. This concern does not apply in the same way to the
exploratory within-participant EEG comparison, in which resting state
and active ESP-like state were compared within the same individuals.

Given these limitations, future studies should aim to match groups
more closely on age or include age as a covariate in larger samples.
Future work should also combine behavioural and electrophysiological
measures with structured clinical screening and validated assessments of
schizotypy, dissociation, absorption, hallucination proneness, and
paranormal belief. This will be important for determining whether the
present effects remain after accounting for these related factors, and for
clarifying the extent to which altered temporal integration and alpha
dynamics are specifically associated with self-reported ESP-like
experiences.

4.6. Conclusions

In conclusion, the present study identified behavioural and electro-
physiological differences between the ESP-like experience group and the
non-ESP comparison group across measures of temporal sensitivity, SOA
and alpha-band dynamics. Relative to the non-ESP comparison group,
the ESP-like experience group showed a broader TBW, a broader SoA
window, and higher resting-state posterior alpha power and IAF. Across
analyses, temporal sensitivity emerged as the strongest unique predictor
of group membership, whereas SoA did not make an independent
multivariable contribution and alpha measures showed group-level
differences together with preliminary state-related modulation. Taken
together, these findings suggest that, in the present sample, the ESP-like
experience group was characterised by broader temporal integration
across perceptual and agentive domains, alongside altered alpha-band
dynamics. However, because relevant clinical and subclinical traits
were not formally assessed, because the groups differed in age, and
because the alpha findings did not map straightforwardly onto prior
expectations, the specificity and interpretation of these effects remain to
be established.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors would like to acknowledge Viktorija Peresta and Chloe
Southon, Research Assistants, for their assistance with participant
recruitment, data collection, and support with the literature review. The
authors also thank Penny Hayward for providing advisory input
regarding ESP-like experiences and for facilitating participant recruit-
ment and data collection at Arthur Findlay College. The authors are
grateful to all participants for their time and engagement in this
research.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.concog.2026.104059.

References

Bu-Omer, H. M., Gofuku, A., Sato, K., & Miyakoshi, M. (2021). Parieto-occipital alpha
and low-beta EEG power reflect sense of agency. Brain Sciences, 11(6), 743. https://
doi.org/10.3390/brainscil 1060743

Cecere, R., Rees, G., & Romei, V. (2015). Individual differences in alpha frequency drive
crossmodal illusory perception. Current Biology, 25(2), 231-235. https://doi.org/
10.1016/j.cub.2014.11.034

Consciousness and Cognition 141 (2026) 104059

Chambon, V., & Haggard, P. (2012). Sense of control depends on fluency of action
selection, not motor performance. Cognition, 125(3), 441-451. https://doi.org/
10.1016/j.cognition.2012.07.011

De Dieuleveult, A. L., Siemonsma, P. C., Van Erp, J. B., & Brouwer, A. M. (2017). Effects
of aging in multisensory integration: A systematic review. Frontiers in aging
neuroscience, 9, 80. https://doi.org/10.3389/fnagi.2017.00080

Delorme, A., & Makeig, S. (2004). EEGLAB: An open source toolbox for analysis of single-
trial EEG dynamics including independent component analysis. Journal of
Neuroscience Methods, 134(1), 9-21. https://doi.org/10.1016/j.
jneumeth.2003.10.009

Erdogan, M., & Balci, F. (2025). Absolute, not perceived, delay modulates agency
judgement: Evidence for cognitive impenetrability of sense of agency. Quarterly
Journal of Experimental Psychology, 78(7), 1416-1425. https://doi.org/10.1177/
17470218241306433

Farrer, C., Valentin, G., & Hupe, J. M. (2013). The time windows of the sense of agency.
Consciousness and Cognition, 22, 1431-1441. https://doi.org/10.1016/j.
concog.2013.09.010

Gupta, K. V., Beuria, J., Vijanapalli, L. K., Sethi, A., & Behera, L. (2025). Self-reflection,
sense of agency, and underlying neural correlates: A pilot study. PLoS Onel, 20(12),
Article e0335276. https://doi.org/10.1371/journal.pone.0335276

HaB, K., Sinke, C., Reese, T., Roy, M., Wiswede, D., Dillo, W., Oranje, B., & Szycik, G. R.
(2017). Enlarged temporal integration window in schizophrenia indicated by the
double-flash illusion. Cognitive Neuropsychiatry, 22(2), 145-158. https://doi.org/
10.1080/13546805.2017.1287693

Kononowicz, T. W., & van Wassenhove, V. (2016). In search of oscillatory traces of the
internal clock. Frontiers in Psychology, 7, 224. https://doi.org/10.3389/
fpsyg.2016.00224

Krugwasser, A. R., Stern, Y., Faivre, N., Harel, E. V., & Salomon, R. (2022). Impaired
sense of agency and associated confidence in psychosis. Schizophrenia, 8(1), 1-8.
https://doi.org/10.1038/541537-022-00212-4

Macaluso, E., George, N., Dolan, R., Spence, C., & Driver, J. (2004). Spatial and temporal
factors during processing of audiovisual speech: A PET study. Neurolmage, 21(2),
725-732. https://doi.org/10.1016/j.neuroimage.2003.09.049

Marsicano, G., Bertini, C., & Ronconi, L. (2024). Alpha-band sensory entrainment
improves audiovisual temporal acuity. Psychonomic Bulletin & Review, 31, 874-885.
https://doi.org/10.3758/s13423-023-02388-x

Mioni, G., Shelp, A., Stanfield-Wiswell, C. T., Gladhill, K. A., Bader, F., & Wiener, M.
(2020). Modulation of individual alpha frequency with tacs shifts time perception.
Cerebral Cortex Communications, 1(1), Article tgaa064. https://doi.org/10.1093/
texcom/tgaa064

Ramsay, I. S., Lynn, P. A., Schermitzler, B., & Sponheim, S. R. (2021). Individual alpha
peak frequency is slower in schizophrenia and related to deficits in visual perception
and cognition. Scientific Reports, 11(1), 1-9. https://doi.org/10.1038/s41598-021-
97303-6

Rossetti, I., Musco, M. A., Sacheli, L. M., Capuzzi, E., Clerici, M., Caldiroli, A., &
Zapparoli, L. (2026). Dissecting sense of agency in schizophrenia: a predictive coding
perspective. Schizophrenia Bulletin, 52(1), Article sbaf054. https://doi.org/10.1093/
schbul/sbaf054

Sato, A. (2009). Both motor prediction and conceptual congruency between preview and
action-effect contribute to explicit judgment of agency. Cognition, 110(1), 74-83.
https://doi.org/10.1016/j.cognition.2008.10.011

Scally, B., Burke, M. R., Bunce, D., & Delvenne, J. F. (2018). Resting-state EEG power and
connectivity are associated with alpha peak frequency slowing in healthy aging.
Neurobiology of aging, 71, 149-155. https://doi.org/10.1016/j.
neurobiolaging.2018.07.004

Shams, L., Kamitani, Y., & Shimojo, S. (2002). Visual illusion induced by sound. Cognitive
Brain Research, 14(1), 147-152. https://doi.org/10.1016/50926-6410(02)00069-1

Shergill, S. S., Brammer, M. J., Williams, S. C., Murray, R. M., & McGuire, P. K. (2000).
Mapping auditory hallucinations in schizophrenia using functional magnetic
resonance imaging. Archives of general psychiatry, 57(11), 1033-1038. https://doi.
org/10.1001/archpsyc.57.11.1033

Shimada, S., Qi, Y., & Hiraki, K. (2010). Detection of visual feedback delay in active and
passive self-body movements. Experimental Brain Research, 201(2), 359-364. https://
doi.org/10.1007/500221-009-2028-6

Treisman, M. (1963). Temporal discrimination and the indifference interval: implications
for a model of the* internal clock”. Psychological Monographs: General and Applied, 77
(13), 1. https://doi.org/10.1037/h0093864

Venskus, A., Gooding, P. L. T., & Hughes, G. (2023). Perceptual training modifies
temporal sensitivity and a sense of agency. Frontiers in Psychology, 14, Article
1136365. https://doi.org/10.3389/fpsyg.2023.1136365

Venskus, A., & Hughes, G. (2021). Individual differences in alpha frequency are
associated with the time window of multisensory integration, but not time
perception. Neuropsychologia, 107919. https://doi.org/10.1016/].
neuropsychologia.2021.107919

Venskus, A., Ferri, F., Migliorati, D., Spadone, S., Costantini, M., & Hughes, G. (2021).
Temporal binding window and sense of agency are related processes modifiable via
occipital tACS. PLoS Onel, 16(9), Article e0256987. https://doi.org/10.1371/
journal.pone.0256987

Watson, A. B. (1986). Temporal sensitivity. Handbook of Perception and Human
Performance, 1(6), 1-43. https://doi.org/10.1136/bmjspcare-2011-000020.16

Wolpe, N., Ingram, J. N., Tsvetanov, K. A., Geerligs, L., Kievit, R. A, Henson, R. N.,
Wolpert, D. M., Cam-Can, & Rowe, J. B. (2016). Ageing increases reliance on
sensorimotor prediction through structural and functional differences in
frontostriatal circuits. Nature communications, 7(1), 13034. https://doi.org/10.1038/
ncomms13034


https://doi.org/10.1016/j.concog.2026.104059
https://doi.org/10.1016/j.concog.2026.104059
https://doi.org/10.3390/brainsci11060743
https://doi.org/10.3390/brainsci11060743
https://doi.org/10.1016/j.cub.2014.11.034
https://doi.org/10.1016/j.cub.2014.11.034
https://doi.org/10.1016/j.cognition.2012.07.011
https://doi.org/10.1016/j.cognition.2012.07.011
https://doi.org/10.3389/fnagi.2017.00080
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.1177/17470218241306433
https://doi.org/10.1177/17470218241306433
https://doi.org/10.1016/j.concog.2013.09.010
https://doi.org/10.1016/j.concog.2013.09.010
https://doi.org/10.1371/journal.pone.0335276
https://doi.org/10.1080/13546805.2017.1287693
https://doi.org/10.1080/13546805.2017.1287693
https://doi.org/10.3389/fpsyg.2016.00224
https://doi.org/10.3389/fpsyg.2016.00224
https://doi.org/10.1038/s41537-022-00212-4
https://doi.org/10.1016/j.neuroimage.2003.09.049
https://doi.org/10.3758/s13423-023-02388-x
https://doi.org/10.1093/texcom/tgaa064
https://doi.org/10.1093/texcom/tgaa064
https://doi.org/10.1038/s41598-021-97303-6
https://doi.org/10.1038/s41598-021-97303-6
https://doi.org/10.1093/schbul/sbaf054
https://doi.org/10.1093/schbul/sbaf054
https://doi.org/10.1016/j.cognition.2008.10.011
https://doi.org/10.1016/j.neurobiolaging.2018.07.004
https://doi.org/10.1016/j.neurobiolaging.2018.07.004
https://doi.org/10.1016/S0926-6410(02)00069-1
https://doi.org/10.1001/archpsyc.57.11.1033
https://doi.org/10.1001/archpsyc.57.11.1033
https://doi.org/10.1007/s00221-009-2028-6
https://doi.org/10.1007/s00221-009-2028-6
https://doi.org/10.1037/h0093864
https://doi.org/10.3389/fpsyg.2023.1136365
https://doi.org/10.1016/j.neuropsychologia.2021.107919
https://doi.org/10.1016/j.neuropsychologia.2021.107919
https://doi.org/10.1371/journal.pone.0256987
https://doi.org/10.1371/journal.pone.0256987
https://doi.org/10.1136/bmjspcare-2011-000020.16
https://doi.org/10.1038/ncomms13034
https://doi.org/10.1038/ncomms13034

	Temporal integration and alpha oscillatory dynamics in individuals reporting persistent ESP-Like experiences
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Design
	2.3 Measures
	2.3.1 Judgement of agency task
	2.3.2 Double-flash illusion
	2.3.3 Electroencephalography (EEG) recording

	2.4 Procedure
	2.5 Analysis
	2.5.1 Judgement of agency task
	2.5.2 Double-flash illusion
	2.5.3 Alpha oscillations

	2.6 Statistical analysis
	2.7 Additional EEG recording during ESP-like experiences

	3 Results
	3.1 Data screening and assumption checks
	3.2 Descriptive statistics
	3.3 Sense of agency window
	3.4 Temporal binding window
	3.5 Alpha power (7–14 ​Hz)
	3.6 Individual alpha frequency (IAF)
	3.7 Multivariate prediction of group membership
	3.8 Additional EEG analysis during ESP-like experiences

	4 Discussion
	4.1 Temporal sensitivity and group differences
	4.2 Sense of agency and group differences
	4.3 Alpha dynamics and group differences
	4.4 State-dependent alpha dynamics during ESP-like experiences
	4.5 Limitations and future directions
	4.6 Conclusions

	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


