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Abstract

The study of alpha band oscillations in the brain is a popular topic in cognitive neuroscience. A fair amount of research in recent
years has focused on the potential role these oscillations may play in the discrete sampling of continuous sensory information.
In particular, the question of whether or not peak frequency in the alpha band is linked with the temporal resolution of visual
perception is a topic of ongoing debate. Some studies have reported a correlation between the two, whereas others were unable
to observe a link. It is unclear whether these conflicting findings are due to differing methodologies and/or low statistical power,
or due to the absence of a true relationship. Replication studies are needed to gain better insight into this matter. In the
current study, we replicated an experiment published in a 2015 paper by Samaha & Postle. Additionally, we expanded on this
study by adding an extra behavioural task, the critical flicker fusion task, to investigate if any links with peak alpha frequency
are generalizable across multiple measures for visual temporal resolution. We succeeded in replicating some, but not all of
Samaha & Postle’s findings. Our partial replication suggests that there may be a link between visual temporal resolution and
peak alpha frequency. However, this relationship may be very small and only apparent for specific stimulus parameters. The
correlations found in our study did not generalize to other behavioural measures for visual temporal resolution.

INTRODUCTION

The question of whether perception is discrete, continuous or a combination of both has been a subject of
ongoing debate in the fields of sensory neuroscience, psychology and philosophy for many years (VanRullen
& Koch, 2003; Herzog et al., 2016; Ruzzoli et al., 2019). Many different “flash fusion” paradigms have been
developed based on the notion that our sensory system may sample information in discrete time windows: if
two sensory stimuli, usually visual and/or auditory, are quickly flashed within the same time window, they
are fused to form a single percept. If one of the stimuli falls outside of the window, they are segregated and
two separate percepts are formed.

The rhythmic nature of brain activity is often proposed as a possible mechanism to support the idea of
discrete sampling and is theorized to be a driving factor behind the integration and segregation of sensory
information (Schroeder & Lakatos, 2009; Keitel et al., 2022; VanRullen & Koch, 2003). More specifically,
the phase and frequency of neural oscillations are thought to determine the size of the temporal sampling
window.

Neural oscillations are generally grouped into five distinct bands: delta (1 – 4 Hz), theta (5 – 8 Hz), alpha (8 –
13), beta (13 – 30) and gamma (30+ Hz) (Başar et al., 2001; Ward, 2003; Keil & Senkowski, 2018). As alpha
band oscillations are the dominant oscillations in the brain, they have been studied extensively and have
been found to be affected by the activity of the visual system in multiple ways, with one of the most basic
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findings being that alpha power is high when eyes are closed, but suppressed when eyes are open (Adrian &
Matthews, 1934; Klimesch, 2012). One popular theory is that alpha-band oscillations may play a role in the
modulation of visual stimulus detection (Ergenoglu et al., 2004; Hanslmayr et al., 2005; Morrow & Samaha,
2022; Mathewson et al., 2009). Some studies have found that the phase and frequency of alpha oscillations
may affect whether or not a near-threshold stimulus is perceived, with higher frequency alpha oscillations
being correlated with a more finely tuned capacity to segregate visual asynchronous stimuli (Busch et al.,
2009; Mathewson et al., 2009; Samaha & Postle, 2015). Other studies however, failed to replicate this effect
(Buergers & Noppeney, 2022; Ruzzoli et al., 2019). It is unclear whether this failure to replicate is due
to the absence of a true relationship or because the previously mentioned studies all differed in their task
paradigms and analysis methods. As pointed out by Keitel et al. (2022), the lack of direct replications is
one of the main issues this field suffers from, along with small effect sizes and low statistical power.

To address this issue, we carried out a replication of a visual perception experiment conducted by Samaha &
Postle in 2015. In this experiment, a two-flash fusion task was used to investigate how alpha-band oscillations
may affect the perception of near-threshold visual stimuli. The study found that both pre-stimulus and eyes-
closed peak alpha frequency correlated with flash/fusion thresholds between subjects. Moreover, the study
found that within subjects, instantaneous peak alpha was correlated with perceptual accuracy.

In the current study, we employed the two-alternative-forced choice gap detection task (hereafter: flash-fusion
task) used by Samaha & Postle with a larger sample size for a higher statistical power, and carried out similar
EEG-data analyses to compare flash-fusion thresholds in relation with peak alpha frequency for resting-
state and pre-stimulus scenarios. We also replicated within-participant analyses to investigate potential
correlations between instantaneous alpha frequency and perceptual accuracy, using methods developed by
Cohen (2014).

We additionally hypothesized that, if natural variation in peak alpha frequency is indeed indicative of an
individual’s visual temporal resolution, it should correlate with different behavioural measures of visual
perception speed. We therefore expanded the original study by also including a second visual perception
speed task: the critical flicker fusion threshold task (hereafter: CFF task), which utilizes a continuously
flickering stimulus to estimate individual temporal resolution thresholds.

METHODS

Participants

32 participants (17 female, age range 18 – 35 years) were recruited from Trinity College Dublin. All par-
ticipants provided written, informed consent and all participants had normal or corrected-to-normal visual
acuity. Participants were compensated for participating with either a of their postgraduate research degree
worth 1 ECTS per half hour of participation. The study was approved by the Ethics Committee of Trinity
College Dublin’s School of Psychology (approval ID SPREC052022-01). One participant was excluded from
analysis due to near chance performance on the flash-fusion task at all stimulus levels. Two participants
showed no alpha-band peak in pre-stimulus EEG recordings and were excluded only from the pre-stimulus
analyses.

Computerized flash-fusion task

We modelled the flash-fusion task after the one used in Samaha & Postle and followed a similar protocol (Fig
1). Participants were seated ~60 cm away from a computer monitor with a 100 Hz refresh rate. The task
consisted of white disk stimuli appearing against a black background. Each trial started with a white fixation
cross in the middle of the screen, at 0.98 degrees visual angle. The fixation cross reduced in luminance before
stimulus onset to prepare participants. The duration of this period was drawn from a uniform distribution
between 1000 and 1500 ms. The fixation cross remained present for the duration of the trial. Disk stimuli,
at 1.23 degrees visual angle, were presented either to the left or to the right side, at 2.45 degrees visual angle
(0.20 cd/m2) of the fixation cross, with equal probability. Fifty percent of the trials were two-flash trials, in
which a disk appeared for 40 ms, then disappeared for either 10, 20, 30, 40 or 50 ms, and then reappeared
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for 40 ms. The other fifty percent were one-flash trials, in which a disk appeared for durations that varied
to match the stimulus onset to stimulus offset lengths for each stimulus type of the two-flash trials. 800 ms
after stimulus offset the fixation cross increased in luminance to prompt participants to make a response.
Participants held a mouse in both hands during the task and responded by clicking the left button with their
left thumb to indicate when they perceived a single flash trial, or by clicking the right button with their
right thumb to indicate when they perceived a two-flash trial. The next trial did not start until a response
had been made and participants were instructed to focus on accuracy over speed. Participants completed
20 practice trials, followed by 600 test trials divided into 6 blocks. Participants took self-paced breaks in
between each block.

Our task design deviated from Samaha & Postle’s design in three minor ways: due to the physical set-up of
equipment in our lab, participants were seated at ~60 cm away from the monitor, whereas in the original
design this was ~70 cm. Because the original task design did not specify any specific colour values for the
stimulus disks, or the amount with which fixation luminance decreased before stimulus onset, we were unable
to replicate these variables exactly. We therefore opted to use white stimulus disks to optimize contrast, and
we decreased the luminance of the fixation cross by 40% before stimulus onset.

Figure 1: Task set-up and stimulus conditions . Reproduced from Samaha & Postle (2015). The
image presented here has been altered from the original by removing a “confidence” step at the end of each
trial, which was not analysed in the original study and therefore is not included here.

A: Depiction of a trial. The start of a trial was indicated with a white fixation cross, which reduced in
luminance to prompt for an upcoming stimulus. Stimulus consisted of a single flash event in half of the trials
and a double flash event in the other half. Flash events were presented either to the left or to the right of
the fixation cross with equal probability.

B: Double flash events consisted of a white stimulus disk appearing for 40 ms, followed by a gap of 10 – 50
ms, after which the stimulus disk reappeared for another 40 ms. Lengths of single flash events were varied
to match the duration of the double flash events.

Psychometric functions

We used the results from the flash-fusion task to create a psychometric function for each participant, using
the Palamedes toolbox (Prins, N. & Kingdom, F.A.A., 2018) for MATLAB (The Mathworks Inc., 2022).
Following the methods used in Samaha & Postle (2015), we employed a logistic function with four parameters:
“guess rate,” “threshold,” “slope” and “lapse rate” to estimate the correct response rate for the different
stimulus conditions. Guess rate was fixed at 0.5. The other three parameters were estimated for each
participant. Lapse rate was set to the limits of 0 – 0.06. We used goodness-of-fit testing to compare the
deviance of the fit to the real data with deviance of the fit to 1,000 simulated datasets for each participant.
No participant’s fit exceeded the 95th percentile, indicating that all created psychometric functions fell within
the expected range for the type of data and no function was deemed an outlier.

CFF threshold measurement

We measured critical flicker fusion thresholds using a novel measuring device and custom methods, the
accuracy and robustness of which were validated in a separate, parallel study (Haarlem et al., in press). The
protocol for measuring CFF thresholds outlined below are reproduced from that study’s methods section.
All CFF thresholds measured in the current study were also included in the dataset used in Haarlem et al.

The device consisted of an Arduino Uno R3 microprocessor and a 4500K white LED light, housed in a black
container. An opaque, black viewing tube was mounted on top of the container, to standardize viewing
distance at ~16 cm and to eliminate almost all ambient light. Flicker frequency of the LED could be
adjusted with a rotary encoder dial that either increased or decreased flicker rate in 1 Hz increments. We
measured luminance and colour temperature with a ColorCal Mk II. Mean luminance of the LED was ~255
lux. The device was powered by a personal laptop, using a USBC cable. We measured the power input with
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a Tektronix TDS 210 oscilloscope to ensure stability. The precision and stability of the LED flash timings
were measured using a photometer, both before the start of, and after completion of the study.

The protocol consisted of a measurement of 3 different quantifications of a participant’s ability to perceive
flashes and was based on a combination of two commonly used psychophysical experimental techniques:
the method of limits and the method of constant stimuli. The protocol started with the method of limits:
participants observed a constantly lit LED light through the viewing tube and were then instructed to turn
the rotary encoder clockwise, to make the light source start flashing. Participants were then asked to keep
rotating the dial to increase the flash frequency in 1 Hz increments until flashes could no longer be perceived
and the light appeared steady. The frequency at which this occurred was recorded. The LED light source
was then set to a flash frequency of 65 Hz, which is above the threshold at which humans are able to perceive
light flashes at the described intensity. For the second measurement, participants were instructed to observe
the light source again, but this time they were asked to turn the dial counter-clockwise to decrease flash
frequency, until they first observed flashing. The frequency at which this happened was again recorded.

The third step consisted of the method of constant stimuli: for each participant, we took the highest
value measured with the method of limits, and created a series of 10 flash frequencies in 1 Hertz steps: 5
frequencies below the recorded threshold, and 4 frequencies above it. Each of the frequencies in the series
was then multiplied by 5 to produce a set of 50 stimuli. We then randomized the entire set and presented it
to the participant. Participants were then instructed to cycle through all of the 50 frequencies in the series,
one by one, using the rotary encoder dial to instantiate the next stimulus in the set. Participants were asked
to inform the experimenter for each stimulus whether they observed a steady light or not. The final critical
flicker fusion threshold for the individual was determined by calculating the highest frequency in the series
at which the user was able to perceive flashing 80% of the time.

Participants completed the CFF task roughly 30 minutes prior to the first eyes-closed EEG recording.

EEG-recording and processing

We recorded EEG from 128 scalp electrodes, using the Active Two Biosemi system, arranged according to the
10-5 system (Oostenveld & Praamstra, 2001). We recorded electrooculogram vertically, with one electrode
just above the eyebrow and one approximately 3 cm below the eye. EEG was recorded with a sampling rate
of 512 Hz.

We recorded eyes-closed resting state EEG for two minutes both prior to starting, and after completion of
the computerized perceptual task. Participants were asked to relax and sit still during this period. The EEG
recordings were then cut into 1-second, non-overlapping epochs. Pre-stimulus-EEG data was epoched from
-700 – 0 ms relative to stimulus onset. Epoched data was then detrended and we spherically interpolated an
average of 2.9% of electrodes for eyes-closed data and an average of 3.4% of electrodes for pre-stimulus data.

We used Matlab (Mathworks, 2022) for the pre-processing of all EEG-recordings, using custom Matlab
scripts. Current source density (CSD) transformation is used in many EEG studies in order to reduce
volume conduction effects and signal mixing (Kayser & Tenke, 2006; 2015). This step was not carried out in
Samaha & Postle’s original study. We therefore opted to analyse the data both with- and without applying
CSD transformation in order to determine its impact.

For the CSD-transformed eyes-closed EEG data, we rejected epochs when voltages exceeded a CSD-
transformed amplitude threshold of 500 μV m2 for both scalp and eye electrodes. An average of 47 (standard
deviation (SD) 53.5) epochs were rejected per participant. For CSD-transformed pre-stimulus EEG data,
we rejected epochs when voltages exceeded a threshold of 500 μV m2 for scalp electrodes or 100 μV for
eye electrodes (eye electrodes were not included in the CSD-transformation and therefore required a lower
threshold). We rejected an average of 125 (SD 108.2) epochs per participant.

For the non-CSD-transformed eyes-closed EEG-data, we rejected epochs when voltages exceeded a threshold
of 100 μV for scalp electrodes and 500 μV for eye electrodes. We rejected an average of 32 (SD 28) eyes-
closed EEG-data epochs per participant. For non-CSD-transformed pre-stimulus EEG-data, we rejected
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epochs when voltages exceeded 100 μV for all electrodes. We rejected an average of 52 (SD 58.8) epochs of
pre-stimulus EEG-data per participant.

Epochs were then multiplied by a hamming window and fast Fourier transformed with a frequency resolution
of 0.1 Hz. Individual alpha peak frequency was defined as in Samaha & Postle and was extracted from the
highest amplitude in the power spectrum within the frequency range 8 – 13 Hz. All participants showed a
clear peak within this range at all scalp electrodes for eyes-closed data. Similar to the original study, not all
electrodes showed a peak in the 8 – 13 Hz frequency range and no electrode showed a peak for all participants
for pre-stimulus data. We therefore followed the original methodology and chose whichever electrode had
the highest power amplitude within the alpha band range for each participant.

Because it has been shown that peak alpha frequency can change over time within an individual (Cohen,
2014), we computed instantaneous alpha to assess if pre-stimulus alpha frequency is higher prior to correct
task responses compared to incorrect responses. Instantaneous alpha corresponds to the first temporal
derivative of the phase angle time series. To calculate instantaneous alpha, we replicated Samaha & Postle’s
method, and chose the electrode that had the highest amplitude in the alpha band range for the pre-stimulus
recordings at the group level, which we interpreted as the electrode that had the highest alpha amplitude for
most participants: electrode C16. Following our same reasoning as with the previous analysis, we again also
computed instantaneous alpha frequency for electrode B7. We epoched the pre-stimulus EEG-recordings
from -700 to 0 ms relative to stimulus onset, and then copied, flipped and appended each epoch to avoid
edge artifacts. Using code developed by Cohen (2014), we then defined frequency boundaries of 8 – 13 Hertz,
and applied a zero-phase bandpass filter with 15% transition zones. We extracted the analytic signal with a
Hilbert transform and median filtered using default parameters set by Cohen: we applied the median filter
ten times with different window sizes ranging from 10 to 400 ms, in steps of 10 ms. As Samaha & Postle
only reported instantaneous frequency for the 500 ms prior to stimulus onset, we followed their method and
only calculated instantaneous alpha for the timepoints ranging from -500 – 0 ms.

Statistical analysis

We used R (v4.2.1; R Core Team 2021) and RStudio (version 2023.3.0.386; Posit Team 2023) to carry out
the statistical analysis. All data was checked for the presence of significant outliers and we used linear
models to assess linearity, distribution of residuals and homogeneity of variance. Unless otherwise stated,
no statistically significant outliers were detected and all data met assumptions of linearity, homogeneity
of variance and normal distribution of residuals, and two-tailed correlations were tested with Pearson’s
correlation coefficient. We used cluster-based permutation testing, using the “permutes” (Voeten, 2022)
and “permuco” (Frossard, 2021) packages, to analyse instantaneous alpha. 5000 permutations of randomly
shuffled data were used to create a distribution of cluster sizes expected under the null- hypothesis. Clusters
of real data that exceeded the 95thpercentile of this null distribution were deemed statistically significant.

Statistical power analysis

To compare statistical power and effect size between our replication and the original study, we calculated
these parameters using the “pwr” package (Champely, 2020). With a sample size n = 20 and alpha = 0.05,
Samaha & Postle’s reported correlation coefficients of r = -0.503 (for eyes-closed data) and r = -0.605 (for
pre-stimulus data) resulted in a statistical power of 0.644 and 0.84, respectively. With our sample size of n
= 31 and alpha = 0.05, correlations in our replication would need to be r = 0.41 or greater for eyes-closed
data, and r = 0.5 or greater for pre-stimulus data, to match or exceed the statistical power of Samaha &
Postle’s original study.

RESULTS

For all participants, alpha power was highest at occipital and parietal electrodes, both for the eyes-closed and
pre-stimulus EEG data. Alpha power for pre-stimulus EEG-recording was substantially reduced compared
to eyes-closed EEG recording (Fig 2).

Figure 2: Topography of resting state alpha band (8 – 13 Hz) power, recorded from 128-
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electrode EEG. The topographies display data averaged over all participants. Alpha band power was
highest in the occipital region for both eyes-closed EEG recording (left) and pre-stimulus EEG recording
(right).

Effect of Current Source Density (CSD)-transforming on peak alpha frequency

We extracted peak alpha frequencies from the dataset both after applying CSD-transformation during EEG
pre-processing and without applying CSD-transformation (see Methods). For resting state data, the two
versions of the dataset were highly correlated (r = 0.96, P < 0.001) and the mean difference between the
two was 0.07 Hz (t = 1.9, P > 0.05). Pre-stimulus CSD transformed data was also highly correlated with
its non-CSD transformed counterpart (r = 0.62, P < 0.001). The mean difference between these versions
was 0.27 Hz. Though the two datasets did not differ from each other significantly (t = 1.96, P > 0.05),
a difference of 0.27 Hz in the alpha band range could potentially be meaningful. We therefore conducted
all further correlation tests with both the CSD transformed and the non-CSD transformed versions of the
data. Unless otherwise stated, we found no difference between the two versions of the data and only reported
results from the non-CSD transformed dataset.

Flash fusion task

Eyes-closed EEG analysis

Eyes-closed EEG data consisted of a 2-minute pre-task and a 2-minute post-task recording, which were highly
correlated with each other (r = 0.91, P<0.001). Pre- and post-task recordings were therefore analysed as
one dataset for each participant. We detected a moderate correlation in the expected direction ( r = -0.43,
P<0.05) between eyes-closed peak alpha frequency and flash-fusion thresholds (Fig 3, left). We found no
correlation between eyes-closed alpha power and flash-fusion thresholds (r = 0.14, P>0.05).

Pre-stimulus EEG analysis

Following the original study’s protocol for pre-stimulus data, we calculated peak alpha frequency from the
electrode that showed the highest amplitude in the alpha band range for each participant. We detected no
significant correlations between peak alpha frequency and flash-fusion thresholds (r = -0.29, P>0.05) (Fig 3,
middle), or between pre-stimulus peak alpha power and flash-fusion thresholds (Pearson’s r = 0.18, P>0.05).

Having initially failed to replicate Samaha & Postle’s original result with the pre-stimulus dataset, we
included a second analysis, post-hoc. Previous findings (Pfurtscheller et al., 1996; Busch et al., 2009;
Ruzzoli et al., 2019) have indicated that high alpha power may be indicative of suboptimal performance or
the absence of sensory processing, and a suppressed alpha power may be indicative of focused attention.
Therefore, selecting the electrodes with highest amplitudes during task performance to extract peak alpha
frequency may not be the most informative for pre-stimulus data. We therefore selected the electrode that had
the highest power amplitude in the alpha band range in the eyes-closed data and used this same electrode to
measure alpha levels in the pre-stimulus data: electrode B7, located in the occipital region. Two participants
did not show a peak in the alpha band in pre-stimulus recordings for electrode B7 and we therefore excluded
these participants from the respective analyses. This time, we found a moderate correlation between flash-
fusion thresholds and pre-stimulus peak alpha frequency (n = 29, r = -0.42, P<0.01) (Fig 3, right).

Figure 3: Correlations between flash fusion thresholds and peak alpha frequency. Left: we found
a moderate correlation between flash fusion threshold and peak alpha frequency extracted from resting state
EEG-recording. Middle: Peak alpha frequency extracted from the electrode that has the highest amplitude
in the alpha band for pre-stimulus EEG-recording was not correlated with flash fusion thresholds. We found
a moderate correlation between flash fusion threshold and peak alpha frequency extracted from electrode B7
for pe-stimulus EEG-recording.

Intermediate stimulus comparisons

To ensure that the found correlation was not an artifact of the extracted thresholds, Samaha & Postle also
conducted tests with the proportion of correct responses on the intermediate stimulus onset asynchrony (30
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ms gap). We replicated this analysis, and found a moderate correlation between the proportion correct
and peak alpha frequency from eyes-closed EEG-recording (r = 0.33, P < 0.05, one-tailed). We found no
statistically significant correlation for peak alpha frequency extracted from electrode B7 for pre-stimulus
EEG-recording (r = 0.28, P = 0.07, one-tailed).

Instantaneous alpha

We extracted instantaneous alpha, according to Cohen’s method, as a within-participant measure for time
resolved changes in peak alpha frequency between trials. We computed instantaneous alpha for the electrode
used in the previous analysis, B7 and, following the protocol of the original study, also for electrode C16,
which had the highest amplitude in the alpha band for most participants in the pre-stimulus EEG data. We
then compared pre-stimulus instantaneous alpha frequency between correct and incorrect responses. The
mean instantaneous alpha extracted from electrode B7 was 10.361 Hz (SD = 0.023) for correct responses and
10.363 Hz (SD = 0.025) for incorrect responses. For electrode C16, mean instantaneous alpha frequency for
correct answers was 10.318 Hz (SD = 0.039). For incorrect answers it was 10.326 Hz (SD = 0.026). Cluster-
based permutation testing revealed no time clusters with a statistically significant difference in instantaneous
alpha between correct and incorrect answers for either electrode (Fig 4).

Figure 4: Within subject analysis of instantaneous alpha for correct (blue) versus incorrect
(orange) responses. Left: instantaneous alpha extracted from electrode C16. Right: instantaneous alpha
extracted from electrode B7. Shaded regions indicate ± standard error of the mean.

CFF task

Eyes-closed EEG analysis

Participants completed the CFF task prior to EEG recording. Mean CFF was 50.01 Hz (SD = 6.32). We
found no correlation between the task and eyes-closed peak alpha frequency (Pearson’s r = 0.01, P = 0.95)
or peak alpha power (Pearson’s r = 0.14, P = 0.35). QQ-plots showed a slight deviation from normality for
the CFF task data. We therefore also conducted our correlation test using Spearman’s rank correlation, but
this did not significantly alter analysis results: Spearman’s r = 0.04, P = 0.83.

Comparison of the two behavioural tasks

We compared the thresholds obtained with the CFF task with those obtained with Samaha & Postle’s flash
fusion paradigm. We found no correlation between the two (r = -0.13, P = 0.49).

A summary of all main results is outlined in Table 1.

Table 1: Overview of main results. This table lists the main results for this study, and indicates which
analyses were carried out as replications of Samaha & Postle’s original study, and which were additional,
original methods. Significant correlations shown in bold.

Correlation analysis (Pearson’s r) Correlation analysis (Pearson’s r) Result Original result replicated?

Replicated from Samaha & Postle 2015 Flash fusion task and eyes-closed peak alpha frequency r = -0.43, P<0.05 Yes
Flash fusion task and eyes-closed peak alpha power r = 0.14, P>0.05 Yes
Flash fusion task and pre-stimulus peak alpha frequency r = -0.29, P>0.05 No
Flash fusion task and pre-stimulus peak alpha power r = 0.18, P>0.05 Yes
Proportion of correct responses on intermediate stimulus and eyes-closed peak alpha frequency r = 0.33, P<0.05 Yes
Proportion of correct responses on intermediate stimulus and pre-stimulus peak alpha frequency r = 0.28, P>0.05 No
Pre-stimulus peak alpha frequency and perceptual accuracy P>0.05 No

Original methods Flash fusion task and pre-stimulus peak alpha frequency extracted from electrode B7 r = 0.42, P<0.01 -
Critical flicker fusion threshold and eyes-closed peak alpha frequency r = 0.01, P>0.05 -
Critical flicker fusion threshold and eyes-closed peak alpha power r = 0.14, P>0.05 -
Critical flicker fusion threshold and flash fusion task r = -0.14, P>0.05 -
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DISCUSSION

Though the study of alpha band oscillations in the brain and their potential effect on sensory perception is
a popular area of research, conflicting results illustrate a need for more replication studies. Our results add
more insight into the possible role of peak frequency and amplitude of rhythmic brain patterns in sensory
perception. Our study replicated some of the findings of Samaha & Postle, but not all.

Flash fusion task

Similar to the original study, we found a moderate correlation between peak alpha frequency from eyes-
closed EEG data and flash-fusion thresholds. Following the original paper’s methods for pre-stimulus EEG
recording analysis, we analysed the electrode that showed the highest amplitude in the alpha band range for
pre-stimulus EEG recording for each participant, and found no correlation between peak alpha frequency
and flash fusion thresholds for pre-stimulus EEG recordings. However, regions with high alpha power during
visual task performance might not be indicative of the areas where focused, fast temporal processing might
be taking place. We therefore also analysed electrode B7, which had the highest alpha band amplitude for
most participants during eyes-closed EEG recording. For electrode B7, we found a moderate correlation
between pre-stimulus peak alpha frequency and flash fusion thresholds. Consistent with Samaha & Postle’s
findings, flash-fusion thresholds were not correlated with either eyes-closed or pre-stimulus peak alpha power.

Intermediate stimulus

Similar to the original study, we found a correlation between the proportion of correct responses on the
intermediate stimulus and peak alpha frequency from eyes-closed EEG data. We did not replicate the
correlation of r = 0.4 found in the original study for pre-stimulus EEG data. With n = 20 and alpha =
0.05, the original finding yielded a statistical power of 0.56. With our sample size, the effect size needed
to match this power is 0.32. Our level of correlation, r = 0.28, came close to that of the original study,
but it did not reach statistical significance. The low power and effect size of both the original and current
results make it difficult to draw conclusions about any true relationships regarding peak alpha frequency and
the proportion of correct responses on the intermediate stimulus. The lack of stronger correlations could
suggest that a potential relationship between peak alpha frequency and temporal perception may be small
and only apparent for near threshold stimuli. As the intermediate stimulus onset asynchrony is designed to
be observable for most participants in more than 50% of the trials, it makes sense that correlations with
a potential indicator for finely tuned temporal perception may be weak or even absent, as observing this
stimulus would not require extremely fast visual processing. As such, there is a higher chance for incorrect
responses to be due to other factors than slower temporal processing, such as lack of attention or blinking.

Instantaneous alpha

Samaha & Postle reported a correlation between instantaneous alpha and response on the flash fusion task,
with correct responses being linked with a higher instantaneous alpha. Such an effect was not observed in
the present study. We analysed electrodes that had the highest alpha amplitudes at the group level for both
eyes-closed (B7) and pre-stimulus (C16) EEG-recording, and neither showed any time clusters within the
-700 – 0 ms pre-stimulus window where instantaneous alpha frequency was significantly different for correct
versus incorrect responses. Data from several other recent studies have also failed to support this link
(Buergers & Noppeney, 2022, Ruzzoli et al., 2019). Though we have attempted to model our task as closely
to Samaha & Postle’s as possible, there were some differences in our methodology which could potentially
account for the discrepant results. For instance, from Samaha & Postle’s methods, it is not reported by how
much the fixation cross decreased in luminance to prompt the participant of the upcoming stimulus. If this
luminance shift was more drastic in our study, it could have caused a stronger phase reset effect, possibly
nullifying any natural phase differences between trials (Harris, 2023).

CFF task and peak alpha frequency

We found no correlation between thresholds obtained with the CFF task and peak alpha frequency from
eyes-closed EEG recording. This result illustrates how the choice of behavioural task may influence the

8
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results obtained in brain rhythmicity studies. As already touched upon by Buergers & Noppeney (2022),
the effect alpha frequency may have on temporal perception may be very small and brittle, and may only be
apparent for very specific stimulus parameters. A lack of correlation between the CFF task and peak alpha
frequency may also be due to the continuous nature of the task stimulus, which may force alpha oscillations
out of their natural rhythms; a phenomenon that is often intentionally induced in Steady State Visually
Evoked Potential (SSVEP) research (Regan, 1966; Norcia et al., 2015). Alpha power is also expected to
reduce greatly during perception of a continuous stimulus, which in turn might affect alpha frequency as
well, as the two are found to be intrinsically linked (Nelli et al., 2017). Additionally, previous literature has
suggested that peak alpha frequency may only be indicative of perceptual sensitivity when the stimulus last
for less than one alpha cycle (Keitel et al., 2022, Michail et al., 2022).

CFF and flash fusion task comparison

We also found no correlations between the thresholds obtained with the two different tasks. Though this
may initially seem surprising, the flash fusion task fundamentally differs from the CFF task in several ways.
For example, the former is essentially a two-alternative-forced-choice task, in which participants need to
choose between two possible responses in each trial. This introduces a guess rate which may skew “true”
flash-fusion thresholds. The responses may also be influenced by a pre-existing bias for one of the two
options (Buergers & Noppeney; 2022). The flash fusion task also requires 600 trials for the proper fitting
of a psychometric curve. This causes fatigue to become a significant factor and, though computationally
corrected for during psychometric function fitting, introduces a certain lapse rate. The two tasks also differ
in the number of different stimuli: the flash fusion task has five different fixed gap lengths, whereas no
practical upper bound for flicker-fusion threshold exists in the CFF task, making the latter perhaps more
suitable to assess inter-individual differences in the absolute maximum threshold, but less so for employing
standardized tests to investigate brain activity correlates. Thresholds obtained with the CFF task may also
not be directly comparable to those obtained with the flash fusion task due to a steady increase of mean
luminance over time as flicker frequency increases in the former, which effectively increases flicker fusion
thresholds up to a certain point. It is also important to note that Samaha & Postle’s flash fusion task was
designed to assess possible correlates with alpha oscillations; which are a specific measure for visual attention
and focus (Clayton et al., 2018, Pfurtscheller et al., 1996). The gap detection style task is very suitable to
investigate the level of attention a participant pays to each stimulus. Any moment of inattention may mean
that the gap in the stimulus is missed and a trial is considered incorrect. This is not the case for the critical
flicker fusion task, in which the stimulus is always present, giving participants the opportunity to refocus and
reconsider what they are perceiving throughout the whole task. The latter reason would not only explain
the lack of correlation between the two behavioural task responses, but also between the CFF task and peak
alpha frequency.

In conclusion, we have replicated some, but not all of the results from a previous study investigating the
possible relationship between peak alpha frequency and visual temporal resolution. Our work adds to the
ever-expanding body of research data aiming to tease apart the link between brainwave oscillations and
visual perception. We have additionally shown that the choice of behavioural task is key in exploring these
possible relationships.
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