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Abstract
Our interaction with the world depends on our ability to process temporal information, which is a
key component of human cognition that directly impacts decision-making, planning, and
prediction of events. Visual information plays a crucial role in shaping our subjective perception
of time, and even brief interruptions such as those caused by eye blinks, can disrupt the
continuity of our perception and alter how we estimate durations. The purpose of this study was
to investigate the relationship between spontaneous eye blinks and time perception by using a
temporal bisection task. Particularly, we focus on how blinks preceding stimulus presentation
impact the perceived duration of that stimulus. The results from fitting a generalized linear
mixed-effects model revealed that blinking can influence duration estimation. Specifically, the
presence of a single blink before the stimulus presentation had a significant effect on subjective
time perception, participants were more likely to categorize the duration as shorter compared to
when they did not blink. In contrast, two or more blinks before stimulus presentation did not
have a significant effect compared to not blinking. This study emphasizes the subtle and complex
interaction between the suppression of visual input and the perception of stimulus duration.

Keywords. time perception, spontaneous eye blinks, temporal bisection task
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The Effect of Spontaneous Eye Blinks on Time Perception

The subjective experience of time passing is an essential component of human cognition
that influences virtually all behavior (Meck, 1996). Within the context of time perception,
‘interval timing’ refers to the ability to estimate durations in the range of milliseconds to
seconds, which is fundamental for abilities such as decision-making, strategizing, reasoning,
motor perception, and speech (Buhusi & Meck, 2005; Namboodiri et al., 2014). From an
evolutionary perspective, interval estimation allows us to predict the temporal statistics
governing our surroundings; an essential skill for regulating goal-directed behaviors (Marshall &
Kirkpatrick, 2015) such as finding and collecting food (Bateson, 2003), conditioning and
learning (Balsam & Gallistel, 2009; Fung et al., 2021), and processing and responding to
interpersonal cues during communication (Feldstein et al., 1993). Given its influence in such a
wide range of behaviors, the conditions under which this ability may systematically be
modulated constitutes an important question in the cognitive sciences.

Despite being a prevalent phenomenon that governs many aspects of our lives, explaining
and describing how we perceive time is not as straightforward as it seems. Importantly, this
phenomenon is not constant across dimensions of variables such as age (Z¢élanti & Droit-Volet,
2011), emotions (Gable & McCoy, 2023; Schirmer, 2011), arousal and attention mechanisms
(Lake et al., 2016; Zhou et al., 2021), and psychopathology (Oyanadel & Buela-Casal, 2014).
Moreover, time perception has revealed a complex interaction with factors such as brightness
(Kinzuka et al., 2021; Matthews et al., 2011), size (Kanai et al., 2017), motion (Karsilar et al.,
2018; Kroger-Costa et al., 2013), and numerosity of stimulus (Togoli et al., 2021; for a review
see Eagleman & Pariyadath, 2009). Research on this area has established a directional

relationship between higher magnitudes and longer perceived time.
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A related area of research into how our perception of time dilates or constricts explores
the relationship between time perception and various physiological reactions. For instance,
studies have shown that higher body temperature, irrespective of whether experimentally or
naturally induced, leads to time constriction (Tamm et al., 2014, 2015; van Maanen et al., 2019).
Variations in cardiac activity influence the encoding and reproduction of time intervals, with
temporal constriction during systole and dilation during diastole, which are further regulated by
arousal (Arslanova et al., 2023; Meissner & Wittmann, 2011; Pollatos et al., 2014). Findings on
eye movements and pupillary responses highlight the role of saccades and fixations on temporal
processing (Balzarotti et al., 2021; Kruijne et al., 2021; Morrone et al., 2005; Suzuki et al., 2016;
Wutz et al., 2016). While research in this area is sparse, a clear link exists between bodily
responses to stimuli and how they are timed. One relatively less explored topic among these is
the role of spontaneous eye blinks in altering time perception (Grossman et al., 2019; Terhune et
al., 2016). This thesis attempts to further elucidate this potentially intriguing relationship by
discussing the relevant literature and reporting the results of a controlled experiment.

Eye Blinks and Time Perception

Eye blinks occur around 12 times per minute (Carney & Hill, 1982), yet the brief loss of
visual information is usually unnoticed (Volkmann et al., 1980). During eye blinks two important
phenomena come into play: visual continuity and suppression (Bristow et al., 2005a). Both of
these processes are thought to explain why our impression of the world remains continuous
despite the interruptions of visual signals to the brain (Grossman et al., 2019; Maus et al., 2020).
Interestingly, the brain appears to ignore the gaps between blinks instead of attempting to fill
them in with information (Duyck et al., 2021; Irwin & Robinson, 2016). Bristow and colleagues

(2005a) suggest that a loss of visual sensitivity begins before the blink onset. One of their studies
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combined pupil-independent retinal stimulation with fMRI and found that blinking suppressed
neural activity in the visual, parietal, and prefrontal cortices. The reduced brain activity was
associated with the extraretinal signal that occurs as a response to the motor command of
blinking, resulting in an inability to detect visual changes (Bristow et al., 2005a). In addition,
Irwin and Robinson (2016) pointed to the importance of the extraretinal signal for differentiating
between internal and external sources of temporary object disappearance; this signal allows us to
interpret natural and simulated blinks differently. These findings highlight the brain’s ability to
deal with problems effortlessly, ultimately creating our interpretation of the world.
Effect of Eye-blinks on Time Perception As Mediated by Dopamine

A connection between eye blinks, time perception, and the neurotransmitter dopamine
has been proposed (Karson, 1988) and supported by empirical findings (Sadibolova et al., 2022).
In particular, blinks serve as an indirect measure of the availability of dopamine receptors in the
striatum, a brain area that is also known to be important for temporal accuracy in interval timing
(Coull et al., 2010; Groman et al., 2014; Jongkees & Calzato, 2016). Higher eye blink rates are
believed to indicate an increase in striatal dopamine release, which could give the impression
that time passes more slowly than it actually does (Sadibolova et al., 2022). This pattern of
behavior has been well-documented in disorders with dopamine dysregulation (e.g. Parkinson’s
disease, schizophrenia, autism, and attention-deficit hyperactivity disorder; Allman & Meck,
2011). For instance, patients with schizophrenia blink more frequently (Chan et al., 2010) and
perceive time as passing slower, possibly due to hypervigilance (Bonnot et al., 2011; Ueda et al.,
2018). In their review, Matthews and Meck (2014) examined individual differences in timing
performance, one significant aspect of which involved the use of pharmacological treatment and

genotype. They have reported studies showing that the alteration of dopamine levels by receptor
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agonists and antagonists caused subjective time to appear slower or faster, respectively (Lake &
Meck, 2013). Other studies have found further evidence for a double dissociation of dopamine
genes as they relate to time perception, proposing separate mechanisms for the timing of short
and long durations (Wiener et al., 2011; Wiener et al., 2014). Therefore, given the literature, it is
apparent that eye blinks have the potential to impact how we interpret the duration of visual
stimuli through their connection with the dopamine pathways.

Although the effect of eye blinks on time perception could be mediated by dopamine
function, some recent evidence has challenged the relationship between eye blinks and dopamine
(Dang et al., 2017; Sescousse et al., 2018). Nevertheless, researchers are still interested in the
behavioral element of eye blinks and their possible implications on cognition and time
perception, particularly, of spontaneous eye blinks that occur without any evident external
stimuli (Stern et al., 1984). For instance, Grossman and colleagues (2019) conducted a study
combining a temporal bisection task and an oddball task. They showed that when participants
spontaneously blinked during a stimulus presentation, they underestimated its duration. It is
important to note that individuals engage in strategic blinking depending on task demands as
well (Hoppe et al., 2018). During stimulus presentation, individuals are likely to suppress their
eye blinks because attention is required to not overlook the critical event (Murali & Héndel,
2021). Hence, conclusions based on blinks during an event do not give sufficient insight into
natural behavior, since these behaviors may be reflexive, caused by tiredness, an inherent need to
pay attention, or dry eyes, rather than being truly spontaneous.

Pre-Stimulus Eye Blinks and Time Perception
The results presented above raise a crucial question: Can blinking just before a stimulus

also alter how we perceive the duration of the interval it encompasses? Terhune and colleagues
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(2016) investigated this question by using a temporal bisection task. They focused on how
blinking during the inter-stimulus interval between stimulus presentation and judgment screen
affected the duration estimate of the stimulus in the following trial. Participants overestimated
the duration of stimuli when they blinked in the previous trial, compared to when they did not
blink. The authors suggested that there is intra-individual variability in time precision due to
fluctuations in dopamine levels as a result of blinking that may accelerate the neural oscillations
of a hypothetical internal clock, leading to an overestimation of time (Terhune et al., 2016).

Interestingly, while Grossman (2019) observed underestimation when blinking during a
stimulus presentation, Terhune (2016) reported overestimation in a subsequent trial when
blinking before a stimulus presentation. This notable contrast in findings emphasizes the
complex nature of blinking behavior in shaping our perception of time. Additionally, Suéarez-
Pinilla and colleagues (2019) failed to find a significant effect of eye blinks on participants’
judgments of durations. Their task consisted of using videos with complex and dynamic images
or static scenes with inanimate objects. Rather than categorizing the videos as ‘short’ or ‘long’
based on a reference duration, participants estimated the length of the videos using a visual
analog scale. The researchers emphasized the role of external variables such as perceptual
changes over internal factors like blinks in defining perceived time intervals (Suarez-Pinilla et
al., 2019). The discrepancies between the results of these studies could be attributed to
differences in the experimental design and paradigm.

This study aims to replicate and possibly expand upon prior findings regarding the role of
spontaneous eye blinks in shaping the subjective experience of time. Specifically, the research
question examines how the occurrence of spontaneous eye blinks before the presentation of a

stimulus influences the perceived duration of that stimulus. The hypotheses proposed to address
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this question are as follows: first, the presence of spontaneous eye blinks before stimulus
presentation is expected to have a significant effect on time perception compared to trials without
blinking. Participants' duration estimation is expected to differ depending on whether a blink
occurs or not before the stimulus is presented. Second, a higher number of spontaneous eye
blinks occurring before viewing the stimulus are expected to result in a higher probability of
overestimating the time interval. In other words, it is predicted that participants who exhibit more
eye blinks before the stimulus presentation will perceive the intervals as longer compared to
when they have fewer blinks. The following sections describe the methods, results, and
discussion of the findings.
Methods

Participants

A total of 30 healthy students (23 female; Mage = 20.95) from the University of
Groningen participated in this study as part of a larger experimental session. They were
compensated with 8 euros for their involvement in a one-hour session. All individuals had
normal or corrected-to-normal vision. Each participant provided a written informed consent form
before the beginning of the session. No participants were excluded from the analyses. The
Department of Experimental Psychology of the University of Groningen evaluated and approved
the experimental protocol and procedures (approval code: PSY-2223-S-0351), confirming that
the study satisfied ethical and academic requirements.
Stimuli and Apparatus

The visual stimulus was a white circle displayed in the center of a 27" LCD monitor
(1920 = 1080 pixels; 60 Hz). The central area of the background was black and shifted to gray

towards the sides of the screen to reduce contrast effects. The stimuli and experiment were
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programmed in OpenSesame 3.3 (Mathét et al., 2011; Mathot & March, 2022) using the backend
PsychPy (Peirce, 2007) and Python library PyGaze (Dalmaijer et al., 2014) for stimulus
presentation and eye-tracking respectively. Participants stabilized their heads on a chin rest,
limiting head movements and maintaining a consistent viewing distance of 60 cm to the monitor.
Responses were collected using a wired keyboard and eye movements were recorded at 1000 Hz
using the EyeLink 1000 (SR Research) system throughout the entire experimental session. The
setting was carefully controlled by using a soundproof and lightproof booth during the task,
ensuring a consistent sensory environment.
Procedure

The larger experimental session consisted of a temporal bisection task (see below) with a
main block with changing background brightness and a shorter baseline block with fixed
background brightness. The entire session lasted approximately one hour. For the purpose of this
study, only data from the fixed-brightness baseline block at the end of the session were utilized
(approx. 10 minutes). The block began with eye tracker calibration and an explanation of the
task. Participants completed a training block until they had 10 consecutive correct trials. After
meeting this requirement, they continued with the experiment consisting of 72 trials. Each trial
involved three phases: fixation baseline to ensure participants focused their gaze on the dot at the
center of the screen, stimulus presentation with varying probe duration, and keyboard response
categorizing stimuli as either ‘short’ or ‘long’ based on prior training (see Figure 1). The inter-
stimulus interval, the time between the offset and subsequent appearance of stimuli, was
randomly assigned for each trial. Feedback on response accuracy was omitted to maintain natural

temporal judgment without external input.
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Figure 1

Single Trial Sequence in the Temporal Bisection Task

1000-2000 ms

Stimulus
Presentation

Response

Temporal Bisection Task

The task started with the presentation of two reference durations of the stimulus (short =
200 ms and long = 800 ms). Participants were instructed to categorize future stimuli based on
these by pressing the ‘F’ and ‘K’ keys on the keyboard to indicate stimuli as ‘short’ or ‘long’,
respectively. The main goal was for participants to pay attention to how long the white circle
remained on the screen and determine to which of the reference durations it was most similar.
During the training block, participants familiarized themselves with the reference durations that
were presented randomly and with equal probability. Moving to the experimental block,
participants were asked to identify both the reference durations (200 and 800 ms) and additional
probe durations (320, 440, 560, 680 ms) as closer to either the short or long reference durations,
using the same keyboard responses established during the training block. The probe durations of
the stimuli were randomized across trials to reduce predictability and any learning effects. Each

probe duration was presented 12 times, resulting in a total of 72 trials for each participant. The
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visual stimulus, represented by a white circle, remained consistent throughout the training and
testing blocks.
Data Processing

Of interest for this study was the number of spontaneous eye blinks occurring
immediately before stimulus presentation. The baseline for the blinking phase was set to the
interval when the screen displayed a fixation cross from 1000 to 2000 ms before the stimulus
presentation. Preprocessing was conducted in Python. Probe durations were transformed from
milliseconds to seconds and were mean-centered. The dataset from Eyelink was processed using
the eyelinkparser package in Phyton (Mathdt & Vilotijevi¢, 2022). The eye blink occurrences
were measured in arbitrary units, therefore they were further categorized into three groups: 0 (no
blinks), 1 (one blink), and 2 (two or more blinks).

Results

The data were analyzed by fitting a Generalized Linear Mixed Effects (GLMER) model
using the glmer function in the Ime4 package (Bates et al., 2015) in R (R Core Team, 2021) with
a binomial distribution. The dependent variable was represented by the participant’s probability
of a ‘long’ response. The model included three predictor variables: probe duration, number of
blinks before stimulus onset, and a random effect to account for individual differences. The
reference was the no-blinks category, to which the other blink categories were compared. This
modeling method is especially useful for behavioral studies, as it solves the multiple comparison
problem and maintains the trial-by-trial variance (Mathot & Vilotijevi¢, 2022). The fixed effects
of the model revealed statistical significance for both the intercept (p =-5.96, SE = 0.326, p <
.001) and the probe duration (f = 13.429, SE = 0.564, p <.001). In terms of the effect of the

number of blinks, compared to the no-blink category, the one-blink category showed a
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statistically significant decrease in the probability of giving a ‘long’ response (B =-0.514, SE =
0.221, p =.02). In other words, participants who did not blink before the stimulus presentation
were more likely to categorize a stimulus duration as ‘long’ compared to those who blinked
once. However, the two-or-more blinks category had no significant effect on the perception of
stimulus duration ( = 0.209, SE = 0.471, p > .05). In Figure 2, the data points represent the
observed mean responses across all participants and the lines are the predicted probabilities
derived from a GLMER model. The functions are plotted for each blink category represented by
different colors, probe duration, and probability of having a ‘long’ response.

Figure 2

Subjective Perceived Time Duration as a Function of Spontaneous Eye Blinks
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Discussion
The purpose of this study was to investigate the influence of spontaneous eye blinks on
the perceived duration of stimuli by implementing a temporal bisection task by considering both
blink presence and frequency. As predicted, the results showed that blinks do indeed alter time

perception. The first hypothesis was supported, as the presence or absence of blinks before the
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stimulus presentation had a significant effect on the judgment of duration, where participants
who blinked once before the stimulus presentation were more likely to underestimate time
intervals. This indicates that pre-stimulus spontaneous eye blinks influence probe duration
judgment as compared to instances without blinking. Yet, contrary to the second hypothesis, the
greater number of blinks preceding stimulus onset did not have a significant effect compared to
not blinking. The presence of two or more blinks before stimulus onset, as opposed to no blinks,
did not impact the perceived length of that stimulus. These findings question whether time
perception and eye blink frequency have a linear relationship; while one blink appeared to
influence time judgment, this effect did not increase with more blinks.

The observed impact of a single blink on time perception is consistent with previous
research showing that blinks temporarily disrupt visual continuity and have implications for
altering our sense of time (Grossman et al., 2019; Irwin & Robinson, 2016). However, the
absence of an effect for two or more blinks reveals an interesting yet intricate insight into timing.
It appears that beyond a certain threshold, more blinks do not distort the sense of time. One
explanation would be that participants might have compensated for multiple blinks by
cognitively combining the fragmented visual information, reducing the distorted sense of time
and having a similar effect to no blinking (Maus et al., 2020). In addition, the lack of statistical
significance might be related to having significantly fewer trials with more than two blinks. This
was due to the inter-stimulus interval range being short (1000 ms to 2000 ms), which meant that
the likelihood of participants blinking two or more times was considerably low. This result could
also be interpreted as blinking behavior being affected by the distribution of event probabilities;
blinking might have been suppressed in areas of high event probability, so participants had fewer

blinks because they adapted to avoid missing the stimulus presentation (Hoppe et al., 2018). As a
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result, there is an asymmetry of blinking, with more blinks after the stimulus presentation to
compensate for blink suppression (Johns et al., 2009).

The findings of this study resemble those reported by Terhune and colleagues (2016) in
the sense that blinking affects time perception of subsequent events; similarly, we also found a
relationship between pre-stimulus blinks and time perception. In contrast to Terhune and
colleagues (2016), however, we found that participants underestimated stimulus durations when
they blinked, as opposed to overestimation. It is important to reiterate that our studies considered
not only different inter-stimulus intervals but also the stimulus being estimated. This brings more
complexity to the understanding of spontaneous eye blinks and timing, thus further research is
needed to clarify these contradictory outcomes. Nevertheless, the observed effect of spontaneous
eye blinks emphasizes the involvement of both sensory and cognitive processes in timing
(Allman et al., 2014; van Bochove et al., 2012). These results may have theoretical implications,
suggesting that models describing subjective time perception should integrate both
neurobiological and behavioral mechanisms to a larger extent (Buhusi & Meck, 2005; Grondin,
2010). On a more practical level, a better understanding of blinking behavior might be beneficial
in domains like human-computer interaction and building technological systems where precise
timing is critical (Kadlec & Kirner, 2007), as well as dealing with clinical populations with
dysregulated dopamine pathways and impaired timing abilities (Allman & Meck, 2011;
Oyanadel & Buela-Casal, 2014).

While this study provides some insights into the effect of spontaneous eye blinks on time
perception, it has some limitations that must be noted. This study assumed that all recorded
blinks during the experiment were spontaneous, but it is possible that some were not truly

spontaneous, possibly due to eye fatigue or dryness. Still, voluntary and simulated blinks have
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also been shown to alter timing (Duyck et al., 2021). Moreover, the analyses focused on blinks
occurring before stimulus presentation; during this period blinks may elicit saccadic movements
that could also impact time perception (Johns et al., 2009). Future studies should define the
conditions under which blinks alter both time estimation and reproduction. It could be interesting
to consider all blink properties and how these affect timing differently within one study,
including length of blinks, frequency, and when they occur in relation to the stimulus. Lastly,
although eye blinks are believed to be an indirect measure of dopamine (Jongkees & Calzato,
2016; Karson, 1988; Taylor et al., 1999), this study only reports behavioral data, limiting the
ability to make clear conclusions on the role of dopamine. The temporal bisection task considers
various aspects of timing like assessing the duration of stimuli, storing and remembering
duration information in memory, and comparing two durations (Kopec & Brody, 2010).
Therefore, combining behavioral data of this paradigm with neuroimaging techniques could
reveal relevant details about brain activity and its link with the dopamine pathways.

Despite not having a distinct sensory center, time processing combines different sensory
inputs like auditory and visual cues (Coull et al., 2012; Meck, 2005; Rammsayer, 1999). In
particular, the processing of visual input is highly vulnerable to disruptions like those caused by
eye blinks (Bristow et al., 2005b). This study provides empirical evidence that brief disruptions
in visual input affect our sense of time. A single spontaneous eye blink changed the perceived
duration of subsequent stimulus but multiple blinks did not have a noticeable impact. This
illustrates the complex link between sensory and behavioral processes with time perception,
emphasizing the need to continue research on this topic to understand how we perceive and

interact with time in our daily lives.
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