IHHE‘:

Universitit Department of Psychology Z N Z Zentrum fiir Neurowissenschaften Ziirich
Ziirich*™ Methods of Plasticity Research Neuroscience Center Zurich

Linking Visual Gamma Oscillations to Oculomotor
Variability Across Stimulus Contrast: A Pilot Study

OPEN DATA OPEN CODE

Arne Hansen*'2, Lea Z.M. Béchlin *1, Marius Trondle?, Nicolas Langer'-2& Tzvetan Popov!:3

* shared first authors
1 Methods of Plasticity Research, Department of Psychology, University of Zurich, Switzerland

2 Neuroscience Center Zurich (ZNZ), University of Zurich & ETH Zurich, Switzerland 25% Cartrast
3 Department of Psychology, University of Konstanz, Germany — 76 Comtast

==100% Contrast

Intro

It is generally assumed that brain rhythms reflect the neural processes required to perform the cognitive operations demanded by the
experimental task. This assumption has led to theories assigning gamma oscillations (30-90 Hz) a specific role in information binding, ]
thereby enabling higher-order cognitive functions.’l However, visual cortical gamma activity is strongly modulated by basic stimulus
properties such as luminance contrast,B raising the question of whether gamma activity exclusively reflects cognitive processing. It has
been reported that viewing grating stimuli elicits eye movements across contrast borders.[¥ Given that oculomotor control is
continuously mediated by cortical circuits, the neural processes underlying these eye movements may contribute to the gamma activity Frequency [Hz]

measured over visual cortex. This raises the possibility that the effect of stimulus contrast on visual gamma activity partly reflects Fiagn}r:‘:aV;f:ahi:f‘gonwﬁi\t?:c:::;?n “strf:‘re;s'f {herease of
oculomotor processes. Here, we test this hypothesis by systematically varying stimulus contrast while keeping all other stimulus gamma f?equezcy e 1o fbence
parameters constant. microsaccades responsible for contrast perception.
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Methods Results
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Fig. 3: Time courses of grand averages and boxplots for the gaze measures microsaccade rate (A), eye velocity (B), and pupil size (C), relative to stimulus onset. Shaded
areas indicate standard error of the mean. Boxplots show median, IQR, and participant mean data points. Connected points belong to the same participant.
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Fig. 2: Concentric grating task paradigm. Black fixation crosses and 02 e nufm Irz an = irz
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. : : Fig. 4: Visualizations of EEG measures within the gamma range (30-90Hz). Power spectra for individual subjects (A) from back-projected GED components. Three subjects did not yield valid
artifact removal with ICLabel, ocular correction GED components and thus have no power spectrum. Grand average time-frequency representations (B). Grand average power spectrum (C). Shaded areas indicate standard error of the
with OPTICAT mean. Boxplots of gamma power (D) and peak frequency (E) show median, IQR, and participant mean data points. Connected points belong to the same participant.
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filter (30-90 Hz covariances; stimulus vs baseline Outlook: Linking Gamma Oscillations to Oculomotor Activity
(-1.5s t0 -0.25s; dB)), occipital component selection, _ N .
component back—projecti[; n, peakZower (5 Hz) Statistical Model: [Gamma Frequency, Gamma Power] ~ Gaze * Contrast + (1|Subject)

and frequency extraction on multi-ta pe red spectra Fig. 5: Statistical model to be performed with the full data set. Linear mixed effects models with gamma frequency and power as the dependent variables. The contrast condition and the
gaze metric (microsaccades or eye velocity), as well as their interaction, are added as fixed effects. Subjects are included as random effects.

References Conclusion

oo . osllatos g Preliminary results indicate potential co-variations between oculomotor activity and gamma oscillations, with variation observed across contrast

§ conditions. Notably, both microsaccade activity and eye velocity are linked to contrast changes. Furthermore, gamma power and frequency
likewise seem so show differences induced by contrast. These exploratory findings highlight a potential connection between gamma oscillations
and oculomotor control, suggesting directions for future research to better understand the role of eye movements in modulating brain activity.
However, due to insufficient statistical power, no definitive conclusions can yet be drawn regarding the relationship between gamma oscillatory
measures and gaze variability. This study sets the stage for a future registered report with an adequately powered sample size.




