
Encoding of Fixation-Specific Visual Information: No Evidence of Information
Carry-Over between Fixations

Carmen Amme (camme@uni-osnabrueck.de)
Institute of Cognitive Science, Wachsbleiche 27

49090 Osnabrück, Germany

Philip Sulewski (psulewski@uni-osnabrueck.de)
Institute of Cognitive Science, Wachsbleiche 27

49090 Osnabrück, Germany

Malin Braatz (mbraatz@uni-osnabrueck.de)
Institute of Cognitive Science, Wachsbleiche 27

49090 Osnabrück, Germany

Peter König* (pkoenig@uni-osnabrueck.de)
Institute of Cognitive Science, Wachsbleiche 27

49090 Osnabrück, Germany

Tim C Kietzmann* (tkietzma@uni-osnabrueck.de)
Institute of Cognitive Science, Wachsbleiche 27

49090 Osnabrück, Germany

*shared last author



Abstract
Humans make multiple eye movements each second
to sample visual information from different locations in
space. This information is integrated to form a single,
coherent percept. Here, we investigate whether fixation-
specific visual information is encoded in the correspond-
ing neural data, and whether this information is carried
over to the subsequent fixation. We successfully en-
coded fixation-specific neural responses using deep neu-
ral network features extracted from fixation patches, with
encoding performance peaking at around 125 ms after
fixation onset in occipital sensors. Encoding in source
space revealed a peak encoding performance along the
left dorsal visual path at 100 ms. Incorporating model
representations from both the previous and current fixa-
tion patches did not improve encoding performance, sug-
gesting no carry-over of visual information between fixa-
tions. By demonstrating the feasibility of encoding natu-
ralistic stimulus features during active vision in humans,
we open new avenues for investigating how the brain con-
structs coherent percepts despite processing visual in-
formation in discrete, fixation-specific fragments.
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Introduction
To effectively interact with our visual environment, the hu-
man visual system relies on rapid eye movements that sam-
ple different regions of the visual field several times per sec-
ond. Each fixation provides high-resolution input from a spe-
cific location, and this information is integrated to construct
a coherent percept of the overall scene (Irwin, 1991; Cic-
chini, Binda, Burr, & Morrone, 2013). To investigate the dy-
namics of information processing in natural vision, encoding
models provide a powerful framework for linking visual input
to neural responses. Deep neural networks (DNNs), partic-
ularly convolutional neural networks (CNNs), have demon-
strated strong potential as computational models of the visual
system (Yamins et al., 2014; Kriegeskorte, 2015; Kriegeskorte
& Douglas, 2019). Specifically, representations from internal
layers of DNNs have shown substantial predictive power in
accounting for human neural responses to visual stimuli, with
layer-specific DNN activations used to predict neural data and
assess the correspondence between the model and the hu-
man visual system. The encoding framework has been ex-
tensively used to study visual processing in the human brain,
particularly in static visual paradigms where participants fix-
ate on the center of a screen while being presented with vi-
sual stimuli (Seeliger et al., 2018; Yamins et al., 2014; Guclu
& Van Gerven, 2015), with some very recent work also in-
vestigating neural encoding during natural vision (Gözükara,
Ahmad, Seeliger, Oetringer, & Geerligs, 2025).
In this study, we investigate how neural responses during nat-
ural vision are modulated by the currently fixated region of an
image. Furthermore, we examine whether information from

previously fixated locations continues to influence neural pro-
cessing at the current fixation location, testing the results of
a recent study by Xiao, Sharma, Kreiman, and Livingstone
(2024), who found no evidence of a temporal integration of
visual information along the ventral visual stream.

Results

The encoding of fixation-specific targets peaks at 125 ms
after fixation onset in occipital sensors. To investigate
the neural processing of fixation-related visual information, we
collected magnetoencephalography (MEG) and eye tracking
data from 5 participants who visually explored 4,080 natural
scenes subsampled from the Natural Scenes Dataset (NSD;
Fig. 1A) (Allen et al., 2022). We cropped the image around
the fixation location and passed the fixation crops through a
ResNet50 trained on ecoset (He, Zhang, Ren, & Sun, 2015;
Mehrer, Spoerer, Jones, Kriegeskorte, & Kietzmann, 2021)
to obtain activations from 4 different layers. For each mag-
netometer (n = 102) and time point, we predicted the neu-
ral data from network activations. The encoding performance
of occipital magnetometers showed that fixation-specific en-
coding performance peaks at around 125 ms after fixation
onset, with only marginal differences in peak encoding per-
formance for the different network layers (Fig. 1B). The en-
coding performance of the two early layers drops faster, but
stays above baseline (dotted lines), where we randomly shuf-
fled the fixation-wise network activations to create a mismatch
between fixation patch and corresponding neural data.
In source space, the encoding performance peaks along
the left dorsal visual path at 100 ms after fixation onset. To
get a better idea of the topography of encoding performance,
we applied the encoding pipeline to source reconstructed neu-
ral data (n sources = 8,198). The results showed that encod-
ing performance of fixation-specific targets in source space
peaks along the left dorsal stream and posterior regions at
100 ms after fixation onset (Fig. 1C; temporo-parietal-occipital
junction, superior parietal, inferior parietal, posterior cingu-
late).
No evidence of information carry-over between fixations.
To investigate whether visual information from the previously
fixated location continues to influence the neural response of
the currently fixated location, we concatenated the network
activations (conv block 4) of the previously and currently fix-
ated locations. The results showed no improvement in en-
coding performance of the current fixation target (Fig. 1D,
‘previous + current’. When comparing the control condition
of concatenating the current fixation location and a random
fixation from a different scene (‘current + random’), the encod-
ing performance of ‘previous + current’ only improves before
the onset of the current fixation, when the location of the pre-
vious fixation was still fixated (Fig. 1D, arrow 1). The drop
in encoding performance when concatenating ‘previous + cur-
rent’ just before the steep rise suggests that there is a ‘reset’,
rather than a carry-over of information (Fig. 1D, arrow 2). As
a control, we concatenated activation from the current fixation




