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feeds back to visual areas and is thought to be a key mechanism for remapping and stabilizing
perception (Wurtz, 2018). This corollary discharge signal can even precede the motor movement
itself, allowing for predictive remapping in 2D (Sommer & Waurtz, 2006) and 3D (Wexler,
2005). Indeed, in a classic study where the eye muscles were paralyzed and eye movements were
intended but unable to execute, corollary discharge resulted in false perception of a displacement
of the visual scene (Stevens et al., 1976); when the thalamus is lesioned, patients may mis-
attribute perceptual consequences of oculomotor targeting error to external stimulus changes
(Ostendorf et al., 2010). In typical vision, we perceive objects in the world as stationary when
we’re moving our eyes, but an object displacing the analogous amount on our retinas without an
active eye movement would be readily detected. Consistently, an fMRI study showed that scene
representations spanning different views can be integrated across eye movements in scene-
selective cortex, but not in the condition where eyes were stable and the scene was moved to
mimic the retinal changes induced by eye movements (Golomb et al., 2011).

Thus, it seems likely that in our study, the blocks in which participants were actively
making saccades triggered additional neural signals not present during the sustained fixation
blocks, and this could have contributed to greater integration and stability, resulting in more

tolerant representations®. What is equally intriguing, though, is the amount of fixation position

dependence found in the no-saccade blocks, even for spatial dimensions that are not directly

! Note that in the current study we did not actually test whether the location representations
became more stable due to dynamic saccades or dynamic retinal changes. One could imagine a
control condition where the fixation was kept stable and the stimulus jumped between left and
right sides every 2s. However, this condition would likely produce an inconclusive answer,

was partially tolerant to horizontal location during sustained (stable) fixation, so in this case we
would expect to see a tolerant representation in the hypothetical control as well.
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affected by the change in eye position (i.e. vertical and depth information, across different
horizontal fixation positions). The idea of eye position gain fields discussed earlier underlies
another theory of visual stability; that spatiotopic (world-centered) neural representations are
formed implicitly by the combination of current retinotopic position and current eye position
(Melcher & Morrone, 2015; Merriam et al., 2013; Wurtz, 2008), the latter signal coming from
proprioceptive information relaying the position of the eye in the orbit (Bridgeman, 1995). An
interesting interpretation of our current findings is that there may be different stability-related
signals during active vs static perception, such that 3D location is labeled with eye position
information during fixation, but this information is integrated in the context of active eye
movements. This maps nicely onto the idea that visual stability across saccades incorporates two
distinct sources of feedback operating at different timescales: a rapid, predictive corollary
discharge signal (triggered by an active eye movement), and an oculomotor proprioceptive
(static) signal that stabilizes more slowly after a saccade (Sun & Goldberg, 2016).

In addition to active remapping mechanisms, we can also consider some other possible
mechanisms underlying our observation of 3D location representations becoming tolerant in the
context of active, dynamic saccades. These might include factors related to the predictability and
expectation of the saccades sequence and/or repetitive retinal changes, as well as questions about
whether the increased tolerance could be achieved with a single saccade or is built up over the
course of several repeated actions. Follow-up investigation is still needed to further test these
possibilities, but all of these possibilities indicate the important role of an active observer, in
contrast with a passive viewer.

In sum, our findings highlight the important role of active, dynamic saccades on

stabilizing 3D spatial representations in the brain. Even though the horizontal saccades may have
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introduced a challenge for preserving accurate stereopsis through binocular disparity,
information about stimulus position in depth in human visual cortex was not diminished. If
anything, the representations became more robust and tolerant. Given the strong similarity
between the depth and 2D (vertical) patterns, our findings could likely be extended to other depth
cues and spatial dimensions. However, it seems likely that task settings also matter, where based
on task requirements, different processing or different heuristics can be applied. Our study
provides support to a potential mechanism, triggered by active saccades, for spatial location
processing across eye movements, and indicates that we may represent the visual world more
flexibly, based on different situations (e.g., whether sustained fixations or frequent saccades are

expected).

28


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

References

Amit, E., Mehoudar, E., Trope, Y., & Yovel, G. (2012). Do object-category selective regions in the
ventral visual stream represent perceived distance information? Brain and Cognition,
80(2), 201-213. https://doi.org/10.1016/j.bandc.2012.06.006

Andersen, R. A, & Mountcastle, V. B. (1983). The influence of the angle of gaze upon the
excitability of the light-sensitive neurons of the posterior parietal cortex. The Journal of
Neuroscience: The Official Journal of the Society for Neuroscience, 3(3), 532—548.

Arcaro, M. J., McMains, S. A., Singer, B. D., & Kastner, S. (2009). Retinotopic Organization of
Human Ventral Visual Cortex. Journal of Neuroscience, 29(34), 10638—10652.
https://doi.org/10.1523/INEUROSCI.2807-09.2009

Awater, H., & Lappe, M. (2006). Mislocalization of Perceived Saccade Target Position Induced by
Perisaccadic Visual Stimulation. Journal of Neuroscience, 26(1), 12-20.
https://doi.org/10.1523/INEUROSCI.2407-05.2006

Bridgeman, B. (1995). A review of the role of efference copy in sensory and oculomotor control
systems. Annals of Biomedical Engineering, 23(4), 409—-422.
https://doi.org/10.1007/BF02584441

Cohen, Y. E., & Andersen, R. A. (2002). A common reference frame for movement plans in the
posterior parietal cortex. Nature Reviews Neuroscience, 3(7), 553-562.
https://doi.org/10.1038/nrn873

Crespi, S., Biagi, L., d’Avossa, G., Burr, D. C., Tosetti, M., & Morrone, M. C. (2011). Spatiotopic
Coding of BOLD Signal in Human Visual Cortex Depends on Spatial Attention. PLOS ONE,

6(7), e21661. https://doi.org/10.1371/journal.pone.0021661

29


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Cumming, B. G., & Parker, A. J. (1997). Responses of primary visual cortical neurons to binocular
disparity without depth perception. Nature, 389(6648), 280-283.
https://doi.org/10.1038/38487

d’Avossa, G., Tosetti, M., Crespi, S., Biagi, L., Burr, D. C., & Morrone, M. C. (2007). Spatiotopic
selectivity of BOLD responses to visual motion in human area MT. Nature Neuroscience,
10(2), 249-255. https://doi.org/10.1038/nn1824

DiCarlo, J. J., & Maunsell, J. H. R. (2003). Anterior Inferotemporal Neurons of Monkeys Engaged
in Object Recognition Can be Highly Sensitive to Object Retinal Position. Journal of
Neurophysiology, 89(6), 3264-3278. https://doi.org/10.1152/jn.00358.2002

Dowd, E. W., & Golomb, J. D. (2019). The Binding Problem after an eye movement. Attention,
Perception, & Psychophysics. https://doi.org/10.3758/s13414-019-01739-y

Duhamel, J.-R., Colby, C. L., & Goldberg, M. E. (1992). The Updating of the Representation of
Visual Space in Parietal Cortex by Intended Eye Movements. Science, 255(5040), 90.

Engel, S. A,, Rumelhart, D. E., Wandell, B. A., Lee, A. T., Glover, G. H., Chichilnisky, E.-J., &
Shadlen, M. N. (1994). FMRI of human visual cortex. Nature, 369(6481), 525-525.
https://doi.org/10.1038/369525a0

Fairhall, S. L., Schwarzbach, J., Lingnau, A., Van Koningsbruggen, M. G., & Melcher, D. (2017).
Spatiotopic updating across saccades revealed by spatially-specific fMRI adaptation.
Neurolmage, 147, 339—-345. https://doi.org/10.1016/j.neuroimage.2016.11.071

Finlayson, N. J., Zhang, X., & Golomb, J. D. (2017). Differential patterns of 2D location versus
depth decoding along the visual hierarchy. Neurolmage, 147, 507-516.

https://doi.org/10.1016/j.neuroimage.2016.12.039

30


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Gardner, J. L., Merriam, E. P., Movshon, J. A., & Heeger, D. J. (2008). Maps of Visual Space in
Human Occipital Cortex Are Retinotopic, Not Spatiotopic. Journal of Neuroscience,
28(15), 3988—-3999. https://doi.org/10.1523/JNEUROSCI.5476-07.2008

Golomb, J. D. (2019). Remapping locations and features across saccades: A dual-spotlight
theory of attentional updating. Current Opinion in Psychology, 29, 211-218.
https://doi.org/10.1016/j.copsyc.2019.03.018

Golomb, J. D., Albrecht, A. R,, Park, S., & Chun, M. M. (2011). Eye Movements Help Link
Different Views in Scene-Selective Cortex. Cerebral Cortex (New York, NY), 21(9), 2094—
2102. https://doi.org/10.1093/cercor/bhq292

Golomb, J. D., Chun, M. M., & Mazer, J. A. (2008). The Native Coordinate System of Spatial
Attention Is Retinotopic. Journal of Neuroscience, 28(42), 10654—10662.
https://doi.org/10.1523/INEUROSCI.2525-08.2008

Golomb, J. D., & Kanwisher, N. (2012a). Retinotopic memory is more precise than spatiotopic
memory. Proceedings of the National Academy of Sciences, 109(5), 1796—1801.
https://doi.org/10.1073/pnas.1113168109

Golomb, J. D., & Kanwisher, N. (2012b). Higher Level Visual Cortex Represents Retinotopic, Not
Spatiotopic, Object Location. Cerebral Cortex, 22(12), 2794-2810.
https://doi.org/10.1093/cercor/bhr357

Golomb, J. D., L'Heureux, Z. E., & Kanwisher, N. (2014). Feature-Binding Errors After Eye
Movements and Shifts of Attention. Psychological Science, 25(5), 1067-1078.

https://doi.org/10.1177/0956797614522068

31


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Golomb, J. D., Nguyen-Phuc, A. Y., Mazer, J. A., McCarthy, G., & Chun, M. M. (2010). Attentional
Facilitation throughout Human Visual Cortex Lingers in Retinotopic Coordinates after
Eye Movements. Journal of Neuroscience, 30(31), 10493—-10506.
https://doi.org/10.1523/INEUROSCI.1546-10.2010

Haxby, J. V., Gobbini, M. 1., Furey, M. L., Ishai, A., Schouten, J. L., & Pietrini, P. (2001).
Distributed and Overlapping Representations of Faces and Objects in Ventral Temporal
Cortex. Science, 293(5539), 2425-2430. https://doi.org/10.1126/science.1063736

Henderson, M., Vo, V., Chunharas, C., Sprague, T., & Serences, J. (2019). Multivariate Analysis of
BOLD Activation Patterns Recovers Graded Depth Representations in Human Visual and
Parietal Cortex. ENeuro, 6(4). https://doi.org/10.1523/ENEURO.0362-18.2019

Howard, I. P. (2012). Perceiving in depth, Vol. 1: Basic mechanisms. Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780199764143.001.0001

Howard, I. P., & Rogers, B. J. (2012). Perceiving in depth, Vol. 2: Stereoscopic vision. Oxford
University Press. https://doi.org/10.1093/acprof:0s0/9780199764150.001.0001

Irwin, D. E. (1991). Information integration across saccadic eye movements. Cognitive
Psychology, 23(3), 420-456. https://doi.org/10.1016/0010-0285(91)90015-G

Kriegeskorte, N., Goebel, R., & Bandettini, P. (2006). Information-based functional brain
mapping. Proceedings of the National Academy of Sciences of the United States of
America, 103(10), 3863—3868. https://doi.org/10.1073/pnas.0600244103

Lehky, S. R., Peng, X., McAdames, C. J., & Sereno, A. B. (2008). Spatial Modulation of Primate
Inferotemporal Responses by Eye Position. PLOS ONE, 3(10), e3492.

https://doi.org/10.1371/journal.pone.0003492

32


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Lescroart, M. D., Stansbury, D. E., & Gallant, J. L. (2015). Fourier power, subjective distance, and
object categories all provide plausible models of BOLD responses in scene-selective
visual areas. Frontiers in Computational Neuroscience, 9.
https://doi.org/10.3389/fncom.2015.00135

Maunsell, J. H., & Newsome, W. T. (1987). Visual processing in monkey extrastriate cortex.
Annual Review of Neuroscience, 10, 363-401.
https://doi.org/10.1146/annurev.ne.10.030187.002051

Melcher, D. (2011). Visual stability. Philosophical Transactions of the Royal Society B: Biological
Sciences, 366(1564), 468—475. https://doi.org/10.1098/rstb.2010.0277

Melcher, D., & Morrone, M. C. (2015). Nonretinotopic visual processing in the brain. Visual
Neuroscience, 32. https://doi.org/10.1017/5095252381500019X

Merriam, E. P., Gardner, J. L., Movshon, J. A., & Heeger, D. J. (2013). Modulation of Visual
Responses by Gaze Direction in Human Visual Cortex. Journal of Neuroscience, 33(24),
9879-9889. https://doi.org/10.1523/JINEUROSCI.0500-12.2013

Nag, S., Berman, D., & Golomb, J. D. (2019). Category-selective areas in human visual cortex
exhibit preferences for stimulus depth. Neurolmage, 196, 289-301.
https://doi.org/10.1016/j.neuroimage.2019.04.025

Neri, P., Bridge, H., & Heeger, D. J. (2004). Stereoscopic Processing of Absolute and Relative
Disparity in Human Visual Cortex. Journal of Neurophysiology, 92(3), 1880-1891.

https://doi.org/10.1152/jn.01042.2003

33


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Ostendorf, F., Liebermann, D., & Ploner, C. J. (2010). Human thalamus contributes to perceptual
stability across eye movements. Proceedings of the National Academy of Sciences,
107(3), 1229-1234. https://doi.org/10.1073/pnas.0910742107

Persichetti, A. S., & Dilks, D. D. (2016). Perceived egocentric distance sensitivity and invariance
across scene-selective cortex. Cortex, 77, 155-163.
https://doi.org/10.1016/j.cortex.2016.02.006

Preston, T. J., Li, S., Kourtzi, Z., & Welchman, A. E. (2008). Multivoxel Pattern Selectivity for
Perceptually Relevant Binocular Disparities in the Human Brain. Journal of Neuroscience,
28(44), 11315-11327. https://doi.org/10.1523/INEUROSCI.2728-08.2008

Prime, S. L., Vesia, M., & Crawford, J. D. (2011). Cortical mechanisms for trans-saccadic memory
and integration of multiple object features. Philosophical Transactions of the Royal
Society B: Biological Sciences, 366(1564), 540-553.
https://doi.org/10.1098/rstb.2010.0184

Rolfs, M., Jonikaitis, D., Deubel, H., & Cavanagh, P. (2011). Predictive remapping of attention
across eye movements. Nature Neuroscience, 14(2), 252—-256.
https://doi.org/10.1038/nn.2711

Rosenbluth, D., & Allman, J. M. (2002). The Effect of Gaze Angle and Fixation Distance on the
Responses of Neurons in V1, V2, and V4. Neuron, 33(1), 143—-149.
https://doi.org/10.1016/50896-6273(01)00559-1

Ross, J., Morrone, M. C., & Burr, D. C. (1997). Compression of visual space before saccades.

Nature, 386(6625), 598—601. https://doi.org/10.1038/386598a0

34


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Ross, J., Morrone, M. C., Goldberg, M. E., & Burr, D. C. (2001). Changes in visual perception at
the time of saccades. Trends in Neurosciences, 24(2), 113-121.
https://doi.org/10.1016/5S0166-2236(00)01685-4

Saygin, A. P., & Sereno, M. |. (2008). Retinotopy and Attention in Human Occipital, Temporal,
Parietal, and Frontal Cortex. Cerebral Cortex, 18(9), 2158-2168.
https://doi.org/10.1093/cercor/bhm242

Schneider, W., Noll, D. C., & Cohen, J. D. (1993). Functional topographic mapping of the cortical
ribbon in human vision with conventional MRI scanners. Nature, 365(6442), 150-153.
https://doi.org/10.1038/365150a0

Sereno, M. |, Dale, A. M., Reppas, J. B., Kwong, K. K., & al, et. (1995). Borders of multiple visual
areas in humans revealed by functional magnetic resonance imaging. Science,
268(5212), 889.

Silver, M. A., & Kastner, S. (2009). Topographic maps in human frontal and parietal cortex.
Trends in Cognitive Sciences, 13(11), 488—495.
https://doi.org/10.1016/].tics.2009.08.005

Sommer, M. A., & Wurtz, R. H. (2006). Influence of the thalamus on spatial visual processing in
frontal cortex. Nature, 444(7117), 374-377. https://doi.org/10.1038/nature05279

Stevens, J. K., Emerson, R. C., Gerstein, G. L., Kallos, T., Neufeld, G. R., Nichols, C. W., &
Rosenquist, A. C. (1976). Paralysis of the awake human: Visual perceptions. Vision
Research, 16(1), 93-IN9. https://doi.org/10.1016/0042-6989(76)90082-1

Strappini, F., Pitzalis, S., Snyder, A. Z., McAvoy, M. P., Sereno, M. I., Corbetta, M., & Shulman, G.

L. (2015). Eye position modulates retinotopic responses in early visual areas: A bias for

35


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

the straight-ahead direction. Brain Structure and Function, 220(5), 2587-2601.
https://doi.org/10.1007/s00429-014-0808-7

Sun, L. D., & Goldberg, M. E. (2016). Corollary Discharge and Oculomotor Proprioception:
Cortical Mechanisms for Spatially Accurate Vision. Annual Review of Vision Science, 2(1),
61-84. https://doi.org/10.1146/annurev-vision-082114-035407

Talairach, J., & Tournoux, P. (1988). Co-planar stereotaxic atlas of the human brain. 3-
Dimensional proportional system: An approach to cerebral imaging. Thieme.

Teichert, T., Klingenhoefer, S., Wachtler, T., & Bremmer, F. (2008). Depth perception during
saccades. Journal of Vision, 8(14), 27-27. https://doi.org/10.1167/8.14.27

Trotter, Y., & Celebrini, S. (1999). Gaze direction controls response gain in primary visual-cortex
neurons. Nature, 398(6724), 239-242. https://doi.org/10.1038/18444

Van Pelt, S., & Medendorp, W. P. (2008). Updating Target Distance Across Eye Movements in
Depth. Journal of Neurophysiology, 99(5), 2281-2290.
https://doi.org/10.1152/jn.01281.2007

Wexler, M. (2005). Anticipating the three-dimensional consequences of eye movements.
Proceedings of the National Academy of Sciences, 102(4), 1246—1251.
https://doi.org/10.1073/pnas.0409241102

Wexler, M., & van Boxtel, J. J. A. (2005). Depth perception by the active observer. Trends in
Cognitive Sciences, 9(9), 431-438. https://doi.org/10.1016/j.tics.2005.06.018

Witt, J. K. (2011). Action’s Effect on Perception. Current Directions in Psychological Science,

20(3), 201-206. https://doi.org/10.1177/0963721411408770

36


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Wurtz, R. H. (2008). Neuronal mechanisms of visual stability. Vision Research, 48(20), 2070-
2089. https://doi.org/10.1016/j.visres.2008.03.021

Wourtz, R. H. (2018). Corollary Discharge Contributions to Perceptual Continuity Across
Saccades. Annual Review of Vision Science, 4(1), 215-237.
https://doi.org/10.1146/annurev-vision-102016-061207

Zhang, X., & Golomb, J. D. (2018). Target localization after saccades and at fixation: Nontargets
both facilitate and bias responses. Visual Cognition, 26(9), 734-752.
https://doi.org/10.1080/13506285.2018.1553810

Zimmermann, E., Weidner, R., Abdollahi, R. O., & Fink, G. R. (2016). Spatiotopic Adaptation in
Visual Areas. Journal of Neuroscience, 36(37), 9526—9534.
https://doi.org/10.1523/INEUROSCI.0052-16.2016

Zopf, R., Butko, M., Woolgar, A., Williams, M. A., & Rich, A. N. (2018). Representing the location
of manipulable objects in shape-selective occipitotemporal cortex: Beyond retinotopic

reference frames? Cortex, 106, 132-150. https://doi.org/10.1016/j.cortex.2018.05.009

37


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

No-saccade blocks

D@u

Saccade blocks

Figure 1 Experiment paradigm. Each block lasted 16s, with 2s inter-block interval. In each block,
a dynamic RDS patch stimulated one of four locations, defined by its vertical location (above or
below the screen center) and its depth location (in front of or behind the screen depth plane). In
half of the blocks, participants kept fixated at the fixation dot at either left or right of the screen
center throughout the block; in the other half, participants made repetitive saccades between the
left and right, following the alternating fixation dot (as shown in the schematics in the upper

right).
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Figure 2 Hypothetical correlation matrices for MVPA. (A) Correlation matrices for calculating

overall Y (top panel) and Z (bottom panel) location information, using data from all blocks.

Information is calculated by subtracting between-category correlation coefficients (white cells)

from within-category coefficients (colored cells). (B) For the subsequent breakdowns, Y and Z

information are calculated in the same way (within-category minus between category), but only
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from subsets of the cells in the correlation matrix. Each quadrant is numbered to link to the

corresponding analyses, as indicated in the left bottom panel.
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Figure 3 Y and Z location information averaged for the four grouped ROIs. (A) Information
calculated with data from all blocks, using the correlation matrices in Figure 2 Matrix 1. (B)

Information calculated with data from no-saccade blocks (left) and saccade blocks (right)
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separately, using the correlation matrices in Figure 2 Matrix 2 and Matrix 3 respectively. (C)
Information calculated with correlations between no-saccade and saccade blocks, using the

correlation matrices in Figure 2 Matrix 4.
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Figure 4 Tolerance/dependence analysis: Vertical (Y) and depth (Z) location information
calculated separately for same vs different fixation position (no-saccade blocks) and saccade
direction (saccade blocks). (A) No-saccade blocks. Y and Z location information calculated from
MVPA between blocks with the same fixation position (left panel, using the matrix in Figure 2
Matrix 2a), and different fixation position (right panel, using the matrix in Figure 2 Matrix 2b).
Y and Z location information is dependent on fixation position in no-saccade blocks. (B)
Saccade blocks. Y and Z location information calculated from MVPA between sacade blocks

with the same saccade directions (left panel, using the matrix in Figure 2 Matrix 3a), and

41


https://doi.org/10.1101/2020.07.05.188458
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.05.188458; this version posted July 6, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

different saccade directions (right panel, using the matrix in Figure 2 Matrix 3b). Y and Z

location information is tolerant of fixation differences in saccade blocks.
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Figure 5 MVPA time course for vertical (YY) location information for each ROI group in the
visual hierarchy (Z information timecourses shown in Supplemental Materials). Similar to Figure
5, in most regions location information is dependent on fixation position in no-saccade blocks

but tolerant of fixation changes in saccade blocks, even when analyzing timepoint by timepoint.
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