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A Commentary on
 Visual attention is not deployed at the endpoint of averaging saccades

by Wollenberg, L., Deubel, H., and Szinte, M. (2018). PLoS Biol. 16:e2006548. doi: 10.1371/journal.pbio.2006548



When awake, we constantly interact with our visual surroundings. To guide us, our behavior is selective: Rather than processing all objects to the same extent, we prioritize objects of interest. Primarily, this is achieved by overt attentional shifts: We sequentially focus the fovea on objects of interest by moving our eyes. However, locations can also be prioritized by shifting attention covertly, without physical movement. The premotor theory of attention hypothesizes that both these attentional shifts are driven by our oculomotor system (Rizzolatti et al., 1987, 1994). Specifically, a covert attentional shift is suggested to be a direct result of the preparation of an overt eye movement. The hallmark theory finds bases in early physiological studies which observed that visually-responsive neurons in the superior colliculus react more vigorously toward spots of light when they are the destination of an upcoming saccade (Wurtz and Mohler, 1976) and demonstrations that saccades are consistently preceded by a covert attentional shift (Kowler et al., 1995; Deubel and Schneider, 1996).

In a recent publication in PLoS Biology, Wollenberg et al. (2018) show that the attentional locus can be dissociated from the saccade endpoint, arguing that this finding conflicts with the premotor theory of attention. Interestingly, earlier we observed the same finding in our paper in Journal of Vision (Van der Stigchel and de Vries, 2015), but found it consistent with the premotor theory. Both studies employ a highly similar global effect paradigm, where placing targets in close proximity results in saccade endpoints deviating from the intended targets toward the intermediate location. Both studies find that for accurate, as well as averaging saccades, attention is focused on the target locations and not on the intermediate location. Thus, in case of averaged saccades the saccade endpoint is not the locus of attention.

In distinguishing their observations from our findings, Wollenberg and colleagues refute our study incorrectly. Our findings are discarded stating they “most likely reflect a masking effect” of the probe at the intermediate location, disregarding our work to control for this confound. To ensure masking strength was similar at all locations, extensive piloting led to a design where probes used to determine the attentional locus were each embedded in a placeholder ring. Also, the contrast of the rings alternated between positive and negative to minimize the influence of salience. Importantly, in our manuscript, threshold measurements showed that the intermediate location was actually associated with the lowest threshold. This means that, if anything, sensitivity for the probe at the intermediate location was facilitated rather than impaired.

Moreover, Wollenberg and colleagues state that we found no influence of the saccade endpoint on the allocation of attention, showing no presaccadic shift of attention. While indeed we do not report a direct comparison on this matter, we did note that “only in the target probe condition did we see facilitation toward the target.” However, in contrast to the direct comparisons executed by Wollenberg and colleagues, our repeated measures combined a number of probe conditions. Isolating performance at the location of the target (divided over three bins to more closely resemble Wollenberg's design) a post-hoc test does show improved performance for saccades landing closer to the target (repeated-measure ANOVA: p = 0.017).

These corrections aside, most importantly, we believe Wollenberg and colleagues have misinterpreted the premotor theory. The finding that visual attention is not directly coupled to the saccade endpoint does not refute the premotor theory. The theory does not predict a direct coupling between attentional selection and saccade endpoint, but a coupling between attention and oculomotor programs (“Attention is simply deployed to a given point in accordance to the parameters of the motor program,” Rizzolatti et al., 1987). Many studies observed that visual attention and saccadic endpoints can be dissociated (Deubel and Schneider, 1996; Doré-Mazars et al., 2004). However, because the saccade endpoint does not necessarily reflect the outcome of a single oculomotor program, a dissociation between endpoint and attentional locus does not invalidate the premotor theory.

To refute the pre-motor theory, it would have to be demonstrated that attention is dissociated from the saccade endpoint, while the latter aligns with an oculomotor program. It is difficult to argue that this requirement is satisfied using the global effect. For good reason the phenomenon is often referred to as saccade averaging: It is thought to be a motor phenomenon where competing oculomotor programs result in an averaged saccade (Van der Stigchel and Nijboer, 2011; Bhutani et al., 2012). Various models of saccade generation include competitive interactions between neurons coding for possible target locations on a common motor map (Trappenberg et al., 2001; Meeter et al., 2010). Here saccade targets are represented by individual peaks of activity. The endpoint is determined by the weighted average of this activity at the moment the eye movement is initiated.

The motor map in which this competition is resolved is often thought to be located in the retinotopically-organized motor layers of the superior colliculus (SC) (Sparks and Hartwich-Young, 1989; Schall, 1991). Neurophysiological recordings in the deep layers of the SC have shown that the highest neural activity is positioned at the sites of the two visual stimuli in trials in which the global effect was observed (Edelman and Keller, 1998). Wollenberg and colleagues suggest that their findings may resemble saccades in a report that did find greater activity between the targets (Glimcher and Sparks, 1993). However, as has been argued previously, the mere 5% averaging saccades in this study may not reflect typical averaging saccades (Edelman and Keller, 1998). The observation that attentional allocation was strongest at the possible saccade targets is therefore in line with the evidence that the highest neural activity in the SC remains at the sites of the two visual targets during averaging saccades and does not conflict with the pre-motor theory which states: “Spatial selective attention is a consequence of an activation of neurons located in the spatial pragmatic maps” (Rizzolatti et al., 1994).

Taken together, we argue that Wollenberg's findings are insufficient to invalidate the premotor theory of attention. Whereas, the saccadic endpoint is determined by the average of the active oculomotor programs, the attentional shifts may follow the locations of the active oculomotor programs. For a revision of the premotor theory a simple dissociation of saccade endpoint and attentional locus is insufficient; one also has to demonstrate that the endpoint and the oculomotor program coincide.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.

FUNDING

This research was funded by an ORA Grant 464-15-112 from the Netherlands Organization for Scientific Research to SV.

REFERENCES

 Bhutani, N., Ray, S., and Murthy, A. (2012). Is saccade averaging determined by visual processing or movement planning? J. Neurophysiol. 108, 3161–3171. doi: 10.1152/jn.00344.2012

 Deubel, H., and Schneider, W. X. (1996). Saccade target selection and object recognition: evidence for a common attentional mechanism. Vis. Res. 36, 1827–1837. doi: 10.1016/0042-6989(95)00294-4

 Doré-Mazars, K., Pouget, P., and Beauvillain, C. (2004). Attentional selection during preparation of eye movements. Psychol. Res. 69, 67–76. doi: 10.1007/s00426-003-0166-1

 Edelman, J. A., and Keller, E. L. (1998). Dependence on target configuration of express saccade-related activity in the primate superior colliculus. J. Neurophysiol. 80, 1407–1426. doi: 10.1152/jn.1998.80.3.1407

 Glimcher, P. W., and Sparks, D. L. (1993). Representation of averaging saccades in the superior colliculus of the monkey. Exp Brain Res. 429–435. doi: 10.1007/BF00227135

 Kowler, E., Anderson, E., Dosher, B., and Blaser, E. (1995). The role of attention in the programming of saccades. Vis. Res. 35, 1897–1916. doi: 10.1016/0042-6989(94)00279-U

 Meeter, M., Van der Stigchel, S., and Theeuwes, J. (2010). A competitive integration model of exogenous and endogenous eye movements. Biol. Cybernet. 102, 271–291. doi: 10.1007/s00422-010-0365-y

 Rizzolatti, G., Riggio, L., Dascola, I., and Umilta, C. (1987). Reorienting attention across the horizontal and vertical meridians: evidence in favor of a premotor theory of attention. Neuropsychologia 25, 31–40. doi: 10.1016/0028-3932(87)90041-8

 Rizzolatti, G., Riggio, L., and Sheliga, B. M. (1994). “Space and selective attention,” in Attention and Performance XIV, eds C. Umilta and M. Moscovitch (Cambridge, MA: MIT Press), 231–265.

 Schall, J. D. (1991). “Neuronal basis of saccadic eye movements,” in Vision and Visual Dysfunction Volume 4: The Neural Basis of Visual Function, ed A. G. Leventhal (London: Macmillan Press), 388–442.

 Sparks, D. L., and Hartwich-Young, R. (1989). “The deeper layers of the superior colliculus,” in The Neurobiology of Saccadic Eye Movements, eds R. H. Wurtz and M. E. Goldberg (Amsterdam: Elsevier Science Publishers), 213–255.

 Trappenberg, T. P., Dorris, M. C., Munoz, D. P., and Klein, R. M. (2001). A model of saccade initiation based on the competitive integration of exogenous and endogenous signals in the superior colliculus. J. Cogn. Neurosci. 13, 256–271. doi: 10.1162/089892901564306

 Van der Stigchel, S., and de Vries, J. P. (2015). There is no attentional global effect: attentional shifts are independent of the saccade endpoint. J. Vis. 15, 1–12. doi: 10.1167/15.15.17

 Van der Stigchel, S., and Nijboer, T. C. W. (2011). The global effect: what determines where the eyes land? J. Eye Mov. Res. 4, 1–13. doi: 10.16910/jemr.4.2.3

 Wollenberg, L., Deubel, H., and Szinte, M. (2018). Visual attention is not deployed at the endpoint of averaging saccades. PLoS Biol. 16:e2006548. doi: 10.1371/journal.pbio.2006548

 Wurtz, R. H., and Mohler, C. W. (1976). Enhancement of visual responses in monkey striate cortex and frontal eye fields. J. Neurophysiol. 39, 766–772. doi: 10.1152/jn.1976.39.4.766

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Van der Stigchel and de Vries. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cover.jpg
, frontiers
in Psychology

Commentary: Visual attention is not
deployed at the endpoint of
averaging saccades









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychology





