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Abstract. Biases exist in many perceptual and cognitive functions. Since visual attention plays 
an important role in a wide range of perceptual and cognitive processes, any bias in the spatial 
distribution of attention is likely to be a significant source of perceptual and cognitive asymmetries. 
An attentional visual field task (AVF) requiring localization of a target among distractors was used to 
assess possible asymmetries in attentional processing in the vertical meridian. The results showed a 
bias favoring the upper visual field, suggesting a potentially important role of attention in perceptual 
and cognitive asymmetries.
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Differences between the upper and lower visual fields in the performance of perceptual and cognitive 
tasks have been demonstrated in a wide variety of experimental contexts. Compared with the lower 
visual field, performance in the upper visual field is superior in visual search (Previc, 1990), categori-
cal judgment (Niebauer & Christman, 1998), and word discrimination (Goldstein & Babkoff, 2001). 
In contrast, the lower visual field is associated with superior visual acuity and contrast sensitivity 
(Skrandies, 1987), spatial resolution (Rezec & Dohkin, 2004), orientation discrimination (Carrasco, 
Talgar, & Cameron, 2001), color (Gordon, Shapley, Patel, Pastagia, & Truong, 1997), and motion 
perception (Levine & McAnany, 2005).

It is possible that spatial attentional biases may cause or contribute to perceptual and cognitive 
biases; information from different areas of the visual field may be assigned different priorities for 
processing by attention (Rhodes & Robertson, 2002). One measure of spatial attentional processing 
is the attentional visual field. The attentional visual field is the area from which information can be 
extracted at a glance without eye movements (Hassan et al., 2008). Localizing a target among dis-
tractors demands attentional processing to discriminate the target from the distractors. It has been 
shown that the spatial distribution of attention has a significant impact on visual search efficiency 
(Chan & So, 2007) and is highly correlated with performance on a variety of daily activities such as 
walking (Broman et al., 2004) and driving (Clay et al., 2005). Understanding attentional bias across 
the extended visual field is not only of theoretical importance, but it also has great practical value. 
However, such possible bias has received little attention.

In this study we investigated vertical asymmetries in the ability to localize a target among distrac-
tors between the upper and the lower visual fields. An attentional visual field (AVF) task (Figure 1) 
was used to measure the spatial distribution of attention across an extended visual field within one 
fixation. In the AVF task, the ability to detect and localize the target among distractors relies on atten-
tion to perform the discrimination between the target and distractors. With a stimulus exposure of 
80 ms, or shorter (and immediately followed by a mask), participants are neither able to execute an 
attentional shift (requiring about 120 ms, Johnson & Proctor, 2004) nor an eye movement (requiring 
about 200 ms, Johnson & Proctor, 2004).

Thirty undergraduates from the University of Toronto (17 men, 13 women, age range 17–26 years) 
completed 720 trials of the AVF task on a computer with a headrest to fix the viewing distance through-
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out the experiment. Accuracy fell with increasing eccentricity, F(2, 1044) 5 86.71, p  .001, η2 5 .17, 
and shorter exposures, F(5, 1044) 5 79.48, p  .001, η2 5 .38. Accuracy was higher in the upper half 
of the visual field (upper: 72%, lower: 65%; Figure 1b), F(1, 1044) 5 33.91, p  .001, η2 5 .03.

To rule out the possibility that the upper visual field advantage in the AVF task was due to per-
ceptual differences, we conducted a second experiment including both a distractor-present condition 
(the same as in our first experiment) and a distractor-absent (target-only) condition. Ten undergradu-
ates from North Carolina State University (3 men, 7 women, age range 17–24 years) completed 144 
distractor-present trials and 144 distractor-absent trials of the AVF task with a stimulus exposure of 
30 ms to allow a full range of performance (accuracy) across a variety of conditions. A longer (or 
shorter) exposure would have resulted in some performances at ceiling (or floor). There was a signifi-
cant upper field advantage in the distractor-present condition (upper: 70%, lower: 59%; Figure 1c), 
F(1, 54) 5 4.06, p 5 .049, η2 5 .05; but no difference between the visual fields in the distractor-absent 
condition (upper: 91%, lower: 90%; Figure 1c), F(1, 54) 5 .13, p 5 .720, η2 5 .002.

Our results suggest a bias toward the upper visual field in early attentional processing as meas-
ured by an AVF task. The upward attentional bias is likely also reflected in the upper field advantage 
observed in other tasks such as searching for a target among distractors (Previc, 1996). Attention 
plays a critical role throughout the entire spectrum of information processing that is carried out by 
the human brain (for a review, see Chun, Golomb, & Turk-Browne, 2011). It modifies fundamental 
perceptual functions such as contrast sensitivity (Pestilli and Carrasco, 2004) and motion perception 
(Cavanagh, 1992), and serves as a building block for higher-level functions like working memory 
(Feng, Pratt, & Spence, 2012), spatial cognition (Feng, Spence, & Pratt, 2007), and language com-

Figure 1. (a) A sample trial of the attentional visual field (AVF) task in the distractor-present condition. 
(b) Accuracy in Experiment 1 (distractors present). (c) Accuracy in Experiment 2 (distractor-present and distractor-
absent trials). The error bars represent ±1 standard error.
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prehension (Goelman, 1992). Therefore, bias in spatial attentional processing is likely to contribute 
to bias in the performance of perceptual and cognitive tasks that depend on spatial attentional input.

Acknowledgments. The research was supported by a Discovery Grant from the Natural Sciences and Engineering 
Research Council of Canada (NSERC) to IS and a Scholarship and Research Award from North Carolina State 
University, College of Humanities and Social Sciences to JF. The first experiment reported in this paper formed 
part of Jing Feng’s doctoral thesis in the Department of Psychology, University of Toronto. 

References
Broman, A. T., West, S. K., Muňoz, B., Bandeen-Roche, K., Rubin, G. S., & Turano, K. A. (2004). Divided 

visual attention as a predictor of bumping while walking: The Salisbury eye evaluation. Investigative 
Ophthalmology and Visual Science, 45, 2955–2960. doi:10.1167/iovs.04-0219 

Carrasco, M., Talgar, C. P., & Cameron, E. L. (2001). Characterizing visual performance fields: Effects of 
transient covert attention, spatial frequency, eccentricity, task and set size. Spatial Vision, 15, 61–75. 
doi:10.1163/15685680152692015 

Cavanagh, P. (1992). Attention-based motion perception. Science, 257, 1563–1565. doi:10.1126/
science.1523411 

Chan, A. H. S., & So, D. K. T. (2007). Shape characteristics of useful field of view and visual search time. Le 
travail humain, 70, 343–367. doi:10.3917/th.704.0343 

Chun, M. M., Golomb, J. D., & Turk-Browne, N. B. (2011). A taxonomy of external and internal attention. 
Annual Review of Psychology, 62, 73–101. doi:10.1146/annurev.psych.093008.100427 

Clay, O. J., Wadley, V. G., Edwards, J. D., Roth, D. L., Roenker, D. L., & Bail, K. K. (2005). Cumulative 
meta-analysis of the relationship between useful field of view and driving performance in older 
adults: Current and future implications. Optometry Vision Science, 82, 724–731. doi:10.1097/01.
opx.0000175009.08626.65 

Feng, J., Pratt, J., & Spence, I. (2012). Attention and visuospatial working memory share the same processing 
resources. Frontiers in Psychology, 3:103. doi:10.3389/fpsyg.2012.00103 

Feng, J., Spence, I., and Pratt, J. (2007). Playing an action video game reduces gender differences in spatial 
cognition. Psychological Science, 18, 850–855. doi:10.1111/j.1467-9280.2007.01990.x 

Goelman, H. (1992). Selective attention in language comprehension: Children’s processing of expository and 
narrative discourse. Discourse Processes, 5, 53–72. doi:10.1080/01638538209544531 

Goldstein, A., & Babkoff, H. (2001). A comparison of upper vs. lower and right vs. left visual fields using 
lexical decision. Quarterly Journal of Experimental Psychology, Section A—Human Experimental 
Psychology, 54, 1239–1259. doi:10.1080/713756008 

Gordon, J., Shapley, R., Patel, P., Pastagia, J., & Truong, C. (1997). The lower visual field is better than the 
upper visual field at red/green recognition. Investigative Ophthalmology and Visual Science, 38, S989. 

Hassan, S.E., Turano, K. A., Muñoz, B., Munro, C., Roche, K. B., & West, S. K. (2008). Cognitive and vision 
loss affects the topography of the attentional visual field. Investigative Ophthalmology and Visual 
Science, 49, 4672–4678. doi:10.1167/iovs.07-1112 

Johnson, A., & Proctor, R. W. (2004). Attention: Theory and Practice. Thousand Oaks, CA: Sage. 
doi:10.4135/9781483328768 

Levine, M. W., & McAnany, J. J. (2005). The relative capabilities of the upper and lower visual hemifields. 
Vision Research, 45, 2820–2830. doi:10.1016/j.visres.2005.04.001 

Niebauer, C. L., & Christman, S. D. (1998). Upper and lower visual field differences in categorical and 
coordinate judgments. Psychonomic Bulletin and Review, 5, 147–151. doi:10.3758/BF03209471 

Pestilli F., & Carrasco, M. (2004). Attention enhances contrast sensitivity at cued and impairs it at uncued 
locations. Vision Research, 45, 1867–1875. doi:10.1016/j.visres.2005.01.019 

Previc, F. H. (1990). Functional specialization in the lower and upper visual fields in humans: Its ecological 
origins and neurophysiological implications. Behavioral and Brain Sciences, 13, 519–575. doi:10.1017/
S0140525X00080018 

Previc, F. H. (1996). Attentional and oculomotor influences on visual field anisotropies in visual search 
performance. Visual Cognition, 3(3), 277–301. doi:10.1080/713756738 

Rezec, A., & Dohkin, K. R. (2004). Attentional weighting: A possible account of visual field asymmetries in 
visual search? Spatial Vision, 17, 269–293. doi:10.1163/1568568041920203 

Rhodes, D. L., & Robertson, L. C. (2002). Visual field asymmetries and allocation of attention in visual scenes. 
Brain and Cognition. 50, 95–115. doi:10.1016/S0278-2626(02)00014-3 

Skrandies, W. (1987). “The upper and lower visual field of man: Electrophysiological and functional 
differences.” In D. Ottoson (ed.), Progress in sensory physiology (pp. 1–93). Berlin: Springer. 

http://dx.doi.org/doi:10.1167/iovs.04-0219
http://dx.doi.org/doi:10.1163/15685680152692015
http://dx.doi.org/doi:10.1126/science.1523411
http://dx.doi.org/doi:10.1126/science.1523411
http://dx.doi.org/doi:10.3917/th.704.0343
http://dx.doi.org/doi:10.1146/annurev.psych.093008.100427
http://dx.doi.org/doi:10.1097/01.opx.0000175009.08626.65
http://dx.doi.org/doi:10.1097/01.opx.0000175009.08626.65
http://dx.doi.org/doi:10.3389/fpsyg.2012.00103
http://dx.doi.org/doi:10.1111/j.1467-9280.2007.01990.x
http://dx.doi.org/doi:10.1080/01638538209544531
http://dx.doi.org/doi:10.1080/713756008
http://dx.doi.org/doi:10.1167/iovs.07-1112
http://dx.doi.org/doi:10.4135/9781483328768
http://dx.doi.org/doi:10.1016/j.visres.2005.04.001
http://dx.doi.org/doi:10.3758/BF03209471
http://dx.doi.org/doi:10.1016/j.visres.2005.01.019
http://dx.doi.org/doi:10.1017/S0140525X00080018
http://dx.doi.org/doi:10.1017/S0140525X00080018
http://dx.doi.org/doi:10.1080/713756738
http://dx.doi.org/doi:10.1163/1568568041920203
http://dx.doi.org/doi:10.1016/S0278-2626(02)00014-3


Copyright 2014 J Feng, I Spence
Published under a Creative Commons Licence                                                                                a Pion publication

100 Feng J, Spence I

Jing Feng is an Assistant Professor in the Human Factors and Applied 
Cognition Program at the Department of Psychology, North Carolina State 
University. She studies human attention and cognition, with applications of 
cognitive principles to human factors.

Ian Spence is Professor Emeritus in the Department of Psychology 
at the University of Toronto. His research interests are in engineering 
psychology, perception, attention, cognition, and quantitative methods.


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21

	Button 222: 
	Button 223: 
	Button 224: 
	Button 225: 
	Button 226: 
	Button 227: 
	Button 228: 
	Button 229: 
	Button 230: 
	Button 231: 
	Button 232: 
	Button 233: 
	Button 234: 
	Button 235: 
	Button 236: 
	Button 237: 
	Button 238: 
	Button 239: 
	Button 240: 
	Button 241: 
	Button 242: 


