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The Influence of Sensory Interference Arising from View-Height Differences on
Visual Short-Term Memory Performance
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Abstract

Lowering observers’ view-height may increase the amount of occlusion across objects in a visual scene and prevent
the accurate identification of the objects in the scene. Based on this possibility, memory stimuli in relation to their
expected views from different heights were displayed in this study. Thereafter, visual short-term memory (VSTM)
performance for the stimuli was measured. In Experiment 1, the memory stimuli were presented on a grid-background
drawn according to linear perspectives, which varied across observers’ three different view-heights (high, middle, and
low). This allowed the participants to remember both the color and position of each memory stimulus. The results revealed
that testing participants’ VSTM performance for the stimuli under a different memory load of two set-sizes (3 vs. 6)
demonstrated an evident drop of performance in the lowest view-height condition. In Experiment 2, the performance for
six stimuli with or without the grid-background was tested. A similar pattern of performance drop in the lowest condition
as in Experiment 1 was found. These results indicated that different view-heights of an observer can change the amount
of occlusion across objects in the visual field, and the sensory interference driven by the occlusion may further influence

VSTM performance for those objects.
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Fig. 1. Various pictorial depth cues found in the photographs
of the same objects taken from two different view-heights:
High (A) vs. Low (B). The parallel lines on the surface texture
of the mat tend to converge toward a single location
(vanishing point), but the angles of the converging lines vary
depending on the view-heights (i.e., linear perspective).
Specifically, their slants increase if the view-height is elevated
while decrease if lowered. The lines also tend to be pact and
shrunk into an area of a smaller size if the height becomes
lower, changing the textile pattern on the surface of the mat
(i.e., texture gradient). The positions of the objects with
respect to the position of a gaze vary depending on the
view-heights: the more elevated the heights are, the lower
become their positions in the scene (i.e., relative heights).
The objects far from the observer are more likely to hide
behind those close to the observer (i.e., occlusion) if the
view-heights are lowered down. Lastly, close objects occupy
a greater portion of the visual field while far ones occupy less.
(i.e., relative size).
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Fig. 2. The stimuli and procedure of Experiments. Example
stimulus array in each of High, Middle, and Low view-height
conditions (A). Procedure of the change detection task in High
condition of Experiment 1 (B). In ‘change-present’ trials, the
change was manipulated to occur for the test array constructed
by replacing both the color and orientation of an item with new
ones in the memory array. In ‘change-absent’ frials, the
memory and test arrays were identical. The stimuli and
procedure of Experiment 2 were exactly the same as those
used in Experiment 1 except that first, the displayed number
of items was fixed to 6 items, and second, the
background-grids were displayed or removed for with- or
without-background condition.
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Fig. 3. Results of mean change detection error rates (bars)
and RTs (lines) in Experiment 1. Note the change detection
accuracies were converted to error rates (e.g., 100% - mean
accuracy) for the ease of comparison against RT results. The
error bars represent standard error of the means.
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Table 1. Results of mean change detection error rates (%) in
Experiment 1. () indicates standard deviation

Table 2. Results of mean RTs (ms) in Experiment 1. ( )
indicates standard deviation

View-Height View-Height
Setsize Mean Setsize Mean
High Middle Low High Middle Low
3 6.71 6.87 7.79 7.12 3 558.59 554.14 566.42 559.72
(6.89) (7.76) (6.94) (7.09) (96.49) (103.62) (97.43) (97.47)
6 9.80 9.41 15.20 11.47 6 600.74 593.61 602.28 598.87
(6.68) (6.95) (7.01) (7.25) 93.90) | (89.34) | (100.50) | (92.96)
Mean 8.26 8.14 11.5 9.30 Mean 579.67 573.87 584.35 579.30
6.87) (7.32) (7.83) (7.46) (96.23) | (97.43) | (99.23) | (96.82)
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Fig. 4. Results of mean change detection error rates (bars)
and RTs (lines) in Experiment 2. Note the change detection
accuracies were converted to error rates (e.g., 100% - mean
accuracy) for the ease of comparison against RT results. The
error bars represent standard error of the means

Table 3. Results of mean change detection error rates (%)
in Experiment 2. ( ) indicates standard deviation.

Back- View-Height

Mean

ground High Middle Low
No 10.56 11.61 15.67 12.63
(6.78) (6.49) (5.96) (6.73)
Ves 11.89 14.00 16.50 14.12
(6.05) (6.77) (6.01) (6.47)
Mean 11.23 12.85 16.05 13.37
(6.44) (6.66) (5.95) (6.61)

Table 4. Results of mean RTs (ms) in Experiment 2. ( )
indicates standard deviation.

Back- View-Height
d Mean
groun High Middle Low
No 638.10 678.74 654.68 657.17
(113.10) (118.84) | (112.77) | (114.00)
Yes 711.11 721.97 730.30 721.13
(112.45) (108.29) | (118.51) | (111.28)
674.61 700.35 692.49 689.15
Mean

(117.16) | (114.18) | (120.29) | (120.29)
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ol @ 17 AAel Fol7h B BANAE H
owe Ggeol YA sbesl B AL Helg

=

DHeE Ben £ Aol BuE ABiol
Nee BAY & ok FALLR A, B AT
SR RT A90l4 2% go] 72 48 228
A BT BRAA AEF e B Lol
% B7e 4eeels 9e) RT 4964 2% o)
o el A3 ZeUA 2% AL JdFA e
SR B 228 AT 0] $AAS Folg)
7] B HsAel ATk E8 49 2004 54 24
o 959l RT AA Aol dsiAs 2 A7) 7
A3 2g AR 2A% o] AAHOE WP o
d9th oY A7k wkg Ae] A oiR
o 912]9] RT shgle] b 9912 Selshy 4R
ol A otk AL B ATe] Bue e

oFdlo] ofd 4 Qlth
=4, & Aol ARSE HStER] HAldAE &
A 2] t)ido] == W32l 7} (change magnitude)©l th
3t ©AIA X X|(parametric manipulation)t} EA|7} 4
115 2) okorth LA A O 2 AR A ALLE W= A
F3 A A e R F8] AAEH A= Wk
HE7E vl Frgsl] Wske] vt AR At
ARloll Hlsl 91| 2k e] Wshes A dEe] oEg
T NE A HEE A 2] Aol Wkl thE A A A
g A 7F 9k A] 33 tH(Fernandez-Duque
& Thornton, 2000; Mitroff, Simons, & Levin, 2004;
Rensink, 2002; Simons & Rensink, 2005).

A, 2 A5 A= Feo] @t BAE FoAE
53] 19 o] dA e F3H = e ojxtd 3
Holl FHE ©het @A o] A2k a2 o] Age )
= Rolt} Zdo] Az o)™y & 7px] 18 Zo] o
AERke] 0}"]‘3} St B 7TE Wt BAE 1A @
2ol S8 5ol Hste 9F3 A7 wsE
FHAOE st A oal e EE v 53
gl 7} o] ti(Gibson, 1979; Goldstein, 2001; Goldstein
& Brockmole, 2017). 1R = E315L 7 =]
el e A HEE sade 8 594
AP EAE 58 i}%ﬂ
a9 Zo] ©EAE9
As] B A7 A4
A 7HAA A=

wepr] & A
gk FAIek Zo] v

9

rJ

iny
A A9 A3 a4
P e Sugozy



2

1=}
Hir
k=)
o

B Age) Bua Aoke 13}
= Aol wEAE Rolo.
REFERENCES

Alvarez, G. A., & Cavanagh, P. (2004). The capacity of
visual short-term memory is set both by information
load and by number of objects. Psychological
Science, 15(2), 106-111.

Brainard, D. H. (1997). The psychophysics toolbox.
Spatial Vision, 10, 433-436.

Bridgeman, B., & Cook, 1. (2015). Effect of eye height on
estimated slopes of hills. Perception, 44(7), 755-763.

Clearfield, M. W., Osborne, C. N., & Mullen, M. (2008).
Learning by looking: Infants' social looking
behavior across the transition from crawling to
walking. Journal of Experimental Child Psychology,
100, 297-307.

Fernandez-Duque, D., & Thornton, M. (2000). Change
detection without awareness: Do explicit reports
underestimate the representation of change in the
visual system? Visual Cognition, 7(1/2/3), 323-344.

Flock, H. (1965). Optical texture and linear perspective
as stimuli for slant perception. Psychological Review,
72(6), 505-514.

Gibson, J. J. (1979). The ecological approach to visual
perception. Boston: Houghton Mifflin.

Goldstein, E. B. (Ed.) (2001). Pictorial perception and
art. Oxford, UK: Blackwell.

Goldstein, E. B., & Brockmole, R. J. (2017). Sensation
and Perception, 10th Edition. Boston, MA: Cengage
Learning.

Han, J. -E., & Hyun, J. -S. (2011). Accurate Visual
Working Memory under a Positive Emotional
Expression in Face (@349 T4 Aol &gt
A2 71 & &3, Science of Emotion and
Sensibility, 14(4), 605-616.

Hyun, J. -S., & Luck, S. J. (2007). Visual working memory

as the substrate for mental rotation. Psychonomic

| RlOI7} ZafBt ZZia| ZHdo| Al 4

0%
2
a
Rall
rr
02
oo
N
N

Bulletin & Review, 14(1), 154-158.

Julesz, B. (1971). Foundation of cyclopean perception.
Chicago: University of Chicago Press.

Kaufman, L., Kaufman, J. H., Noble, R., Edlund, S., Bai,
S., & King, T. (2006). Perceptual distance and the
constancy of size and steroscopic depth. Spatial
Vision, 19(5), 439-457.

Kretch, K. S., Franchak, J. M., & Adolph, K. E. (2014).
Crawling and walking infants see the world
differently. Child Development, 85(4), 1503-1518.

Linke, A. C., Vicente-Grabovetsky, A., Mitchell, D. J.,
& Cusack, R. (2011). Encoding strategy accounts
for individual differences in change detection
measures of VSTM. Neuropsychologia, 49(6),
1476-1486.

Luck, S. J., & Vogel, E. K. (1997). The capacity of visual
working memory for features and conjunctions.
Nature, 390, 279-281.

Mitroff, S. R., Simons, D. J., & Levin, D. T. (2004).
Nothing compares 2 views: change blindness can
occur despite preserved access to the changed
information. Perception and Psychophysics, 66,
1268-1281.

Mon-Williams, M., & Tresilian, J. R. (1999). Some
recent studies on the extraretinal contribution to
distance perception. Perception, 28, 167-181.

Pashler, H. (1988). Familiarity and visual change detection.
Perception and Psychophysics, 44(4), 369-378.

Rensink, R. A. (2002). Change detection. Annual Review
of Psychology, 53, 245-2717.

Simons, D. J.,, & Rensink, R. A. (2005). Change
blindness: Past, present, and future. Trends in
Cognitive Sciences, 9(1), 16-20.

Smith, L. B., Yu, C., & Pereira, A. F. (2011). Not your
mother's view: the dynamics of toddler visual ex-
perience. Developmental Science, 14(1), 9-17.

Twedt, E., Crawford, E., & Proffitt, D. R. (2012).
Memory for target height is scaled to observer
height. Memory & Cognition, 40, 339-351.

Vogel, E. K., Woodman, G. F., & Luck, S. J. (2001).



28 71013 - siFH

Storage of features, conjunctions and objects in
visual working memory. Journal of Experimental
Psychology: Human Perception & Performance,
27(1), 92-114.

Vogel, E. K., Woodman, G. F., & Luck, S. J. (2006).
The time course of consolidation in visual working
memory. Journal of Experimental Psychology:
Human Perception and Performance, 32(6), 1436-
1451.

A -S4 2019.10.18
4 2019.11.19
AAEA: 2019.11.30

(©) 2020 (by) the authors. This open access article is distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided that the original

work is properly cited.



