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Abstract

Purpose: It is more difficult to perceive the direction of motion of larger, high contrast 

patterns than smaller, low contrast patterns due to spatial suppression. Spatial suppression 

of motion is considered important to the segmentation of moving objects in the visual 

environment.  Previous studies have shown that such spatial suppression of motion is 

reduced in older adults in central vision, to the extent that older adults can have better 

sensitivity than younger adults for foveally presented stimuli. Our study was designed to 

explore whether spatial suppression of motion is similarly reduced for older adults in 

parafoveal regions and whether divided attention impacts on suppression strength because 

attention is known to impact on spatial interactions. 

Methods: Twenty younger (19-34 years) and 18 older (61-77 years) adults completed a 

single task, where observers identified the direction of a drifting Gabor patch of variable size 

( of the Gaussian envelope = 0.5, 1, 2, 3, 4) presented at 10 degrees of visual angle while 

observing a central fixation marker, and a dual task, where observers were required to 

divide their attention across two stimuli, the peripheral drifting Gabor patch and a central 

rapid serial visual presentation (RSVP) stream. 

Results: Older adults showed increased spatial suppression of motion relative to younger 

adults for both tasks (main effect of group: p<0.001). Dividing attention elevated thresholds 

for both age groups to a similar extent (main effect of attention: p=0.002), but did not 

specifically alter spatial interactions (group x attention interaction: p=0.13). 

Conclusions: Older adults require significantly longer than younger adults to correctly 

identify stimulus motion, and demonstrate increased spatial suppression of motion, in 

peripheral vision. When considered alongside previous evidence for reduced suppression 

for central fixation, our study provides evidence for substantial differences between foveal 

and parafoveal mechanisms of spatial suppression. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

Introduction

The process of ageing results in wide ranging changes to visual function.1, 2 One specific 

aspect of visual function altered by ageing is perceptual spatial suppression, otherwise 

known as centre-surround suppression.3-7  For moving stimuli, spatial suppression is 

considered to assist the visual system to segregate different moving objects from their 

backgrounds8 and to provide cues in mid-peripheral vison to subsequently direct saccadic 

eye movements to objects of interest.9-11 To investigate perceptual surround suppression of 

motion, a commonly used task is a motion discrimination procedure which measures the 

stimulus duration required to accurately determine the direction of motion of Gabor 

patches of varying sizes and contrasts.12 Increasing the size of a high-contrast Gabor 

stimulus makes it more difficult to correctly determine its motion direction, as 

demonstrated by an increase in duration thresholds.12 This task is widely considered as a 

perceptual analogue of neuronal surround suppressive mechanisms in visual cortex 

(possibly specifically the middle temporal area MT13,14,15), where suppression is driven by a 

combination of local feedforward and areal feedback mechanisms to the neuronal receptive 

field surround.16-19 

Several studies report reduced, or a trend for reduced, surround suppression on the motion 

direction discrimination task in healthy older adults relative to younger adults as 

demonstrated by shorter duration thresholds for larger, higher contrast stimuli in the older 

adult group.3-7 The mechanisms underpinning this effect are somewhat unclear, with initial 

theories proposing that reduced motion spatial suppression strength may reflect decreased 

gamma-aminobutyric acid (GABAergic) inhibition in the elderly.3 More recent reports 

demonstrate increased GABA concentration in human older adult visual cortex measured 

with magnetic resonance spectroscopy,7 increased perceptual suppression in the contrast 

domain,5, 6, 20-23 and slowed binocular rivalry switching implying stronger inhibition.24, 25 

Consequently, a simple theory of reduced cortical inhibition in older adults does not provide 

a clean explanation for these observations. Furthermore, more recent neurophysiological 

studies in primates,26 and neuroimaging studies in humans,27 provide consistent evidence 
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that this type of spatial suppression of motion is not primarily driven by GABAergic 

inhibition. 

Notably, for the perceptual tasks, previous studies of the effects of age on spatial 

suppression of motion have tested central vision. It is not necessarily the case that similar 

outcomes will be found when using non-central fixation. Using an centre-surround contrast 

perception task, Nguyen & McKendrick22 specifically compared the effects of near and far 

surrounds on contrast perception at a fixation eccentricity of 6 degrees in order to more 

directly relate perceptual findings to the eccentricity at which receptive field properties of 

primate neurons are studied in neurophysiological studies.11 Intriguingly, the magnitude of 

surround suppression in older and younger adults differed for both eccentricities but in 

opposite directions, possibly reflecting different wiring between foveal and parafoveal (6 

degrees) surround representations neuronally. Consequently, in this study, we first 

considered whether surround suppression of motion differs between older and younger 

adults for non-foveal fixation (specifically at 10 eccentricity from fixation which we refer to 

hereafter as “peripheral”), and whether the measured difference is phenomenologically 

similar to that previously reported for central fixation (a weakening of surround inhibition in 

central vision in older adults). 

Additionally, in this study we considered the effect of divided attention on peripheral 

surround suppression of motion. Previous studies demonstrate that directing attention to 

peripheral locations can improve performance on a texture segregation task,28 and can alter 

neurophysiological spatial integration in awake-behaving primate experiments.29, 30 Specific 

to motion perception, one recent study reported that healthy younger adults showed a 

paradoxical improvement in motion discrimination when dividing their attention across two 

simultaneous tasks.31 In the study by Motoyoshi and colleagues, observers were required to 

identify the coherent global motion of a random-dot kinematogram (RDK), and two digits 

from a rapid serial visual presentation (RSVP) stream. The tasks were spatially overlapping. 

Divided attention improved observers’ motion sensitivity, which the authors attributed to a 

decrease in spatial suppression with concomitant expansion of spatial motion integration 

when attention was directed away from the motion task.31 In the case of spatial suppression 
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of motion for Gabor stimuli, dividing attention might decrease suppression because it has 

been shown that attention can increase the effective stimulus contrast.32

Dividing attention is important to performance on many daily visual tasks, for example 

driving, and has been previously shown to be more difficult in the elderly (for example, 

using the Useful Field of View Test, see reviews by Owsley1, 33, and as a more general 

phenomenon see meta-analysis34). We therefore investigated how older and younger adults 

perform when they must divide their attention across two concurrent spatially separated 

tasks: a motion direction discrimination task (presented peripherally at 10 eccentricity), 

and identification of numbers from a RSVP stream presented at two different speeds to vary 

the difficulty of the attentional task. 

In summary, our study was designed to answer the following questions:

1) Are the previously observed effects of ageing on centrally fixated spatial suppression 

of motion also observed for fixation at 10 degrees eccentricity? Alternately, similarly 

to surround suppression of supra-threshold contrast, is there a distinct 

phenomenological difference in the impact of age on foveally fixated and non-foveal 

suppressive phenomena?

2) Does divided attention reduce surround suppression of motion direction 

discrimination, similarly to the previously reported effects of attention on global 

motion integration? 

3) Is there an interaction between the effects of attention and age, such that older 

adults show greater impact of dividing attention on spatial suppression of motion  

due to the need to harness greater attentional resources to maintain task 

performance?

Methods

Participants

Twenty younger adults (19-34 years), and 18 older adults (61-77 years) participated in the 

study. Ethics approval was granted by the Human Research Ethics Committee of the 

University of Melbourne and the study protocol adhered to the tenets of the Declaration of 

Helsinki. Participants provided written consent prior to testing. All participants underwent 
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an ophthalmic examination by a registered optometrist as part of the study including 

anterior and posterior eye examinations (slit lamp and fundus lens), and assessment of their 

visual acuity and subjective refraction. Monocular visual acuity was measured at 3m with a 

logMAR chart and was required to be 0.2 logMAR (Snellen equivalent 6/9.5) or better for 

inclusion in the study. Experiments were conducted binocularly, and all participants had 

binocular VA of 6/7.5 or better. Other inclusion criteria were: normal ocular health for age, 

and refractive error between 5.00 D spherical, with less than 2 D astigmatism. Any 

volunteers with systemic conditions or medication usage known to affect visual or cognitive 

functions were excluded. All participants completed the Mini Mental State Examination 

(MMSE) and scored 28-30, which is within the normal range.35

Apparatus

Experiments were conducted in a darkened room using a Dell Precision T1700 computer 

(www.dell.com/ ) with a gamma-corrected Display ++ LCD monitor (screen resolution 1920 x 

1080 pixels, frame rate 120 Hz, mean luminance 98 cd/m2; www.crsltd.com/). Experiments 

were custom developed in Python using the coder version of PsychoPy V1.85.4 

(www.psychopy.org)36. A Gazepoint GP3 Eye Tracker and Gazepoint Control x64 v4.1.0 

(www.gazept.com) were used for eye tracking to monitor whether participants were 

maintaining steady central fixation. The binocular viewing distance was 1m from the 

monitor, maintained using a chin and forehead rest. Participants were refractively corrected 

for the viewing distance in a trial frame or with own spectacles if appropriate. For most of 

the older adults, this involved using the subjective refraction results with a +1.00DS for the 

working distance. Younger adults wore a mixture of trial frames, own spectacles, or no 

correction depending on their subjective refraction and form of habitual spectacles. No 

participants wore contact lenses for the experiments. 

Visual stimuli

For the motion direction discrimination task, the stimulus was a high contrast (92%) drifting 

Gabor patch of varying size ( of the Gaussian envelope = 0.5, 1, 2, 3, 4) centred at 10 
eccentricity to the left of fixation (Figure 1A). The spatial frequency of the vertical sine-wave 

grating was 1 cyc/deg, and the drift rate was 2 deg/sec. The starting phase of the sinewave 

was varied for each trial. Stimulus duration was varied using two interleaved 3-down 1-up 
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staircases that each converged on the approximate 79% correct response level 37. Each 

staircase terminated after six reversals, with the step-size commencing at 8 frames, then 

being halved at the next two reversals. The threshold estimate of each staircase was taken 

as the mean of the last four reversals (step-size = 2 frames). The average of the two 

staircases was taken as the final estimate of the duration threshold for each size tested.

The RSVP stream, a series of four randomised alphabetical letters (chosen from possible 

letters: A, B, C, D, E, F, G, H, J, K, L, M, N, P, R, T, U, V) and two numerical digits randomly 

chosen from 1 to 9, was presented centrally (Figure 1A&B). At least one letter was always 

presented between the numbers, and letters were 2 degrees of visual angle in height. The 

stream was presented at two different speeds (number of frames), 83ms (10 frames/sec) 

and 117ms (14 frames/sec). Participants were required to identify the numbers interspersed 

within the stream of letters. 

Procedures

Participants completed two task conditions (single-task or dual-task), and two RSVP speed 

conditions (83ms and 117ms) following sufficient practice runs of each task to ensure 

comfort with task requirements. The single-task simply required the identification of the 

direction of drift for the peripheral Gabor (either left or right) while directing their gaze to a 

central white fixation dot. Auditory feedback was provided for both correct and incorrect 

responses using auditory tones. For the dual-task condition (conducted at the two RSVP 

speeds), participants had to divide their attention across two concurrent tasks: the 

peripheral motion direction discrimination task (which varied stimulus duration using the 

same interleaved staircase procedure as the single-task) and the central RSVP task. 

Participants were instructed to identify the two digits (not necessarily in order) from the 

RSVP stream first, then identify the direction of the Gabor patch. Again, auditory feedback 

was given. The order of the tasks was randomised with breaks in between. Trials were 

discarded if the numbers in the RSVP stream were not correctly identified and were 

repeated (with newly generated RSVP stream). 

Data Analysis
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Duration thresholds (ms) for each size tested were normalised to the smallest patch size 

(0.5) to evaluate the relative change in threshold as a function of size. A suppression index 

(SI) was calculated as per 3:

����������� ����� (��)  =  ���10 (�ℎ���ℎ��� �� ������ ����)― ���10 (�ℎ���ℎ��� �� �������� ����)
where the larger sizes were either 1, 2, 3 or 4 degrees, and the smallest size was 0.5 degrees. 

A positive SI indicates spatial suppression, whereas a negative SI indicates spatial 

summation. IBM SPSS Statistics V24.0 (https://www.ibm.com/products/spss-statistics) was 

used for statistical analysis. Mixed analysis of variance (M-ANOVA) were used to compare 

the means of the younger group to the older group, and to explore interactions between 

motion stimulus size, RSVP speed, attention, and age group.  Effect sizes are reported as 

partial eta-squared: (ηp
2) for results that reached conventional statistical significance 

(p<0.05). 
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Figure 1. A) Schematic illustration (not to scale) of the positioning of the motion stimulus 

(Gabor patch) relative to the rapid serial visual presentation (RSVP) stream.  B) An example 

RSVP stream. Four letters and two digits were presented in random order, with the 

condition that the two digits could not be sequential. The letters and digits were presented 

at a constant speed of 10 frames/sec (83ms) or 14 frames/sec (117ms) to vary the 

attentional load in separate runs. The interstimulus duration was equivalent to the letter 

presentation duration in each run. 

Results

Effect of ageing on peripheral surround suppression of motion

Figure 2A plots the performance of older and younger adults on the peripheral motion 

direction discrimination task for the single task condition. Analysis was performed using a 

2x2 mixed ANOVA with the between subject factor of age-group and the within subject 

factor of size. Figure 2A shows that duration thresholds increased with stimulus size for both 

groups (main effect of size: F(4, 144) = 21.61, p < 0.001, ηp
2= 0.37). The average thresholds 

of older observers were consistently greater than those of younger observers across all sizes 
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(main effect of group: F(1,36) = 7.70, p = 0.008, ηp
2= 0.17). Differences between groups were 

the greatest at the two biggest sizes, 12° and 16° (size and group interaction: F(4,144) = 5.36, 

p < 0.001, ηp
2= 0.15). When converted into suppression indices, both younger and older 

observers showed increased spatial suppression with increasing stimulus size (Figure 2B; 2x2 

mixed ANOVA with the between subject factor of age-group and the within subject factor of 

size: main effect of size: F(3, 108) = 46.83, p < 0.001, ηp
2=0.62). However, older adults 

demonstrated consistently more suppression than younger observers (main effect of group: 

F(1, 36) = 4.70, p = 0.03, ηp
2= 0.11). The difference in suppression between groups was most 

prominent for the bigger sizes compared to smaller sizes (size and group interaction: F(3, 

108) = 4.27, p = 0.01, ηp
2=0.11).

Figure 2. Results for the peripheral motion direction discrimination single task condition. (A) 

Average duration thresholds (ms) of older adults (open circles, n=18) and younger adults 

(filled circles, n=20) across increasing stimulus size. (B) Average suppression index (SI) of 
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older and younger adults across increasing stimulus size. Positive SI values indicate spatial 

suppression. Error bars are the 95% confidence intervals of the mean. Data have been 

nudged slightly on x-axis for clarity.

Effect of RSVP stream speed on peripheral surround suppression of motion

Figure 3 shows the effect of RSVP stream speed on peripheral surround suppression. M-

ANOVA was performed with the between subject factor of age-group and within subject 

factors of size and RSVP stream speed. Across both groups, there was no difference in 

duration threshold (Figure 3A, main effect of speed: F(1, 35) = 0.56, p = 0.46) nor 

suppression index (Figure 3B, main effect of speed: F(1, 35) = 0.004, p = 0.95) between the 

two dual task conditions. Consistent with the single task condition (Figure 2), older adults 

showed greater duration thresholds and suppression indices than younger adults (main 

effect of group; duration threshold: F(1, 35) = 22.63, p < 0.001, ηp
2 = 0.39, suppression 

index: F(1, 35) = 8.85, p = 0.005, ηp
2=0.20), particularly with larger sized stimuli (size x group 

interaction; duration threshold: F(4, 140) = 10.58, p < 0.001, ηp
2 = 0.33 suppression index: 

F(3, 105) = 4.82, p = 0.004, ηp
2=0.21). However, the difference between groups was not 

dependent on the RSVP stream speed (speed x group interaction; duration threshold: F(1, 

35) = 0.74, p = 0.40, suppression index: F(1, 35) = 0.66, p = 0.42). There were no significant 

three-way interactions between RSVP stream speed, stimulus size and group. 
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Figure 3. Results for the peripheral motion direction discrimination dual task conditions. (A) 

Average duration thresholds (ms) of older adults (circles, n=17 and younger adults (squares, 

n=20) across increasing stimulus size. There were two speeds of the rapid serial visual 

presentation (RSVP) sequence, 83ms, open symbols and 117ms, filled symbols. (B) Average 

suppression index (SI) of older and younger adults across increasing stimulus size. Positive SI 

values indicate spatial suppression. Error bars are the 95% confidence intervals of the mean. 

Data have been nudged slightly on x-axis for clarity.

Effect of divided attention on peripheral surround suppression of motion

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

Given performance for both groups was similar for the two RSVP stream speeds tested, we 

compared single versus dual task performance for the 117ms condition using a M-ANOVA 

with within-subjects factors of size and task (single or dual), and between subjects factor of 

group. Overall, duration thresholds for the dual-task condition were higher than for the 

single-task condition (Figure 4A, main effect of attention: F(1, 36) = 11.46, p = 0.002, 

ηp
2=0.24), indicating that divided attention increased the duration thresholds required to 

correctly identify the direction of stimulus motion. Older adults also measured higher 

thresholds across all tasks relative to younger adults (main effect of group: F(1, 36) = 11.10, 

p = 0.002, ηp
2=0.23). However, the impact of dividing attention on duration threshold did 

not differ between the groups (non-significant group x attention interaction: F(1, 36) = 2.43, 

p = 0.13). 

When data was converted into suppression indices, there was no difference in suppression 

strength between the single-task and the dual-task for both age groups (Figure 4B, main 

effect of attention: F(1, 36) = 0.69, p = 0.41; attention x group interaction: F(1, 36) = 0.08, p= 

0.79). Hence, the effect of dividing attention was to elevate the thresholds but not in a size 

dependent fashion (no interaction between attention and size (F(3, 108) = 0.18, p=0.91). 

There were no significant three-way interactions between task, stimulus size and group.
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Figure 4. Results for the peripheral motion direction discrimination single versus dual task 

conditions. (A) Average duration thresholds (ms) of older adults (circles, n=18) and younger 

adults (squares, n=20) across increasing stimulus size in the single task (open symbols) and 

dual task (filled symbols) conditions. (B) Average suppression index (SI) of older and younger 

adults across increasing stimulus size. Positive SI values indicate spatial suppression. Error 

bars are the 95% confidence intervals of the mean.  Data have been nudged slightly on x-

axis for clarity.

Discussion
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This study explored how older adults’ ability to determine the direction of motion of a 

briefly presented object differed to younger adults, and whether performance was affected 

when attention was directed to a central task. The specific task of interest was a spatial 

motion direction discrimination task, which is considered a perceptual analogue of neuronal 

centre-surround interactions. Both older and younger groups exhibited increased duration 

thresholds and suppression strengths with increasing stimulus size, demonstrating spatial 

suppression with increasing stimulus size. Older adults required longer stimulus durations to 

correctly identify the direction of motion of the target than younger adults, particularly for 

the larger stimuli. This size dependent elevation of threshold indicates greater surround 

suppression in the older group in peripheral vision. Dividing attention increased thresholds 

for both groups to a similar extent. 

Perceptual surround suppression of motion has received considerable attention in the 

literature because of relatively close links between the stimulus features that alter human 

perception and primate neurophysiology.11 In the context of healthy ageing, only foveal 

vision has previously been tested, with studies showing that surround suppression of 

motion is reduced in the elderly in the fovea.3, 7, 38 Indeed, one study found that suppression 

was reduced to the extent that older adults actually had lower thresholds for the detection 

of motion of large high contrast gratings than younger adults.3 We do not replicate that 

effect when testing outside the fovea. Instead, our data collected at 10 degrees of visual 

angle indicates stronger surround suppression of motion in older adults. 

Although we did not measure foveal surround suppression in this study, we deliberately 

used the same variable size motion discrimination task and stimulus as previous reports in 

central vision.3, 7, 12, 39 It is also notable that the effect of elevated suppression in our older 

adult group was found across three separate experimental conditions (undivided attention 

and two divided attention conditions) demonstrating repeatability of the result.. The data 

for these experimental conditions was collected in separate blocks, with the block order 

randomised between participants and groups to avoid systematic learning or fatigue effects.

The neuronal circuitry that underpins neuronal surround suppression involves a complex 

network of feedforward, lateral and feedback circuits.16-19 While most psychophysical 
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studies are conducted using central fixation, neurophysiological experiments typically avoid 

the immediate foveal representation due to the complexity of very dense and small 

receptive fields. Consequently, comparisons between neurophysiology and parafoveal vision 

are likely to yield closer linkages than foveal testing.11 Indeed, differences in foveal and 

parafoveal vision can provide interesting insights into the neurophysiology of human 

vision.22 The current study, in combination with previous work, demonstrates that the 

healthy ageing process results in opposite phenomenological effects on surround 

suppression of motion between the fovea and the parafovea: namely a reduction in 

suppression foveally, but a strengthening of suppression at 10 degrees. Contrasting effects 

of ageing across the visual field on surround suppression of perceived contrast have 

previously been reported.22 Surround suppression of perceived contrast is stronger in older 

adults than younger adults in the fovea, but weaker than younger adults at 6 degrees.22 

Motion suppression and contrast suppression do not assess the same mechanisms,38 

however, the study of adults of varying age reveals evidence of eccentricity dependent 

circuitry that is differentially affected by the ageing process for both perceptual phenomena.

In the original study reporting reduced surround suppression of motion in older adults,3 the 

authors suggested that their foveally measured perceptual findings may be related to 

reduced inhibitory GABAergic mechanisms in the senescent brain. Previous primate studies 

have shown that senescent visual cortical neurones are less selective for orientation than 

younger animals,40-42 and that some of the tuning can be restored by the application of 

GABA agonists.43 This finding has been widely interpreted as possible evidence for reduced 

GABAergic inhibition in the visual brain as a consequence of ageing. However, more recent 

human brain imaging using magnetic resonance spectroscopy demonstrates increased GABA 

levels in human primary visual cortex (V1) in older people 7. Elevated GABA was regionally 

specific to V1 and inversely correlated with perceptual surround suppression of motion 

measured foveally.7 Peripheral motion suppression was not measured in that study, 

however, our current finding of increased perceptual surround suppression of motion 

outside of the fovea is more aligned with increased rather than decreased availability of 

GABA, if indeed GABA estimates are of relevance to spatial suppression of motion. Firstly, 

GABA estimates from magnetic resonance spectroscopy do not provide evidence for 

bioavailability, but more importantly, recent evidence demonstrates that manipulation of 
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GABAA receptors has little influence on surround suppression of motion measured either 

neurophysiologically in primate 26, or psychophysically in humans27. Clearly, a simple model 

of reduced inhibitory neurotransmitter availability in older adult visual cortex does not align 

with recent neuroimaging or perceptual evidence7. Future experiments linking GABA 

estimates to perceptual surround suppression across the visual field, and across the lifespan, 

may provide useful additional information to help further our understanding of the linkage, 

in any, between these factors. 

 

In our experiments, the orientation of the Gabor patch was vertical, hence the motion 

direction was horizontal. As the patch was displaced horizontally from fixation, the motion 

was therefore centrifugal. It has previously been reported that there are strong centrifugal 

biases in motion perception for short duration stimuli presented at 40 degrees eccentricity  

resulting in the velocity of the stimulus appearing faster than veridical.44 It is not clear 

whether this effect is present at eccentricities significantly closer to fixation such as used 

herein (10 degrees). If present, there is the possibility that perception of our shorter 

duration stimuli (smaller sizes) might be influenced by this bias, and potentially more so for 

the younger adults because their thresholds were lower. Future experiments may like to 

consider varying the orientation of the Gabor to test this possibility directly. It is worth 

noting that centrifugal biases exist in the strength of surround suppression of contrast 

depending on the direction from fixation and eccentricity in the visual field.45 We have 

recently explored perceptual centre-surround contrast suppression in older and younger 

adults to explore for differences in orientation anisotropies at 6 degrees and 15 degrees 

eccentricity.46 Both groups showed stronger suppression for stimuli that were oriented 

cardinally at 6 degrees, and radially at 15 degrees, relative to other orientation pairings. 

Similar to our current experiment, older adults showed stronger suppressive effects that 

younger adults at these non-foveal eccentricities, however no differences in orientation 

biases were found between groups.46 

Dividing attention resulted in elevated duration thresholds overall but did not change 

motion suppression indices. Our study was partially motivated by a previous observation 

that dividing attention paradoxically resulted in an improvement in sensitivity to motion 

cues encoded in random dot kinematograms.31 Motoyoshi and colleagues proposed that 
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dividing attention across two concurrent tasks would broaden the spatial region over which 

motion is integrated, by weighting network responses to summation of information rather 

than suppression. 31 There are notable differences in the experimental methods used, 

perhaps most significantly the spatial separation that we imposed between the location of 

attention (foveally fixated RSVP stream) and the motion stimulus (peripherally displaced). 

This displacement likely means that any localised variation in the area of 

summation/suppression around the attended location might not extend to the receptive 

fields relevant to our target Gabor. In contrast, Motoyoshi et al31 embedded the RSVP 

stream in the centre of the RDK stimulus. We decided on spatial separation to prevent 

obscuration of our small Gabor targets by the RSVP stream, and to avoid alternate motion 

cues arising from stimulus overlap. Our study design is more similar to the Useful Field of 

View test, in which a central target is attended while a judgement is required regarding a 

peripheral stimulus that decreases in stimulus duration.47 Previous studies demonstrate 

poorer performance of older adults on the Useful Field of Vision Test than younger adults 

(see reviews by Owsley1, 33). Here we show that duration thresholds are elevated in both 

groups, rather than a specific decline in the performance for the older adults. Our older 

adults were healthy, high functioning volunteers, interested in engaging in research studies, 

with minimal medication usage. 

We used two RSVP stream speeds in an attempt to explore the effect of attentional load, 

and specifically to see whether a larger difference in performance between the older and 

younger adults might manifest when the task was more difficult (faster RSVP stream). 

Previous work demonstrated an interaction between RSVP stream speed and  improved 

motion sensitivity under dual-task conditions.31 We did not find a statistically significant 

effect of RSVP speed on motion direction discrimination performance, nor an interaction 

between speed and group. It is possible that the difference between 83 ms and 117 ms was 

not enough to elicit a measurable difference in performance. The choice of RSVP streams 

speed was based on the availability of integer numbers of frames and the logistical 

requirement that both older and younger observers could still reliably perform the task (i.e. 

not too fast that it was impossible). One older adult could not perform the RSVP task 

accurately at the faster speed (83ms) and pilot testing in younger adults for shorter 
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durations was considerably more difficult (data not shown) hence not used for the main 

experiments.  

In summary, we find that the strength of surround suppression of motion is increased in 

older adults in peripheral vision, which predicts that older adults will have more difficulty in 

segregating moving objects from their backgrounds in natural visual environments. Under 

divided attention, both younger and older groups required a longer stimulus duration to 

correctly determine the direction of motion of a drifting stimulus, however the relative 

magnitude of surround suppression did not alter with divided attention. Indeed, older adults 

had elevated surround suppression under all conditions tested. In terms of raw thresholds, 

for the largest high contrast stimuli under divided attention, the older adults required a 

stimulus duration that was more than twice that of the younger adults (approximately 

342ms relative to 146ms). This observed effect is opposite to previous reports of 

performance using the same task tested foveally, where older adults have shorter 

thresholds than younger: a finding attributed previously to reduced spatial suppression. Our 

study highlights the importance of studying perceptual performance at different 

eccentricities, in order to both understand how older adults experience natural visual 

environments and to reveal important properties of the human visual system.    
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FIGURE CAPTIONS

Figure 3. A) Schematic illustration (not to scale) of the positioning of the motion stimulus 

(Gabor patch) relative to the rapid serial visual presentation (RSVP) stream.  B) An example 

RSVP stream. Four letters and two digits were presented in random order, with the 

condition that the two digits could not be sequential. The letters and digits were presented 

at a constant speed of 10 frames/sec (83ms) or 14 frames/sec (117ms) to vary the 

attentional load in separate runs. The interstimulus duration was equivalent to the letter 

presentation duration in each run. 

Figure 4. Results for the peripheral motion direction discrimination single task condition. (A) 

Average duration thresholds (ms) of older adults (open circles, n=18) and younger adults 

(filled circles, n=20) across increasing stimulus size. (B) Average suppression index (SI) of 

older and younger adults across increasing stimulus size. Positive SI values indicate spatial 

suppression. Error bars are the 95% confidence intervals of the mean. Data have been 

nudged slightly on x-axis for clarity.

Figure 3. Results for the peripheral motion direction discrimination dual task conditions. (A) 

Average duration thresholds (ms) of older adults (circles, n=17 and younger adults (squares, 

n=20) across increasing stimulus size. There were two speeds of the rapid serial visual 
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presentation (RSVP) sequence, 83ms, open symbols and 117ms, filled symbols. (B) Average 

suppression index (SI) of older and younger adults across increasing stimulus size. Positive SI 

values indicate spatial suppression. Error bars are the 95% confidence intervals of the mean. 

Data have been nudged slightly on x-axis for clarity.

Figure 4. Results for the peripheral motion direction discrimination single versus dual task 

conditions. (A) Average duration thresholds (ms) of older adults (circles, n=18) and younger 

adults (squares, n=20) across increasing stimulus size in the single task (open symbols) and 

dual task (filled symbols) conditions. (B) Average suppression index (SI) of older and younger 

adults across increasing stimulus size. Positive SI values indicate spatial suppression. Error 

bars are the 95% confidence intervals of the mean.  Data have been nudged slightly on x-

axis for clarity.
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