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Don’t put a foot wrong!



walking and falling

• falls occur mostly during over-ground 
walking on even or uneven surfaces and 
result from trips or slips
– i.e. inappropriate movement of the leg 

and/or placement of the foot

• vision is the only sense that tells us in 
advance where we should or should not 
step



where do we look when we 
walk?

• there is a strong relationship between 
looking and stepping

• are there age-related differences in 
sampling and using visual information 
and what are the implications for falls? 



measurements
Gaze - high speed ASL 500 eye tracking system

Walking characteristics - 13 camera Vicon MX motion analysis 
system



Chapman GJ and Hollands MA (2005) Evidence for a link between changes to gaze behaviour
and risk of falling in older adults during adaptive locomotion. Gait and Posture 24(3):288-94 



differences between young, older adults 
and older adult fallers in gaze and 

stepping behaviour

• older adults (particularly high-risk) look 
at stepping targets much sooner than 
young adults and stay looking for much 
longer

• high-risk older adults show increased 
variability in medioloateral foot 
positioning



why do older adult fallers show 
altered visual behaviour?   

• cognitive changes?
– anxiety/fear of falling?
– attentional deficits?
– changes in executive functioning?

• changes in visuomotor processing?
– more time needed fixating target in order 

for CNS to process visual info and/or 
transform it into appropriate stepping 
movements?



“The contribution of visuomotor 
decline to falls in older adults 
during adaptive locomotion”

Aims
systematically test if high-risk older 

adults require more time visually fixating 
targets than low-risk older adults and 

younger adults to ensure accurate stepping



experimental paradigm



experimental design
• participant groups

– young adults (10)
– low-risk older adults (10)
– high-risk older adults (10)

• target conditions
– neutral (central) targets
– wide targets

• gaze behaviour (time fixating a target prior to foot 
landing on (or near) it
– 0 to 1 second
– 1 to 2 seconds
– 2 to 3 seconds



predictions

constraining the timing of LED illumination will have 
a detrimental effect on older adults stepping 

performance

high-risk older adults will require more time 
fixating the LEDs in order to step as accurately as 

low-risk older adults and younger adults

high-risk older adults will show greater errors 
when stepping to wide targets



how much time is needed looking at a target 
for accurate stepping?                 
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results summary
m/l stepping error

• high-risk older adults significantly less 
accurate than other groups  (especially 
to wide targets)

• all groups show increase step width 
errors when receiving less than one 
second fixating target (especially high-
risk older adults)



how much time is needed looking at a target 
for consistent stepping?                 
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how much time is needed looking at a target 
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how much time is needed looking at a target 
for consistent stepping?                 
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interaction between time, target position and group F(4, 54) = 3.3, P < 0.05 



results summary
constant m/l stepping errors

• high-risk older adults significantly more 
variable in m/l foot placement than 
other groups  

• all groups show show increased m/l foot 
placement variability when receiving less 
than one second fixating target 
(especially high-risk older adults)



how much time is needed looking at a target 
to avoid missing it completely?             
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how much time is needed looking at a target 
to avoid missing it completely?             
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results summary
missed targets

• young adults only missed targets when 
received less than 1 second fixation

• older adult groups missed progressively 
more targets when given less time to 
fixate them



Central targets

-1

-0.5

0

0.5

1

0 0.5 1 1.5 2 2.5 3 3.5

Interval between target fixation and foot contact (s)

C
um

ul
at

iv
e 

su
m

 o
f M

/L
 s

te
pp

in
g 

er
ro

rs
 (m

)

young

is there a threshold of target fixation 
duration below which step width errors start 

to accumulate?

wide

narrow



Central targets

-1

-0.5

0

0.5

1

0 0.5 1 1.5 2 2.5 3 3.5

Interval between target fixation and foot contact (s)

C
um

ul
at

iv
e 

su
m

 o
f M

/L
 s

te
pp

in
g 

er
ro

rs
 (m

)

young
low risk

is there a threshold of target fixation 
duration below which step width errors start 

to accumulate?

wide

narrow



Central targets

-1

-0.5

0

0.5

1

0 0.5 1 1.5 2 2.5 3 3.5

Interval between target fixation and foot contact (s)

C
um

ul
at

iv
e 

su
m

 o
f M

/L
 s

te
pp

in
g 

er
ro

rs
 (m

)

young
low risk
high risk

is there a threshold of target fixation 
duration below which step width errors start 

to accumulate?

wide

narrow



is there a threshold of target fixation 
duration below which step width errors start 

to accumulate?

Wide Targets
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is there a threshold of target fixation 
duration below which step width errors start 

to accumulate?
Wide Targets
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is there a threshold of target fixation 
duration below which step width errors start 

to accumulate?

Wide Targets
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discussion
• older adults (particularly high-risk) 

require longer fixating a target in order 
to step accurately

• stepping inaccuracies constrained to 
errors in step-width rather than step 
length

• implications for increased prominence 
of sideways falls in older adult 
populations



conclusions
• differences between young, low-risk and 

high-risk older adults in eye movement 
behaviour during walking

• likely reflect age-related changes in time 
required for effective visuomotor planning 
and/or biomechanical factors

• implications for diagnosis of falls risk, 
elucidation of underlying neurophysiological 
and psychological  mechanisms and 
rehabilitation



what next ?

• to what extent can individuals adjust 
stepping trajectories during swing?
– are there age- and risk of fall-related 

differences

• are there age-related differences in 
the biomechanics of stepping wide?
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