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SUMMARY 
Subjects performed two walking tasks, one at ground level and 
one at height, and repeated these five times. A different 
walking pattern was observed between ground and height and 
subjects adapted differently over repeated trials when at height 
compared to at ground level. Changes at ground level were 
smaller. On the high walkway a trend to decrease lateral centre 
of mass displacement was observed.  
 
INTRODUCTION 
Postural threat, induced by height, can cause gait adaptations: 
decrease in velocity and stride length, increase in double 
support phase and stride time have all been reported [1-3]. In 
this study we ask the questions does learning occur when 
faced with a walking task at height? And is this similar to a 
walking task where postural threat is minimal? If learning 
does occur, in which direction do people change? The walking 
tasks are identical from a biomechanical viewpoint (same 
constraint in terms of walkway width). Therefore a similar 
walking pattern would be expected and thus either a learning 
effect in the same direction for each task or a learning effect 
on the high walkway towards values found at ground level. If 
learning would occur in opposite directions it would be 
indicative of a different strategy for an identical task due to 
postural threat.   
 
METHODS 
Ten subjects were asked to perform a series of walking and 
one-legged stance tasks on a 7 m long, 22 cm wide walkway at 
3.85 m above the ground and on a 4.8 m long, 22 cm wide 
walkway at ground level. Here we report on the walking task 
which was repeated five times on both walkways. The order of 
the walkways was randomized (Figure 1).  
 
The high walkway was a scaffolding plank atop a horizontal I-
beam which extended from a mezzanine floor and was 
supported by a single vertical pillar at its distal end. This end 
was halfway into the building and as such was completely 
exposed. Subjects wore a full body safety harness during all 
tasks. While performing tasks on the walkway at height they 
were attached to a safety system in case of a fall, but they 
were not allowed to test the safety system. The safety system 
consisted of two separate parts: a dynamic rope system and an 
inertial reel both were attached to an anchor point which was 
directly above the subject and travelled along with the subject.  
 
Position data was recorded using a VICON system. Markers 
on the toes were used to determine heel strike by a peak in the 
downward velocity [4]. Heel strikes were included if they 

occurred in the middle 3.4 m of the ground walkway or middle 
4.4 m of the high walkway. Right heel strikes were used to 
calculate stride velocity and length. Step width was calculated 
as the lateral difference between the ankle at heel strike and 
the ankle of the contralateral foot at heel strike of that leg. 
Lateral displacement of the centre of mass (LCoM) was 
calculated as the lateral amplitude of the centre of mass 
(CoM), estimated as the average of the markers on the right 
and left posterior superior iliac spine, within a stride. Heart 
rate and galvanic skin conductance were also recorded.  
 
All variables were entered into a repeated measures ANOVA 
with the factors condition (walkway height) and repetition 
(trial 1-5) to establish if learning occurred. For every variable 
a regression line was fitted to the mean values over the trials 
for each condition separately, in order to evaluate if changes in 
mean values occurred in a consistent direction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Experimental setup. 
 
 
RESULTS AND DISCUSSION 
The multivariate analysis showed a difference between the 
ground and high walkway (Wilks = 0.15, F4,6 = 8.7, p<0.05) 
and a change over trials (Wilks = 0.33, F16,102 = 2.8, p<0.01). 
Also a significant interaction effect between condition and 
repetition was observed (Wilks = 0.37, F16,102 = 2.4, p<0.01). 
Subjects showed a different walking pattern on the high 
walkway compared to the ground walkway. A learning effect 
was observed both at ground level and at height and subjects 
adapted differently at height compared to the task at ground 
level.  
 
The slopes of the regression lines indicate in which direction 
any changes occurred (Table 1, Figure 2). On the ground 
walkway the slope fitted to step width was positive indicating 



an increase in step width. The slopes of the other variables did 
not reach significance but were very near significance at the 
level p=0.05. All slopes were positive. On the high walkway 
the slopes of both velocity and stride length were positive. The 
values of the slopes were more than double those on the 
ground. The slope indicating the change in lateral CoM 
displacement was negative, thus indicating a decrease in 
movement over the trials. This is in the opposite direction to 
the slope found for the ground walkway. 

Figure 2: Mean values and standard deviation of the different 
gait parameters. Stars indicate mean values on the ground 
walkway and triangles on high walkway. LCoM is lateral 
displacement of the centre of mass. Significant regression 
lines (p<0.05) are plotted in the graphs, dotted lines for the 
ground walkway and solid lines for the high walkway. 
 
The LCoM has been shown to decrease with an increase in 
velocity, at a velocity of 0.7 m/s a LCoM of 6.99 ± 1.34 cm 
(mean ± SD) was observed while at a velocity of 1.2 m/s a 
LCoM of 4.41 ± 1.23 cm (mean ± SD) was observed [5]. On 

the high walkway the subjects walked with an average 
velocity of 0.82 ± 0.42 m/s (mean ± SD) and an average 
LCoM of 3.27 ± 0.78 cm (mean ± SD) much smaller than 
values in the literature for a similar velocity. This could 
possibly be related to the reduced step width. However the 
regression line of the step width was positive while the 
regression line of the LCoM on the high walkway was 
negative. We suggest that a reduction in lateral displacement 
of the CoM is prioritized on the high walkway. This is 
contrary to the LCoM on the ground walkway which shows an 
increasing trend. 
 
CONCLUSIONS 
Both on the high walkway and on the ground walkway 
(minimal postural threat) learning effects in the gait pattern 
can be observed. Biomechanically, these two tasks are equal.  
However, on the ground walkway the learning occurred in the 
direction of a normal over-ground walking pattern (increase in 
step width). Whereas on the high walkway some learning 
occurred in the direction of a normal over ground walking 
pattern, however the regression line of the lateral displacement 
of the CoM showed a progressive reduction in lateral 
movement. This indicates a different strategy reflecting 
postural threat between the walking tasks at ground level and 
at height.  
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Table 1: Statistical results of the fitted regression lines. 
 Ground walkway High walkway 
 R2 p Slope  R2 p Slope  
Velocity 0.72 0.068 0.021 0.88 0.018 0.042 
Stride length 0.76 0.053 0.014 0.86 0.023 0.048 
Step width 0.97 0.002 0.449 0.45 0.216 -0.396 
LCoM 0.76 0.056 0.107 0.79 0.045 -0.096 
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