
1 APPENDIX 11

1.1 Speed2

Since motion variability is expected between rides at 2 m/s and at 5 m/s with the same rider, we performed3

post-hoc ANOVA analysis to confirm the subjects followed the instruction and kept the speed constant. The4

analysis confirmed the constant speed assumption as we found that there were no significant differences5

in average (p > 0.05), standard deviation (p > 0.05), and range of speed (maximum-minimum speed,6

p > 0.05) between trials per subject.7

Figure 1. Shimmer3 IMU (3 axis) sensors placement on one young participant. The data from the torso
was used in the analysis.
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Figure 2. Demonstration of the implementation of four different conditions: Not Assisted Not
Disturbed, Not Assisted Disturbed, Assisted Not Disturbed, Assisted Disturbed. Assisted implies the
balance assist system was activated and the steer assistive torque was applied. Disturbed implies that the
disturbances were applied.
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Figure 3. Segmented part of the time series starting at 1.5 m/s forward speed (after accelerating from the
starting point). The figure depicts the cycling in a steady-state phase with an approximately constant
speed until the rider either decelerates and reaches 1.5 m/s or begins to turn to return to the starting point,
as indexed by a yaw rate > 4 deg/s.

1.2 Statistical analysis on the standard deviation of the outcome measures8

In this section, we present the analysis results for the standard deviation of the roll rate and the steer9

rate in single- and multi-task cycling. The analysis was performed for all subjects, and we observed the10

following consistent findings with the mean magnitude roll rate and steer rate:11
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Single-task

Standard deviation of Roll rate
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Standard deviation of Steer rate
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Multi-task

Standard deviation of Roll rate
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Standard deviation of Steer rate
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