




































































Figure S3. Subject-wise foot placement analysis on uneven II. His-
tograms of the interquartile range of heights (IQR) at the footstep locations for
the directed sampling scheme (blue), each subject from the experiments (red),
and the blind sampling scheme (yellow).
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Figure S4. Subject-wise foot placement patterns. Heatmaps of the foot
placement index for all subjects on each terrain. Each cell has an area of 190 mm
× 95 mm, with the longer side of the rectangle along the length of the track.
Colour bar for the heatmaps in the bottom left of the figure.
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Figure S5. Subject-wise foot placement analysis. Foot placement index
pi,j plotted against the median height of the terrain cell and the interquartile
range of heights within the terrain cell at landing for all recorded steps on uneven
I and uneven II.
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Figure S6. Detailed results of the collision analysis. Measured J∗
y /(mvy)

(blue circles: flat, red circles: uneven I, green circles: uneven II) and calculated
J∗
y /(mvy) values for the collision model with a compliant leg (dark grey squares)

and rigid leg (light gray diamonds) versus relative forward foot speed at landing
(forward foot speed/centre of mass speed) for each step recorded on all terrain
types (total 1081 steps). Solid lines are regression fits to the model. The
intercept and slope of the fitted line for the compliant jointed model are 0.0252±
0.004 and 0.0203±0.010, respectively (R2 = 0.57, p < 0.0001), and the intercept
and slope of the fitted line for the stiff jointed model are 0.120 ± 0.002 and
0.056 ± 0.005, respectively (R2 = 0.29, p < 0.0001)
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Table S1. Kinematic variables on different terrain types reported as mean ±
SD, except for meander values which are reported as median ± interquartile
range. For each variable, we show details of the ANOVAs performed on the
linear model (from main text equation (10)), i.e. the F-value and p-value for
the terrain factor. The denominator degrees of freedom for all ANOVAs was
16. Post-hoc comparisons when the ANOVAs reached the significance bound of
α = 0.05 are reported in the main text results section.

variable flat uneven I uneven II F-value p-value

net metabolic rate (W/kg) 13.1 ± 0.5 13.7 ± 0.9 13.7 ± 0.8 2.97 0.08

median step width (%LL) 3.9 ± 1.9 4.1 ± 1.5 4.7 ± 2.0 4.53 0.03
IQR step width (% LL) 3.9 ± 1.4 4.3 ± 0.9 5.0 ± 1.2 3.65 0.05

mean step width (%LL) 4.2 ± 1.7 4.7 ± 1.6 5.2 ± 1.7 8.69 0.003
S.D. step width (% LL) 2.8 ± 0.8 3.4 ± 0.6 3.6 ± 0.6 5.54 0.01

mean step length (%LL) 128 ± 6 126 ± 9 125 ± 9 1.07 0.37
S.D. step length (%LL) 6 ± 1 7 ± 4 6 ± 1 0.64 0.54

mean meander (×10−4) 3.21 ± 2.59 3.97 ± 1.65 4.88 ± 4.62 1.48 0.25
S.D. meander (×10−4) 0.67 ± 0.53 1.33 ± 1.40 1.27 ± 2.78 1.58 0.23

mean fwd. foot speed (froude num.) 0.53 ± 0.17 0.36 ± 0.10 0.37 ± 0.12 13.08 0.0004
S.D. fwd. foot speed (froude num.) 0.17 ± 0.05 0.14 ± 0.05 0.18 ± 0.07 1.48 0.26

mean CoM speed (m/s) 3.24 ± 0.07 3.21 ± 0.07 3.18 ± 0.09 2.32 0.13
S.D. CoM speed (m/s) 0.11 ± 0.03 0.13 ± 0.04 0.12 ± 0.03 2.00 0.17

mean touchdown leg length (%LL) 120 ± 5 119 ± 4 119 ± 4 4.28 0.03
S.D. touchdown leg length (%LL) 1.1 ± 0.7 0.9 ± 0.3 1.3 ± 1.2 1.32 0.29

mean touchdown leg angle (rad) 0.20 ± 0.02 0.20 ± 0.02 0.21 ± 0.02 3.90 0.04
S.D. touchdown leg angle (rad) 0.03 ± 0.02 0.02 ± 0.003 0.03 ± 0.02 2.10 0.15
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Table S2. Details of the ANCOVAs performed on the linear model (from main
text equation (11)) showing the denominator degrees of freedom, F-value and
p-value for the fixed terrain factor, and the estimated slopes βf for the fixed
forward foot speed effect.

dependent variable factor DenDF F-value p-value βf

touchdown leg angle terrain 193 1.48 0.23 −
fwd. foot speed 38 115.83 < 0.0001 0.07 ± 0.01 rad

fore-aft impulse terrain 79 1.45 0.24 -
fwd. foot speed 78 12.83 0.001 0.01 ± 0.003
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Table S3. Footstep counts for each subject on all terrain.

subject flat uneven I uneven II

1 363 321 448
2 228 78 473
3 473 131 436
4 373 471 519
5 366 557 109
6 224 160 327
7 218 398 442
8 503 489 479
9 477 390 392
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