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calculated by taking the first and second derivatives of the COM position, respectively. 

Maximum COM velocity and acceleration in the A-P and M-L directions were calculated 

between tether release and heel-strike.  

Postural Stability. Postural stability was calculated at heel-strike in the A-P and 

M-L directions. Postural stability was quantified with the measure XCOM/BOS, which 

calculates the weighted sum of the position and velocity of the COM relative to the 

position and velocity of the BOS [93, 94]. This measure has previously been used to 

assess postural stability during reactive slipping [94, 95] and tripping [96]. The position 

and velocity of the COM was subtracted from the position and velocity of the BOS to 

obtain PositionCOM/BOS and VelocityCOM/BOS. The position of the BOS was defined by the 

anterior or lateral border of the stepping foot, determined by the metatarsal markers [96]. 

Postural stability (XCOM/BOS) was calculated using Equation 4.1, where ‘g’ is equal to the 

gravity constant (9.81 m/s2) and ‘l’ represents leg length (distance between lateral 

malleolus marker and estimated head of femur).  

Equation 4.1: !!"#$%"& " #$%&'&$(!"#$%"& )
'()*+,-.!"#$%"&

/0$1
 

Statistical Analysis. Differences in maximum lean angle, stepping parameters, and 

angular kinematics were compared between lighting conditions (Light, Dark) using 

paired sample t-tests. COM kinematics and XCOM/BOS were also compared between 

lighting conditions (Light, Dark) using paired sample t-tests for each direction (A-P,     

M-L). The differences in dependent variables between lighting conditions were normally 

distributed, meeting the assumptions for paired sample t-tests. Cohen’s D was used to 

calculate the effect size of Lighting. Hotilly’s T2 test was also used to analyze the effect 
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of lighting on multiple variables at once, including all stepping parameters, angular 

kinematics, and measures of COM control (COM displacement, velocity, acceleration, 

and postural control). Pearson correlations were used to analyze the relationships between 

variables that were significantly affected by lighting, by examining correlations between 

changes in each variable from Light to Dark. Statistical analyses were performed using 

SPSS v. 26 (IBM Corp, SPSS Statistics, USA). An alpha of 0.05 was used for all tests. 

4.3 Results 
4.3.1 Maximum Lean Angle:  Maximum lean angle ranged from 16° to 44° 

(Light:16-44°; Dark: 20-42°) and did not significantly differ between lighting conditions 

(p=0.32). Lean angle data can be found in Appendix C.   

4.3.2 Stepping Parameters: Multivariate testing including all stepping 

parameters originally indicated no effect of lighting (T2(6,33)=0.846, p=0.95). Paired 

sample t-tests for each stepping parameter indicated that lighting condition significantly 

affected step length (t(19)=-2.26, p=0.04). Step length was longer in Dark (56(2)% of 

height) than in Light (53(2)%). Lighting condition did not affect step width (21(4) cm; 

p=0.54), height (28(4) cm; p=0.34), velocity (6.22(1.03) m/s; p=0.18), time (190(23) ms; 

p=0.19), or onset time (270(34) ms; p=0.35) (Figure 4.2) Paired sample t-test results and 

effect size for all variables can be found in Appendix D. 
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Figure 4.2 Step length (A), height (B), width (C), velocity (D), time (E), and onset time 
(F) in different lighting conditions; Mean±SD. *significant difference (p<0.05) between 

lighting conditions. 

4.3.3 Angular Kinematics: Multivariate testing including all joints indicated 

no overall effect of lighting (T2(8,24)=2.73, p=0.78). However, individual t-tests 

indicated that lighting condition significantly affected angular velocity at the knee 

(p=0.02), hip (p=0.05), and trunk (p<0.01). Knee flexion and extension had higher peak 

velocities in Dark than Light (Flexion: 6% increase; Light: 524(16)°/s; Dark: 558(18)°/s); 

Extension: 4% increase; Light: -618(90)°/s; Dark: -645(60)°/s). Peak hip flexion and 

trunk extension velocity were also higher in Dark than Light (Hip: 9% increase; Light: 

419(23)°/s; Dark: 455(26)°/s; Trunk: 28% increase; Light: -152(87)°/s; Dark:                   

-195(86)°/s ). Lighting condition did not have a significant effect on ankle dorsiflexion 

(87(47)°/s; p=0.43) or plantarflexion (-317(82)°/s; p=0.37) velocity (Figure 4.3). 

Individual changes in angular velocities were not significantly correlated with changes in 

step length (p>0.05).  
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Figure 4.3 (A) Peak +/- angular velocity at the ankle, knee, hip, and trunk; Mean±SD. 
*significant difference (p<0.05) between lighting conditions. (B) Angular velocity at the 
ankle, knee, hip, and trunk during initial reactive step in representative participant. TR: 

tether release; TO: toe-off; HS: heel-strike. 

 


