
10. FIGURES AND TABLES 

 

 

Figure 1. Activity probability profiles pre-registration (left), warping functions (middle), and activity probability 

profiles post-registration (right). In each panel, each curve represents data for a particular subject. Data from one 

subject is highlighted in red across all panels. 
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Figure 2. Example of a warping function for one subject mapping chronological time to registered time. The left 

panel demonstrates where certain points throughout his chronological day fall on his registered timeline. The right 

panel displays the corresponding 2-knot piecewise linear warping function. 
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Figure 3. Population mean activity probability profile from registration’s binary FPCA step (black lines), plus or 

minus some variability (red and blue lines, respectively). The left panel demonstrates the mean +/- 1 standard 

deviation in the first principal component, and the right panel demonstrates the mean +/- 1 standard deviation in 

the second component. 
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Registration parameter  

(for subject 𝒊) 

Values Proposed  

chronotype 

Defining feature 

𝛽1𝑖  (1
st slope of warping function) 

High Lark Early wake time 

Low Anti-lark Late wake time 

𝛽3𝑖  (3
rd slope of warping function) 

High Owl Late sleep time 

Low Anti-owl Early sleep time 

𝑐1𝑖  (1
st PC score) 

High Penguin Low overall activity probability 

Low Hummingbird High overall activity probability 

𝑐2𝑖  (2
nd PC score) 

High Rooster Most active during (registered) morning  

Low Roadrunner Most active during (registered) afternoon 

 

Table 1. Potential chronotypes defined by cut-off values of registration parameters. 
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Figure 4. Simulated activity probability profiles from select chronotypes for demonstration. The top row compares a 

lark and an owl in terms of their profiles in chronological time (top left), warping functions, (top middle), and 

profiles in registered time (top right). In the bottom left, the profiles of a hummingbird and a penguin are compared 

in registered time. In the bottom right, the profiles of a roadrunner and a rooster are compared in registered time. 

These simulated profiles were generated by specifying warping function parameters and PC scores that meet each 

chronotype’s definition. We refer the reader to Table 1 for these definitions. 
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Figure 5. Lasagna plots pre-registration (left) and post-registration (right), with colored markers for landmark 

times estimated from the (modified) SPT-window approach. In each panel, each row represents a different subject’s 

binary activity status over time. Blue cells indicate periods of activity, and white cells indicate periods of rest. Sleep 

and wake times for each subject are marked in black. The daytime interval midpoint (DIM) is marked in red.  
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Figure 6. Registration-based principal component scores by cosinor parameter values. Registration-based first and 

second PC scores by cosinor MESOR (top left and bottom left, respectively); registration-based first and second PC 

scores by cosinor amplitude (top center and bottom center, respectively); and registration-based first and second 

PC scores by cosinor acrophase (top right and bottom right, respectively). 
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Figure 7. Population mean activity probability profile from binary FPCA without registration (black lines), plus or 

minus some variability (red and blue lines, respectively). The left, right, and middle panels demonstrates the mean 

+/- 1 standard deviation in the first, second, and third principal components, respectively. 
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