S1 Text: Practical Tips for Computing Data-Driven Priors

Customized or open-source software can be leveraged to calibrate the priors. To illustrate how one can
utilize open-source software, we used the initial prior specifications described in Text S5 (note: the
initial prior value over R was discussed in the first paragraph of the Results section) to obtain a first
pass rough temporal segmentation of the data using the HDP-SLDS technique. After we obtained this
segmentation (along with the state parameter estimates), the 1D software provided with Ref. [1] (motion
blur parameter set to zero) was used to refine the thermal and measurement noise parameters via MLE.
Note that a single MLE parameter estimate was run for each trajectory segment where a state change
was determined by the first HDP-SLDS segmentation using this data-driven prior (different segments
were not “pooled” to get a single MLE; each segment was used to compute a MLE vector). Subsequently,
we used the HDP-SLDS estimates of [ and F' (coming from the posterior median) along with the mean of
the aforementioned thermal and measurement noise estimates to provide initial guesses to the parameters
Zl, B and C (see Text S3 for mapping). These initial parameters were then used to seed an MLE search
of the 2D overdamped Langevin model described in Ref. [2]. Finally, the component-wise median of the
MLE parameter vectors computed along a single trajectory (computed for each segment identified in the
first round of the HDP-SLDS analysis) was used to derive the “data-driven priors” used by a second
HDP-SLDS processing step (note: only trajectory segments with greater than 100 consecutive temporal
observations were analyzed via MLE).

Alternatively, the original procedure outlined in Ref. [2] could be leveraged to more directly provide
“data-driven priors” via an initial ad hoc windowed local MLE approach (e.g., reducing the number of
HDP-SLDS passes from two to one). The main advantages of the approach outlined above is: (i) more
open-source code can be leveraged in the computation; (ii) the HDP-SLDS technique can be used for
segmenting and estimating initial MLE parameters in scenarios where parameters may change abruptly
(e.g., the use of a SLDS structure permits one to handle a variety of globally non-linear dynamics); and
(iii) if reliable subjective information is known, a researcher can leverage this information to seed the
initial HDP-SLDS estimator. However, it is advised to check consistency of the data to the model should

still be tested after the final state and parameter estimates are computed via formal hypothesis testing [2].
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