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Extended DataFig. 4 |See next page for caption.



Extended DataFig. 4 |Pairwise relationships betweenrecovered classes. Each pointrepresents onerecovered gain estimate from asimulated
controller gains across controller classes. (A). Empirical simulation regime trial. Pearson’s correlation coefficient (r) isshown for each gain pair. (B). Same
(30 simulations x 30 trials x 2 prey-specific controllers): scatter plots showing aspanel A, but for the random 1-5 simulation regime. (C). Same as panel A, but
pairwiserelationships betweenrecovered controller gains across controller forthe random1-40 simulationregime.
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Extended DataFig.5|Modelrecovery of controller classandblending
parameter w,. We simulated ground-truth trajectories using known controller
class (p) and known wprofiles, considering five types of w,. Simulations were
generated by sampling 20 trials across sessions, with trial durations matched
to the empirical distribution (approximately 0.91,1.45,2.83,and 4.1s). To

fix model complexity, simulations were fit using a fixed number of basis
functions, rather than the model-averaging procedure used in the main text.
(A). Posterior probability of recovering the true generative controller model
relative to abaseline position-only controller. Across all controller classes, the
true generative model was recovered above baseline (all probabilities > 0.5).

Controller classes are defined in Extended Data Table 3. (B). Correlation
betweentrue and predicted position trajectories for each generative
controller class, averaged across simulated trials, showing good recovery
across classes (meanr = 0.83). (C-H). Example simulations showing recovery
ofthe ground-truthblending parameter w, for each controller class. Bluelines
indicate true w,, orange lines indicate recovered w,. Left panels (scaling =1)
show low-complexity trajectories, and right panels (scaling =5) show
higher-complexity trajectories. Complexity was controlled by the scale
parameter of the Gaussian process used to generate w,. Across models, the
meanrecovery ofw,wasr=0.87.
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Extended DataFig. 6 | Fullmodel recovery confusion matrix. To assess
overall modelidentifiability, we performed a full confusion analysis across
three simulation regimes. For each generative model correspondingtoa
controller class (Extended Data Table 3), we simulated datasets with known
parameters (30 datasets with 30 trials each), fit all candidate models to each
dataset, and selected the best-fitting model using the evidence lower bound
(ELBO). (A-C). Confusion matrices quantifying how reliably each generative
controller class could be distinguished from the others under the (A). empirical
simulationregime, (B). random1-5, and (C). random 1-40 simulation regimes.

Recoverability was significantly above chance for controller classes p, pv

and pvi (binomial test, all p < 0.0001), whereas the remaining classes showed
weaker identifiability. The py model, which provided the best fit to participant
behavior, was significantly recovered (43% correct; 95% C1[0.40, 0.47],

p <0.0001), but was frequently confounded with pviand puf. This overlap
likely reflects the nested structure of the controller classes, indicating that
interpretation of fitted model identities should account for partial
non-identifiability between related controller families.
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Extended DataFig.7|Behavioral predictors of target switching and
average controller dynamics. (A). Target switch GLMrestricted to sEEG
subjects (n =19), showing the contribution of behavioral predictors at two time
windows before the switch onset. Left: predictors computed as the mean value
within the100 ms preceding switch onset (-100 to 0 ms). Right: predictors
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computed as the mean value froman earlier window preceding switch onset
(-400to -300ms). Barsindicate the mean posterior effect size (percent
change), and error barsindicate the 95% credible interval, as in Fig. 2h.
Asterisksindicate predictors whose 95% credible interval excluded zero.
(C). Averaged w, trajectory across all the participants (n = 69).



Extended Data Table 1| Experimental cohorts and participants demographics

Number of Mean Gender Collection
Cohort Collection period Task apparatus
participants | age + SD {M/F) site
Baylor
sEEG 401+
) 19 8/11 College of Dec 2022 — July 2025
subjects 13.1 o Computer screen +
Medicine
commercially
Baylor . ) )
Healthy available joystick
. 33 235+45 19/14 College of Nov 2024 — July 2025 )
subjects . (Logitech —
Medicine
extreme 3D pro)
Healthy University of
. 17 222+45 8/9 . Jan 2022 — Feb 2023
subjects Minnesota
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Extended Data Table 2 | Number of recorded neurons across participants and brain regions

subject | ACC | hippocampus | OFC para entorhinal | amygdala | thalamus | PCC
hippocampus
1 3 6 0 0 0 0 0 0
2 15 38 4 0 0 0 0 0
3 18 25 0 0 0 0 0 0
4 25 16 0 0 0 0 0 0
5 25 21 0 0 0 0 0 0
6 17 0 0 0 0 0 0
7 22 0 0 0 0 0 19
8 7 42 0 0 0 0 0 0
9 12 41 0 0 0 0 0 0
10 17 44 0 0 0 0 0 0
11 25 58 0 0 0 0 0 0
12 23 0 0 0 0 0
13 0 34 0 0 0 0
14 0 39 11 17 0 0 8 0
15 31 44 29 0 0 0 0 0
16 24 38 12 0 0 15 12 0
17 20 43 0 0 0 22 0 0
18 12 27 8 0 0 21 13 0
19 6 17 16 0 17 11 9 0
neurons
count 254 546 103 51 17 69 42 19




Extended Data Table 3 | Controller types

Equation Description Associated Model Name
Uprea = Jp €p Current position error P
Current position and velocity
Upred = 9p €p T Gv €v PV
errors
Current and future position
Uprea = Gp €p + J5 € PF
errors
Current, future, and integral PE|
u =gye, tgre,t+g;| e
prea = 9p €p T Ir & glf P position errors
Current, velocity, and integral PV
u =gpe, toye,+g;| e
prea = Gp €p T G Ev glf P position errors
Current, velocity, and future
Uprea = Jp €p +9v €y + g5 es - PVF
position errors

Error signals are denoted e,, (€, = Xyositon, subject = Xposition, target - ) With subscripts indicating type (e.g., e, is current position error).
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Software and code
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Data collection  Behavioral data were collected using custom task software written in MATLAB (MathWorks; versions R2019b and later) utilizing
Psychtoolbox-3. All participants performed the task using a Logitech Extreme 3D Pro joystick, and behavioral data were acquired at 60 Hz.
Human intracranial recordings were obtained using Ad-Tech Behnke-Fried stereotactic depth electrodes (8 microwires per probe; Ad-Tech
Medical) implanted using a ROSA ONE Brain robotic system (Zimmer Biomet). Neural activity was acquired using a 512-channel NeuroPort
System (Blackrock Microsystems) sampled at 30 kHz. Electrode locations were verified using co-registered pre-operative MRI and post-
operative CT scans and reconstructed using FreeSurfer (v7.4.1), Biolmage Suite (v3.5), iELVis, and RAVE. Single-neuron activity was isolated
using Wave_clus spike sorting (Chaure et al., 2018) followed by manual curation based on waveform shape, refractory-period violations, and
inter-spike interval distributions.

Data analysis Data analyses were performed using custom codes written in MATLAB (MathWorks; R2024b) and Python 3.11. Python analyses used NumPy
(v2.3.0); SciPy (v1.15.2), scikit-learn (v1.6.1), JAX (v0.6.0), NumPyro (v0.18.0), statsmodels (v0.14.2), Linderman Lab ssm package (v0.0.1).
Demixed principal component analysis followed the implementation described by Kobak et al. (2016). All custom analysis codes are publicly
available at: https://github.com/BCM-Neurosurgery/PreyPursuit

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The complete preprocessed behavioral and neural datasets generated during this study have been deposited in a Figshare repository and are publicly available at:
https://doi.org/10.6084/m9.figshare.32572764

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Biological sex was recorded for all participants and is reported in Table S1 and S2. Sex was determined from medical records
for the intracranial cohort, while it was self reported for the healthy behavioral cohort. The intracranial cohort included 19
participants (8 male, 11 female). The healthy behavioral cohort included 50 participants (27 male, 23 female). No analyses
were performed as a function of sex because the study was not designed or statistically powered to evaluate sex-related
differences.

Reporting on race, ethnicity, or | No socially constructed or socially relevant categorization variables (e.g., race or ethnicity) were used in this study.

other socially relevant Participants were characterized only by clinical and demographic covariates (age, sex, epilepsy diagnosis for the intracranial
groupings cohort) relevant to the neural recordings.
Population characteristics Nineteen epilepsy patients undergoing clinical SEEG monitoring participated. Age ranged from 20 to 68 years (mean + sd =

40.1 + 13.1 years). All participants were patients with drug-resistant epilepsy implanted with depth electrodes for clinical
seizure localization. Periods containing seizures were excluded from all analyses.

50 healthy participants were included for behavioral analysis only. Age ranged from 18 to 33 years for the Baylor cohort
(mean +SD =23.5 + 4.5); age ranged from 18 to 34 years for the Minnesota cohort (mean + SD = 22.2 + 4.5).

Gender for both cohorts is reported above.

Recruitment Intracranial participants were recruited from patients with drug-resistant epilepsy already undergoing clinically indicated
SEEG monitoring at Baylor College of Medicine; recordings were obtained opportunistically during this clinical stay.
Participation was voluntary and did not affect clinical care. Because the sample is limited to surgical epilepsy patients, it is not
representative of the general population, and electrode placement was determined solely by clinical need rather than
research aims, which constrains anatomical coverage. These constraints are inherent to human single-neuron research and
are not expected to bias the within-subject effects reported here. Participants received a standard monetary compensation,
which did not depend on task performance. All participants received the same compensation.
All healthy participants provided informed consent in accordance with protocols approved by the respective institutional
review boards at each site. Also here, participants received standard monetary compensation that did not depend on task
performance.

Ethics oversight The study was approved by the Institutional Review Board of Baylor College of Medicine, Houston, TX (protocols H-18112 for
the intracranial cohort; protocol H-54759 for healthy subjects). All procedures followed the Declaration of Helsinki.
Participants gave written informed consent and were reminded of their right to withdraw at any time.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size No formal statistical method was used to predetermine sample size. For the intracranial dataset, sample size was determined by the
availability of eligible patients undergoing clinically indicated stereotactic EEG monitoring and meeting inclusion criteria. During the review
process, six additional participants were included, increasing the final cohort to 19 participants and strengthening the robustness of the
reported findings. This sample size is comparable to, or larger than, those commonly reported in human single-neuron recording studies. The
healthy behavioral cohort comprised 50 participants and was collected to provide an independent behavioral comparison dataset. The final
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sample sizes yielded sufficient numbers of trials, switch events, and recorded neurons to support the statistical analyses reported in the
manuscript.

Data exclusions  No participants were excluded from the study. At the neuronal level, exclusion criteria were pre-established and applied during preprocessing.
Only well-isolated single units meeting standard spike-sorting criteria were retained, including consistent waveform shape, refractory-period
violations below 5%, and appropriate inter-spike interval distributions. All neurons passing these criteria were included in the analyses;
analyses were not restricted to task-responsive neurons. Periods containing seizures were excluded from all analyses. For specific analyses,
neurons with zero total firing or fewer than two valid observations were excluded because the relevant statistical quantities could not be
computed. No healthy participants were excluded.

Replication The reproducibility of the findings was assessed using multiple complementary approaches. Behavioral results were evaluated in both the
intracranial cohort and an independent cohort of 50 healthy participants performing the same task, yielding consistent behavioral patterns.
Neural analyses employed cross-validation, held-out test datasets, permutation testing, and repeated resampling procedures where
appropriate. During peer review, the intracranial cohort was expanded from 13 to 19 participants; the inclusion of these additional
participants did not alter the principal conclusions of the study. The principal conclusions remained unchanged across these validation
procedures.

Randomization  Randomization into experimental groups was not relevant to this study. This was an observational within-subject design in which all
participants performed the same behavioral paradigm (the prey-pursuit task), and no participants were assigned to different experimental
conditions or treatment groups. Consequently, no participant-level randomization procedures were performed.

Blinding All spike sorting and preprocessing were performed prior to the analyses, ensuring that neurons isolation and inclusion were determined prior
to the statistical analyses. Blinding to group allocation was not relevant because the study did not involve experimental groups; all participants
performed the same task and all neurons were analyzed using the same predefined processing and analysis pipelines. Statistical inference
relied on permutation tests, shuffle controls, and cross-validation procedures rather than subjective experimenter judgment.
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