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Materials and Methods

Surgical preparation, Stimuli, and Behavioral Testing

Two male monkeys (Macaca mulatta, 15~16 years old, 8-14 kg) were trained on four
different behavioral tasks, and implanted with a head post, and a recording chamber positioned
over PPC. Our surgical, behavioral, and neurophysiological approach has been described in detail
previously(9, 10). Stereotaxic coordinates for chamber placement were determined from magnetic
resonance imaging (MRI) scans obtained before chamber implantation. LIP chambers were
centered on the intraparietal sulcus (IPS), 4.0 mm posterior to the intra-aural line and 1.0 mm
lateral from the midline for monkey M, and 0 mm anterior to the intra-aural line and 15.0 mm
lateral from the midline for monkey B. Monkeys were housed in individual cages under a 12 hours
light/dark cycle. Behavioral training and experimental recordings were conducted during the light
portion of the cycle. Monkeys sat comfortably while head-fixed in a custom-made primate chair
inside a dark experiment rig. Task stimuli were displayed on a 21-inch color CRT monitor
(1280*1024 resolution, 75 Hz refresh rate, 57 cm viewing distance). Identical stimuli, timing, and
rewards were used for both monkeys. A solenoid-operated reward system was used to deliver juice
reward to the monkeys. Monkeys’ eye positions were monitored by an optical eye tracker (SR
Research) at a sampling rate of 1 kHz and stored for offline analysis. Stimulus presentation, task
events, rewards, and behavioral data acquisition were accomplished using an Intel-based PC
equipped with MonkeyLogic software running in MATLAB (http://www.monkeylogic.net)(36).
All experimental and surgical procedures were in accordance with the University of Chicago
Animal Care and Use Committee and National Institutes of Health guidelines.

Behavioral tasks

Motion direction categorization task (MDC)

On each trial, monkeys were required to saccade to either the green or red targets based on
the category of the motion stimulus. Ten motion directions (55°, 75°, 135°, 195°, 215°, 235°, 255°,
315°, 15°, 35°) were grouped into two categories separated by a learned category boundary (Fig.
1B). Task difficulty was determined by the angular distance between the direction of motion and
the boundary. A trial was initiated by the monkey holding a touch-bar and acquiring gaze fixation.
Monkeys needed to maintain fixation within 2.0-2.5° radius of a fixation point throughout the trial,
prior to their saccadic choice. After a 500 ms fixation period, two colored saccade targets (red and
green) appeared simultaneously at opposite positions relative to the fixation point with equal
eccentricities (8° and 9° for Monkey M and B, respectively). The positions of red and green targets
were randomly chosen between the two positions on each trial(37). 400ms later, a sample motion
stimulus was presented at a location orthogonal to the axis of, but at the same eccentricity as, the
saccade targets. The motion stimuli were full contrast, 8° diameter, 100% coherent, random-dot
movies composed of 190 dots per frame, and moved at 10°/s. Monkeys needed to saccade to either
red or green targets within a 60-2000ms window after sample stimulus onset. If the sample
stimulus belonged to category one (55°, 75°, 135°, 195°, 215°), the monkey needed to saccade to
green target, whereas category two (235°, 255°, 315°, 15°, 35°) was associated with the red target.
If the monkey’s saccade brought its gaze to within a 3° window around the correct target and held
for 100 ms, a juice reward was delivered.



Motion direction discrimination task (MDD)

Monkeys needed to choose either the green or red saccade targets based on motion
direction of the sample stimulus. The timings and spatial positions of the saccade targets and
motion stimuli were the same as in MDC task. Two motion directions (135°, 315°) with three
different coherence levels (9%, 18%, 36% for monkey M; and 13%, 25%, 50% for monkey B)
were used in this task. Task difficulty was determined by the coherence level of the motion stimuli,
defined as the percentage of dots moving coherently in one direction. The direction of motion for
each non-coherent (i.e. noise) dot was chosen randomly, and each moved in a consistent direction
across all video frames. If the sample direction was 135°, the monkey needed to saccade to the
green target to receive a juice reward, whereas the 315° direction was associated with the red
target. The same timings and stimuli were used for both inactivation and recording sessions except
that zero coherence stimuli were also used during recording sessions. On each zero coherence trial,
the rewarded target (red or green) was randomly (50% probability) chosen.

Free saccade choice task (FSC)

A free saccade choice task was used to assess the effectiveness of LIP inactivation and its
impact on saccade selection, as demonstrated by previous studies(16, 23, 28) (Fig. S19). Both
monkeys performed this task at the start of each control and inactivation session. Monkeys were
trained to freely choose between two visually identical saccade targets. Trials were initiated when
the monkey grasped a touch-bar, and maintained gaze fixation (within 2.0-2.5°) of a central
fixation spot. After a 500 ms fixation period, the central fixation point disappeared, and two red
saccade targets appeared either simultaneously or sequentially for 60ms, at opposite directions
relative to the fixation point and with equal eccentricities (8° and 9° eccentricity for Monkey M
and B, respectively). On each trial, target onset asynchrony was randomly chosen from seven
different values with equal probability (left target relative to right target, -120ms, -80ms, -40ms,
Oms, 40ms ,80ms, 120ms). The monkeys were free to saccade to either the left or right targets
immediately. On each trial, the reward probability for each target was determined independently
and at random. A higher reward probability was used for the earlier than later appearing target
(0.85 vs. 0.6), in order to motivate the monkey to saccade to the earlier target (rather than
employing a fixed side bias). On 20% of trials, only a single target appeared, and monkeys needed
to saccade to its position. Reward probability on single target trails was equal to that of the earlier
appearing target in the two target trials.

Memory guided saccade task (MGS)

A memory guided saccade task was used to identify LIP neurons and to map their RFs.
Trials were initiated by the monkey grasping the touch-bar lever and maintaining central fixation.
After the 500 ms fixation period, a visual target was shown for 200ms at one of eight possible
locations, evenly placed at 45° angular positions with eccentricity ranging from 6° to 12°.
Following stimulus offset, monkeys maintained central fixation for 1s at which time the fixation
point disappeared. They then had to make a single saccade toward the remembered target location
within 500 ms, and fixate that location for 200 ms in order to receive a juice reward.

Stimulus and target configurations in the MDC and MDD tasks

To test LIP’s causal involvement in the sensory evaluation and motor planning aspects of
decisions, we arranged the saccade targets and motion stimulus in three different spatial
configurations in different blocks of trials (Fig. 1C and see below). Before the inactivation



sessions, we recorded LIP neurons’ activity in MGS task, and mapped their RF positions. We
found a coarse retinotopic map from the anterior to posterior LIP in both monkeys, corresponding
to upper-contralateral to lower-contralateral visual field. For each inactivation session, we targeted
muscimol injections to LIP locations from which most of the recorded neurons showed either
visually-driven or persistent activity to the visual target in the middle-contralateral VF within a 6°-
12° eccentricity range. The middle-contralateral VVF was therefore defined as the inactivated visual
field (IVF). The three spatial task configurations were defined according the spatial positions of
targets and motion stimuli relative to the IVF (Fig. 1C). 1) In the stimulus-In (Siv) condition, the
motion stimulus was presented inside the IVF, but the saccade targets were directly above and
below the fixation point and outside the IVF. In the Siy condition, muscimol injection into LIP
examines the impact of inactivation on sensory evaluation of the in-RF motion stimulus. 2) In the
Target-In (Tin)condition, the two saccade targets were presented in the IVF and the ipsilateral
visual field, respectively, while the motion stimulus was presented directly above the fixation point
at the same eccentricity as the saccade targets. In Tin, muscimol injection into LIP examines the
impact of inactivation on saccade selection. 3) In the Both-Out (Bout) condition, the motion
stimulus was presented in the ipsilateral VF (opposite to the I\VF) at the same eccentricity as the
Sin condition, and the saccade targets were in the same positions as the Sy condition. In Bour, LIP
inactivation is not expected to strongly influence sensory evaluation or saccade selection since
both the motion stimuli and saccade targets are outsize the IVF. Thus Bour is used as a within-
session control condition to monitor monkeys’ general behavioral state after LIP inactivation,
assessing factors such as the animals’ motivation and arousal. The stimulus configuration was
fixed within each block and the order and duration of the three condition blocks is described below.
The exact same stimulus spatial configurations were used on inactivation and control sessions.

Task sequence on each session

For each experiment session, monkeys were first tested with the FSC task for ~15-20
minutes (~250 trials), and then tested on the MDC and MDD tasks. There were three different
blocks for both MDC and MDD tasks which tested performance in each of the 3 spatial
configurations of stimuli and saccade targets (Fig. 1C). The six experiment blocks (3 conditions x
2 tasks) were randomly interleaved without replacement within each session. The MDC and MDD
tasks were cued by different fixation point colors, with blue for MDC task and yellow for MDD
task. In each block, monkeys needed to perform 60-110 (Monkey M: 60 for MDD and 100 for
MDC; Monkey B: 70 for MDD and 110 for MDC) correct trials before advancing to the next block.
On inactivation sessions, monkeys were typically tested with the FSC task 30 minutes after the
completion of muscimol infusion; while during the control sessions, monkeys needed to wait for
an equivalent duration as during the inactivation session before performing the FSC task.

Muscimol infusion

The GABAA agonist muscimol (Sigma) was dissolved in phosphate-buffered saline (PBS),
pH ~= 7, to concentrations of about 8 pg/ul. We infused the muscimol solution into the cortex
using a similar approach as a recent study(16). On each session, two infusion cannulas were
lowered into grid locations and depths in which we had previously recorded LIP neurons with RFs
located in the middle-contralateral VF. The two cannulas (32 gauge) were lowered by motorized
micro-drives (NAN Instruments) with a 1-3 mm separation within the grid. Infusions were



performed using a syringe pump (Harvard Apparatus) using a 10 ul micro-syringe (Hamilton) and
polyethylene tubing (PE20, inner diameter = 0.38 mm, outer diameter = 1.09 mm) directly
connected to the cannula. We delivered 6-8 ul (3-4 for each cannula) of muscimol solution in each
inactivation session, corresponding to a total drug delivery of ~50 ug (mean = 53.4 nug) of
muscimol. This protocol was chosen to match the high end of ranges used previously in order to
maximize neural inactivation. To avoid pressure damage and maximize the inactivated cortical
area, muscimol solution was infused at five different depths along a single cannula track. For each
infusion depth, we infused 0.5-0.8ul muscimol solution (constant rate of 0.2ul/min, 2.5-4 minutes),
and the injection cannula stayed at that depth for at least 2 minutes after finishing infusion. For
each infusion site, we visually monitored the movement of the solution to make sure that the drug
was successfully delivered. It typically took 40-50 minutes to finish the infusion process. Cannula
were left at the last infusion depth in the cortex during the remainder of the session. Behavioral
testing started ~30-35 minutes after completing the muscimol infusion, and typically concluded
within 2.5-3.5 hours following infusion. As monkeys sometimes showed a saccade choice bias
toward the ipsilateral target in the FSC task one day following an inactivation session, control data
sessions were obtained on one day before and two days after an inactivation session, using
precisely the same tasks, stimuli and parameters as during the inactivation session. In two sham
control sessions, saline was infused into LIP using the same methods as muscimol infusion. The
injection location and the volume was the same between sham control and inactivation sessions.
The monkeys’ behavioral performance on sham control sessions was very similar as control
sessions, although the small number of sham sessions precludes statistical analysis. We elected not
to conduct more sham controls, to limit cortical damage due to needle insertion and fluid injection.

Electrophysiological recording

Neuronal activity was recorded using 75-um tungsten microelectrodes (FHC, (~1 MQ), or
16-channel VV-Probes (Plexon). All neurons from monkey M were recorded using single channel
electrode, and most neurons from monkey B were recorded using V-probes (16 recording sites in
one row, 100 um inter-site spacing). Neurophysiological signals from both single or multi-channel
recording were amplified, digitized and stored for offline spike sorting (Plexon) to verify the
quality and stability of neuronal isolations. For both monkeys, we recorded neuronal activity in
MGS task to map LIP RF locations before we commenced with the first inactivation session.
Neuronal recordings on the MDD task were conducted in Monkey M after the inactivation
sessions, while MDD task data was recorded from monkey B before the inactivation sessions.

We localized LIP in each monkey according to the pattern of neuronal activity, particularly
during the MGS task (e.g. spatially selective activity during stimulus presentation and the delay).
All neurons included in the dataset were recorded from the same grid holes and similar depths (~5-
10 mm from the cortical surface) where we encountered spatial selectivity in the MGS task. LIP
neurons were also identified based on anatomical criteria, such as the location of each electrode
track relative to that expected from the MRI scans, the pattern of gray—white matter transitions
encountered on each electrode penetration, and the relative depths of each neuron.

To test whether the inactivation-related behavioral deficit in the Sy condition was due to
impairment of decision-related activity (as opposed to other factors such as attention or visual
feature encoding), we recorded LIP neurons’ activity in the Sy condition of the MDD task. For



single channel electrode recording, only neurons showing visual responses to the motion stimuli
during prescreening with the MDD task were tested with ~300-600 trials of the MDD task. For
neurons with clear spatial RFs during the MGS task, we presented motion stimulus inside LIP
neurons’ RF; while for those neurons which did not show a clear RF during the MGS task, we
presented motion stimuli in the positions (always in the visual field contralateral to the recorded
hemisphere) in which neurons exhibited the strongest response to the motion stimuli. For the multi-
channel recordings, we recorded all neurons isolated across all channels, with the motion stimulus
placed in one of the isolated neurons’ RFs. Because adjacent recording sites were located 100um
apart, nearby neurons typically had similar RF locations.

Data analysis

Behavioral performance

Only sessions in which monkeys performed enough trials for each unique stimulus
condition in both the MDC and MDD tasks (n >= 20 for monkey M and n >= 30 for monkey B)
were used for further analysis. For monkey M, we collected data from 10 inactivation session in
total. However, two inactivation sessions were excluded from further analysis as the infusion
canula was clogged in one inactivation session, and monkey M did not perform enough trials (less
than half of the required number) in the other excluded session. We used the session before and
the session two days after each inactivation session as controls. This gave a total of 11 control
sessions and 8 inactivation sessions for monkey M. For monkey B, we collected data from 11
inactivation sessions, and 12 control sessions. However, two inactivation sessions were excluded
from analysis in which the injection cannula was clogged or was later determined to have missed
the target location of LIP based on MRI images and electrophysiological mapping, respectively.
Furthermore, the final control session was excluded from data analysis, as the monkey worked
fewer trials and with much lower overall performance (e.g. more fixation breaks, aborted trials,
and lower accuracy) than on typical control sessions. Therefore, there are 11 control sessions and
9 inactivation sessions from monkey B included for analysis. On average, monkey M performed
1314 trials per session, and monkey B performed 2038 trials per session (including both correct
and error trials in the MDC and MDD tasks).

We only included trials for analysis in which monkeys made a saccade directly to one of
the two targets, while fixation-break and aborted trials were excluded. We included both correct
and error trials for calculating monkeys’ mean RT for every experiment condition. To facilitate
pooling of the two monkeys’ data, we defined the primary category/direction for each monkey as
the category/direction for which the monkey showed a greater deficit in the Sy condition on
average across all inactivation sessions, since both animals showed greater inactivation-related
deficits for one of the two categories. In the Siy and Bout conditions, we pooled data from the two
monkeys based on the “primary” category/direction of each monkey. Trials from different saccade
directions are pooled for each category. In the Ty condition, data from two monkeys were pooled
according to the saccade target location relative to the inactivated hemisphere. Trials in Tin were
grouped based on saccade direction (ipsilateral vs. contralateral). Trials from both categories were
pooled for each target location.

Psychometric curve fitting



We used a cumulative Gaussian function to fit psychometric curves to performance in the
MDC and MDD tasks, using the maximum likelihood method. In the Siv and Bout conditions, we
calculated the proportion of trials for choosing the primary category/direction as a function of
motion category/direction with different task difficulty levels (negative values represent ‘non-
primary category/direction’; positive values represent ‘primary category/direction’). In the Tin
condition, we calculated the proportion of trials for choosing the contralateral target as a function
of motion category/direction with different task difficulty levels (negative values represent
‘ipsilateral target’; positive values represent ‘contralateral target’). There are two free parameters:
(1) the psychophysical threshold was taken as the SD of the Gaussian fit and corresponded to
84.15% correct performance, and (2) the point of subjective equality (bias) was taken as the mean
of the Gaussian fit, corresponding to the stimulus conditions that yielded 50%-50% primary vs
non-primary category/direction choices in both Sy and Bout conditions, or the stimulus conditions
that yielded 50%-50% contralateral vs ipsilateral saccade choices in the Ty condition. In Fig. 2,
M to P and Fig. 3, M to P, the values of each paired control session were defined as the mean
value of the results from the sessions both before and after the corresponding inactivation session.

Drift-diffusion model fitting

The drift diffusion model has been widely used for modelling behavior during decision
making in two-choice discrimination (decision) tasks, as it translates behavioral data, including
both accuracy and reaction time (RT) distributions, into distinct components such as bias,
sensitivity and threshold(38, 39) . To test which components of the decision-making process were
impaired by LIP inactivation in different task conditions, we fit the monkeys’ behavioral data in
both control and inactivation sessions, to drift diffusion models with fixed boundaries (figs. S6
and S7). In these models, noisy sensory evidence is assumed to accumulate over time from a
starting point (z, representing choice bias) toward one of two decision boundaries (0 and a,
representing the decision threshold). The rate of evidence accumulation is the drift rate (v) and is
determined by the strength of sensory evidence (angular difference between the motion direction
and the category boundary in the MDC task, and the motion coherence in MDD task). We also
assume across-trial variability (n) in the accumulation of evidence. This corresponds to the
variability of drift rate between different trials, potentially due to noise from early sensory
processing, or variability in attention or motivation. Factors less directly related to decisions, such
as sensory feature encoding and motor control, also contribute to subjects” RTs during decision
tasks. Thus, a uniformly distributed non-decision RT which accounts for all non-decision
processes involved (with mean Ter and std st) is also used to fit the RT distributions. The value of
the starting point of the diffusion process also varies from trial to trial (std sz) in the current model,
which is shown to be important for explaining RT differences between correct and error trials(40).
Furthermore, we used quantiles rather than mean RTs for both correct and error trials, in order to
increase statistical power. We used a MATLAB (Mathworks Inc) based library (Diffusion Model
Analysis Toolbox — DMAT(41)), to fit the 7 parameters listed above using both accuracy and RT
data in each task condition.

We fit each monkey’s behavioral data in each condition (three spatial configurations in two
tasks, six conditions in total) independently for both inactivation and control sessions. Six of the
seven parameters were freely fit with one fixed value for all the task difficulty levels within a given
task condition, as we assume the bias, threshold and non-decision time are fixed within each task



condition for each subject. The drift rate (v) was fit freely for each task difficulty level in each task
(Tables S1-S4).

Saccade analysis:

We detected saccades using a threshold for velocity and template-matching criteria as in
previous studies(42, 43). Horizontal and vertical eye positions, sampled at 1000 Hz, were used to
calculate the instantaneous eye movement velocity. Velocity vectors were smoothed (20 ms
boxcar) to reduce noise. The start of a saccade was defined as the time when the velocity exceeded
30° /s, and the end of a saccade was defined as the first point at which the velocity was less than
10% of the peak velocity. Furthermore, trials were only included for further analysis if they fit the
following criteria: (1) the saccade duration was 10 to 100 ms; (2) the saccadic endpoint was within
a 5° window that was centered at the saccade target; (3) the saccade amplitude was no less than
half of the eccentricity of the target (typically 4.5%). To whether LIP inactivation produced an
obvious impairment of eye movements, we compared monkeys’ peak saccade velocity between
control and inactivation sessions (fig. S10). Only data from the Tn condition in which one of the
saccade targets was placed in the inactivated visual filed were included in this analysis.

Microsaccade analysis

We detected monkeys’ micro-saccades based on velocity criteria similar to previous studies(44,
45). Horizontal and vertical eye positions, sampled at 1000 Hz, were used to calculate an
instantaneous eye movement velocity. Velocity vectors were smoothed (20 ms boxcar) to reduce
noise. We then used the following criteria to detect micro-saccades: (1) the eye movement velocity
> 10 deg/s; (2) 10 ms < eye movement duration < 100 ms; (3) eye movement amplitude >= 0.05
degree; (4) a new micro-saccade could not be initiated within 20 ms of a previous micro-saccade.
Furthermore, a 'rate-of-turn’ criterion--the saccade direction could change no more than 30 degrees
every 5 ms during the micro-saccade—was also used to determine the end of micro-saccades.
Visual inspection of raw eye movement traces was used to confirm the accuracy of this micro-
saccade detection. For fig. S7, we only analyzed the micro-saccades within a time window
following target onset and before motion stimulus onset, as we expect that the monkeys’ micro-
saccades were less influenced by factors such as visual stimulus onset and saccade preparation in
this period, compared to the later sample period (making it more likely to detect a bias). The same
micro-saccade analysis during other tasks periods produced similar results.

Neuronal data analysis

Neuronal pre-screening

All neurons recorded from single channel electrodes were included for analysis. For multi-
channel recordings, we only included the neurons which showed significant modulation (different
from fixation period activity, one-way ANOVA, p < 0.01) of their averaged activity across all
motion stimuli as the stimulus could not always be placed within the RF of all the neurons recorded
by the linear array. We also excluded the neurons with maximum firing rates < 2.0 spikes/s (to the
direction producing greater average responses) during stimulus presentation. To select neurons
that showed significant motion direction selectivity (DS) during the decision period, we applied a
one-way ANOVA test to compare activity between the two different motion directions in the



period following motion stimulus onset (50-250 ms after motion stimulus onset). Only neurons
that showed significant (p < 0.01) DS were used for further analysis.

Spike density function and normalized activity

For all plots showing the single neuron and population activity, we used a 20 ms Gaussian
smoothing window for each neuron. For population plots, we normalized each neuron’s activity
by its maximum firing rate (averaged across all conditions) across the trial (from fixation onset to
1100 ms after motion onset).

Receiver operating characteristic (ROC) analysis

We applied a sliding ROC analysis (100 ms width, 5 ms steps) to the distribution of firing
rates to quantify each neuron’s DS in the MDD task. The area under the ROC curve is a value
between 0.0 and 1.0 indicating the performance of an ideal observer in assigning motion direction
based on each neuron’s trial-by-trial firing rates. Values of 1.0 and 0.0 correspond to perfect
classification (i.e. strong DS), while a value of 0.5 indicates chance classification performance (i.e.
no DS). For trials with zero coherence motion, we assigned direction labels on each trial according
to the monkey’s choice. To test whether DS reflected monkeys’ trial-by-trial choices, we used an
ROC analysis to quantify whether LIP activity was more correlated with monkeys’ trial-by-trial
choices than the physical direction of stimulus motion, by analyzing both correct and error trials.
Only low coherence trials, which had sufficient numbers of error trials (average performance:
Monkey M: 74% correct, Monkey B: 67% correct), were included in this analysis. LIP neuronal
activity was analyzed by ROC according to either monkey’s trial-by-trial choices or the direction
of sample stimulus on each trial. Only neurons for which we recorded sufficient trials (>4) for the
low coherence condition of each motion direction were used for this analysis (N=101/104). In Fig.
4, G,H, trials from each saccade direction were separated into the faster-half and slower-half RT
sub-groups for each coherence level, and then pooled for each motion direction.

Selectivity latency

For each neuron, a one-way ANOVA was applied to the distributions of firing rates to the
both motion directions using a sliding window (50ms window width, 10ms steps) to determine the
latency of DS. We defined the middle time point of the first time window for which there was
significant difference (p < 0.01) between neuronal responses to the two directions in three
successive time windows. Only correct trials with non-zero coherence motion were used for this
analysis.

Correlation between direction selectivity and RT

In order to test the correlation between the motion direction selectivity of LIP neurons and
monkeys’ RTs, we show LIP population activity grouped in different RT bins (fig. S15). For each
neuron, we separated the trials of each motion direction into six equal size groups. First, we
separated the trials with the same motion direction into two sub-groups based on their saccade
direction. In this way, we lessened the possibility that the two saccade directions differentially
influenced neuronal activity in the respective RT bins. Trials with the same motion direction and
same saccade direction were grouped into six bins according to the monkey’s RT from low to high.
Next, bins from the two different saccade directions but same motion direction were pooled based
on RT (1 to 6 from low to high). Neuronal activity within each RT bin was averaged for each
motion direction, and then pooled across the population based on each neuron’s preferred and non-



preferred direction. All neurons contributed equally to the population activity of each RT bin.
Similar procedures were performed for different RT bins in other figures (two RT bins in Fig. 4,
G,H and fig. S14).

To test the correlation between the slope of LIP responses and the monkeys’ RT, we
quantified the slope of LIP neurons’ averaged population differential activity (the difference in
activity between preferred and non-preferred directions). The differential activity was first
calculated for each neuron and then pooled together across the population. To calculate the slope
value, we first identified the starting time of the onset of ramping differential activity. The start
point was defined as the first time point at which the differential activity exceeds three times the
standard deviation of the baseline differential activity, and for which the following 100ms keeps
increasing. Then, we linearly regressed the differential activity in a 100 ms window following the
start point to determine a value for the slope of the ramping activity.

Partial correlation analysis

A partial correlation analysis was performed similar as in a previous study(19). For each
trial of the MDD task, we obtained three parameters, i.e., the stimulus direction, the pre-choice
neuronal activity, and the monkeys’ choice, for the calculation. The stimulus directions are
assigned different values for different directions and coherence levels: positive and negative values
are used for 315° and 135°, respectively; while 4, 2, 1 and 0 are used for code the high, middle,
low and zero coherence levels. Different choice directions are also coded as different values (-2
for choosing 135°, and + 2 for choosing 315°). Two measures were then calculated: r stimulus =
r(neuronal activity, stimulus direction| choice direction), the partial correlation between neuronal
activity and stimulus direction, given the monkeys’ choices; and r choice = r(neuronal activity,
choice direction | stimulus direction), the partial correlation between neuronal activity and
monkeys’ choice, given the stimulus direction. In Fig. 4J, the neuronal activity was chosen as the
average firing rate of each neuron in a 100 ms immediately prior to the monkey’s choice. In Fig.
41 and S16, the neuronal activity for each neuron was the average firing rate in a 50ms window,
advanced in 10 ms steps.

Site by site comparison of neuronal selectivity and behavioral impact of inactivation:

We tested the relationship between the behavioral impacts arising from LIP inactivation
and the neuronal selectivity of LIP neurons in the inactivated sites by comparing the pattern of
behavioral deficits with the direction/category preferences of neurons at each inactivated LIP site.
We tested whether the majority of LIP neurons recorded at each inactivation site showed stimulus
preferences which corresponded with the behavioral deficits observed when inactivating those
sites. This also serves as an analytical control to ensure that our results were not driven by our
method for determining the primary direction/category for each monkey (the direction/category
for which behavior was more impacted by inactivation). However, note that the inactivation results
are shown separately for each monkey without the step of determining the primary
category/direction (figs. S4 and S5), showing results which were consistent (and statistically
significant) with the combined data.

Monkey M showed a clear neuronal selectivity bias in each of the four grid positions from
which we recorded (and inactivated) LIP, with the overwhelming majority of recorded neurons
(39 of 50) preferring one of the two directions (315°). This selectivity bias was also evident by
plotting the population activity pooled in a global manner according to the global preferred (315°)
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and non-preferred (135°) directions (fig. S17 A,B). The preferred direction of those sites happened
to correspond with the primary direction (i.e. the direction for which behavior was more affected
by inactivation on average across all sessions, see fig. S4). In other words, the primary direction
for this monkey is the same when defined as either the direction for which behavior was more
strongly affected by inactivation, or when it was defined by the preferred stimulus direction of the
targeted LIP sites. Thus, for Monkey M, the results are consistent with inactivation preferentially
impairing behavior for the categories/directions corresponding with the selectivity preferences of
neurons at the site of inactivation.

Monkey B did not exhibit a global bias in category/direction preference, but instead
showed a more balanced preference across the population (135° n=28 neurons; 315° n=26
neurons). However, when we examined the specific sites (grid locations) from which we recorded
and inactivated, we found that individual sites showed more consistent preferences for one or the
other direction. Five of the sites contained more neurons which preferred one of the directions (24
of 39 neurons preferred 135°), which corresponded to the primary category/direction determined
based solely on the average behavioral impact of inactivation (see fig. S5). The other two sites
contained more neurons which responded preferentially to the opposite (non-primary) direction
(11 of 15 neurons preferred 315°). We next examined how inactivation of those two sites impacted
behavior. This revealed a (non-significant) trend toward greater impairment for the direction which
corresponded to the preferences of the neurons at those two sites which preferred the non-primary
direction. For this monkey, we redefined the primary and non-primary categories/directions
according to the preferences of neurons at each recording site. In fig. S17, C,D, we re-plotted the
population activity based on these new primary/non-primary labels. Fig. S18 shows the behavioral
effects of inactivation for Monkey B, with the red trace showing the results when defining the
primary category/direction according to the neuronal preference at each inactivation site. The black
trace shows the same data with the primary category/direction defined globally according to the
average behavioral impact on performance across all inactivation sessions (as in Fig. 2). For the
MDC task, the results are indistinguishable from the original method for defining the primary
category. For the MDD task, there is a trend (non-significant) toward greater behavioral
impairments for the primary direction when taking into account each site’s stimulus preference. A
caveat is that in our inactivation experiments, we inactivated two sites simultaneously,
occasionally including one site which preferred the primary category/direction, and one site which
preferred the opposite. We included these sessions in the “non-primary” group in the above
analysis.
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Fig. S1.

Comparisons of behavioral deficits between different categories/directions. Left panels:
monkeys’ behavioral performance in the MDC task. (A-C) Monkeys’ accuracy in Sin (A), Bout
(B) and Tn (C) conditions of the MDC task, shown separately for inactivation and control
sessions. Data from both monkeys were pooled based on the primary and non-primary categories
of each monkey. A larger decrease in accuracy was observed for the primary category compared
to the non-primary category in Sin condition. (D-F) Monkeys’ mean RT in the three MDC task
conditions. Right panels: monkeys’ behavioral performance during the MDD task. (G-1)
Monkeys’ accuracy in the three conditions of the MDD task, shown in the same format as in (A-
C). A larger decrease in accuracy was observed for the primary direction compared to the non-
primary direction in Siy condition. (J-L) Monkeys’ mean RT in the three conditions of the MDD
task. Note that trials in all panels were grouped based on the categories/directions of the motion
stimuli.
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Choice bias and psychophysical threshold following LIP inactivation. Choice bias and
psychophysical threshold were estimated by fitting the monkeys’ psychometric curves with
cumulative gaussian functions. (A-C) The resulting values for choice bias and psychophysical
threshold in Sin (A), Bout (B) and Tin (C) conditions of the MDC task are shown separately for
inactivation and control sessions. The psychometric curves for both monkeys were pooled
according to the primary categories before curve fitting. LIP inactivation resulted in a change in
choice bias and an increase in psychophysical threshold in Sy condition. (D-F) The resulting
values for choice bias and psychophysical threshold in the three conditions of the MDD task are
shown in the same format as in (A-C).
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Impact of LIP inactivation on saccade choice bias and psychophysical threshold in Tin
conditions. Trials were grouped based on the target location. The psychometric curves from both
monkeys were pooled according to the contralateral saccade directions before curve fitting. The
resulting values for choice bias and psychophysical threshold in Tin conditions in the MDC (A)
and MDD (B) tasks are shown separately. Only saccade choice bias but not psychophysical
threshold in the Tin condition were affected by LIP inactivation in both tasks.
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Fig. S4.

Behavioral performance of monkey M on inactivation and control sessions. Upper panels:
Behavioral performance in MDC task. (A-C) Psychometric curves in Siv (A), Bout (B) and Tin
(C) conditions in MDC task, shown separately for inactivation and control sessions. The choice
accuracy was plotted as the proportion of choosing category 2 (red target). Trials from different
saccade directions but the same difficulty level (angular distance from the boundary) were grouped
for each category. Note that monkey M exhibited a larger decrease in accuracy for category 2 than
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category 1 in the Sinv condition. Therefore, category 2 was defined as the primary category for
monkey M. (D) Psychometric curves in Ty conditions for which the trials were grouped based on
the target location (same data as C). Choice accuracy is plotted as the proportion of rightward
saccades. Trials of the same difficulty level from both categories were grouped for each target
location. The monkey’s saccade choice was biased away from the IVF (right visual field, the left
hemisphere of monkey M was inactivated). (E-G) Chronometric curves for Sin (E), Bout (F) and
Tin (G) conditions in the MDC task. (H) Chronometric curves in Ty condition in MDC task, for
which trials were grouped based on target location. The inset figure in each panel shows the global
performance in each condition. The black stars indicate the statistical significance for the
comparisons between control and inactivation sessions (*: p<0.05, **: P<0.01, ***: p<0.001,
unpaired t-test, multiple tests are Bonferroni corrected). The error bars denote £SEM. Lower
panels: Behavioral performance in MDD task. (I-K) Psychometric curves in three conditions of
the MDD task. The choice accuracy is plotted as the proportion of choosing 315° (red target, center
direction of category 2). Trials from different saccade directions but same difficulty level
(coherence) were grouped for each motion direction. Note that monkey M exhibited a larger
decrease in accuracy for 315° than 135° stimuli in the Sin conditions. Therefore, 315° was defined
as the primary direction for monkey M. (L) Psychometric curves in the Ty condition are shown
in the same format as (D) (same data as K). The monkey’s saccade choice showed a bias away
from the IVF in MDD task. (M-O) Chronometric curves for three conditions in the MDD task. (P)
Chronometric curves in Tin condition in the MDD task, for which trials were grouped based on
target location.
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Fig. S5.

Behavioral performance of monkey B in inactivation and control sessions. Upper panels:
Behavioral performance in MDC task. (A-C) Psychometric curves in Sin (A), Bout (B) and Tin
(C) conditions in MDC task, shown separately for inactivation and control sessions. The choice
accuracy was plotted as the proportion of choosing category 2 (red target). Trials from different
saccade directions but the same difficulty level (angular distance from the boundary) were grouped
for each category. Note that monkey B exhibited a larger decrease in accuracy for category 1 than
category 2 in the Sinv condition. Therefore, category 1 was defined as the primary category for
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monkey B. (D) Psychometric curves in Ty conditions for which the trials were grouped based on
the target location (same data as C). Choice accuracy is plotted as the proportion of rightward
saccades. Trials of the same difficulty level from both categories were grouped for each target
location. The monkey’s saccade choice was biased away from the I\VF (left visual field, the right
hemisphere of monkey B was inactivated). (E-G) Chronometric curves for Sin (E), Bout (F) and
T (G) conditions in the MDC task. (H) Chronometric curves in Ty condition in MDC task, for
which trials were grouped based on target location. The inset figure in each panel shows the global
performance in each condition. The black stars indicate the statistical significance for the
comparisons between control and inactivation sessions (*: p<0.05, **: P<0.01, ***: p<0.001,
unpaired t-test, multiple tests are Bonferroni corrected). The error bars denote +SEM. Lower
panels: Behavioral performance in MDD task. (I-K) Psychometric curves in three conditions of
the MDD task. The choice accuracy is plotted as the proportion of choosing 315° (red target, center
direction of category 2). Trials from different saccade directions but same difficulty level
(coherence) were grouped for each motion direction. Note that monkey B exhibited a larger
decrease in accuracy for 135° than 315° stimuli in the Siy conditions. Therefore, 135° was defined
as the primary direction for monkey B. (L) Psychometric curves in the Tin condition are shown in
the same format as (D) (same data as K). The monkey’s saccade choice showed a bias away from
the IVF in MDD task. (M-O) Chronometric curves for three conditions in the MDD task. (P)
Chronometric curves in Ty condition in the MDD task, for which trials were grouped based on
target location.
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Fig. S6.

Drift diffusion model fits. (A-C). lllustration of the drift diffusion model, and examples of how
possible inactivation-induced variations in model parameters impact decision accuracy and
reaction time. The drift diffusion model assumes that decisions are made by a noisy process that
accumulates information over time from a starting point (z) toward one of two choice boundaries
(0 and a). A decision is made when one of the boundaries is reached. The rate of information
accumulation is the drift rate (v), and it is determined by the quality of the stimulus information.
The sign of drift rate can be positive (mean drift rate toward the choice A boundary) or negative
(mean drift rate toward the choice B boundary). Noise (within-trial variability) in the information
accumulation process is present so that processes with the same mean drift rate do not always
terminate at the same time (producing RT distributions) or the same boundary (producing errors).
(A). Effects of varying draft rate (v) on accuracy and RT. The draft rate decreases from v (black)
to v’ (red). Only choice A trials are shown in this example, so that the diffusion process terminating
at the choice A boundary is correct, while termination at the choice B boundary is incorrect. The
slopes of colored arrows denote the mean draft rates in control (black) and inactivation (red)
sessions. The curved solid and dashed traces depict fictive diffusion processes on single correct
and incorrect trials, respectively, in control (black) and inactivation (red) conditions. The black
and red right skewed gaussian distributions denote the RT distributions in control and inactivation
sessions, respectively. A decrease in the drift rate results in lower accuracy as well as slower RT
on both correct and error trials. Note the greater rightward skew in RT distributions during
inactivation (red). (B). Effects of varying start point (v) on accuracy and RT. The start point of the
diffusion process changes from z to z’, which is closer to the choice A boundary. This produces
faster RTs on correct trials, slower RTs on error trials, as well as overall greater accuracy (i.e.
increased probability of reaching the choice A boundary) (C). Effects of varying the boundary
position (i.e. height) (a) on accuracy and RT. The boundary position increases from (0, a) to (0°,
a’), while the bias (the value of z relative to a/a’) remains the same. This produces slower RTs on
both correct and error trials, as well as greater accuracy. Note that changes in draft rate produces
the greatest effect on both RT and accuracy. (D-O). Drift diffusion model fits to monkey M’s
accuracy and RT data. Each panel is a quantile probability plot showing choice probabilities and
RTs for both data and model fits across different stimulus conditions. Upper and lower panels
show the results from the MDC and MDD tasks, respectively. Results from control and
inactivation sessions are shown in different rows. Results from trials using the three different
stimulus configurations are shown in different columns. For each panel, the stimulus conditions
(MDC: the angular distance from motion directions within each category to the boundary; MDD:
the coherence levels of each motion direction) are plotted on the x-axis, the probabilities of
choosing category 1 (MDC task) or 135° (MDD task) for each stimulus condition are plotted on
the y-axis, and the RT distribution percentiles (0.1, 0.3, 0.5, 0.7, 0.9) are plotted on the z-axis. Red
and blue colors represent results for category 1/135° and category 2/315° trials, respectively, while
the circles and triangles represent correct and error trials, respectively. Each colored trace shows
a model fit. For error trials, only conditions in which there were sufficient numbers of trials (>=
30) are shown.
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Drift diffusion model fits to monkey B’s accuracy and RT data. The data and model fits in both
MDC and MDD tasks are plotted in the same format as in Fig S8.

21



monkey M monkey B
B F

0 ’%“ Horizontal Vertical Horizontal Vertical

= 0.4 0.4 0.4 0.4

©
O %Epo s | o b
Q cEEo02 So2 e} o2 202 }/{\{
= 888 | m—m——0r_, | ey

8 c | FTTTTTETEe-T

S o 0 c 0O © 0 c 0

o5 Z g B g

Ro =0, ®o2 802 02

oe S Tin Bour e Sin Tin Bour e Sin TN Bout e SiN Tin Bout

C D G H

o=

2 _§1 0.4 0.4 0.4 0.4

TR - l i _____ [
qQ 2gEo2 So2 202 S02

c =

‘g pu 0 < 0 c 0 < 0 —— inactivation

[T S ---- control

o= 5 8 s

o o 02 Sin Tin Bour 02 Sin Tin Bout 02 Sin Tin Bout 02 Siv Tin Bour

oL Task conditions Task conditions Task conditions Task conditions
Fig. S8.

LIP inactivation did not influence the monkeys’ gaze positions during the MDD and MDC tasks.
This analysis tested whether LIP inactivation produced an obvious impairment of eye
movements or profound spatial neglect. If there was a profound spatial neglect after LIP
inactivation, monkeys’ eye position during inactivation sessions would be expected shift away
from the IVF, compared to control sessions. Only data from the time period following saccade
target onset and before motion stimulus onset were included in this analysis. Left panels: data
from monkey M. (A-B) The mean eye positions of monkey M in the three conditions of the
MDC task were shown separately for horizontal (A) and vertical (B) directions. (C-D) The mean
eye positions of monkey M in the three conditions of the MDD task, shown in the same format
as (A) and (B). Right panels: data from monkey B. (E-F) The mean eye positions of monkey B
in MDC task. (G-H) The mean eye positions of monkey B in MDD task. Note that there were no
significant differences between control and inactivation sessions in all three conditions in both
tasks.
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Frequency and direction of micro-saccades of each monkey during inactivation and control
sessions. This analysis tested whether LIP inactivation produced an obvious impairment of eye
movements. Only data from the time period following saccade target onset and before motion
stimulus onset were included in this analysis. Upper panels: microsaccade frequency. Monkey M
showed a trend for greater microsaccade frequency during both Sy and Tin conditions in both
MDC and MDD following LIP inactivation. Monkey B did not show a difference in
microsaccade frequency between inactivation and control sessions. Lower panels: the
distributions of microsaccade direction. Data from the two monkeys are shown separately in the
left and right panels. Note that the microsaccade direction for both monkeys in all three
conditions of both tasks was not significantly biased away from the IVF (Monkey M: right;
Monkey B, left). These results suggest that LIP inactivation did not produce an obvious

impairment of eye movements.

23



>

500

monkey M
Vpeak (deg/s)

(@]

monkey B
Vpeak (deg/s)

w
[S
o

MDC B MDD

500 -

H..-Fﬁ?--_"ﬂ"[ l-}—l--h--.g_l
450

— inactivation

=== control 400

—— 350 ——

ipsi contra ipsi contra

D

I-F’M{

500

450

400

T

Fig. S10.

ipsi contra

350

ipsi contra

LIP inactivation did not influence the monkeys’ peak saccade velocity during the MDD and MDC
tasks. Only data from the Tin condition in which one of the saccade targets was placed in the
inactivated visual filed were included in this analysis. (A) The mean peak saccade velocities of

monkey M for both contralateral and ipsilateral saccades during the MDC task. (B) The mean peak

saccade velocities of monkey M during MDD task. (C-D) The mean peak saccade velocities of
monkey B during MDC (C) and MDD (D) tasks. Note that there were no significant differences

between control and inactivation sessions for both contralateral and ipsilateral saccades in both

tasks.
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Motion direction selectivity of LIP neurons. (A) DS latency for LIP neurons. The red and blue
solid lines indicate the mean RT of the two monkeys respectively, and the dashed colored lines
indicate the corresponding £STD. Most DS neurons showed significant (one-way ANOVA, P <
0.01) DS prior to the monkey’s saccade choice. (B) Relationship between DS of LIP neurons and
motion coherence. DS was quantified by ROC analysis using neuronal activity from 100-300 ms
following motion stimuli onset. The error bar denotes +SEM, and the solid line indicates the
linear fit.
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Example DS neurons recorded during the MDD task. Each panel shows neuronal activity for one
example neuron. The motion stimulus but not the saccade targets appeared in neurons’ RFs. The
zero coherence trials were grouped according to the monkeys’ choices about motion direction.
Trials from both saccade directions were pooled for each coherence level. Only correct trials
were used for non-zero coherence conditions. The two vertical dashed lines mark the time of
target and motion stimulus onset, respectively. There are eight neurons shown for monkey M,
while the other 4 neurons are from monkey B. Note that activity for each example neuron
correlated with both the direction and coherence of motion. Note that on zero coherence trials
(black traces), neuronal activity for each neuron correlated with the monkeys’ decisions.
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Fig. S13.

Population activity across DS neurons shown separately for each monkey. (A) Population
activity of neurons from monkey M. Neuronal activity was pooled based on each neuron’s
preferred direction. The zero coherence trials were grouped according to the monkeys’ choice.
Only correct trials were used for non-zero coherence conditions. All neurons from monkey M
were recorded by single channel electrode. (B) Normalized population activity of neurons
recorded from monkey M. Activity of each neuron was normalized by its maximum activity. (C-
D) Population activity recorded from monkey B, which was primarily recorded by a 16 channel
linear array.
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Comparison of LIP activity between faster and slower RT trials. (A) LIP neurons’ response
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(y-axis) trial groups. Each dot denotes a single neuron’s response to its preferred motion

direction. Neuronal activity within a 200 ms window starting at motion stimulus onset on correct
trials was used in the analysis. The inset histogram shows the distribution of differential activity
between faster and slower RT trial groups. (B-D) LIP neurons’ response to middle (B), low (C)

and zero (D) coherence motion stimuli within the faster and slower RT trial groups.
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Fig. S15.

LIP neurons’ response to motion stimuli correlated with monkeys’ RTs. (A) Population activity
of DS selective neurons grouped in six RT bins. Neuronal activity was pooled based on each
neuron’s preferred direction. The zero coherence trials were grouped according to the monkeys’
choices about motion direction. Trials from both saccade directions were pooled for each
coherence level. Only correct trials were used for non-zero coherence conditions. The red and
green colors denote neural activity in preferred and non-preferred direction, respectively.
Different colors indicate the RT values from low to high. (B) Normalized population activity of
DS selective LIP neurons grouped in six RT bins. (C-D) Population activity of DS selective LIP
neurons aligned to saccade onset. LIP neurons’ response to motion stimuli did not converge to a
common threshold. (E-H) Population differential activity of DS selective LIP neurons aligned to
either stimulus onset (E-F) or saccade onset (G-H). Note that the slope of differential activity
correlated with monkeys’ RTs.
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Fig. S16.

Partial correlation analysis. The value of r-stimulus (partial correlation between neuronal activity
and stimulus direction, given the monkeys’ choices) and r-choice (partial correlation between
neuronal activity and monkeys’ choice, given the stimulus direction) are plotted separately
across time. Shaded areas denote +SEM. r-stimulus decreases around the time of the monkey’s
choice (saccade), while r-choice persists beyond the time of the monkey’s choice.
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Fig. S17.

Relationship between activity of DS neurons and behavioral impact of inactivating individual
LIP sites. (A) Population activity of all DS neurons from Monkey M. Activity was pooled based
on the primary direction (P, 315°), for which behavior was more greatly impacted on average
across all sessions. At the population level, LIP neurons’ response to the primary direction (315°)
was significantly greater than that to non-primary direction (NP, 135°). (B) The same as (A), but
with normalized population activity. (C-D) Population activity of all DS neurons recorded from
Monkey B. Neural activity was pooled according to each site’s preference revealed by the
pattern of behavioral deficits observed during inactivation (see Methods).
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Fig. S18.

Behavioral performance of Monkey B in the Sin condition of both MDC and MDD tasks. The
primary (P) and non-primary (NP) categories/directions were computed according to the
preferences of neurons at each recording/inactivation site (see Methods). (A) Monkey B’s MDC
task performance. The red trace shows performance on inactivation sessions when defining the
primary category/direction according to the stimulus preference of neurons at each inactivation
site. The black trace shows the same data with the primary category/direction defined globally
according to the behavioral impact on performance on average across all inactivation sessions (as
in Fig 2). Note the similar pattern of results for each method of defining the primary category.
(B) Monkey B’s MDD task performance. Note the similar results (and a non-significant trend
toward a greater effect) when defining the primary direction by taking into account each site’s
stimulus preference (red), compared to the global method (black).
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Fig. S19.

Behavioral performance in the free choice task in control and inactivation sessions. Data from each
monkey is shown separately. Choice accuracy is plotted as the proportion of right saccades for
each target onset asynchrony condition (left target onset time relative to right target onset time).
The left and right hemispheres were inactivated for monkeys M and B, respectively. Therefore,
the IVFs (contralateral) are right and left visual field for monkeys M and B, respectively. Note that
both monkeys’ saccade choices in the inactivation sessions were biased away from the inactivated
visual field, compared to control sessions. The black stars indicate the statistical significance for
comparisons between control and inactivation sessions (**: P<0.01, unpaired t-test, Bonferroni
corrected).
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Supplementary Tables:

Table. S1-S4: Results of fitting drift diffusion models with fixed boundaries. We bootstrapped the
drift diffusion model fitting 1000 times for each task condition. The tables show the fitted values
and standard deviations of the resulting parameters for the 1000 non-parametric bootstrap
iterations. The red color marks the parameters for which there were significant differences between
inactivation and control sessions (p < 0.05, bootstrap). Results from different monkeys in different
tasks are shown separately in different tables. We call attention to two results in the tables below.
First, for both monkeys, only drift rates (v) in Sin conditions in both tasks significantly decreased
in inactivation sessions compared to control sessions. Second, the start point of the diffusion
process (bias, z/a) and the decision boundary (a) in Tin conditions significantly changed across
tasks and monkeys. R?: the proportion of the explained variance.
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Table. S1.
Parameters for the diffusion model fits to Monkey M’s behavioral data in MDC task.

Task

conditions

Fitted parameters

Stats

A

Ter

St

Z, Z/a

Sz

n

\%

AlCc

BIC

R2

Sin | control

0.087+0.004

0.202+0.003

0.200+0.046

0.048+0.002

’

0.550+0.027

0.062+0.009

0.096+0.005

1.289+0.101,
1.031+0.075,
0.469+0.058,
-0.419+0.045,
-0.687+0.061,
-0.854+0.084

10910

10981

0.966

inact

0.082+0.003

0.228+0.009

0.145+0.042

0.050+0.002

‘

0.611+0.028

0.046+0.009

0.181+0.019

0.599+0.070,
0.415+0.054,
0.201+0.042,
-0.123+0.027,
-0.308+0.037,
-0.456+0.054

9604

9672

0.930

Bour | control

0.080+0.002

0.199+0.003

0.156+0.027

0.051+0.002

’

0.637+0.026

0.012+0.010

0.098+0.007

0.790+£0.045,
0.499+0.034,
0.287+0.027,
-0.344+0.029,
-0.617+0.036,
-0.740+0.047

12065

12137

0.916

inact

0.080+0.004

0.193+0.004

0.124+0.048

0.045+0.002

’

0.569+0.028

0.048+0.010

0.106+0.008

0.758+0.079,
0.556+0.061,
0.303£0.048,
-0.350+0.030,
-0.524+0.041,
-0.645+0.059

7592

7658

0.968

Tin | control

0.070+0.003

0.161+0.002

0.243+0.048

0.035+0.002

’

0.496+0.023

0.025+0.014

0.068+0.003

1.259+0.113,
0.880+0.085,
0.475+0.066,
-0.544+0.040,
-0.684+0.058,
-0.887+0.085

11275

11346

0.965

inact

0.086+0.008

0.177+0.004

0.237+0.076

0.036+0.003

’

0.425+0.034

0.052+0.018

0.105+0.007

1.14740.179,
0.745+0.127,
0.408+0.090,
-0.449+0.096,
-0.731+0.133,
-0.897+0.185

7187

7253

0.932
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Table. S2.
Parameters for the diffusion model fits to Monkey M’s behavioral data in MDD task.

Task

conditions

Fitted parameters

Stats

A

Ter

St

z, z/a

Sz

n

\

AlCc

BIC

RZ

SIN control

0.068+0.002

0.223+0.003

0.160+0.035

0.045+0.002

’

0.664+0.031

0.011+0.010

0.130+0.007

0.750+0.048,
0.283+0.037,
0.053+0.029,
-0.251+0.033,
-0.545+0.041,
-0.948+0.053

8151

8218

0.937

inact

0.093+0.004

0.252+0.008

0.229+0.053

0.051+0.002

’

0.552+0.025

0.078+0.011

0.214+0.014

0.381+0.043,
0.128+0.034,
0.058+0.029,
-0.012+0.017,
-0.049+0.021,
-0.258+0.028

8423

8488

0.957

Bo | control
uTt

0.069+0.003

0.231+0.005

0.176+0.046

0.042+0.002

’

0.612+0.029

0.028+0.011

0.145+£0.009

0.448+0.062,
0.258+0.048,
0.143+0.039,
-0.046+0.024,
-0.264+0.032,
-0.682+0.044

8666

8733

0.939

inact

0.085+0.006

0.214+0.008

0.282+0.081

0.045+0.002

’

0.533+0.029

0.069+0.016

0.135+0.011

0.563+0.125,
0.264+0.095,
0.134+0.074,
-0.102+0.039,
-0.335+0.058,
-0.648+0.087

6856

6920

0.982

Tin | control

0.062+0.003

0.170+0.002

0.198+0.043

0.038+0.002

’

0.614+0.003

0.012+0.010

0.091+0.004

0.798+0.077,
0.465+0.060,
0.129+0.048,
-0.409+0.042,
-0.620+0.052,
-0.862+0.088

8113

8180

0.961

inact

0.090+0.011

0.189+0.006

0.330+0.104

0.046+0.005

’

0.512+0.056

0.068+0.019

0.118+0.009

0.898+0.197,
0.528+0.141,
0.320+0.101,
-0.42510.104,
-0.59410.143,
-1.054+0.199

4729

4789

0.966
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Table. S3.
Parameters for the diffusion model fits to Monkey B’s behavioral data in MDC task.

Task

conditions

Fitted parameters

Stats

a

Ter

St

z, z/a

Sz

n

\%

AlCc

BIC

R2

SIN control

0.060+0.003

0.179+0.002

0.362+0.070

0.028+0.001

’

0.474+0.024

0.048+0.005

0.074+0.003

1.07540.126.,
0.888+0.098,
0.554+0.071,
-0.233+0.038,
-0.799+0.095,
-0.872+0.106

28387

28469

0.916

inact

0.062+0.003

0.180+0.003

0.190+0.069

0.029+0.001

’

0.473+0.024

0.039+0.008

0.080+0.004

0.684+0.107,
0.479+0.078,
0.222+0.048,
-0.178+0.033,
-0.453+0.070,
-0.563+0.089

16628

16703

0.954

Bour | control

0.059+0.002

0.178+0.002

0.294+0.060

0.030+0.001

’

0.503+0.023

0.044+0.006

0.096+0.003

0.754+0.072,
0.772+0.069,
0.439+0.042,
-0.343+0.036,
-0.760+0.066,
-0.892+0.075

29651

29734

0.956

inact

0.062+0.005

0.188+0.003

0.377+0.095

0.031+0.003

’

0.504+0.042

0.049+0.010

0.100+0.005

0.800+0.171,
0.733£0116,
0.500+0.085,
-0.407+0.073,
-0.71740.114,
-0.917+0.149.

14798

14871

0.964

Tin control

0.057+0.003

0.168+0.001

0.254+0.062

0.029+0.002

’

0.508+0.031

0.041+0.006

0.077+0.002

0.925+0.126,
0.801+0.098,
0.447+0.062,
-0.480+0.065,
-0.863+0.100,
-1.136+0.143

25731

25811

0.977

inact

0.066+0.004

0.172+0.002

0.157+0.066

0.039+0.002

’

0.588+0.033

0.032+0.009

0.083+0.004

0.850+0.186,
0.666+0.105,
0.362+0.066,
-0.307+0.043,
-0.697+0.082,
-0.883+0.081

13200

13273

0.955
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Table. S4.
Parameters for the diffusion model fits to Monkey B’s behavioral data in MDD task.

Task

conditions

Fitted parameters

Stats

a

Ter

St

z, z/a

Sz

n

\

AlCc

BIC

RZ

SIN control

0.058+0.002

0.184+0.002

0.280+0.061

0.027+0.001

’

0.460+0.021

0.036+0.006

0.087+0.004

0.829+0.094,
0.525+0.064,
0.267+0.044,
-0.023+0.029,
-0.372+0.053,
-0.711+0.100

18958

19034

0.929

inact

0.068+0.005

0.188+0.005

0.200+0.101

0.031+0.003

’

0.461+0.037

0.035+0.012

0.093+0.007

0.481+0.123,
0.251+0.066,
0.123+0.045,
-0.016+0.031,
-0.196+0.065,
-0.403+0.112

12268

12339

0.972

Bour | control

0.059+0.004

0.190+£0.002

0.303+0.085

0.031+0.002

’

0.517+0.032

0.048+0.008

0.102+0.003

0.806+0.128,
0.666+0.102,
0.195+0.047,
-0.383+0.066,
-0.634+0.090,
-0.886+0.117

19657

19734

0.938

inact

0.061+0.003

0.195+0.004

0.241+0.075

0.030+0.002

’

0.489+0.033

0.033+0.011

0.102+0.006

0.569+0.105,
0.567+0.109,
0.141+0.045,
-0.246+0.049,
-0.403+0.077,
-0.613+0.110

10050

10118

0.978

Tin control

0.055+0.002

0.166+0.002

0.145+0.067

0.031+0.001

’

0.561+0.025

0.033+0.005

0.084+0.004

0.693+0.108,
0.452+0.068,
0.143+0.044,
-0.288+0.042,
-0.609+0.079,
-0.780+0.085

19766

19844

0.988

inact

0.066+0.003

0.174+0.003

0.226+0.055

0.041+0.002

’

0.626+0.026

0.034+0.006

0.083+0.006

0.772+0.140,
0.489+0.075,
0.238+0.049,
-0.265+0.039,
-0.469+0.066,
-0.733+0.063

10110

10180

0.917
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