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Supplementary Figure 1 | Comparison of standard SDT analysis and hierarchical Bayesian GLM-SDT 3 
analysis. A) Perceptual sensitivity (d’) for each drug condition and both tasks. Circles reflect the mean d’ values 4 
(across participants) obtained via a standard (non-GLM) implementation of SDT. Crosses are the group-level 5 
posterior means for regressor weight reflecting d’. At the group-level, the mean d’ scores are near identical for 6 
both SDT implementations. Note that for the PLC condition, the plotted group-level posterior means were 7 
obtained from the ATX model. B) Same as panel A, but for decision bias (criterion). C) Individual estimates of 8 
d’ and criterion, obtained from a traditional analysis (in white) and from the hierarchical Bayesian GLM-SDT 9 
(in grey). As can be seen, outliers datapoints are drawn in towards the group-level posterior mean (red cross) for 10 
the Bayesian SDT as compared to the standard SDT. This effect is referred to as shrinkage and showcases 11 
increased robustness of the analysis for outlier data. 12 

 13 

 14 

Supplementary Figure 2 | Posterior distributions for d’ and criterion. A) Posterior distributions for the GLM 15 
stimulus regressor (identical to d’) for the ATX model (in blue) and DNP model (in green). B) The same as panel 16 
A, but for the GLM intercept (identical to criterion). Horizontal bars on the bottom of the plots demark the 95% 17 
credible interval (CI95%). 18 
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Supplementary Figure 3 | Posterior distributions for pupil-linked arousal relation with criterion. A) 20 
Posterior distributions for the GLM weights of the main effect of tonic pupil size on criterion. B-C) Same as 21 
panel A, but for the interaction effect between task and tonic pupil size (panel B) and the main effect of phasic 22 
pupil size on criterion (panel C). Horizontal bars on the bottom of the plots demark the 95% credible interval 23 
(CI95%). 24 

 25 

Supplementary Figure 4 | Reflection of strategic decision bias in phasic pupil-linked arousal not driven 26 
by condition differences in RT. A) The phasic-pupil response for fast vs. slow RT trials (median split), showing 27 
that RT affects the slope and amplitude of the pupil response. B) Reflection of strategic decision bias in the 28 
phasic pupil response, after regressing out trial-by-trial variations in log-transformed RT. Horizontal black bar 29 
indicated the significant cluster in which there was an interaction effect between task and response. C) 30 
Residualized phasic pupil response extracted from the cluster in panel B) reveals the same pattern as Figure 2F. 31 

 32 
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Supplementary Figure 5 | Tonic versus phasic pupil dynamics. A) Comparison of tonic pupil and phasic 35 
pupil response magnitudes. Left panel: histogram of tonic and phasic pupil size for all trials. Right panel: tonic 36 
pupil shows substantially greater variance than task-related pupil responses (t(27)=15.82, p<.001, d=3.68, 37 
BF01=5.88e-13). B) The phasic pupil response does not scale with tonic pupil size (t(27)=0.12, p=.91, d=0.01, 38 
BF01=4.95). C) Neither ATX nor DNP affected the phasic pupil response (ATX vs. PLC: t(27)=-0.31, p=.76, 39 
d=0.04, BF01=4.76; DNP vs. PLC: t(27)=0.15, p=.88, d=0.01, BF01=4.95). D) The interaction effect was still 40 
present when trial-by-trial fluctuations in tonic pupil size were regressed from the phasic pupil response (2x2 41 
rmANOVA: F1,27=9.25, p=.01, 𝜂!"=0.25, BF01=0.003). E-F) Neither E) tonic pupil size (t(27)=0.65, p=.52, 42 
d=0.13, BF01=4.12) nor F) drug condition (ATX: t(27)=0.95, p=.35, d=0.26, BF01=3.30; DNP: t(27)=0.36, p=.73, 43 
d=0.09, BF01=4.69) modulated the interaction effect between task and response. Error bars indicate SEM. 44 

 45 

Supplementary Figure 6 | DDM fit. To inspect model fit, data was simulated from the mean of the DDM 46 
parameter intercept distributions. Left panel: RT distributions for empirical “yes” (in green) and “no” responses 47 
(in red) and for the simulated data (in black). Right panel: Empirical (yellow dots) and simulated proportion of 48 
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 4 

“yes” responses for 5 quantiles of RTs. Both panels indicate that the model was well able to capture the 49 
underlying empirical RT distributions. 50 

 51 

Supplementary Figure 7 | Posterior distributions for all DDM parameters and effects. This figure shows 52 
posterior distributions for (from top to bottom) starting point, drift criterion, drift rate, decision boundary 53 
separation, and non-decision time. Columns show (from left to right) posterior distributions for the intercept, 54 
task effect, phasic pupil bin effect, and the interaction between task and phasic pupil bin. Horizontal bars on the 55 
bottom of the plots demark the 95% credible interval (CI95%). 56 
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 58 

Supplementary Figure 8 | Neural effects remain intact when regressing out previous trial response instead 59 
of sub-selecting epochs. Same as Figure 4B, but for residual neural data after regressing previous trial responses 60 
from time-domain data instead of sub-selecting trials to ensure equal trial counts in each sub-condition.  61 

 62 

Supplementary Figure 9 | Lateralized beta-band and delta-band activity likely do not reflect evidence 63 
accumulation. Evidence accumulation signals should have a delayed stimulus-locked peak latency and lower 64 
pre-response slope for slow versus fast RT trials. A) Stimulus-locked lateralized beta-band (15Hz to 25Hz) 65 
activity for fast versus slow RT trials (median split). Traces for “no” responses were corrected (multiplied by -66 
1), to ensure that signals for “yes” and “no” responses were in the same direction. Then, signals were averaged 67 
across behavioral responses. Peak latency was not significantly delayed on slow RT trials (t(27)=-1.08, p=.29, 68 
d=0.30, BF01=2.92). B) Same as panel A), but for response-locked beta-band lateralized activity. Neither the 69 
slope (between -200ms and 0ms before the response) nor the peak amplitude (average between -50ms and 0ms 70 
before the response) were different on fast versus slow RT trials (slope: t(27)=1.01, p=.32, d=0.22, BF01=3.14; 71 

−500 0

10

20

30

40
Fr

eq
ue

nc
y 

(H
z)

stimulus

−500 0

response

0

100

200
F

−500 0

stimulus

−500 0

response

0

30

60
F

−500 0

stimulus

−500 0

response

0

10

20
F

Time from locking event (ms) Time from locking event (ms) Time from locking event (ms)

Response effect Task effect Phasic pupil x task effect

0 500 1000
Time from stimulus (ms)

−0.2

−0.1

0.0

0.1

0.2

C
or

re
ct

ed
 la

te
ra

liz
at

io
n 

in
de

x

fast RT
slow RT

fast slow
−200

0

200

400

600

800

1000

1200

Pe
ak

 la
te

nc
y 

(m
s)

p=.29

-600 -400 -200 0
Time from response (ms)

−0.15

−0.10

−0.05

0.00

0.05
C

or
re

ct
ed

 la
te

ra
liz

at
io

n 
in

de
x

fast slow
−4

−2

0

2

4

Sl
op

e 
(Δ

LI
/s

)

p=.32

fast slow
−0.8

−0.4

0.0

0.4

Pe
ak

 a
m

pl
itu

de
 (L

I)

p=.77

0 500 1000
Time from stimulus (ms)

−0.1

0.0

0.1

0.2

0.3

0.4

C
or

re
ct

ed
 la

te
ra

liz
at

io
n 

in
de

x

fast slow
0

550

1100

Pe
ak

 la
te

nc
y 

(m
s)

p<.001

-600 -400 -200 0
Time from response (ms)

−0.2

0.0

0.2

0.4

0.6

C
or

re
ct

ed
 la

te
ra

liz
at

io
n 

in
de

x

fast slow
−3

0

3

6

9

Sl
op

e 
(Δ

LI
/s

)

p=.22

fast slow
−0.3

0.0

0.3

0.6

0.9

Pe
ak

 a
m

pl
itu

de
 (L

I)

p<.001

B
et

a 
ba

nd
 (1

5-
25

H
z)

D
el

ta
 b

an
d 

(1
-4

H
z)

A B

C D



 6 

peak amplitude: t(27)=0.29, p=.77, d=0.05, BF01=4.78). C) Same as panel A), but for corrected lateralized delta-72 
band (1Hz to 4Hz) activity. Peak latency was significantly earlier on fast versus slow trials (t(27)=-4.70, p<.001, 73 
d=0.97, BF01=2.66e-3). D) Same as panel B), but for corrected lateralized delta-band activity. The slope of the 74 
delta-band was not increased for fast versus slow RT trials (t(27)=-1.26, p=.22, d=0.26, BF01=2.44), but the peak 75 
amplitude was increased for fast trials (t(27)=4.45, p<.001, d=0.63, BF01=4.89e-3). All error bars indicate SEM. 76 

 77 

Supplementary Figure 10 | Strategic shifts in decision bias not associated with alterations in prestimulus 78 
frontal theta and occipital alpha power. A) Left panel: Raw pre-stimulus (-500ms to 0ms) power over pre-79 
defined frontal ROI for conservative (in red) and liberal (in blue) tasks. Marker between 2Hz and 6HZ indicates 80 
predefined spectral ROI. Middle panel: Power difference (liberal – conservative). There were no task-differences 81 
over frontal electrodes in the spectral delta ROI (t(27)=1.15, p=.27, d=0.21, BF01=2.84) or in any other frequency 82 
band (no detected clusters). Right panel: Topographical map of prestimulus theta-band (2Hz-6Hz) power. White 83 
dots indicate spatial ROI. B) Same as panel A), but for occipital alpha (8Hz – 12Hz) power. There were no task-84 
differences over occipital electrodes in the spectral alpha ROI (t(27)=-1.34, p=.19, d=0.25, BF01=2.34) or in any 85 
other frequency band (no detected clusters). 86 
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