











PNAS

subj.2 (r=-0.662) subj.3 (r=-0.533) subj.4 (r=-0.602) subj.5 (r=-0.727)
15 13 40 4 . 8
L]
10 6 30 3 i
a 21 & .
5 1 N 2
2 bl 0
0 0 2
-1 -4 °
-5 -2 . -6 °
-10 -3 -8
-5-4-3-2-10 12 3 4
subj.6 (r=-0.52 subj.9 (r=-0.178
15 /0( ) 10 )9 ( ) 20
° 15
12 y 10
° 0 5
0 0
-5 N .
10 o -10 15
-15 -15 -20
| S B . . a— — | N e . m — — rr—rr o
-4-3-2-10 12 3 4 -4-3-2-10 12 3 4 -3-2-10 12345
subj.12 (r=-0.561) 6 subj.13 (r = -0.653) 6 subj.14 (r=-0.547) s
—_ ° 4 % o 4 6
o 5 g
5 2
% . 0 0
-2
-g ° 2 o -4
= - e - -6
<%
£ - -8
(] 1 N B S e p 1 | B S S p p T T T T T T T 1
8 H -4-3-2-10 12 3 4 | -5-4-3-2-10 1 2 3 -4-3-2-10 1 2 3
2 S P :
s ; ;
@ s subj.16 (r = -0.499) 15 subj.17 (r=-0.382) 15 subj.18 (r = -0.669) H H
= ° H H
= 4 10 S 10 2 : '
o] 3 5 ° 5 Q(’) ' ' ®g 0
o 21 0 0 > . ! 5 !
0 -5 4 -5 V0 : L
1 -10 Boo -10 ® ' '
) -15 @ -15 o? ! -5 ' °
-3 -20 -20 =10 15
LN B s e e m p | T T T T T T T T T T T T T T 1 L e s | 1 LN S S S e m p
-4-3-2-10 123 45 -4-3-2-10 1 2 3 -4 -2 0 2 4 6 -5-4-3-2-10 12 3 4 -5-4-3-2-10 12 3 4
' o SUbi21(r=0602) ' 15, SUb22(r=-0.419) 15 SUbi23(r=-0.351) D, SUbi24(r=0711) D, SUbi25(r=-0.432)
!5 : . 8 . :
L2 L 10 b L6 L5 bt
3 - 5 L4 Vo
y 2 H 0 ! 2 !
- Lo -5 0 0 15 1)
' ' -10 ' '
[ ' H -10 °
-2 ‘ -15 ' : °
13 : -20 : 18
: -4-3-2-10 12 3 4 , -4-3-2-10 12 3 4 -4 , , -4-3-2-10 12 3 4
5 subj.26 (r = -0.537) 6 subj.27 (r = -0.487) o
10 6 6
5 p 4
2
0
-5 0
-2
-10 -4
-15 -6
-20 -8
N B S e p T T T T T T T T
-4-3-2-10 12 3 4 -4-3-2-10 12 3

Baseline pupil diameter (s.d.)

Fig. S2. Correlation between pupil response and baseline pupil diameter. Single-trial pupil response amplitude per subject plotted against single-trial baseline
pupil diameter. Dashed rectangles indicate subjects with an inverse effect (pupil constriction) during the decision interval (see also Fig. S1). These subjects show
a positive correlation to baseline diameter whereas all other subjects (who have a pupil dilation response) show a negative correlation.
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Fig. $3. Pupil dilation tracks the time course of a protracted decision (n = 28). Average of best-fitting beta weights for the four temporal components across
all subjects. Error bars, SEM. ***P < 0.001. Because five subjects showed an inverse effect (pupil constriction) during the decision interval (see Figs. S1 and S2),
we here quantified only the overall modulation, regardless of sign. To take this observation into account, we focused this control analysis on the comparison
between the temporal components (rather than also comparing each component against 0). To this end, we took the absolute value of the single-subject beta
weights for each component, before comparing them between components. Note that the comparison against 0 becomes meaningless in this situation.
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Fig. S4. Sustained input during decision does not depend on specifics of GLM. (A) Alternative models of the persistent input component. Format as in Fig. 1.
Model 2 consists of a linear up ramp instead of boxcar; model 3 consists of a linear down ramp instead of boxcar. The transient regressors are identical for all
models. Both models (fitted separately) yield a robust and statistically significant component during decision formation that is larger than the transient at the
time of behavioral choice. (B) Shapes of the pupil IRFs with different parameter combinations used for C, with the standard parameters (used for Fig. 2 and A)
plotted in black. The width and time-to-peak parameters are varied across the following range: w, 4, 6, 8, 10.1 (canonical), 12, 14, 16; t;,.x 500, 650, 800, 930
(canonical), 1,100, 1,250, 1,400. (C) Matrix of average beta values for choice and box components, as well as their difference, based on the IRF parameter
combinations shown in B. Color-coded cells correspond to significant beta values (P < 0.05 permutation test).
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Fig. S5. Pupil dilation reflects the upcoming choice and intrinsic bias (n = 28). (A) Pupil response amplitudes, sorted by trial type and averaged across all
subjects. (B) Pupil response amplitudes, sorted by choice or by correctness and averaged across the group. (C) As in A, but separately for liberal and conservative
subjects (median split). Error bars, SEM. **P < 0.01; ***P < 0.001. Note that our linear projection procedure (used to compute single-trial pupil response
amplitudes; see Methods) quantifies the overall modulation amplitude, with respect to each subject’s mean response, irrespective of the polarity of the re-
sponse. In other words, even for those subjects with pupil constriction during the decision interval (i.e., negative polarity), the linear projection yields positive
amplitude estimates for all negative single-trial responses (the bigger, the more negative the response). The linear projection yields negative amplitude es-
timates only for single-trial responses that have opposite sign to the mean response.
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Fig. S6. Choice effects in baseline pupil diameter is decoupled from choice effect in pupil response during decision interval. (A) Baseline pupil diameter, sorted
by trial type (Left), and sorted by choice or by correctness (Right), and averaged across the group (n = 23). (B) Baseline pupil diameter, sorted by trial type (Left),
and sorted by choice or by correctness (Right), and averaged across the group (n = 28). (C) Mean choice effect (yes-no difference) in baseline pupil diameter per
subject plotted against mean choice effect in pupil response (n = 23). (D) Mean choice effect (yes—no difference) in baseline pupil diameter per subject plotted
against mean choice effect in pupil response (n = 28). Error bars, SEM. *P < 0.05; **P < 0.01; ***P < 0.001. Baseline pupil diameter was quantified as follows.
The interpolated pupil time series were low pass-filtered (cutoff, 4 Hz) and z-scored for each run, based on the average and SD of pupil diameter across the
time window of the baseline pupil diameter (-0.5 to 0 s from onset of decision interval). We computed the baseline pupil diameter for each trial as the mean of
all pretrial values in the window —0.5 to 0 s from onset of decision interval. This procedure forced average baseline pupil diameter (across all trials) per subject
to be 0.
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Fig. S7. Reaction times as a function of choice and decision bias. (A) Normalized reaction times, sorted by trial type (Left) or by choice content and accuracy
(Right), averaged across all subjects with positive pupil response (n = 23). (B) Same as in A, but for the whole group (n = 28). (C) As in A, but separately for
liberal and conservative subjects (median split). (D) As in C, but for the whole group (n = 28). Error bars, SEM. *P < 0.05; ***P < 0.001.
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Fig. S8. Eye movements are unrelated to pupil choice effect. (A) The number of residual eye movements after excluding trials with large fixation errors (see
Methods) during the decision interval did not differ significantly between yes and no choices. Error bars, SEM. (B) Correlation between pupil choice effect and
criterion after removing (by means of linear regression) the variance in the pupil choice effect explained by the number of eye movements. The resulting
partial correlation is highly significant. Error bars, 60% confidence intervals (bootstrap).
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Fig. S9. Pupil choice effect is not correlated to threshold contrast value. (A) Average pupil response amplitude per subject against subjects’ individual
threshold contrast. (Left) Yes choices. (Right) No choices. Difference in correlation is assessed by means of permutation test. (B) As in A, but for difference of
average pupil response amplitudes for yes and no choices (pupil choice effect) per subject. Error bars, 60% confidence intervals (bootstrap).
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