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Fig. S1. The effect of methylphenidate on working time does not depend on water consumption
or methylphenidate dosage. (A) The plot depicts the amount of time the monkey engaged in the
change-detection task, normalized to the mean time worked on placebo control days. Each point
is the normalized working time for a matched drug day (y-axis) and control day (x-axis) for each
monkey (marker symbols). The open symbols are the mean for each monkey, and error bars
represent standard error of the mean (SEM). We subsampled our data so that the mean liquid
consumption was indistinguishable before drug and control days for each monkey. In this subset
of data, the significant methylphenidate-related increase in working time persists (paired t-tests;
Monkey 1: n = 3 pairs of days, #(2) = -6.5, p = 0.023; for Monkey 2 mean liquid consumption was
already indistinguishable before drug and control days and thus the data match the data in the
main text: n = 5 pairs of days, #(4) = -6.6, p = 2.7 x 103). (B) The effect of methylphenidate on the
time the monkey engaged in the change-detection task (y-axis; normalized time engaged on the
drug day — normalized time engaged on the matched control day) is not consistently related to
methylphenidate dosage (x-axis; Kendall’s rank correlation coefficient; Monkey 1: n = 7 pairs of
days, r=-0.17, p = 0.49; Monkey 2: n = 5 pairs of days, r= 0.60, p = 0.031; though see [1]).
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Fig. S2. The effect of methylphenidate on performance does not depend on dosage or on the
effect of methylphenidate on working time. (A) The effect of methylphenidate on performance at
the attended location (y-axis; attended hit rate on the drug day — attended hit rate on the paired
control day) is not significantly related to methylphenidate dosage (x-axis) for each data set
(marker symbols; Kendall's rank correlation coefficient; Monkey 1: n = 14 [7 pairs of days x 2
stimulus locations per pair], 7= 0.45, p = 0.054; Monkey 2: n =10, 7= 0.15, p = 0.64; Monkey 2
neuronal dataset: n = 22, 7= 0.24, p = 0.16; Monkey 3 neuronal dataset: n =20, r=0.27,p =
0.13). (B) The effect of methylphenidate on selective attention (y-axis; the difference in hit rate
between the attended and unattended locations on the drug day — the difference in hit rate
between the attended and unattended locations on the paired control day) is not significantly
related to methylphenidate dosage (x-axis; Kendall’s rank correlation coefficient; Monkey 1: 7=
0.45, p = 0.054; Monkey 2: r=-0.25, p = 0.40; Monkey 2 neuronal dataset: 7= 0.25, p = 0.14;
Monkey 3 neuronal dataset: 7= 0.072, p = 0.71). (C) There is no detectable relationship between
the effect of methylphenidate on performance at the attended location (x-axis; attended hit rate at
one stimulus location on the drug day — attended hit rate at the same stimulus location on the
paired control day) and the effect of methylphenidate on the time the monkey engaged in the



change-detection task (y-axis; normalized time engaged at one stimulus location on the drug day
— normalized time engaged at the same stimulus location on the matched control day) for each
monkey (correlation coefficient; Monkey 1: R = -0.50, p = 0.069; Monkey 2: R = 0.035, p = 0.92).
Time worked is normalized to the mean time worked on the placebo controls of the pairs. (D)
There is no detectable relationship between the effect of methylphenidate on selective attention
(x-axis; the difference in hit rate between attending and not attending one stimulus location on the
drug day — the difference in hit rate between attending and not attending the same stimulus
location on the paired control day) and the effect of methylphenidate on the time the monkey
engaged in the change-detection task (y-axis; normalized time engaged at one stimulus location
on the drug day — normalized time engaged at the same stimulus location on the matched control
day) for each monkey (correlation coefficient; Monkey 1: R = 0.027, p = 0.93; Monkey 2: R = -
0.45, p = 0.19). It should be noted that it was not our goal to test for dose-dependent effects, and
that prior studies have found that the same stimulant can have different effects on different
cognitive processes depending on the dosage administered (1-5).
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Fig. S3. The number of days after a drug day that a placebo day took place did not affect either
motivation or performance. (A) The normalized time worked (as illustrated in Fig. 2) is plotted for
pairs of days with placebo days that took place one day after a drug day (black circle markers;
mean illustrated with an open circle) and for pairs of days with placebo days that took place two
or more days after a drug day (filled star markers, color coded yellow to green for 2 to 5+ days
after a drug day, as per legend; mean across all pairs with the placebo day 2+ days after a drug
day illustrated with an open star). Error bars represent standard error of the mean (SEM). The
data from both data sets illustrated in Fig. 2 are combined here. The normalized time worked did
not differ between placebo days (illustrated along the x-axis) that took place one day after a drug
day versus two or more days after a drug day (f-test; {(10) = -1.4, p = 0.19). The time worked was
significantly longer on drug than control days both when the placebo day took place one day after
a drug day (paired t-test; n = 6 pairs of days, #(5) = -9.2, p = 2.6 x 10*) and when the placebo day
took place two or more days after a drug day (paired t-test; n = 6 pairs of days, f(5) =-3.1, p =
0.027). (B-D) Conventions as in (A). (B) The hit rate at the attended location (as illustrated in Fig.
3A) did not differ between placebo days that took place one versus 2+ days post-drug (t-test;
{(64) = 0.051, p = 0.96). Methylphenidate significantly improved performance both when the
placebo day took place one day post-drug (paired t-test; n = 40 pairs of days, #(39)=-4.9,p=1.9
x 10°) and when the placebo day took place 2+ days post-drug (paired t-test; n = 26 pairs of
days, #(25) = -2.8, p = 9.5 x 10°®). (C) The hit rate at the unattended location (as illustrated in Fig.
3B) did not differ between placebo days that took place one versus 2+ days post-drug (t-test;
{(64) = -0.12, p = 0.91). Methylphenidate did not significantly change performance either when the
placebo day took place one (paired t-test; n = 40 pairs of days, #39) = 1.8, p = 0.072) or 2+ days
post-drug (paired f-test; n = 26 pairs of days, #25) = 1.2, p = 0.24). (D) The attention-related
difference in hit rate (as illustrated in Fig. 3C) did not differ between placebo days that took place
one versus 2+ days post-drug (t-test; {(64) = 0.17, p = 0.87). Methylphenidate significantly
increased the selective effect of attention both when the placebo day took place one day post-



drug (paired t-test; n = 40 pairs of days, #(39) =-5.2, p = 6.1 x 10®) and when it took place 2+
days post-drug (paired t-test; n = 26 pairs of days, #(25) =-3.4, p = 2.4 x 103).



Monkey 1 =Monkey 2 aAMonkey 2 ¢ Monkey 3 + Mean+-SEM
neuronal data neuronal data

A B
3_
3_ ’A‘
R, ¢
* —
e _
_ 2 s 328 S 2
(@] ©
2 A =
[
= 14 2 1- “ 4
© A Q . a a
0- S +
O1e Ennt’
-
oo A
'1 T T T T T T T 1
-1 0 1 2 3 0 1 2 3
d’ (control) criterion (control)

Fig. S4. Methylphenidate increases hit rate at the attended location by both increasing visual
sensitivity and decreasing criterion. (A) Methylphenidate improved sensitivity (d’) at the attended
location on drug days (y-axis) compared to paired control days (x-axis) across the entire data set
(paired t-test: #(65) = -3.0, p = 3.4 x 103), though not significantly for all individual data sets
(paired t-tests; Monkey 1: n = 14 [7 pairs of days x 2 stimulus locations per pair], {13) =-3.4, p =
4.7 x 1073, Monkey 2: n =10, {(9) = -0.87, p = 0.41; Monkey 2 neuronal dataset: n = 22, #(21) = -
0.87, p = 0.40; Monkey 3 neuronal dataset: n = 20, {(19) = -1.6, p = 0.12). The open symbols and
error bars depict the mean and standard error of the mean for each data set (marker symbols).
(B) Methylphenidate decreased criterion at the attended location on drug days compared to
paired control days across the entire data set (paired t-test: #(65) = 5.3, p = 1.3 x 10%) though not
significantly for all individual data sets (paired t-tests; Monkey 1: {(13) = 2.1, p = 0.059; Monkey 2:
#(9) = 4.8, p = 9.2 x 10*; Monkey 2 neuronal dataset: #21) = 3.6, p = 1.8 x 103; Monkey 3
neuronal dataset: {(19) = 1.6, p = 0.13). Conventions as in (A). It is not surprising that
methylphenidate affects both sensitivity and criterion because these measures have been
demonstrated to be strongly yoked (6, 7). Attentional measures that improve performance
generally affect both sensitivity and criterion (8).
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Fig. S5. Methylphenidate both improves visual sensitivity and decreases criterion when it
changes correlated variability in V4, but there is no relationship between performance and mean
firing rate in V4. (A) There was a single relationship between visual sensitivity at the attended
location (d’; x-axis) and attended mean correlated variability (y-axis) for Monkey 2 (correlation
coefficient; R = -0.59, p = 3.8 x 10°3; correlation was indistinguishable between control and drug
conditions, depicted with open and filled symboils, respectively; control: n = 11 days, R =-0.51, p
=0.11; drug: n = 11 days, R =-0.63, p = 0.038; Fisher z PF test of the difference between
dependent but non-overlapping correlation coefficients: zpf = 0.40, p = 0.69) and Monkey 3
(correlation coefficient; R = -0.61, p = 4.4 x 10°%; control: n = 10 days, R = -0.54, p = 0.11; drug: n
=10 days, R =-0.65, p = 0.043; Fisher z PF test: zpf = 0.40, p = 0.69). Best fit lines depicted for
control (dashed lines) and methylphenidate data (solid lines). (B) There was a single relationship
between criterion at the attended location (x-axis) and attended mean correlated variability (y-
axis) for Monkey 2 (correlation coefficient; R = 0.57, p = 5.4 x 10%; control: R = 0.60, p = 0.051;
drug: R =0.36, p = 0.28; Fisher z PF test: zpf = 0.72, p = 0.47) and Monkey 3 (correlation
coefficient; R = 0.46, p = 0.041; control: R = 0.51, p = 0.13; drug: R = 0.20, p = 0.42; Fisher z PF
test: zpf = 0.89, p = 0.37). Conventions as in (A). In analyzing the relationships between
correlated variability, sensitivity, and criterion, we did not find that criterion could explain the
relationship between correlated variability and sensitivity (partial correlation coefficient controlling
for criterion; Monkey 2: R =-0.31, p = 0.17; Monkey 3: R =-0.60, p = 6.9 x 10%), nor did we find
that sensitivity could explain the relationship between correlated variability and criterion (partial
correlation coefficient controlling for sensitivity; Monkey 2: R = 0.26, p = 0.26; Monkey 3: R =
0.44, p = 0.058). Sensitivity and criterion are tightly linked in the context of this behavioral task
(9); however, experimental paradigms designed to separate the effects of sensitivity and criterion
may be able to distinguish potentially distinct roles for these two factors in the effects of
methylphenidate. (C) Unlike with correlated variability, there was no detectable relationship
between performance at the attended location (hit rate; x-axis) and attended mean firing rate (y-
axis) for Monkey 2 (correlation coefficient; R = 0.18, p = 0.42; control: R = 0.54, p = 0.084; drug:
R =-0.34, p = 0.30) or for Monkey 3 (correlation coefficient; R = -0.39, p = 0.093; control: R = -
0.24, p = 0.51; drug: R =-0.56, p = 0.093). Conventions as in (A).
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