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Table S1. Published articles included in the current reward processing corpus. 176 studies
contributed experimental contrasts (minimum = 1, maximum = 23) to the corpus.

# of
PubMed ID  Authors Year contrasts
1 17265148 Abler, Erk & Walter 2007 3
2 16487726 Abler et al. 2006 2
3 16675403 Adcock et al. 2006 12
4 12948722 Akitsuki et al. 2003 8
5 19961940 Alexander & Brown 2010 4
6 19071223 Ballard & Knutson 2009 3
7 22336565 Balodis et al. 2012 12
8 19560123 Beck et al. 2009 4
9 17676057 Behrens et al. 2007 2
10 19587291 Bickel et al. 2009 9
11 17140674 Bjork & Hommer 2007 9
12 14985419 Bjork et al. 2004 4
13 18851716 Bjork, Knutson & Hommer 2008 4
14 17079666 Blair et al. 2006 9
15 15907305 Bolla et al. 2005 1
16 15142963 Bolla et al. 2004 2
17 19524531 Boorman et al. 2009 2
18 18509047 Bray et al. 2008 1
19 11395019 Breiter et al. 2001 4
20 10706432 Brunia et al. 2000 2
21 17188518 Budhani et al. 2007 2
22 22338036 Burger & Stice 2012 2
23 20589242 Burke et al. 2010 3
Camara, Rodriguez-Fornells
24 19242558 & Munte 2008 6
25 18042401 Chandrasekhar et al. 2008 4
26 19793990 Chib et al. 2009 4
27 19812332 Christopoulos et al. 2009 2
28 19217383 Clark et al. 2009 3
29 17997112 Cohen, Elger & Weber 2008 5
30 19843618 Cooper et al. 2009 9
31 17904386 Cooper & Knutson 2008 3
32 16116457 Coricelli et al. 2005 12
33 15758183 Cox, Andrade & Johnsrude 2005 1
34 11239442 Critchley, Mathias & Dolan 2001 3
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71 18509023 Hare et al. 2008
72 20105435 Hartstra et al. 2010
73 14973239 Haruno et al. 2004
74 16339445 Hsu et al. 2005
75 19228976 Hsu et al. 2009
76 17007234 Huettel 2006
77 16504951 Huettel et al., 2006
78 18439412 Izuma, Saito & Sadato 2008
79 19515916 Jocham et al. 2009
80 16139525 Juckel et al. 2006
31 20510371 Kahnt et al. 2011
32 20231475 Kahnt et al. 2010
83 16802856 Kim, Shimojo & O'Doherty 2006
34 14568478 Kirsch et al. 2003
35 11459880 Knutson et al. 2001
86 17916330 Knutson et al. 2008
87 15260961 Knutson et al. 2004
38 11726774 Knutson et al. 2001
39 12595181 Knutson et al. 2003
90 17196537 Knutson et al. 2007
91 15888656 Knutson et al. 2005
92 10875899 Knutson et al. 2000
93 18388729 Knutson et al. 2008
94 18549791 Knutson et al. 2008
95 19032746 Koeneke et al. 2008
96 17765572 Kramer et al. 2007
97 16129404 Kuhnen & Knutson 2005
98 18320179 Labudda et al. 2008
99 18787233 Lawrence et al. 2009
100 19015090 Lee et al. 2008
101 19770058 Linke et al. 2010
102 16426719 Little et al. 2006
103 17460071 Liu et al. 2007
Marco-Pallares, Muller &
104 17712267 Munte 2007
105 17292631 Marsh et al. 2007
106 11703464 Martin-Soelch et al. 2001
107 12911764 Martin-Soelch et al. 2003
108 11545466 Martin-Solch et al. 2001
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109 15486494 Matthews et al. 2004 2
110 12718866 McClure, Berns & Montague 2003 2
111 15486304 McClure et al. 2004 2
112 20138482 Miedl et al. 2010 2
113 19726640 Mitchell et al. 2009 2
114 17950474 Mitchell et al. 2008 1
115 17717184 Mobbs et al. 2007 17
116 15945130 Nieuwenhuis et al. 2005 5
117 15978024 Nieuwenhuis et al. 2005 1
118 15087550 O'Doherty et al. 2004 5
119 11135651 O'Doherty et al. 2001 9
120 19864559 Palminteri et al. 2009 8
121 11133312 Paulus et al. 2001 4
122 12948701 Paulus et al. 2003 2
123 16929307 Pessiglione et al. 2006 5
124 20016088 Peters & Buchel 2009 12
125 20399735 Peters & Buchel 2010 7
Plassmann, O'Doherty &
126 17855612 Rangel 2007 6
127 11960021 Pochon et al. 2002 2
Preuschoff, Bossaerts &
128 16880132 Quartz 2006 7
Preuschoff, Quartz &
129 18337404 Bossaerts 2008 3
130 15528079 Ramnani et al. 2004 2
131 12571121 Ramnani & Miall 2003 4
132 18582578 Rao et al. 2008 7
133 15907318 Remijnse et al. 2005 8
134 17088503 Remijnse et al. 2006 3
135 15538191 Rilling et al. 2004 1
136 10516320 Rogers et al. 1999 8
137 17698371 Sailer et al. 2007 5
138 17468751 Samanez-Larkin et al. 2007 8
139 18399882 Samanez-Larkin et al. 2008 1
140 12805551 Sanfey et al. 2003 1
141 17655834 Schaefer & Rotte 2007 1
142 16950228 Scheres et al. 2007 1
143 18097655 Schlagenhauf et al. 2008 4
144 18032658 Schonberg et al. 2007 4
145 17475790 Seymour et al. 2007 4
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Table S2. BrainMap paradigm class composition of the corpus. Percentage of experiments in
the corpus archived under each BrainMap paradigm class.

Percentage of
Paradigm Class experiments in
corpus

Reward 94.9
Task Switching 6.4
Delay Discounting 5.6
Go-NoGo 2.9
Visuospatial 2.9
Gambling 2.7
Wisconsin Card Sorting Test 2.5
Reasoning Problem Solving 1.3
Tower of London 1.2
Finger Tapping Button Press 0.9
Saccades 0.8
Taste 0.8

Note. As studies included in the corpus could be archived under multiple paradigm classes, the percentages
of corpus experiments in each paradigm class are not expected to sum to 100%.
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Table S3. Convergent activity coordinates for each meta-analytic grouping (kK =7 model order)

Meta-Analytic Volume
Grouping Peak | Region (mm®) X y z
1 Left ventral striatum 52944 1210 -6
Right accumbens 12 10 -6
Right claustrum 34 22 -8
Right thalamus o) 14 10
1 2 Medial orbital frontal gyrus (BA 10) 3168 0 50 -10
Left medial orbital frontal 12 42 -14
3 Anterior cingulate (BA 32) 4056 -4 38 16
Right middle dorsal cingulate ) 28 34
Right middle dorsal cingulate 4 18 36
4 Posterior cingulate 2 32 32
1 Left caudate 39536 -10 4 6
Right caudate 12 4 8
Right pallidum 14 4 0
Left putamen -18 4 6
2 2 Dorsal medial frontal gyrus (BA 32) 6248 0 10 46
Right dorsal cingulate 6 22 30
Dorsal medial frontal gyrus (BA 6) 0 0 56
Left dorsal medial frontal gyrus (BA 24) -4 -8 48
3 Right posterior cingulate (BA 23) 1408 2 -24 34
1 Right amygdala 8848 26 -2 -14
Right hippocampus 32 22 22
2 Left amygdala 7712 24 2 14
3 Left Putamen -28 -6 0
Left culmen -8 -30  -16
Left parahippocampus 20 -16  -18
3 Right dorsal medial frontal gyrus (BA 6) 1984 6 -4 46
1 Right anterior insula (BA 13) 11208 36 20 -4
2 Left anterior insula (BA 13) 9864 30 22 -2
3 Medial frontal gyrus (BA 8) 11008 6 22 46
4 Left cingulate (BA 32) -8 24 32
Medial frontal gyrus (BA 6) -8 8 46
4 Left superior parietal gyrus (BA 7) 2160 -32 54 46
Right thalamus (medial dorsal nucleus) 5512 8 -12 10
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Left habenula -4 26 -2
Right thalamus (anterior nucleus) -8 -18 10
Left thalamus (ventral posterior nucleus) 14 30 -6
6 Left dorsal middle frontal gyrus (BA 6) 1200 260 52
7 Left declive 1488 -40 -64  -20
8 Right precentral gyrus (BA 9) 1544 44 14 30
Right precentral gyrus (BA 9) 48 14 44
9 Right inferior parietal gyrus (BA 40) 1608 46 -52 54
10 Right posterior cingulate (BA 23) 1168 6 24 28
11 Left middle frontal gyrus (BA 9) 1136 -38 26 34
12 Right middle frontal gyrus (BA 46) 1680 4 32 20
Right middle frontal gyrus (BA 9) 38 30 34
Right middle frontal gyrus (BA 9) 34 44 32
1 Dorsal medial frontal gyrus (BA 6) 6280 -2 32 32
Right dorsal medial frontal gyrus (BA 6) 8 22 48
2 Right superior frontal gyrus (BA 9) 7536 44 42 22
Right superior frontal gyrus (BA 8) 42 32 40
Right middle frontal gyrus (BA 46) 48 22 20
3 Left precentral gyrus (BA 6) 4304 -40 2 32
Left precentral gyrus (BA 9) -46 22 32
Left middle frontal gyrus (BA 9) 566 34
5 4 Right inferior parietal gyrus (BA 40) 4056 48 -42 52
Right inferior parietal gyrus (BA 40) 44 -38 44
5 Right superior parietal gyrus (BA 7) 2496 26 -62 44
Right superior parietal gyrus (BA 7) 32 -60 52
6 Right superior frontal gyrus (BA 10) 1824 30 52 0
7 Left inferior parietal gyrus (BA 40) 1344 -42 44 44
8 Left middle frontal gyrus (BA 6) 1224 -28 2 52
9 Left lateral middle frontal gyrus 1256 40 32 24
10 Right middle frontal gyrus (BA 6) 2864 32 8 54
11 Left superior parietal gyrus (BA 7) 1208 28 -58 44
1 Left anterior medial frontal gyrus (BA 9) 11128 -4 50 22
Left anterior medial frontal gyrus (BA 10) -4 56 10
Right anterior cingulate (BA 24) 4 32 12
6 Right medial frontal gyrus (BA 10) 12 48 0
2 Left temporal parietal junction (39) 6328 -42 76 34
Left superior temporal gyrus (BA 39) -48 56 32
Left supra-marginal gyrus (BA 39) -58 50 34
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Left supra-marginal gyrus (BA 39) 54 56 44
3 Right inferior frontal gyrus (BA 47) 1752 48 36 -14
Right inferior frontal gyrus (BA 45) 52 38 -4
4 Right middle temporal gyrus (BA 21) 1472 66 26 -8
Right middle temporal gyrus (BA 21) 60 36 -4
5 Right temporal parietal junction (BA 40) 832 54 -42 26
6 Left precuneus (BA 31) 1456 -4 -48 34
Left precuneus (BA 31) -6 -60 28
7 Left inferior frontal gyrus (BA 47) 1104 -56 34 -6
1 Medial orbital frontal gyrus (BA 32) 27504 0 56 -8
Subgenual anterior cingulate (BA 11) 0 34 -18
Right frontal pole (BA 10) 6 68 0
7 2 Left parahippocampus (amygdala) 2888 28 -6 -20
Left posterior cingulate (BA 30) 1424 -6 54 14
Left posterior cingulate (BA 31) -8 -56 24
4 Left middle frontal gyrus (BA 47) 880 -30 38 -10

Note. Peak and sub-peak coordinates (LPI), spatial volume and anatomical labeling informed by Eickhoff-Zilles
macro labels from N27 (MNI_ANAT space) and Talairach-Tournoux atlas labels for clusters comprising each
MAG?’s thresholded (peiusier-tever < 0.05 [FWE-corrected]; proetiever< 0.001) ALE image.

10
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ADDITIONAL VIABLE CLUSTERING SOLUTIONS: POST HOC COMPARISON.

While the £ =7 model order was identified as a viable solution and selected for presentation
in the main text, the hierarchy index and variation of information metrics indicated that the k=5
model order was also a viable clustering solution (main text Fig. 2). Further, the £ =4 model order
met criteria for the average silhouette metric (main text Fig. 2), also suggesting a viable solution.
As such, in a post hoc assessment, we explored the organization of MAG activity patterns across
the £ = 5 (Fig. S1) and &k = 4 (Fig. S3) MAG solutions and performed automated functional
decoding (Fig. S2 & Fig. S4) using a NeuroSynth approach. Results are discussed in relation to
the k£ = 7 outcomes found in the main text.

k =5 model order in relation to X =7 model order. We believe our examination of three

viable clustering model orders provides additional information regarding the integration and
segregation of functional brain activity and cognitive-behavioral constructs across varying levels
of meta-analytic parcellation. We observed that two MAGs in the k = 5 solution (MAG-4° and
MAG-5°) appeared to be decomposed into multiple separate MAGs in the k = 7 solution.
Specifically, MAG-4° was decomposed into MAG-47 and MAG-5" in the k = 7 solution and MAG-
5% was decomposed into MAG-6" and MAG-77in the k = 7 solution. Details of these instances of
further parsing of experiments into dissociable MAGS are provided below.

MAG-4°. Convergent activity clusters observed in MAG-4 of the k= 5 model order (MAG-
4%) (Fig. S1, purple) noted in the lateral prefrontal cortex (LPFC), intraparietal sulcus (IPS) and
pre-supplementary motor area (pre-SMA) were observed in both MAG-47 (main text Fig. 3, pink)
and MAG-57 (main text Fig. 3, purple). However, certain clusters observed in MAG-4° in the
superior frontal cortex and parietal cortex were only observed in MAG-57 and convergent activity

in the bilateral anterior insula and posterior cingulate cortex (PCC) were only observed in MAG-

11
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47, Functional decoding also suggested that MAG-4° was decomposed into MAG-47 and MAG-57
in the k = 7 solution, as MAG-4° included many of the same terms relating to working memory
(working memory, load, maintenance), performance monitoring (difficulty, performance, conflict),
calculating (calculation), and more general executive control (cognitive control, task; Fig. S3,
Table S4), that were observed across both MAG-47 and MAG-57 in the k = 7 solution (main text
Fig. 4).

MAG-55. Similarly, the convergent activity from MAG-5 in the k = 5 model order (MAG-
5%) was decomposed into two separate MAGs in the k = 7 solution. In the k = 5 solution, MAG-5°
(Fig. S1, blue) displayed convergence in the ventral medial prefrontal cortex (vmPFC) and central
medial prefrontal cortex (cmPFC), medial orbital frontal cortex (OFC), left angular gyrus, right
amygdala, right hippocampus, PCC, temporal parietal junction (TPJ), and precuneus. However, in
the k = 7 solution (main text Fig. 3), MAG-5° activity was represented in two MAGs, one with
convergent activity in the anterior cmPFC, TPJ, PCC, and right middle temporal lobe (MAG-6")
and one with convergent activity in the vmPFC, mOFC, right amygdala, and more ventral PCC
(MAG-77). The functional decoding of MAG-5° included terms that suggested both interpersonal
and intrapersonal reflection (mentalizing, theory mind, self-referential, autobiographical, social)
as well as terms that suggested subjective valuation (value, valence, emotional, reward; Fig. S2,
Table S4). While the functional decoding of MAG-6” and MAG-77 both included terms suggesting
general internal processing (default, social, referential, autobiographical; Fig. 4, Table 3), MAG-
67 separately included terms (theory of mind, self-referential, mental states, mentalizing, beliefs,
and moral) indicative of interpersonal and intrapersonal reflection, whereas MAG-77 separately
included terms (value, valence, emotion, neutral and arousal) indicative of subjective value

judgments. These functional decoding results suggest that the further parsing of experiments in the

12
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k=7 solution decomposed MAG-53 into two separate MAGs both with a potential role in internally
focused attention yet one specializing in in abstract mentalizing (MAG-6") and the other in
valuation (MAG-77). Stated from a different perspective, at a lower model order (k = 5) these two
distinct yet related activity patterns and associated cognitive constructs were likely integrated in

the same MAG (MAG-5%.

Figure S1. Brain activity profiles associated with each meta-analytic grouping (MAG) of reward
processing experiments (k=5 model order). ALE images identified significant (Dciuster-corrected< 0.05; Proxel-
revet < 0.001) convergence in dissociable and distributed brain regions across each MAG. Unthresholded
maps of each MAG are available on NeuroVault (https://neurovault.org/collections/5070/).

13
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Figure S2. Behavior profiles associated with each meta-analytic grouping (MAG) of reward
processing experiments (kX = 5 model order). Behavior profiles consisted of NeuroSynth (NS) terms with
the top 10 highest correlation values for each MAG representing the similarity between the MAG and
activity patterns reported for terms in the NeuroSynth database (excluding anatomical terms). Lines connect
MAGs to the terms making-up their unique behavior profile. Additionally, some terms or groups of terms

are connected to multiple MAGs indicting that these terms had correlation values in multiple MAGs’ top
10.
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Table S4. NeuroSynth (NS) terms composing each MAG’s behavior profile and their
respective correlation values (kK =5 model order).

MAG-1 MAG-2 MAG-3 MAG-4 MAG-5
NS term r NS term r NS term r NS term r NS term r
‘(‘;‘)’j‘etary 0.780 'E‘;‘;Cipaﬁ"“ 0321 | reactivity 0302 | task (2) 0582 | default (2)8 0372
reward (2)° 0.766 i(rzl;?mive 0289 | fearful (2)F 0.301 ‘g‘;ﬁ(‘;ﬁ sy 0510 | socia 0.305
ié;fmive 0.754 gg:;ﬁve 0.288 | neutral 0292 | load 2)° 0.382 E‘ilctglbgffap 0.295
g‘)ﬁdpmo“ 0.735 | monetary 0.286 g‘;l"fi"“ 0.279 gf‘w“y 0326 | value 0.262
iiréclzgtive 0.701 reward (3)! 0.285 happy 0.266 maintenance 0.253 referential 0.254
motivation 0.677 | task 0219 | anxiety 0.266 | cognitive 0253 | valence 0.246
(2)e control
gains 0.631 ‘(‘;‘)’jﬁvaﬁ"“ 0.206 ?;‘)l?ressms 0261 | performance  0.241 :Zgren il 0.232
outcome (2)° 0.616 behavior 0.206 neutral faces 0.259 calculation 0.241 emotional 0.229
E;f;lriction 0.596 stop 0.193 angry 0.256 interference 0.238 reward 0.194
value 0.554 | losses 0.8y | Smotional 0268 | conflict 0.236 | mentalizing 0.191

Near Duplicates

2 monetary reward greward anticipation k fear " tasks " default mode

b rewards

°monetary incentive

d

¢ motivational

foutcomes

reward anticipation

" monetary incentive
irewards, monetary reward

imotivational

lemotional, affective

™ facial expressions

° working, memory-wm,
Wwm, memory

P demands

9 task difficulty

$ autobiographical memory

Note. Terms with the top 10 highest correlation values for each MAG representing the similarity between
the MAG and activation patterns reported for terms automatically extracted from abstracts across functional
neuroimaging studies archived in the NeuroSynth database (anatomical terms excluded). The number of
near duplicates for any given term in a MAG’s top 10 list is indicated in “()” following the term and the
superscript labels the list of near duplicate terms in the lower section of the table.

15
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k = 4 model order in relation to £k = 5 model order. Again, in the k£ = 4 lowest model

order, we observed further condensing of MAGs that functional decoding accordingly linked to
broader cognitive-behavior constructs. Specifically, subsets of convergent activity in MAG-1 (Fig.
S3, red) of the k = 4 solution (MAG-1*%) appeared to be decomposed into two separate MAGs in
the k = 5 solution (MAGs 1° and 2°), indicating that the additional MAG included in the k = 5
solution segregated MAG-1* of the k£ = 4 solution into ventral and dorsal striatal-medial prefrontal
cortex networks (Fig. S1, red & yellow). Further, NS terms associated with MAG-1* (reward,
anticipation, incentive delay, motivation, gains; Fig. S4, Table S5) were associated with both
MAG-1° and MAG-2° (Table S4). Overall, we suggest these outcomes indicated that, the k = 5
solution provided a more meaningful segregation of brain activity patterns during reward
processing tasks that better captured a previously reported dissociation between ventral and dorsal

frontal-striatal networks (see discussion section main text).

16
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Figure S3. Brain activity profiles associated with each meta-analytic grouping (MAG) of reward
processing experiments (kK = 4 model order). The figure depicts ALE images identifying significant
(Detuster-corrected < 0.05; Pvoxeriever < 0.001) activity convergence for each MAG in the k = 4 solution.
Unthresholded maps of each MAG are available on NeuroVault (https://neurovault.org/collections/5070/).
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Figure S4. Behavior profiles associated with each meta-analytic grouping (MAG) of reward
processing experiments (kX = 4 model order). Behavior profiles consisted of NeuroSynth (NS) terms with
the top 10 highest correlation values for each MAG representing the similarity between the MAG and
activity patterns reported for terms in the NeuroSynth database (excluding anatomical terms). Lines connect
MAGs to the terms making-up their unique behavior profile. Additionally, some terms or groups of terms
are connected to multiple MAGs indicting that these terms had correlation values in multiple MAGs’ top
10.

17



SUPPLEMENTAL INFORMATION 18

Table S5. NeuroSynth (NS) terms composing each MAG’s behavior profile and their
respective correlation values (kK = 4 model order).

MAG-1 MAG-2 MAG-3 MAG-4

NS term r NS term r NS term r NS term r

monetary 0.731 | reactivity 0.303 | task (2) 0.563 | default (2)™ 0.373

reward (3)* 0.717 | fearful (2)° 0.301 working memory (4) 0.467 | social 0.307

incentive (2) 0.712 | neutral (2)f 0.292 | load (2)F 0.353 | autobiographical (2) 0.291

anticipation (2)° 0.704 | emotion (3)& 0.279 | difficulty (2)' 0.317 | value 0.264

incentive delay 0.669 | happy 0.264 | conflict 0.252 | referential 0.249

motivation (2)¢ 0.617 | emotional stimuli 0.264 | cognitive control 0.246 | valence 0.246

gains 0.572 | anxiety 0.263 | maintenance 0.242 | self referential 0.228

outcome 0.538 | expressions (2)" 0.257 | interference 0.231 | emotional 0.227

prediction error 0.513 | angry 0.254 | performance 0.230 | mentalizing 0.196

losses 0.501 | pictures 0.245 | executive 0.221 | reward 0.196
Near Duplicates

arewards, monetary reward fear  tasks ™ default mode

b monetary incentive fneutral faces iworking, memory wm, memory | " autobiographical memory

¢reward anticipation affective, emotional k demands

4motivational hfacial expressions I'task difficulty

Note. Terms with the top 10 highest correlation values for each MAG. The number of near duplicates for
any given term in a MAG’s top 10 list is indicated in “()”” following the term and the superscript labels the
list of near duplicate terms in the lower section of the table.
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Figure S5. K-mean clustering cross-correlation matrix (k = 7 model order). The experiment (e) x
experiment (e) cross-correlation matrix ordered by the seven-MAG solution from the £ = 7 model order
indicated that between-group differences of experiment correlation distributions were maximized while
within-group differences were minimized.
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Figure S6. Comparison of convergent activity for MAG-1 vs. -2 and for MAG-6 vs. -7. (A) Whereas,
both MAG-1 (red) and MAG-2 (yellow) displayed convergent activity that overlapped (cyan) in the
striatum and medial frontal cortex, MAG-1’s convergent activity was located more ventrally. Overlapping
activity of these MAGs (cyan) was observed in the mid-striatum while activity unique to MAG-1 (red) was
localized to the ventral striatum and ventromedial prefrontal cortex and the activity unique to MAG-2
(yellow) was localized to the dorsal striatum and dorsal medial frontal cortex. (B) MAG-6 (aqua) displayed
convergent activity in the central medial prefrontal cortex and the precuneus, whereas MAG-7 (dark blue)
displayed convergent activity located just ventral to that of MAG-6 in the ventral orbital frontal cortex and
posterior cingulate. There was modest overlap of these MAGs in the medial prefrontal cortex and posterior
cingulate (magenta). Additionally, MAG-6 displayed clusters of convergent activity in the lateral inferior
prefrontal gyrus, middle temporal gyrus, and temporal parietal junction, whereas MAG-7 displayed
convergent activity in the right amygdala.
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MANUAL (vs. automated) ANNOTATION OF EXPERIMENTS FOR FUNCTIONAL

DECODING

Corpus-specific manual annotation of experiments (k = 5 solution): Rationale. The

manual annotation of our corpus was prompted by our observation that the existing annotation of
experimental contrasts provided by the BrainMap taxonomy was too generalized and nonspecific
to capture the nuanced, yet critical distinctions of the specific reward-related neuroimaging
contrasts. Thus, our functional decoding required metadata terms that were capable of capturing
the precise nature of each experimental contrast. To achieve this level of detail, we performed
corpus-specific, manual annotations that relied on the generation of an experiment-specific
glossary through an admittedly subjective process. We acknowledge that this technique could be
improved and have thus decided to instead perform and present a more automated and objective
(yet, also more general) functional decoding technique in the main text utilizing a NeuroSynth-
based strategy. However, as our manual decoding approach provides an example of the initial steps
taken towards developing corpus- and domain-specific (e.g., reward processing) annotation
ontologies, we have included methodological details and results from the £ = 5 solution below.
To more precisely and succinctly characterize mental operations associated with each
experimental contrast, we coded each one with cognitive-behavioral terms through a blind, multi-
rater procedure. Due to the nuanced, yet critical distinctions between specific neuroimaging
contrasts included in our reward processing corpus of results, our functional decoding required
metadata terms capable of capturing the precise nature of each experimental contrast. To achieve
this level of detail, we performed corpus-specific, manual annotations using a newly generated
glossary of terms reflecting a summative definition of commonly operationalized phenomena in

the included reward processing papers. First, a glossary was created consisting of terms (Table
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S6) commonly employed to describe cognitive-behavioral aspects of reward processing tasks in
the corpus. To create this glossary, raters read each published article’s method section and
collapsed synonyms, used to describe similar task contexts, task events, and/or cognitive
phenomena into a singular term that encompassed a summative meaning. This resulted in a
glossary of 42 terms which served to reduce potential, unnecessary lexical variability while still
providing needed specificity to more fully capture the multifaceted aspects of reward processing
tasks. A brief definition of each glossary term can be found in Table S6. Then to annotate all
experimental contrasts, these glossary terms were assigned to each experimental contrast based on
a review of the original article and the associated BrainMap metadata. Discrepancies between
raters were discussed until consensus was reached. The “experiment name” BrainMap metadata
was taken into particular consideration during this annotation process as it often provided the most
specific definition of the contrast. Each contrast could be coded with multiple terms if all the terms

appropriately pertained to the contrast.
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Table S6. Corpus-specific manual annotations: Term glossary and frequency distribution
across MAGs.

Term

Definition

Total
Frequency

Frequency
for MAG-1

Frequency
for MAG-2

Frequency
for MAG-3

Frequency
for MAG-4

Frequency
for MAG-5

MID

positive outcomes

gambling choice

value

negative outcomes

prediction
uncertainty

choice

anticipation

reward learning

delay

reversal learning
task

reward price

delay discounting

rewarded
performance

probability

reward omission

risk

social

contrast isolated part of a
monetary incentive delay task
contrast represented an instance in
which a positive outcome was
delivered

contrast represented an instance in
which the participant chooses
between two or more outcome
contingencies that varied in either
risky-ness, probability or another,
similar parameter

contrast isolated the value of an
outcome, for example: a contrast
that subtracted situations in which
the outcome was $5 from
situations in which the outcome
was $1

contrast represented an instance in
which a negative outcome was
delivered

contrast represented an instance in
which participants had to choose
between options that would lead
to different outcomes without
being completely sure which
option led to which outcome
contrast represented an instance in
which a participant made a choice
contrast isolated the period before
an expected outcome was
delivered

contrast represented an algorithm
that  calculated how  task
performance changed over time
contrast represented a wait period
(real or hypothetical) before an
outcome included in delay
discounting tasks

contrast isolated a part of any task
in which outcome contingencies
were periodically changed
throughout the task

contrast represented either how
much a participant would pay for
an outcome or the delivery of
information about the cost of an
outcome

contrast represented part of a task
that involved making decisions
based on the delay until an
outcome

contrast represented an instance in
which any positive outcome, that
was contingent on a task response,
was delivered

contrast represented the
probability of an outcome
contrast represented instances in
which an expected positive
outcome was not delivered
contrast represented the odds of
an outcome contingency

contrast represented part of a task
that involved interacting with
another  person (real or
hypothetical)

199

163

132

102

91

83

79

73

68

62

59

59

57

54

53

52

51

Y}

74

63

36

27

35

27

23

31

20

27

26

18

37

20

27

36

20

26

22

23

33

35

24

22

23
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wheel of fortune
task

negative outcomes
escape

food

picture of desired
object

probabilistic
conditioning

classical
conditioning

performance
feedback

risk vs. amount

£0/no-go
moving through

virtual maze

predator and prey
paradigm

unexpected
outcomes

pattern recognition

purchasing

slot machine

stock market

tower of London
task

valence

altruistic donation

face attractiveness

contrast isolated part of a task that
involved a ‘wheel of fortune.”
Often the participant was
instructed to choose a section of
the wheel and that section would
indicate the outcome delivered if
the wheel landed on that section
when spun.

contrast represented an instance in
which a negative outcome was
avoided

contrast isolated part of a task that
involved food (real or
hypothetical)

contrast isolated part of a task that
involved a picture of a desired
object

contrast isolated part of a task that
involved a probabilistic stimuli-
outcome contingency

contrast isolated part of a task that
involved stimuli-outcome
associations

contrast isolated an instance in
which feedback about task
performance was provided
contrast isolated part of a task in
which participants choose
between outcomes varying in risk
and value. In most cases, the
choice was between a high-risk,
high-value outcome, and a low-
risk, low-value outcome

contrast isolated part of a go/no-
go inhibitory control task

contrast isolated part of a task in
which participants had to navigate
through a virtual space

contrast isolated part of the
predator and prey paradigm in
which participants had to navigate
a virtual space to escape a
"predator.’

contrast isolated the delivery of
unexpected outcomes

contrast isolated part of a task that
required participants to learn
associations between outcomes
and complex patterns of stimuli or
cues

contrast isolated part of a task that
involved paying a cost of some
sort, to receive an outcome
contrast represented part of a task
involving a simulated slot
machine

contrast represented part of a task
involving the monetary decisions
and outcomes of a simulated stock
market

contrast represented part of a
Tower of London task. These
tasks involve cognitive control,
planning and problem solving
contrast isolated the difference
between positive and negative
outcomes

contrast represented part of a task
that involved making decisions
about voluntarily giving valuable
capital to others

contrast represented part of a task
instructing participants to make

42

37

35

33

31

27

26

23

24
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judgments and indicate
preferences about human faces
contrast represented part of a task
in which a participant had to make
advice a choice and were given advice 3 2 0 0 1
from an outside source (usually an
‘expert') on which choice to make.
contrast isolated an instance in
reward delivery which a positive outcome was 3 1 0 0 2
delivered
contrast represented part of a task
blackjack in which participants played a 2 1 1 0 0
type of blackjack game
contrast isolated an instance in
verbal reward which positive verbal (auditory or 2 1 1 0 0
written) feedback was provided

Note. Terms used to code all experimental contrasts in corpus with a brief definition describing rational for
assigning it to a contrast. Each term’s frequency across the corpus and frequency for each MAG are
provided.
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Corpus-specific manual annotations for functional decoding of meta-analytic

groupings (k =5 solution): Methods. To generate cognitive-behavior profiles for each MAG, we

performed exploratory functional decoding analyses using the terms coding each experimental
contrast. We characterized term frequency distributions within and across MAGs using an adapted
implementation of the forward and reverse inference analyses employed by NeuroSynth to
calculate term frequency distributions within and across voxels from a large pool of studies
(Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 2011). Forward inference analyses have been
used to characterize the likelihood of activation given a mental phenomenon, and reverse inference
analyses have been used to characterize the likelihood of a mental phenomenon given activation
(Cieslik et al., 2013; Nickl-Jockschat et al., 2015; Poldrack, 2006; Yarkoni et al., 2011). In our
adaptation of these analyses, multiple comparisons across terms were corrected for using the
Benjamini-Hochberg procedure, which restricts the false discovery rate (FDR) to a given level
(0.05; (Benjamini & Hochberg, 1995).

We first performed a within-MAG consistency analysis which calculated the probability
of a term given assignment to a particular MAG, P(term | MAG). This analysis identified terms
with a higher representation in a certain MAG than would be expected given a baseline level,
which was defined as that MAG’s average term frequency. Significance was assessed with one-
way Chi-square tests of independence (FDR-corrected for the number of terms [prpr-
correctea<0.05]). A significant, positive association between a term and a MAG indicated that the
term was coded for experiments in that particular MAG at a higher frequency than would be
expected given the average frequency of all terms coded for that MAG. An across-MAG selectivity
analysis was then performed which calculated the probability of experiment MAG assignment

given a term, P(MAG | term). This analysis assessed whether a term had a higher frequency within
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a certain MAG than would be expected given the frequency of that term across all other MAGs.
Significance was assessed with two-way Chi-square tests (prpr-correctea<0.05) with a significant,
positive association between a term and a MAG indicating that the term was coded for experiments
in that particular MAG at a higher frequency than would be expected given the frequency in all
other MAGs. Whereas the within-MAG analysis was influenced by each term’s overall frequency
in the corpus but not by cluster size (i.e., number of experimental contrasts in a MAG), the across-
MAG analysis was less influenced by term frequency but more influenced by cluster size.
Consequently, both the within-MAG and across-MAG analyses provided complementary
information about term-MAG associations and were both utilized to create behavior profiles for
each MAG. The posterior probability of each association was calculated (assuming a uniform prior
of 0.5) as a measure of effect size (Poldrack, 2006), and plotted for significant terms from each
MAG (Fig. S8).

Corpus-specific manual annotations for functional decoding of meta-analytic

groupings (k =5 solution): Results. We calculated the frequency at which each term was coded

across the entire corpus, in addition to the frequency it was coded in each MAG (Table S6). We
then employed within-MAG consistency and across-MAG selectivity analyses that utilized these
term frequency distributions to determine statistically significant term-MAG associations. We use
the phrase ‘behavior profile’ to refer to the collection of meta-analytic terms/labels showing a
significant, positive association with a MAG from either the within-MAG consistency or across-
MAG selectivity analyses (p < 0.05). If a term was significantly associated with at least four of the
five MAGs, it was assigned to a ‘common reward processing behavior profile’. This common
behavior profile (Fig. S7) was composed of five terms: Monetary Incentive Delay task (MID) and

positive outcomes (associated with all 5 MAGs) as well as choice, value, and gambling choice
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(associated with 4 out of the 5 MAGs). All other terms (not included in the common behavior
profile) that displayed a significant association with a MAG (p < 0.05) were included in that
MAG’s unique behavior profile. We found that results from this corpus-specific, manual-
annotation decoding procedure largely supported functional decoding results for the k£ = 5 solution

that were derived using a NeuroSynth strategy (Fig. S2).

rewarded ) .
performance Analysis with
pattern significant association
recognition Within-MAG
S 2 AT Across-MAG
< S\
AN Both
L@{‘) )
v
" anticipation negative
classical ,, outcomes
conditionin, LD 4
g 2/{ //4 y él/\"a
reward \/}) <\
omission
positive
MID
outcomes reversal
learning
gambling . P
choice choice delay
value delay
) discounting
reward price
face S
D p, B y isk
attractiveness j;,/ i ’.\5 b @‘.' : 4/&'%! =
redator-pre! /*) icti //')C\\) ili
p! 'P Y & prediction (g probability
paradigm uncertainty
moving reward
through maze learning

Figure S7. Behavior profiles associated with each meta-analytic grouping (MAG) of reward
processing experiments utilizing corpus-specific manual annotations (k =5 solution). Behavior profiles
for each MAG consisted of terms demonstrating significant positive associations in either the within-MAG
consistency analysis (blue outline), the between-MAG selectivity analysis (red), or both analyses (black)
(PFDR-correctea < 0.05). Terms significantly associated with at least four of the five MAGs were assigned to
the ‘common reward processing behavior profile’. Terms significantly and positively associated with only
one MAG were included in that MAG’s unique behavior profile.
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Figure S8. Effect size of each significant term-MAG association identified using corpus-specific
manual annotations (k = 5 solution). Posterior probabilities were calculated and used as a measure of
effect size for terms (out of a possible 42 terms) that were identified as significant in the within-MAG
(lighter colors) or across-MAG functional decoding analysis (darker colors). The within-MAG analysis
effect size indicates the probability of term, given a MAG (P[term | MAG]), while the across-MAG analysis
effect size indicates the probably of a MAG, given a term (P[MAG | term]). The posterior probability of
each association was calculated (assuming a uniform prior of 0.5), used as a measure of effect size
(Poldrack, 2006), and plotted for significant terms from each MAG. The uniform prior was employed
primarily to prevent estimates of posterior probabilities from being overwhelmed by differences in terms’
base frequencies across the reward processing literature. In all instances the term-MAG associations
reaching significance in the across-MAG analysis had higher effect sizes than term-MAG associations
reaching significance in the within-MAG analysis. Additionally, terms uniquely associated with a certain
MAG usually had higher effect sizes than terms significantly associated with multiple MAGs. Examining
the effect sizes of significant terms increases the transparency of the functional decoding analysis.

29



SUPPLEMENTAL INFORMATION 30

REFERENCES FOR CORPUS ARTICLES

[1] Abler, B., Erk, S., & Walter, H. (2007). Human reward system activation is modulated by a
single dose of olanzapine in healthy subjects in an event-related, double-blind, placebo-
controlled fMRI study. Psychopharmacology, 191(3), 823-833.
https://doi.org/10.1007/s00213-006-0690-y

[2] Abler, B., Walter, H., Erk, S., Kammerer, H., & Spitzer, M. (2006). Prediction error as a linear
function of reward probability is coded in human nucleus accumbens. Neuroimage, 31(2),
790-5.

[3] Adcock, R. A., Thangavel, A., Whitfield-Gabrieli, S., Knutson, B., & Gabrieli, J. D. E. (2006).
Reward-Motivated Learning: Mesolimbic Activation Precedes Memory Formation.
Neuron, 50(3), 507-517. https://doi.org/10.1016/j.neuron.2006.03.036

[4] Akitsuki, Y., Sugiura, M., Watanabe, J., Yamashita, K., Sassa, Y., Awata, S., ... Kawashima,
R. (2003). Context-dependent cortical activation in response to financial reward and
penalty: An eventrelated fMRI study. Neurolmage, 19(4), 1674-1685.
https://doi.org/10.1016/S1053-8119(03)00250-7

[5] Alexander, W. H., & Brown, J. W. (2010). Competition between learned reward and error
outcome predictions in anterior cingulate cortex. Neurolmage, 49(4), 3210-3218.
https://doi.org/10.1016/j.neuroimage.2009.11.065

[6] Ballard, K., & Knutson, B. (2009). Dissociable neural representations of future reward
magnitude and delay during temporal discounting. Neurolmage, 45(1), 143-150.
https://doi.org/10.1016/j.neuroimage.2008.11.004

[7] Balodis, I. M., Kober, H., Worhunsky, P. D., Stevens, M. C., Pearlson, G. D., & Potenza, M.
N. (2012). Diminished frontostriatal activity during processing of monetary rewards and
losses in pathological gambling. Biological  Psychiatry, 71(8), 749-757.
https://doi.org/10.1016/j.biopsych.2012.01.006

[8] Beck, A., Schlagenhauf, F., Wiistenberg, T., Hein, J., Kienast, T., Kahnt, T., ... Wrase, J.
(2009). Ventral striatal activation during reward anticipation correlates with impulsivity in
alcoholics. Biological Psychiatry, 66(8), 734-742.
https://doi.org/10.1016/j.biopsych.2009.04.035

[9] Behrens, T. E. J., Woolrich, M. W., Walton, M. E., & Rushworth, M. F. S. (2007). Learning
the value of information in an uncertain world. Nature Neuroscience, 10(9), 1214-1221.
https://doi.org/10.1038/nn1954

[10] Bickel, W. K., Pitcock, J. A., Yi, R., & Angtuaco, E. J. C. (2009). Congruence of BOLD
Response across Intertemporal Choice Conditions: Fictive and Real Money Gains and
Losses. Journal of Neuroscience, 29(27), 8839-8846.
https://doi.org/10.1523/INEUROSCI.5319-08.2009

[11] Bjork, J. M. (2004). Incentive-Elicited Brain Activation in Adolescents: Similarities and
Differences from Young Adults. Journal of Neuroscience, 24(8), 1793-1802.
https://doi.org/10.1523/INEUROSCI.4862-03.2004

[12] Bjork, J. M., & Hommer, D. W. (2007). Anticipating instrumentally obtained and passively-
received rewards: A factorial fMRI investigation. Behavioural Brain Research, 177(1),
165-170. https://doi.org/10.1016/j.bbr.2006.10.034

[13] Bjork, J. M., Knutson, B., & Hommer, D. W. (2008). Incentive-elicited striatal activation in
adolescent children of  alcoholics. Addiction, 103(8), 1308-1319.
https://doi.org/10.1111/j.1360-0443.2008.02250.x

30



SUPPLEMENTAL INFORMATION 31

[14] Blair, K., Marsh, A. A., Morton, J., Vythilingam, M., Jones, M., Mondillo, K., ... Blair, J. R.
(2006). Choosing the Lesser of Two Evils, the Better of Two Goods: Specifying the Roles
of Ventromedial Prefrontal Cortex and Dorsal Anterior Cingulate in Object Choice.
Journal of Neuroscience, 26(44), 11379-11386.
https://doi.org/10.1523/INEUROSCI.1640-06.2006

[15] Bolla, K. L., Eldreth, D. A., Matochik, J. A., & Cadet, J. L. (2004). Sex-related differences in
a gambling task and its neurological correlates. Cerebral Cortex, 14(11), 1226—-1232.
https://doi.org/10.1093/cercor/bhh083

[16] Bolla, K. 1., Eldreth, D. A., Matochik, J. A., & Cadet, J. L. (2005). Neural substrates of faulty
decision-making in abstinent marijuana users. Neurolmage, 26(2), 480—492.
https://doi.org/10.1016/j.neuroimage.2005.02.012

[17] Boorman, E. D., Behrens, T. E. J., Woolrich, M. W., & Rushworth, M. F. S. (2009). How
Green Is the Grass on the Other Side? Frontopolar Cortex and the Evidence in Favor of
Alternative Courses of Action. Neuron, 62(5), 733-743.
https://doi.org/10.1016/j.neuron.2009.05.014

[18] Bray, S., Rangel, A., Shimojo, S., Balleine, B., & O’Doherty, J. P. (2008). The Neural
Mechanisms Underlying the Influence of Pavlovian Cues on Human Decision Making.
Journal of Neuroscience, 28(22), 5861-5866. https://doi.org/10.1523/INEUROSCI.0897-
08.2008

[19] Breiter, H. C., Aharon, 1., Kahneman, D., Dal, A., & Shizgal, P. (2001). Functional Imaging
of Neural Resposes to Monetary Gains and Losses. Neuron, 30(May), 619-619.
https://doi.org/10.1016/S0896-6273(01)00303-8

[20] Brunia, C. H. M., de Jong, B. M., van den Berg-Lenssen, M. M. C., & Paans, A. M. J. (2000).
Visual feedback about time estimation is related to a right hemisphere activation measured
by PET. Experimental Brain Research, 130(3), 328-337.
https://doi.org/10.1007/s002219900293

[21] Budhani, S., Marsh, A. A., Pine, D. S., & Blair, R. J. R. (2007). Neural correlates of response
reversal: Considering acquisition. Neurolmage, 34(4), 1754-1765.
https://doi.org/10.1016/j.neuroimage.2006.08.060

[22] Burger, K. S., & Stice, E. (2012). Frequent ice cream consumption is associated with reduced
striatal response to receipt of an ice cream-based milkshake. American Journal of Clinical
Nutrition, 95(4), 810—817. https://doi.org/10.3945/ajcn.111.027003

[23] Burke. (2010). Striatal BOLD response reflects the impact of herd information on financial
decisions. Frontiers in Human Neuroscience, 4(June), 1-11.
https://doi.org/10.3389/fnhum.2010.00048

[24] Camara, E. (2008). Functional connectivity of reward processing in the brain. Frontiers in
Human Neuroscience, 2(January), 1-14. https://doi.org/10.3389/neuro.09.019.2008

[25] Chandrasekhar, P. V. S., Capra, C. M., Moore, S., Noussair, C., & Berns, G. S. (2008).
Neurobiological regret and rejoice functions for aversive outcomes. Neurolmage, 39(3),
1472—-1484. https://doi.org/10.1016/j.neuroimage.2007.10.027

[26] Chib, V. S., Rangel, A., Shimojo, S., & O’Doherty, J. P. (2009). Evidence for a Common
Representation of Decision Values for Dissimilar Goods in Human Ventromedial
Prefrontal Cortex.  Journal  of  Neuroscience, 29(39), 12315-12320.
https://doi.org/10.1523/INEUROSCI.2575-09.2009

[27] Christopoulos, G. 1., Tobler, P. N., Bossaerts, P., Dolan, R. J., & Schultz, W. (2009). Neural
Correlates of Value, Risk, and Risk Aversion Contributing to Decision Making under Risk.

31



SUPPLEMENTAL INFORMATION 32

Journal of Neuroscience, 29(40), 12574—-12583.
https://doi.org/10.1523/INEUROSCI.2614-09.2009

[28] Clark, L., Lawrence, A. J., Astley-Jones, F., & Gray, N. (2009). Gambling Near-Misses
Enhance Motivation to Gamble and Recruit Win-Related Brain Circuitry. Neuron, 61(3),
481-490. https://doi.org/10.1016/j.neuron.2008.12.031

[29] Cohen, M. X., Elger, C. E., & Weber, B. (2008). Amygdala tractography predicts functional
connectivity and learning during feedback-guided decision-making. Neurolmage, 39(3),
1396-1407. https://doi.org/10.1016/j.neuroimage.2007.10.004

[30] Cooper, J. C., Hollon, N. G., Wimmer, G. E., & Knutson, B. (2009). Available alternative
incentives modulate anticipatory nucleus accumbens activation. Social Cognitive and
Affective Neuroscience, 4(4), 409—416. https://doi.org/10.1093/scan/nsp03 1

[31] Cooper, J. C., & Knutson, B. (2008). Valence and salience contribute to nucleus accumbens
activation. Neurolmage, 39(1), 538-547.
https://doi.org/10.1016/j.neuroimage.2007.08.009

[32] Coricelli, G., Critchley, H. D., Joffily, M., O’Doherty, J. P., Sirigu, A., & Dolan, R. J. (2005).
Regret and its avoidance: A neuroimaging study of choice behavior. Nature Neuroscience,
8(9), 1255—-1262. https://doi.org/10.1038/nn1514

[33] Cox, S. M. L. (2005). Learning to Like: A Role for Human Orbitofrontal Cortex in
Conditioned  Reward.  Journal  of  Neuroscience,  25(10),  2733-2740.
https://doi.org/10.1523/INEUROSCI.3360-04.2005

[34] Critchley, H. D., Mathias, C. J., & Dolan, R. J. (2001). Neural activity in the human brain
relating to uncertainty and arousal during anticipation. Neuron, 29(2), 537-545.
https://doi.org/10.1016/S0896-6273(01)00225-2

[35] D’Ardenne, K., McClure, S. M., Nystrom, L. E., & Cohen, J. D. (2008). BOLD Responses
Reflecting Dopaminergic Signals in the Human Ventral Tegmental Area. Science, 319, 61—
64

[36] Daw, N. D., O’Doherty, J. P., Dayan, P., Seymour, B., & Dolan, R. J. (2006). Cortical
substrates for exploratory decisions in humans. Nature, 441(7095), 876-879.
https://doi.org/10.1038/nature04766

[37] Delgado, M. R., Nystrom, L. E., Fissell, C., Noll, D. C., & Fiez, J. A. (2000). Tracking the
hemodynamic responses to reward and punishment in the striatum. Journal of
Neurophysiology, 84(6), 3072-3077. https://doi.org/10.1016/0166-2236(90)90107-1

[38] Dillon, D. G., Holmes, A. J., Jahn, A. L., Bogdan, R., Wald, L. L., & Pizzagalli, D. A. (2008).
Dissociation of neural regions associated with anticipatory versus consummatory phases
of incentive processing. Psychophysiology, 45(1), 36-49.
https://doi.org/10.1016/j.jacc.2007.01.076.White

[39] Dreher, J. C., Kohn, P., & Berman, K. F. (2006). Neural coding of distinct statistical properties
of reward information in humans. Cerebral Cortex, 16(4), 561-573.
https://doi.org/10.1093/cercor/bhj004

[40] Duka, T., Trick, L., Nikolaou, K., Gray, M. A., Kempton, M. J., Williams, H., ... Stephens,
D. N. (2011). Unique brain areas associated with abstinence control are damaged in
multiply  detoxified  alcoholics.  Biological  Psychiatry,  70(6),  545-552.
https://doi.org/10.1016/j.biopsych.2011.04.006

[41] Elliott, R., Agnew, Z., & Deakin, J. F. W. (2008). Medial orbitofrontal cortex codes relative
rather than absolute value of financial rewards in humans. European Journal of
Neuroscience, 27(9), 2213-2218. https://doi.org/10.1111/1.1460-9568.2008.06202.x

32



SUPPLEMENTAL INFORMATION 33

[42] Elliott, R., Friston, K. J., & Dolan, R. J. (2000). Dissociable neural responses in human reward
systems. Journal of Neuroscience, 20(16), 6159—-6165. https://doi.org/20/16/6159 [pii]

[43] Elliott, R., Frith, C. D., & Dolan, R. J. (1997). Differential neural response to positive and
negative feedback in planning and guessing tasks. Neuropsychologia, 35(10), 1395-1404.
https://doi.org/10.1016/S0028-3932(97)00055-9

[44] Elliott, R., Newman, J. L., Longe, O. A., & Deakin, J. F. W. (2004). Instrumental responding
for rewards is associated with enhanced neuronal response in subcortical reward systems.
Neurolmage, 21(3), 984-990. https://doi.org/10.1016/j.neuroimage.2003.10.010

[45] Elliott, R., Newman, J. L., Longe, O. a, & Deakin, J. F. W. (2003). Differential response
patterns in the striatum and orbitofrontal cortex to financial reward in humans: a parametric
functional magnetic resonance imaging study. The Journal of Neuroscience, 23(1), 303—
307. https://doi.org/23/1/303 [pii]

[46] Elliott, R., Rees, G., & Dolan, R. J. (1999). Ventromedial prefrontal cortex mediates guessing.
Neuropsychologia, 37(4), 403—411. https://doi.org/10.1016/S0028-3932(98)00107-9

[47] Elliott, R., Sahakian, B. J., Michael, A., Paykel, E. S., & Dolan, R. J. (1998). Abnormal neural
response to feedback on planning and guessing tasks in patients with unipolar depression.
Psychological Medicine, 28(3), 559-571. https://doi.org/10.1017/S0033291798006709

[48] Elman, 1., Lowen, S., Frederick, B. B., Chi, W., Becerra, L., & Pitman, R. K. (2009).
Functional Neuroimaging of Reward Circuitry Responsivity to Monetary Gains and Losses
in Posttraumatic Stress Disorder. Biological Psychiatry, 66(12), 1083—1090.
https://doi.org/10.1016/j.biopsych.2009.06.006

[49] Engelmann, J. B, Capra, C. M., Noussair, C., & Berns, G. S. (2009). Expert financial advice
neurobiologically “offloads” financial decision-making under risk. PLoS ONE, 4(3).
https://doi.org/10.1371/journal.pone.0004957

[50] Engelmann, J. B., & Tamir, D. (2009). Individual differences in risk preference predict neural
responses during financial decision-making. Brain Research, 1290, 28-51.
https://doi.org/10.1016/j.brainres.2009.06.078

[51] Ernst, M., Nelson, E. E., Jazbec, S., McClure, E. B., Monk, C. S., Leibenluft, E., ... Pine, D.
S. (2005). Amygdala and nucleus accumbens in responses to receipt and omission of gains
in adults and adolescents. Neurolmage, 25(4), 1279-1291.
https://doi.org/10.1016/j.neuroimage.2004.12.038

[52] Ernst, M., Nelson, E. E., McClure, E. B., Monk, C. S., Munson, S., Eshel, N., ... Pine, D. S.
(2004). Choice selection and reward anticipation: An fMRI study. Neuropsychologia,
42(12), 1585-1597. https://doi.org/10.1016/j.neuropsychologia.2004.05.011

[53] Ersner-Hershfield, H., Wimmer, G. E., & Knutson, B. (2009). Saving for the future self:
Neural measures of future self-continuity predict temporal discounting. Social Cognitive
and Affective Neuroscience, 4(1), 85-92. https://doi.org/10.1093/scan/nsn042

[54] Feinstein, J. S., Stein, M. B., & Paulus, M. P. (2006). Anterior insula reactivity during certain
decisions is associated with neuroticism. Social Cognitive and Affective Neuroscience,
1(2), 136-142. https://doi.org/10.1093/scan/nsl016

[55] Finger, E. C., Mitchell, D. G. V, Jones, M., & Blair, R. J. R. (2008). Dissociable roles of
medial orbitofrontal cortex in human operant extinction learning. Neurolmage, 43(4), 748—
755. https://doi.org/10.1016/j.neuroimage.2008.08.021

[56] Fleming, S. M., Whiteley, L., Hulme, O. J., Sahani, M., & Dolan, R. J. (2010). Effects of
category-specific costs on neural systems for perceptual decision-making. Journal of
Neurophysiology, 103(6), 3238-3247. https://doi.org/10.1152/jn.01084.2009

33



SUPPLEMENTAL INFORMATION 34

[57] Frangou, S., Kington, J., Raymont, V., & Shergill, S. S. (2008). Examining ventral and dorsal
prefrontal function in bipolar disorder: A functional magnetic resonance imaging study.
European Psychiatry, 23(4), 300-308. https://doi.org/10.1016/j.eurpsy.2007.05.002

[58] Freyer, T., Valerius, G., Kuelz, A.-K., Speck, O., Glauche, V., Hull, M., & Voderholzer, U.
(2009). Test—retest reliability of event-related functional MRI in a probabilistic reversal
learning task. Psychiatry ~ Research: Neuroimaging, 174(1), 40-46.
https://doi.org/10.1016/j.pscychresns.2009.03.003

[59] Fukui, H., Murai, T., Fukuyama, H., Hayashi, T., & Hanakawa, T. (2005). Functional activity
related to risk anticipation during performance of the lowa gambling task. Neurolmage,
24(1), 253-259. https://doi.org/10.1016/j.neuroimage.2004.08.028

[60] Fukui, H., Murai, T., Shinozaki, J., Aso, T., Fukuyama, H., Hayashi, T., & Hanakawa, T.
(2006). The neural basis of social tactics: An fMRI study. Neurolmage, 32(2), 913-920.
https://doi.org/10.1016/j.neuroimage.2006.03.039

[61] Galvan, A., Hare, T., Voss, H., Glover, G., & Casey, B. J. (2007). Risk-taking and the
adolescent brain: Who is at risk? Developmental Science, 10(2), 8-14.
https://doi.org/10.1111/j.1467-7687.2006.00579.x

[62] Gléscher, J., Hampton, A. N., & O’Doherty, J. P. (2009). Determining a role for ventromedial
prefrontal cortex in encoding action-based value signals during reward-related decision
making. Cerebral Cortex, 19(2), 483—495. https://doi.org/10.1093/cercor/bhn098

[63] Goldstein, R. Z., Alia-klein, N., Tomasi, D., Zhang, L., Cottone, L. a, Maloney, T., ...
Volkow, N. D. (2007). Is Decreased Prefrontal Cortical Sensitivity to Monetary and Self-
Control in Cocaine Addiction ? Psychiatry: Interpersonal and Biological Processes,
(January), 43—51. https://doi.org/10.1176/appi.ajp.164.1.43

[64] Guitart-Masip, M., Talmi, D., & Dolan, R. (2010). Conditioned associations and economic
decision biases. Neurolmage, 53(1), 206-214.
https://doi.org/10.1016/j.neuroimage.2010.06.021

[65] Hampton, A. N., Adolphs, R., Tyszka, M. J., & O’Doherty, J. P. (2007). Contributions of the
Amygdala to Reward Expectancy and Choice Signals in Human Prefrontal Cortex. Neuron,
55(4), 545-555. https://doi.org/10.1016/j.neuron.2007.07.022

[66] Hampton, A. N., Bossaerts, P., & O’Doherty, J. P. (2006). The Role of the Ventromedial
Prefrontal Cortex in Abstract State-Based Inference during Decision Making in Humans.
Journal of Neuroscience, 26(32), 8360—-8367. https://doi.org/10.1523/INEUROSCI.1010-
06.2006

[67] Hampton, A. N., Bossaerts, P., & O’Doherty, J. P. (2008). Neural correlates of mentalizing-
related computations during strategic interactions in humans. Proceedings of the National
Academy of Sciences, 105(18), 6741-6746. https://doi.org/10.1073/pnas.0711099105

[68] Han, S., Huettel, S. A., Raposo, A., Adcock, R. A., & Dobbins, I. G. (2010). Functional
Significance of Striatal Responses during Episodic Decisions: Recovery or Goal
Attainment? Journal of Neuroscience, 30(13), 4767-4775.
https://doi.org/10.1523/INEUROSCI.3077-09.2010

[69] Hare, T. A., Camerer, C. F., Knoepfle, D. T., O’Doherty, J. P., & Rangel, A. (2010). Value
Computations in Ventral Medial Prefrontal Cortex during Charitable Decision Making
Incorporate Input from Regions Involved in Social Cognition. Journal of Neuroscience,
30(2), 583-590. https://doi.org/10.1523/INEUROSCI.4089-09.2010

[70] Hare, T. A., O’Doherty, J., Camerer, C. F., Schultz, W., & Rangel, A. (2008). Dissociating
the Role of the Orbitofrontal Cortex and the Striatum in the Computation of Goal Values

34



SUPPLEMENTAL INFORMATION 35

and  Prediction  Errors. Journal of  Neuroscience, 28(22), 5623-5630.
https://doi.org/10.1523/INEUROSCI.1309-08.2008

[71] Hare, T.A., Camerer, C.F. and Rangel, A., 2009. Self-control in decision-making involves
modulation of the vimPFC valuation system. Science, 324(5927), pp.646-648. DOI:
10.1126/science.1168450

[72] Hartstra, E., Oldenburg, J. F. E., Van Leijenhorst, L., Rombouts, S. A. R. B., & Crone, E. A.
(2010). Brain regions involved in the learning and application of reward rules in a two-
deck gambling task. Neuropsychologia, 48(5), 1438-1446.
https://doi.org/10.1016/j.neuropsychologia.2010.01.012

[73] Haruno, M. (2004). A Neural Correlate of Reward-Based Behavioral Learning in Caudate
Nucleus: A Functional Magnetic Resonance Imaging Study of a Stochastic Decision Task.
Journal of Neuroscience, 24(7), 1660—1665. https://doi.org/10.1523/INEUROSCI.3417-
03.2004

[74] Hsu, M., Bhatt, M., Adolphs, R., Tranel, D., & Camerer, C. F. (2005). Neural Systems
Responding to Degree of Uncertainty in human Decision-Making. Science, 310(5754),
1680. https://doi.org/10.1126/science. 1115327

[75] Hsu, M., Krajbich, 1., Zhao, C., & Camerer, C. F. (2009). Neural Response to Reward
Anticipation under Risk Is Nonlinear in Probabilities. Journal of Neuroscience, 29(7),
2231-2237. https://doi.org/10.1523/JNEUROSCI.5296-08.2009

[76] Huettel, S. A. (2006). Behavioral, but not reward, risk modulates activation of prefrontal,
parietal, and insular cortices. Cognitive, Affective and Behavioral Neuroscience, 6(2), 141—
151. https://doi.org/10.3758/ CABN.6.2.141

[77] Huettel, S. A., Stowe, C. J., Gordon, E. M., Warner, B. T., & Platt, M. L. (2006). Neural
signatures of economic preferences for risk and ambiguity. Neuron, 49(5), 765-775.
https://doi.org/10.1016/j.neuron.2006.01.024

[78] Izuma, K., Saito, D. N., & Sadato, N. (2008). Processing of Social and Monetary Rewards in
the Human Striatum. Neuron, 58(2), 284-294.
https://doi.org/10.1016/j.neuron.2008.03.020

[79] Jocham, G., Neumann, J., Klein, T. A., Danielmeier, C., & Ullsperger, M. (2009). Adaptive
Coding of Action Values in the Human Rostral Cingulate Zone. Journal of Neuroscience,
29(23), 7489-7496. https://doi.org/10.1523/INEUROSCI.0349-09.2009

[80] Juckel, G., Schlagenhauf, F., Koslowski, M., Wiistenberg, T., Villringer, A., Knutson, B., ...
Heinz, A. (2006). Dysfunction of ventral striatal reward prediction in schizophrenia.
Neurolmage, 29(2), 409—416. https://doi.org/10.1016/j.neuroimage.2005.07.051

[81] Kahnt, T., Heinzle, J., Park, S. Q., & Haynes, J.-D. (2010). The neural code of reward
anticipation in human orbitofrontal cortex. Proceedings of the National Academy of
Sciences, 107(13), 6010—6015. https://doi.org/10.1073/pnas.0912838107

[82] Kahnt, T., Heinzle, J., Park, S. Q., & Haynes, J. D. (2011). Decoding different roles for
vmPFC and dIPFC in multi-attribute decision making. Neurolmage, 56(2), 709-715.
https://doi.org/10.1016/j.neuroimage.2010.05.058

[83] Kim, H., Shimojo, S., & O’Doherty, J. P. (2006). Is avoiding an aversive outcome rewarding?
Neural substrates of avoidance learning in the human brain. PLoS Biology, 4(8), 1453—
1461. https://doi.org/10.1371/journal.pbio.0040233

[84] Kirsch, P., Schienle, A., Stark, R., Sammer, G., Blecker, C., Walter, B., ... Vaitl, D. (2003).
Anticipation of reward in a nonaversive differential conditioning paradigm and the brain
reward system: An event-related fMRI study. Neurolmage, 20(2), 1086—1095.

35



SUPPLEMENTAL INFORMATION 36

https://doi.org/10.1016/S1053-8119(03)00381-1

[85] Knutson, B. (2005). Distributed Neural Representation of Expected Value. Journal of
Neuroscience, 25(19), 4806—4812. https://doi.org/10.1523/INEUROSCI.0642-05.2005

[86] Knutson, B., Adams, C. M., Fong, G. W., & Hommer, D. (2001). Anticipation of increasing
monetary reward selectively recruits nucleus accumbens. J Neurosci, 21(16), RC159.
https://doi.org/20015472 [pii]

[87] Knutson, B., Bhanji, J. P., Cooney, R. E., Atlas, L. Y., & Gotlib, I. H. (2008). Neural
Responses to Monetary Incentives in Major Depression. Biological Psychiatry, 63(7), 686—
692. https://doi.org/10.1016/j.biopsych.2007.07.023

[88] Knutson, B., Bjork, J. M., Fong, G. W., Hommer, D., Mattay, V. S., & Weinberger, D. R.
(2004). Amphetamine modulates human incentive processing. Neuron, 43(2), 261-269.
https://doi.org/10.1016/j.neuron.2004.06.030

[89] Knutson, B., Fong, G. W., Adams, C. M., Varner, J. L., & Hommer, D. (2001). Dissociation
of reward anticipation and outcome with event-related fMRI. Neuroreport, 12(17), 3683—
3687. https://doi.org/10.1097/00001756-200112040-00016

[90] Knutson, B., Fong, G. W., Bennett, S. M., Adams, C. M., & Hommer, D. (2003). A region of
mesial prefrontal cortex tracks monetarily rewarding outcomes: Characterization with
rapid event-related fMRI. Neurolmage, 18(2), 263-272. https://doi.org/10.1016/S1053-
8119(02)00057-5

[91] Knutson, B., Rick, S., Wimmer, G. E., Prelec, D., & Loewenstein, G. (2007). Neural
Predictors of Purchases. Neuron, 53(1), 147-156.
https://doi.org/10.1016/j.neuron.2006.11.010

[92] Knutson, B., Westdorp, A., Kaiser, E., & Hommer, D. (2000). FMRI visualization of brain
activity during a monetary incentive delay task. Neurolmage, 12(1), 20-27.
https://doi.org/10.1006/nimg.2000.0593

[93] Knutson, B., Wimmer, G., Kuhnen, C., & Winkielman, P. (2008). Nucleus accumbens
activation mediates the influence of reward cues on financial risk taking. Neuroreport,
19(5), 509-513.

[94] Knutson, B., Wimmer, G. E., Rick, S., Hollon, N. G., Prelec, D., & Loewenstein, G. (2008).
Neural Antecedents of the Endowment Effect. Neuron, 58(5), 814-822.
https://doi.org/10.1016/j.neuron.2008.05.018

[95] Koeneke, S., Pedroni, A. F., Dieckmann, A., Bosch, V., & Jancke, L. (2008). Individual
preferences modulate incentive values: Evidence from functional MRI. Behavioral and
Brain Functions, 4. https://doi.org/10.1186/1744-9081-4-55

[96] Kramer, U. M., Jansma, H., Tempelmann, C., & Miinte, T. F. (2007). Tit-for-tat: The neural
basis of reactive aggression. Neurolmage, 38(1), 203-211.
https://doi.org/10.1016/j.neuroimage.2007.07.029

[97] Kuhnen, C. M., & Knutson, B. (2005). The neural basis of financial risk taking. Neuron,
47(5), 763—770. https://doi.org/10.1016/j.neuron.2005.08.008

[98] Labudda, K., Woermann, F. G., Mertens, M., Pohlmann-Eden, B., Markowitsch, H. J., &
Brand, M. (2008). Neural correlates of decision making with explicit information about
probabilities and incentives in elderly healthy subjects. Experimental Brain Research,
187(4), 641-650. https://doi.org/10.1007/s00221-008-1332-x

[99] Lawrence, N. S., Jollant, F., O’Daly, O., Zelaya, F., & Phillips, M. L. (2009). Distinct roles
of prefrontal cortical subregions in the iowa gambling task. Cerebral Cortex, 19(5), 1134—
1143. https://doi.org/10.1093/cercor/bhn154

36



SUPPLEMENTAL INFORMATION 37

[100] Lee, T. M. C., Leung, A. W. S., Fox, P. T., Gao, J. H., & Chan, C. C. H. (2008). Age-related
differences in neural activities during risk taking as revealed by functional MRI. Socia/
Cognitive and Affective Neuroscience, 3(1), 7-15. https://doi.org/10.1093/scan/nsm033

[101] Linke, J., Kirsch, P., King, A. V., Gass, A., Hennerici, M. G., Bongers, A., & Wessa, M.
(2010). Motivational orientation modulates the neural response to reward. Neurolmage,
49(3), 2618-2625. https://doi.org/10.1016/j.neuroimage.2009.09.013

[102] Little, D. M., Shin, S. S., Sisco, S. M., & Thulborn, K. R. (2006). Event-related fMRI of
category learning: Differences in classification and feedback networks. Brain and
Cognition, 60(3), 244-252. https://doi.org/10.1016/j.bandc.2005.09.016

[103] Liu, X., Powell, D. K., Wang, H., Gold, B. T., Corbly, C. R., & Joseph, J. E. (2007).
Functional Dissociation in Frontal and Striatal Areas for Processing of Positive and
Negative Reward Information. Journal of Neuroscience, 27(17), 4587-4597.
https://doi.org/10.1523/INEUROSCI.5227-06.2007

[104] Marco-Pallarés, J., Miiller, S. V., & Miinte, T. F. (2007). Learning by doing: An fMRI study
of  feedback-related brain activations.  NeuroReport, 18(14), 1423-1426.
https://doi.org/10.1097/WNR.0b013e3282¢9a58¢

[105] Marsh, A. A., Blair, K. S., Vythilingam, M., Busis, S., & Blair, R. J. R. (2007). Response
options and expectations of reward in decision-making: The differential roles of dorsal and
rostral anterior cingulate cortex. Neurolmage, 35(2), 979-988.
https://doi.org/10.1016/j.neuroimage.2006.11.044

[106] Martin-Soelch, C., Chevalley, A. F., Kiinig, G., Missimer, J., Magyar, S., Mino, A., ...
Leenders, K. L. (2001). Changes in reward-induced brain activation in opiate addicts.
European Journal of Neuroscience, 14(8), 1360-1368. https://doi.org/10.1046/j.0953-
816x.2001.01753.x

[107] Martin-Soelch, C., Missimer, J., Leenders, K. L., & Schultz, W. (2003). Neural activity
related to the processing of increasing monetary reward in smokers and nonsmokers.
European Journal of Neuroscience, 18(3), 680—688. https://doi.org/10.1046/j.1460-
9568.2003.02791.x

[108] Martin-Sélch, C., Magyar, S., Kiinig, G., Missimer, J., Schultz, W., & Leenders, K. (2001).
Changes in brain activation associated with reward processing in smokers and nonsmokers.
Experimental Brain Research, 139(3), 278-286. https://doi.org/10.1007/s002210100751

[109] Matthews, S. C., Simmons, A. N., Lane, S. D., & Paulus, M. P. (2004). Selective activation
of the nucleus accumbens during risk-taking decision making. NeuroReport, 15(13), 2123—
2127. https://doi.org/10.1097/00001756-200409150-00025

[110] McClure, S. M., Berns, G. S., & Montague, R. P. (2003). Temporal prediction errors in a
passive learning task activate human striatum. Neuron, 38(2), 339-346.
https://doi.org/10.1016/S0896-6273(03)00154-5

[111] McClure, S., Laibson, D., Loewenstein, G., & Cohen, J. (2004). Separate nuetral systems
value immediate and delayed montetary rewards. Science, 306(October), 503—-507.

[112] Miedl, S. F., Fehr, T., Meyer, G., & Herrmann, M. (2010). Neurobiological correlates of
problem gambling in a quasi-realistic blackjack scenario as revealed by fMRI. Psychiatry
Research - Neuroimaging, 181(3), 165-173.
https://doi.org/10.1016/j.pscychresns.2009.11.008

[113] Mitchell, D. G. V., Luo, Q., Avny, S. B., Kasprzycki, T., Gupta, K., Chen, G., ... Blair, R.
J. R. (2009). Adapting to Dynamic Stimulus-Response Values: Differential Contributions
of Inferior Frontal, Dorsomedial, and Dorsolateral Regions of Prefrontal Cortex to

37



SUPPLEMENTAL INFORMATION 38

Decision ~ Making. Journal  of  Neuroscience, 29(35), 10827-10834.
https://doi.org/10.1523/INEUROSCI.0963-09.2009

[114] Mitchell, D. G. V, Rhodes, R. A., Pine, D. S., & Blair, R. J. R. (2008). The contribution of
ventrolateral and dorsolateral prefrontal cortex to response reversal. Behavioural Brain
Research, 187(1), 80-87. https://doi.org/10.1016/j.bbr.2007.08.034

[115] Mobbs, D., Petrovic, P., Marchant, J. L., Hassabis, D., & Weiskopf, N. (2007). When Fear
Is Near : Science, 1119(August), 1079-1083.
https://doi.org/10.1126/science.1144298.When

[116] Nieuwenhuis, S., Heslenfeld, D. J., von Geusau, N. J. A., Mars, R. B., Holroyd, C. B., &
Yeung, N. (2005). Activity in human reward-sensitive brain areas is strongly context
dependent. Neurolmage, 25(4), 1302-1309.
https://doi.org/10.1016/j.neuroimage.2004.12.043

[117] Nieuwenhuis, S., Slagter, H. A., von Geusau, N. J. A., Heslenfeld, D. J., & Holroyd, C. B.
(2005). Knowing good from bad: differential activation of human cortical areas by positive
and negative outcomes. European Journal of Neuroscience, 21(11), 3161-3168.
https://doi.org/10.1111/j.1460-9568.2005.04152.x

[118] O’Doherty, J., Dayan, P., Schultz, J., Deichmann, R., Friston, K., & Dolan, R. J. (2004).
Dissociable Role of Ventral and Dorsal Striatum in Instrumental Conditioning. Science,
304(5669), 452-454. https://doi.org/10.1126/science. 1094285

[119] O’Doherty, J., Kringelbach, M. L., Rolls, E. T., Hornak, J., & Andrews, C. (2001). Reward
and punishment representations in the human orbitofrontal cortex during emotion-related
learning. Nature Neuroscience, 4(1), 1-8.

[120] Palminteri, S., Boraud, T., Lafargue, G., Dubois, B., & Pessiglione, M. (2009). Brain
Hemispheres Selectively Track the Expected Value of Contralateral Options. Journal of
Neuroscience, 29(43), 13465—-13472. https://doi.org/10.1523/INEUROSCI.1500-09.2009

[121] Paulus, M. P., Hozack, N., Zauscher, B., McDowell, J. E., Frank, L., Brown, G. G., & Braff,
D. L. (2001). Prefrontal, parietal, and temporal cortex networks underlie decision-making
in the presence of uncertainty. Neurolmage, 13(1), 91-100.
https://doi.org/10.1006/nimg.2000.0667

[122] Paulus, M. P., Rogalsky, C., Simmons, A., Feinstein, J. S., & Stein, M. B. (2003). Increased
activation in the right insula during risk-taking decision making is related to harm
avoidance and neuroticism. Neurolmage, 19(4), 1439-1448.
https://doi.org/10.1016/S1053-8119(03)00251-9

[123] Pessiglione, M., Seymour, B., Flandin, G., Dolan, R. J., & Frith, C. D. (2006). Dopamine-
dependent prediction errors underpin reward-seeking behaviour in humans. Nature,
442(7106), 1042—-1045. https://doi.org/10.1038/nature05051

[124] Peters, J., & Buchel, C. (2009). Overlapping and Distinct Neural Systems Code for
Subjective Value during Intertemporal and Risky Decision Making. Journal of
Neuroscience, 29(50), 15727-15734. https://doi.org/10.1523/INEUROSCI.3489-09.2009

[125] Peters, J., & Biichel, C. (2010). Episodic Future Thinking Reduces Reward Delay
Discounting through an Enhancement of Prefrontal-Mediotemporal Interactions. Neuron,
66(1), 138-148. https://doi.org/10.1016/j.neuron.2010.03.026

[126] Plassmann, H., O’Doherty, J., & Rangel, A. (2007). Orbitofrontal Cortex Encodes
Willingness to Pay in Everyday Economic Transactions. Journal of Neuroscience, 27(37),
9984-9988. https://doi.org/10.1523/INEUROSCI.2131-07.2007

[127] Pochon, J. B., Levy, R., Fossati, P., Lehericy, S., Poline, J. B., Pillon, B., ... Dubois, B.

38



SUPPLEMENTAL INFORMATION 39

(2002). The neural system that bridges reward and cognition in humans: An fMRI study.
Proceedings of the National Academy of Sciences, 99(8), 5669-5674.
https://doi.org/10.1073/pnas.082111099

[128] Preuschoft, K., Bossaerts, P., & Quartz, S. R. (2006). Neural Differentiation of Expected
Reward and Risk in Human Subcortical Structures. Neuron, 51(3), 381-390.
https://doi.org/10.1016/j.neuron.2006.06.024

[129] Preuschoff, K., Quartz, S. R., & Bossaerts, P. (2008). Human Insula Activation Reflects Risk
Prediction Errors As Well As Risk. Journal of Neuroscience, 28(11), 2745-2752.
https://doi.org/10.1523/INEUROSCI.4286-07.2008

[130] Ramnani, N, Elliott, R., Athwal, B. S., & Passingham, R. E. (2004). Prediction error for free
monetary reward in the human prefrontal cortex. Neurolmage, 23(3), 777-786.
https://doi.org/10.1016/j.neuroimage.2004.07.028

[131] Ramnani, N., & Miall, R. C. (2003). Instructed Delay Activity in the Human Prefrontal
Cortex is Modulated by Monetary Reward Expectation. Society for Neuroscience
Abstracts, 27(1), 318. https://doi.org/10.1093/cercor/13.3.318

[132] Rao, H., Korczykowski, M., Pluta, J., Hoang, A., & Detre, J. A. (2008). Neural correlates
of voluntary and involuntary risk taking in the human brain: An fMRI Study of the Balloon
Analog Risk Task (BART). Neurolmage, 42(2), 902-910.
https://doi.org/10.1016/j.neuroimage.2008.05.046

[133] Remijnse, P. L., Nielen, M. M. A., Uylings, H. B. M., & Veltman, D. J. (2005). Neural
correlates of a reversal learning task with an affectively neutral baseline: An event-related
fMRI study. Neurolmage, 26(2), 609-618.
https://doi.org/10.1016/j.neuroimage.2005.02.009

[134] Remijnse, P. L., Nielen, M. M. A., van Balkom, A. J. L. M., Cath, D. C., van Oppen, P.,
Uylings, H. B. M., & Veltman, D. J. (2006). Reduced Orbitofrontal-Striatal Activity on a
Reversal Learning Task in Obsessive-Compulsive Disorder. Archives of General
Psychiatry, 63(11), 1225. https://doi.org/10.1001/archpsyc.63.11.1225

[135] Rilling, J. K., Sanfey, A. G., Aronson, J. A., Nystrom, L. E., & Cohen, J. D. (2004). Opposing
BOLD responses to reciprocated and unreciprocated altruism in putative reward pathways.
NeuroReport, 15(16), 2539-2543. https://doi.org/10.1097/00001756-200411150-00022

[136] Rogers, R. D., Owen, A. M., Middleton, H. C., Williams, E. J., Pickard, J. D., Sahakian, B.
J., & Robbins, T. W. (1999). Choosing between Small, Likely Rewards and Large,
Unlikely Rewards Activates Inferior and Orbital Prefrontal Cortex. The Journal of
Neuroscience, 19(20), 9029-9038. https://doi.org/0270-6474/99/19209029-10$05.00/0

[137] Sailer, U., Robinson, S., Fischmeister, F. P. S., Moser, E., Kryspin-Exner, I., & Bauer, H.
(2007). Imaging the changing role of feedback during learning in decision-making.
Neurolmage, 37(4), 1474—1486. https://doi.org/10.1016/j.neuroimage.2007.07.012

[138] Samanez-Larkin, G. R., Gibbs, S., Khanna, K., Nielsen, L., Carstensen, L., & Knutson, B.
(2007). Anticipation of monetary gain but not loss in healthy older adults. Nature
Neuroscience, 10(6), 787-791. https://doi.org/10.1021/ja0574320.Evolution

[139] Samanez-Larkin, G. R., Hollon, N. G., Carstensen, L. L., & Knutson, B. (2008). Individual
differences in insular sensitivity during loss: Anticipation predict avoidance learning:
Research report. Psychological Science, 19(4), 320-323. https://doi.org/10.1111/j.1467-
9280.2008.02087.x

[140] Sanfey, A. G., Rilling, J. K., Aronson, J. A., Nystrom, L. E., & Cohen, J. D. (2003). The
Neural Basis of Economic Decision Making in the Ultimatum Game. Science, 300(June),

39



SUPPLEMENTAL INFORMATION 40

1755-1758. https://doi.org/10.1126/science.1082976

[141] Schaefer, M., & Rotte, M. (2007). Thinking on luxury or pragmatic brand products: Brain
responses to different categories of culturally based brands. Brain Research, 1165(1), 98—
104. https://doi.org/10.1016/j.brainres.2007.06.038

[142] Scheres, A., Milham, M. P., Knutson, B., & Castellanos, F. X. (2007). Ventral Striatal
Hyporesponsiveness During Reward Anticipation in Attention-Deficit/Hyperactivity
Disorder. Biological Psychiatry, 61(5), 720-724.
https://doi.org/10.1016/j.biopsych.2006.04.042

[143] Schlagenhauf, F., Juckel, G., Koslowski, M., Kahnt, T., Knutson, B., Dembler, T., ... Heinz,
A. (2008). Reward system activation in schizophrenic patients switched from typical
neuroleptics to olanzapine. Psychopharmacology, 196(4), 673-684.
https://doi.org/10.1007/s00213-007-1016-4

[144] Schonberg, T., Daw, N. D., Joel, D., & O’Doherty, J. P. (2007). Reinforcement Learning
Signals in the Human Striatum Distinguish Learners from Nonlearners during Reward-
Based Decision Making. Journal of Neuroscience, 27(47), 12860-12867.
https://doi.org/10.1523/INEUROSCI.2496-07.2007

[145] Seymour, B., Daw, N., Dayan, P., Singer, T., & Dolan, R. (2007). Differential Encoding of
Losses and Gains in the Human Striatum. Journal of Neuroscience, 27(18), 4826—4831.
https://doi.org/10.1523/INEUROSCI.0400-07.2007

[146] Shamosh, N. A., DeYoung, C. G., Green, A. E., Reis, D. L., Johnson, M. R., Conway, A.,
... Gray, J. R. (2008). Individual differences in delay discounting. Psychological Science,
19(9), 904-911. https://doi.org/10.1111/j.1467-9280.2008.02175

[147] Simdes-Franklin, C., Hester, R., Shpaner, M., Foxe, J., & Garavan, H. (2010). Executive
Function and Error Detection: The Effect of Motivation on Cingulate and Ventral Striatum
Activity. Human Brain Mapping, 31(3), 458-469.
https://doi.org/10.1002/hbm.20879.Executive

[148] Smith, B. W., Mitchell, D. G. V., Hardin, M. G., Jazbec, S., Fridberg, D., Blair, R. J. R., &
Ernst, M. (2009). Neural substrates of reward magnitude, probability, and risk during a
wheel of fortune decision-making task. Neurolmage, 44(2), 600—6009.
https://doi.org/10.1016/j.neuroimage.2008.08.016

[149] Smith, D. V., Hayden, B. Y., Truong, T.-K., Song, A. W., Platt, M. L., & Huettel, S. A.
(2010). Distinct Value Signals in Anterior and Posterior Ventromedial Prefrontal Cortex.
Journal of Neuroscience, 30(7), 2490-2495. https://doi.org/10.1523/INEUROSCI.3319-
09.2010

[150] Spreckelmeyer, K. N., Krach, S., Kohls, G., Rademacher, L., Irmak, A., Konrad, K., ...
Griinder, G. (2009). Anticipation of monetary and social reward differently activates
mesolimbic brain structures in men and women. Social Cognitive and Affective
Neuroscience, 4(2), 158—165. https://doi.org/10.1093/scan/nsn051

[151] Sripada, C., Angstadt, M., & Banks, S. (2009). Functional neuroimaging of mentalizing
during the trust game in social anxiety disorder. ..., 20(11), 984-989.
https://doi.org/10.1097/WNR.0b013e32832d0a67.Functional

[152] Strohle, A., Stoy, M., Wrase, J., Schwarzer, S., Schlagenhauf, F., Huss, M., ... Heinz, A.
(2008). Reward anticipation and outcomes in adult males with attention-
deficit/hyperactivity disorder. Neurolmage, 39(3), 966-972.
https://doi.org/10.1016/j.neuroimage.2007.09.044

[153] Tanaka, S. C., Balleine, B. W., & O’Doherty, J. P. (2008). Calculating Consequences: Brain

40



SUPPLEMENTAL INFORMATION 41

Systems That Encode the Causal Effects of Actions. Journal of Neuroscience, 28(26),
6750—6755. https://doi.org/10.1523/JNEUROSCI.1808-08.2008

[154] Thut, G., Schultz, W., Roelcke, U., Nienhusmeier, M., Missimer, J., Maguire, R., &
Leenders, K. (1997). Activation of the human brain by monetary reward. Neuroreport,
8(5), 1225-1228.

[155] Tobler, P. N., Christopoulos, G. 1., O’Doherty, J. P., Dolan, R. J., & Schultz, W. (2008).
Neuronal Distortions of Reward Probability without Choice. Journal of Neuroscience,
28(45), 11703—11711. https://doi.org/10.1523/INEUROSCI.2870-08.2008

[156] Tobler, P. N., O’Doherty, J. P., Dolan, R. J., & Schultz, W. (2006). Reward Value Coding
Distinct From Risk Attitude-Related Uncertainty Coding in Human Reward Systems.
Journal of Neurophysiology, 97(2), 1621-1632. https://doi.org/10.1152/jn.00745.2006

[157] Tricomi, E. M., Balleine, B. W., & O’Doherty, J. P. (2009). Learning. Eur J Neurosci,
29(11), 2225-2232. https://doi.org/10.1111/j.1460-9568.2009.06796.x. A

[158] Ullsperger, M., & von Cramon, D. Y. (2003). Error monitoring using external feedback:
specific roles of the habenular complex, the reward system, and the cingulate motor area
revealed by functional magnetic resonance imaging. The Journal of Neuroscience, 23(10),
4308-4314. https://doi.org/23/10/4308 [pii]

[159] Valentin, V. V., & O’Doherty, J. P. (2009). Overlapping Prediction Errors in Dorsal Striatum
During Instrumental Learning With Juice and Money Reward in the Human Brain. Journal
of Neurophysiology, 102(6), 3384-3391. https://doi.org/10.1152/jn.91195.2008

[160] van Leijenhorst, L., Crone, E. A., & Bunge, S. A. (2006). Neural correlates of developmental
differences in risk estimation and feedback processing. Neuropsychologia, 44(11), 2158—
2170. https://doi.org/10.1016/j.neuropsychologia.2006.02.002

[161] Venkatraman, V., Huettel, S. A., Chuah, L. Y. M., Payne, J. W., & Chee, M. W. L. (2011).
Sleep Deprivation Biases the Neural Mechanisms Underlying Economic Preferences.
Journal of Neuroscience, 31(10), 3712-3718. https://doi.org/10.1523/INEUROSCI.4407-
10.2011

[162] Venkatraman, V., Payne, J. W., Bettman, J. R., Luce, M. F., & Huettel, S. A. (2009). Separate
Neural Mechanisms Underlie Choices and Strategic Preferences in Risky Decision
Making. Neuron, 62(4), 593—602. https://doi.org/10.1016/j.neuron.2009.04.007

[163] Volkow, N. D., Tomasi, D., Wang, G. J., Telang, F., Fowler, J. S., Wang, R. L., ... Swanson,
J. M. (2009). Hyperstimulation of striatal D2 receptors with sleep deprivation: Implications
for cognitive impairment. Neurolmage, 45(4), 1232-1240.
https://doi.org/10.1016/j.neuroimage.2009.01.003

[164] Volz, K. G., Schubotz, R. I., & Von Cramon, D. Y. (2003). Predicting events of varying
probability: Uncertainty investigated by fMRI. Neurolmage, 19(2), 271-280.
https://doi.org/10.1016/S1053-8119(03)00122-8

[165] Volz, K. G., Schubotz, R. I., & Von Cramon, D. Y. (2004). Why am I unsure? Internal and
external attributions of uncertainty dissociated by fMRI. Neurolmage, 21(3), 848-857.
https://doi.org/10.1016/j.neuroimage.2003.10.028

[166] Weber, B., Rangel, A., Wibral, M., & Falk, A. (2009). The Medial Prefrontal Cortex
Exhibits Money Illusion. Proceedings of the National Academy of Sciences of the United
States of America, 106(13), 5025-5028. https://doi.org/10.1073/pnas.0901490106

[167] Weber, B. J., & Huettel, S. A. (2008). The neural substrates of probabilistic and
intertemporal decision making. Brain Research, 1234, 104-115.

[168] Wittmann, M., Leland, D. S., & Paulus, M. P. (2007). Time and decision making:

41



SUPPLEMENTAL INFORMATION 42

Differential contribution of the posterior insular cortex and the striatum during a delay
discounting task. Experimental ~ Brain Research, 179(4), 643—653.
https://doi.org/10.1007/s00221-006-0822-y

[169] Wrase, J., Kahnt, T., Schlagenhauf, F., Beck, A., Cohen, M. X., Knutson, B., & Heinz, A.
(2007). Different neural systems adjust motor behavior in response to reward and
punishment. Neurolmage, 36(4), 1253-1262.
https://doi.org/10.1016/j.neuroimage.2007.04.001

[170] Wrase, J., Schlagenhauf, F., Kienast, T., Wiistenberg, T., Bermpohl, F., Kahnt, T., ... Heinz,
A. (2007). Dysfunction of reward processing correlates with alcohol craving in detoxified
alcoholics. Neurolmage, 35(2), 787-794.
https://doi.org/10.1016/j.neuroimage.2006.11.043

[171] Wunderlich, K., Rangel, A., & O’Doherty, J. P. (2009). Neural computations underlying
action-based decision making in the human brain. Proceedings of the National Academy of
Sciences, 106(40), 17199-17204. https://doi.org/10.1073/pnas.0901077106

[172] Xu, L., Liang, Z. Y., Wang, K., Li, S., & Jiang, T. (2009). Neural mechanism of
intertemporal choice: From discounting future gains to future losses. Brain Research, 1261,
65—74. https://doi.org/10.1016/j.brainres.2008.12.061

[173] Xue, G., Lu, Z., Levin, 1. P., Weller, J. A., Li, X., & Bechara, A. (2009). Functional
dissociations of risk and reward processing in the medial prefrontal cortex. Cerebral
Cortex, 19(5), 1019—1027. https://doi.org/10.1093/cercor/bhn147

[174] Yacubian, J. (2006). Dissociable Systems for Gain- and Loss-Related Value Predictions and
Errors of Prediction in the Human Brain. Journal of Neuroscience, 26(37), 9530-9537.
https://doi.org/10.1523/INEUROSCI.2915-06.2006

[175] Zheng, H., Wang, X. T., & Zhu, L. (2010). Framing effects: Behavioral dynamics and neural
basis. Neuropsychologia, 48(11), 3198-3204.
https://doi.org/10.1016/j.neuropsychologia.2010.06.031

[176] Zink, C. F., Pagnoni, G., Martin-Skurski, M. E., Chappelow, J. C., & Berns, G. S. (2004).
Human striatal responses to monetary reward depend on saliency. Neuron, 42(3), 509-517.
https://doi.org/10.1016/S0896-6273(04)00183-7

42



SUPPLEMENTAL INFORMATION 43

SUPPELMENTAL REFERENCES

Benjamini, Y., & Hochberg, Y. (1995). Controlling the False Discovery Rate: A Practical and
Powerful Approach to Multiple Testing. Journal of the Royal Statistical Society, 57(1),
289-300.

Cieslik, E. C., Zilles, K., Caspers, S., Roski, C., Kellermann, T. S., Jakobs, O., . . . Eickhoff, S. B.
(2013). Is there "one" DLPFC in cognitive action control? Evidence for heterogeneity from
co-activation-based parcellation. Cereb Cortex, 23(11), 2677-2689.
doi:10.1093/cercor/bhs256

Nickl-Jockschat, T., Rottschy, C., Thommes, J., Schneider, F., Laird, A. R., Fox, P. T., & Eickhoff,
S. B. (2015). Neural networks related to dysfunctional face processing in autism spectrum
disorder. Brain Struct Funct, 220(4), 2355-2371. doi:10.1007/s00429-014-0791-z

Poldrack, R. A. (2006). Can cognitive processes be inferred from neuroimaging data? Trends Cogn
Sci, 10(2), 59-63. doi:10.1016/j.tics.2005.12.004

Yarkoni, T., Poldrack, R. A., Nichols, T. E., Van Essen, D. C., & Wager, T. D. (2011). Large-scale
automated synthesis of human functional neuroimaging data. Nature methods, 8(8), 665.

Benjamini, Y., & Hochberg, Y. (1995). Controlling the False Discovery Rate: A Practical and
Powerful Approach to Multiple Testing. Journal of the Royal Statistical Society, 57(1),
289-300.

Cieslik, E. C., Zilles, K., Caspers, S., Roski, C., Kellermann, T. S., Jakobs, O., . . . Eickhoff, S. B.
(2013). Is there "one" DLPFC in cognitive action control? Evidence for heterogeneity from
co-activation-based parcellation. Cereb Cortex, 23(11), 2677-2689.
doi:10.1093/cercor/bhs256

Nickl-Jockschat, T., Rottschy, C., Thommes, J., Schneider, F., Laird, A. R., Fox, P. T., & Eickhoff,
S. B. (2015). Neural networks related to dysfunctional face processing in autism spectrum
disorder. Brain Struct Funct, 220(4), 2355-2371. doi:10.1007/s00429-014-0791-z

Poldrack, R. A. (2006). Can cognitive processes be inferred from neuroimaging data? Trends Cogn
Sci, 10(2), 59-63. doi:10.1016/j.tics.2005.12.004

Yarkoni, T., Poldrack, R. A., Nichols, T. E., Van Essen, D. C., & Wager, T. D. (2011). Large-scale
automated synthesis of human functional neuroimaging data. Nature methods, 8(8), 665.

Benjamini, Y., & Hochberg, Y. (1995). Controlling the False Discovery Rate: A Practical and
Powerful Approach to Multiple Testing. Journal of the Royal Statistical Society, 57(1),
289-300.

Cieslik, E. C., Zilles, K., Caspers, S., Roski, C., Kellermann, T. S., Jakobs, O., . . . Eickhoff, S. B.
(2013). Is there "one" DLPFC in cognitive action control? Evidence for heterogeneity from
co-activation-based parcellation. Cereb Cortex, 23(11), 2677-2689.
doi:10.1093/cercor/bhs256

Nickl-Jockschat, T., Rottschy, C., Thommes, J., Schneider, F., Laird, A. R., Fox, P. T., & Eickhoff,
S. B. (2015). Neural networks related to dysfunctional face processing in autism spectrum
disorder. Brain Struct Funct, 220(4), 2355-2371. doi:10.1007/s00429-014-0791-z

Poldrack, R. A. (2006). Can cognitive processes be inferred from neuroimaging data? Trends Cogn
Sci, 10(2), 59-63. doi:10.1016/j.tics.2005.12.004

Yarkoni, T., Poldrack, R. A., Nichols, T. E., Van Essen, D. C., & Wager, T. D. (2011). Large-scale
automated synthesis of human functional neuroimaging data. Nature methods, 8(8), 665.

43



