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eMethods

Study data

We extracted 415 activation coordinates from 36 fMRI studies on creativity that were used in a recent ALE meta-
analysis conducted based on PRISMA guidelines (for a replication of methods see eFigure 8).! We selected this
meta-analysis because it was the most recent and comprehensive one, included control conditions for each
creative task, and included diverse forms of artistic creativity, including music improvisation, drawing, writing,
or dancing, as well as divergent thinking. Any coordinates reported in Talairach space were transformed into
MNI space using the Lancaster transform function in GingerALE version 3.0.2.23* For every study, we created 4
mm diameter spheres®® at each coordinate activated by creative vs non-creative tasks. For our primary analysis,
coordinates from each study were combined into single study-level maps® (Figure 1). However, we repeated our
analysis considering each coordinate independently and considering only group-level coordinates that were
significant in ALE meta-analysis. All included study data is previously published, publicly available (¢Tables 1,
3, 4, 5) with patient consent per individual journal requirements. The study was approved by Mass General
Brigham/Partners Institutional Review Board Protocol 2020P002987.

Coordinate Network Mapping

In line with previous work>®’, we used a method termed coordinate network mapping to identify the network of
brain regions functionally connected to each of the 36 study-level seeds, using a resting-state functional
connectome from a large cohort of healthy subjects (n = 1,000). Each of the individual 36 obtained functional
connectivity maps was thresholded (¢ > 5)8, binarized and overlayed to obtain a network overlap map that
indicates areas of most consistent connectivity across all individual maps. Following the approach of Peng et al.
(2022)° and Taylor et al. (2023)7, we also ran a 1-sample #-test on these maps to identify connections that were
statistically consistent (FWE-corrected p < 0.05). To ensure results were robust to methodological variation, we
repeated this procedure for single-voxel coordinates and 8 mm spheres as well as ¢-thresholds of 7 and 9 (see
eFigure 1).

Specificity

Although reported activation coordinates were already controlled for non-creative tasks in the original studies, it
remains possible that some coordinates are more likely to appear in neuroimaging contrasts than other
coordinates, and that some brain regions are more likely to be functionally connected to any given set of
coordinates. To control for these possibilities, we employed two specificity analyses, similar to prior coordinate
network mapping studies>®, using (1) 415 random grey matter coordinates and (2) 3,072 coordinates activated by
working memory tasks. We selected working memory as a control condition because it requires attention,
cognitive effort and manipulation, thus controlling for executive functions that are an important component of
many creativity tasks®? but are not generally considered core components of creativity such as originality or
novelty.!%1213 For the random grey matter coordinates, we combined 415 random coordinates so that for each of
the 36 combined study-level seeds for creativity there was a pairwise matched combined seed of random
coordinates. Similarly, 150 combined seeds for working memory coordinates were obtained, drawing on two
prior ALE meta-analyses (see eTable 4).2415 Connections specific to creativity seeds versus these control seeds
(FDR-corrected p < 0.05) were obtained through a 2-sample ¢-test using Permutation Analysis of Linear Models
(PALM)® at 10,000 permutations and threshold-free cluster enhancement (TFCEY').

To identify connections sensitive and specific to creativity across all analyses, we performed a conjunction
analysis of four maps: (1) the network overlap map (thresholded at 86 %), (2) significant voxels from the 1-
sample z-test (FWE-corrected p < 0.05), (3) significant voxels from the two-sample #-test versus random
coordinates (FDR-corrected p < 0.05), and (4) significant voxels from the 2-sample #-test against working
memory coordinates (FDR-corrected p < 0.05). The set of voxels that satisfied the above four criteria was
considered the “hub region” of our creativity circuit.

We repeated the sensitivity and specificity analyses on the ALE coordinate-level, using the reported peak
coordinates of the initial ALE meta-analysis, as well as on the individual coordinate level and repeated the
conjunction analysis to demonstrate generalizability of our results across levels of analysis (see eFigure 2).

To test for reproducibility of our creativity circuit across independent datasets, we extracted 383 coordinates
activated by creativity tasks from 30 independent studies found through two other ALE meta-analyses'>!8 in
which studies without non-creative control tasks were included as well. We then assessed how many of those
coordinates are negatively connected to the hub region of the creativity circuit. We further repeated the CNM
method described above for the independent coordinates to assess similarities in connectivity outcome.
Additionally, a 2-sample #-test between the group of z-values of the creativity circuit circumscribed by the
independent creativity coordinates and the group of #-values circumscribed by a set of 383 random grey matter
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coordinates was run to show that the z-value distribution is significantly different from a random distribution (p <
0.05).

Alignment with lesion effects

To test for alignment between our creativity circuit and lesion effects on creativity, we obtained lesion overlap
maps (n = 56 patients) from a previous study that examined the relationship between lesion location and
performance on creativity tasks.'® Although lesions locations from each individual patient were not available,
lesion overlap maps for five sets of patients grouped by lesion location were available: lateral prefrontal, frontal
polar, frontal lobe (large lesions extending beyond specific prefrontal regions), basal ganglia, and
parietotemporal. First, we qualitatively examined the intersection of each lesion group with our creativity circuit.
Second, we quantitatively calculated functional connectivity between each of the 5 lesion overlap maps to each
of the 36 creativity study-level seeds. Resulting r-values were converted to a normal distribution using the
Fisher-z-transformation. A two-tailed 1-sample #-test on the resulting values indicated distributions significantly
different from 0 (p < 0.05). An ANOVA and post-hoc 2-sample ¢-tests showed significant group-level differences
(Bonferroni-corrected p < 0.001).

Alignment with neurodegenerative disease

Atrophy coordinates from groups of patients: To test for alignment between our creativity circuit and locations of
brain atrophy in patients with neurodegenerative disorders, we extracted atrophy coordinates from neuroimaging
studies of patients with 7 different diagnoses: behavioral variant of frontotemporal dementia (bvFTD, 24 studies,
348 coordinates, n=462), semantic variant of primary progressive aphasia (svPPA, 19 studies, 178 coordinates,
n=292), non-fluent variant of PPA (nfvPPA, 13 studies, 189 coordinates, n=173) logopenic variant of PPA
(IvPPA, 12 studies, 188 coordinates, n=175), typical Alzheimer’s disease (AD, 37 studies, 568 coordinates,
n=825), amyotrophic lateral sclerosis (ALS, 31 studies, 350 coordinates, n=773), and Parkinson’s disease (PD,
53 studies, 441 coordinates, n=2,104) (for a full list of all studies that were included, see eTable 5). To avoid
bias, the list of studies for each diagnosis was taken from recent ALE meta-analyses.?%?1:2223.2425 Since svPPA
and bvFTD are most commonly reported to lead to creativity increases?®?’, we hypothesized that the atrophy
profiles of these diseases would better align with the creativity network than atrophy from other
neurodegenerative conditions. First, we qualitatively examined the intersection of the atrophy coordinates with
our creativity circuit. Second, we quantitatively computed the functional connectivity between atrophy study-
seeds and the hub of the creativity circuit in the right frontal pole. Two-tailed 1-sample #-tests on each group
indicated distributions significantly different from 0 (p <0.05). An ANOVA and post-hoc 2-sample ¢-tests
showed significant group-level differences (Bonferroni-corrected p < 0.001).

Atrophy locations associated with new creativity onset: To complement the above analysis focused on general
group-level atrophy coordinates, we traced the location of brain atrophy from patients with frontotemporal
dementia and increased artistic creativity.?’” Each traced atrophy location was evaluated for accuracy by two
experienced neurologists (MGE and IK). Connectivity between each lesion location and our 36 study-level maps
of coordinates activated by creativity tasks was computed, identical to our analysis of lesion locations. Two-
tailed 1-sample #-tests were run to indicate whether average connectivity values were significantly different from
0 (p <0.05).
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eTable 1.

Studies reporting fMRI activation coordinates for creative tasks (> control tasks), as initially found and analyzed by Brown & Kim

(2021)
Domain Reference Table [Demographics
Divergent Abdul Hamid K, Yusoff AN, Rahman S, Osman SS, Azmi NH, |2 n=26, mean
Thinking Surat S. Cortical Differential Responses During Divergent age: 21.36 (SD
Thinking Tasks After Creativity Stimulation. Psychology & 0.59)
Neuroscience. 2019;12(3):342—-362. doi:10.1037/pne0000168.
Divergent Abraham A, Pieritz K, Thybusch K, et al. Creativity and the 2 n=19 (8 male),
Thinking brain: Uncovering the neural signature of conceptual mean age:
expansion. Neuropsychologia. 2012;50:1906-1917. 22.42
doi:10.1016/j.neuropsychologia.2012.04.015.
Divergent Abraham A, Rutter B, Bantin T, Hermann C. Creative 4 n=34 (0 male),
Thinking conceptual expansion: A combined fMRI replication and mean age:
extension T study to examine individual differences in 22.66 (SD
creativity. Neuropsychologia. 2018;118:29-39. 2.88)
doi:10.1016/j.neuropsychologia.2018.05.004.
Divergent Benedek M, Schiies T, Beaty RE, et al. To create or to recall |1 n=42 (17
Thinking original ideas: Brain processes associated with the male), mean
imagination of novel object uses. Cortex. 2018;99:93-102. age: 24.31 (SD
doi:10.1016/j.cortex.2017.10.024. 4.3)
Divergent Fink A, Benedek M, Koschutnig K, et al. Training of Verbal 2 n=24 (13
Thinking Creativity Modulates Brain Activity in Regions Associated with male),
language- and memory-Related Demands. Human Brain n=29 (14
Mapping. 2015;36:4104—-4115. doi:10.1002/hbm.22901. male), mean
age: 24.04 (SD
2.93)
Divergent Fink A, Grabner RH, Benedek M, et al. The Creative Brain: 1 n=21 (10
Thinking Investigation of Brain Activity During Creative Problem Solving male), mean
by Means of EEG and fMRI. Human Brain Mapping. age: 24.29 (SD
2009;30:734-748. d0i:10.1002/hbm.20538. 4.09)
Divergent Fink A, Grabner RH, Gebauer D, Reishofer G, Koschutnig K, |1 n=31 (13
Thinking Ebner F. Enhancing creativity by means of cognitive male), mean
stimulation: Evidence from an fMRI study. Neurolmage. age: 23.19 (SD
2010;52:1687-1695. doi:10.1016/j.neuroimage.2010.05.072 2.79)
Divergent Heinonen J, Numminen J, Hlushchuk Y, Antell H, Taatila V, 1 n=16 (4 male),
Thinking Suomala J. Default Mode and Executive Networks Areas: mean age: 31.3
Association with the Serial Order in Divergent Thinking. PLOS
ONE. 2016;11(9)e0162234.
doi:10.1371/journal.pone.0162234.
Divergent Ivancovsky T, Kleinmintz O, Lee J, Kurman J, Shamay-Tsoory | 2 n=36 (final
Thinking SG. The neural underpinnings of cross-cultural differences in gender ratio
creativity. Human Brain Mapping. 2018;39:4493-4508. and mean age
doi:10.1002/hbm.24288. not reported)
Divergent Madore KP, Thakral PP, Beaty RE, Addis DR, Schacter DL. 3 n=32 (9 male),
Thinking Neural Mechanisms of Episodic Retrieval Support Divergent mean age:
Creative Thinking. Cerebral Cortex. 2019;29:150-166. 20.97 (SD
doi:10.1093/cercor/bhx312. 3.11)
Divergent Mayseless N, Eran A, Shamay-Tsoory SG. Generating 1 n=25 (final
Thinking original ideas: The neural underpinning of originality. gender ratio
Neurolmage. 2015;116:232-239. and mean age
doi:10.1016/j.neuroimage.2015.05.030. not reported)

© 2025 Kutsche J et al. JAMA Network Open.




Domain Reference Table |Demographics

Divergent Sun J, Shi L, Chen Q, et al. Openness to experience and 1 n=29 (12

Thinking psychophysiological interaction patterns during divergent male), mean
thinking. Brain Imaging and Behavior. 2019;13:1580-1589. age: 19.48 (SD
doi:10.1007/s11682-018-9965-2. 0.74)

Divergent Sun J, Chen Q et al. Training your brain to be more creative: |3 n=28 (5 male),

Thinking brain functional and structural changes induced by divergent mean age:
thinking training. Human Brain Mapping. 2016;37:3375-3387. 22.39 (SD 2.1)
doi:10.1002/hbm.23246.

Divergent Vartanian O, Beatty EL, Smith I, Blackler K, Lam Q, Forbes S. |1 n=44 (31

Thinking One-way traffic: The inferior frontal gyrus controls brain male), mean
activation in the middle temporal gyrus and inferior parietal age: 35.47 (SD
lobule during divergent thinking. Neuropsychologia. 11.3)
2018;118:68-78.
doi:10.1016/j.neuropsychologia.2018.02.024.

Divergent Vartanian O, Bouak F, Caldwell JL, et al. The effects of a 1 n=13 (10

Thinking single night of sleep deprivation on fluency and prefrontal male), mean
cortex function during divergent thinking. Frontiers in Human age: 32.23 (SD
Neuroscience. 2014;8214. doi:10.3389/fnhum.2014.00214. 8.45)

Music Bengtsson SL, Csikszentmihalyi M, Ullén F. Cortical Regions |2 n=11 (11
Involved in the Generation of Musical Structures during male), mean
Improvisation in Pianists. Journal of Cognitive Neuroscience. age: 32.0 (SD
2007;19(5):830-842. doi:10.1162/jocn.2007.19.5.830. 6.0)

Music Berkowitz AL, Ansari D. Generation of novel motor 2 n=13 (5 male),
sequences: The neural correlates of musical improvisation. mean age: 21.9
Neurolmage. 2008;41:535-543.
doi:10.1016/j.neurcimage.2008.02.028.

Music de Aquino MPB, Verdejo-Roman J, Pérez-Garcia M, Pérez- |3 n=19 (9 male),
Garcia P. Different role of the supplementary motor area and mean age:
the insula between musicians and non-musicians in a 20.26 (SD
controlled musical creativity task. Scientific Reports. 2.05)
2019;913006. doi:10.1038/s41598-019-49405-5.

Music de Manzano O, Ullén F. Goal-independent mechanisms for 1 n=18 (17
free response generation: Creative and pseudo-random male), mean
performance share neural substrates. Neurolmage. age: 39 (SD
2012;59:772-780. doi:10.1016/j.neuroimage.2011.07.016. 12)

Music de Manzano O, Ullén F. Activation and connectivity patterns  |S1  |n=15 (14
of the presupplementary and dorsal premotor areas during male), mean
free improvisation of melodies and rhythms. Neurolmage. age: 40 (SD
2012;63:272—-280. doi:10.1016/j.neuroimage.2012.06.024. 12)

Music Dhakal K, Norgaard M, Adhikari BM, Yun KS, Dhamala M. 2 n=24 (24
Higher Node Activity with Less Functional Connectivity During male), mean
Musical Improvisation. Brain Connectivity. 2019;20(20):1-14. age: 31.9 (SD
doi:10.1089/brain.2017.0566. 13.6)

Music Donnay GF, Rankin SK, Lopez-Gonzalez M, Jiradejvong P, 2 n=11 (11
Limb CJ. Neural Substrates of Interactive Musical male), mean
Improvisation: An fMRI Study of ‘Trading Fours’ in Jazz. age: 38.8 SD
PLOS ONE. 2014;9(2)e88665. 11)
doi:10.1371/journal.pone.0088665.

Music Limb CJ, Braun AR. Neural Substrates of Spontaneous 2,3 |n=6 (6 male),
Musical Performance: An fMRI Study of Jazz Improvisation. mean age: 34.2
PLOS ONE. 2008;3(2)e1679. (SD 10.4)

doi:10.1371/journal.pone.0001679.
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Domain Reference Table |Demographics

Music McPherson MJ, Barrett FS, Lopez-Gonzalez M, Jiradejvong 1 n=12 (11
P, Limb CJ. Emotional Intent Modulates The Neural male), mean
Substrates Of Creativity: An fMRI Study of Emotionally age: 39.9 (SD
Targeted Improvisation in Jazz Musicians. Scientific Reports. 15.8)
2016;618460. doi:10.1038/srep18460.

Music Villarreal MF, Cerquetti D, Caruso S, et al. Neural Correlates |2 n=12 (final
of Musical Creativity: Differences between High and Low gender ratio
Creative Subjects. PLOS ONE. 2013;8(9)e75427. and mean age
doi:10.1371/journal.pone.0075427. not reported)

Drawing Ellamil M, Dobson C, Beeman M, Christoff K. Evaluative and |1 n=15 (6 male),
generative modes of thought during the creative process. mean age:
Neurolmage. 2012;59:1783-1794. 22.14 (SD
doi:10.1016/j.neurocimage.2011.08.008. 2.25)

Drawing Hahm J, Kim KK, Park S-H, Lee H-M. Brain Areas Subserving |2 n=25 (11
Torrance Tests of Creative Thinking: An Functional Magnetic male), mean
Resonance Imaging Study. Dementia and Neurocognitive age: 19.9 (SD
Disorders. 2017;16(2):48-53. d0i:10.12779/dnd.2017.16.2.48. 1.8)

Drawing Park HRP, Kirk 1J, Waldie KE. Neural correlates of creative 1 n=48 (17
thinking and schizotypy. Neuropsychologia. 2015;73:94-107. male), mean
doi:10.1016/j.neuropsychologia.2015.05.007. age: 23.42 (SD

4.50)

Drawing Saggar M, Quintin E-M, Kienitz E, et al. Pictionary-based fMRI | 1 n=30 (14
paradigm to study the neural correlates of spontaneous male), mean
improvisation and figural creativity. Scientific Reports. age: 28.77 (SD
2015;510894. doi:10.1038/srep10894. 5.54)

Writing Liu S, Erkkinen MG, Healey ML, et al. Brain Activity and S3 |n=27 (12
Connectivity During Poetry Composition: Toward a male), mean
Multidimensional Model of the Creative Process. Human Brain age: 31.62 (SD
Mapping. 2015;36:3351—-3372. doi:10.1002/hbm.22849. 10.76)

Writing Shah C, Erhard K, Ortheil H-J, Kaza E, Kessler C, Lotze M. 3 n=28 (14
Neural Correlates of Creative Writing: An fMRI Study. Human male), mean
Brain Mapping. 2013;34:1088-1101. doi:10.1002/hbm.21493. age: 24.0 (SD

1.9)

Dance Chauvigné LAS, Belyk M, Brown S. Taking two to tango: fMRI |3 n=18 (9 male),
analysis of improvised joint action with physical contact. PLOS mean age: 40.4
ONE. 2018;13(1)e0191098. (SD 13.2)
doi:10.1371/journal.pone.0191098.

Verbalization | Amir O, Biederman |. The Neural Correlates of Humor 1 n=13 (12
Creativity. Frontiers in Human Neuroscience. 2016;10597. male), mean
doi:10.3389/fnhum.2016.00597. age: 35.4

n=9 (7 male)
mean age: 27.2
n=18 (11
male), mean
age: 24.9

Verbalization | Bechtereva NP, Korotkov AD, Pakhomov SV, Roudas MS, 1 n=16 (16
Starchenko MG, Medvedev SV. PET study of brain male), mean
maintenance of verbal creative activity. International Journal age not
of Psychophysiology. 2004;53:11-20. reported
doi:10.1016/}.ijpsycho.2004.01.001.

Verbalization | Howard-Jones PA, Blakemore S-J, Samuel EA, Summers IR, |4 n=8 (1 male),
Claxton G. Semantic divergence and creative story mean age:

21.9, (SD 2.7)
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generation: An fMRI investigation. Cognitive Brain Research.
2005;25:240-250. doi:10.1016/j.cogbrainres.2005.05.013.

Verbalization | Liu S, Chow HM, Xu Y, et al. Neural Correlates of Lyrical 1 n=12 (12
Improvisation: An fMRI Study of Freestyle Rap. Scientific male), mean
Reports. 2012;2834. doi:10.1038/srep00834. age: 30.3
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eFigure 1.
The topography of the network overlap map is robust across different t-thresholds and sphere sizes
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eTable 2.

Spatial Pearson correlations between network overlap maps for the t-thresholds 5, 7, and 9 and across different sphere sizes (0
mm, 4 mm, 8 mm)

t=5 t=>7 t=9
Omm | 4mm 8 mm Omm | 4mm 8 mm Omm | 4mm 8 mm
0 mm 0.96 0.96 0.95 0.95 0.95 0.92 0.92 0.92
t>5| 4mm 0.96 0.98 0.94 0.95 0.96 0.91 0.92 0.92
8 mm 0.96 0.98 0.94 0.95 0.95 0.91 0.91 0.92
0 mm 0.95 0.94 0.94 0.96 0.96 0.95 0.95 0.95
t>7| 4mm 0.95 0.95 0.95 0.96 0.98 0.94 0.95 0.96
8 mm 0.95 0.96 0.95 0.96 0.98 0.93 0.94 0.95
0 mm 0.92 0.91 0.91 0.95 0.94 0.93 0.96 0.96
t>9 | 4mm 0.92 0.92 0.91 0.95 0.95 0.94 0.96 0.98
8 mm 0.92 0.92 0.92 0.95 0.96 0.95 0.96 0.98
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eFigure 2.
Coordinate Network Mapping (CNM) of creativity-specific activation foci on

three different levels

(A) Peak activation coordinates reported in a recent ALE meta-analysis (Kim & Brown, 2021), (B) peak activation coordinates
reported in each study that went into the ALE meta-analysis combined to study-level seeds, (C) peak activation coordinates
reported in each study individually. Functional connectivity was calculated using a 1000-subject resting-state functional
connectome. Positive functional connectivity to the activation foci is shown in warm colors, negative functional connectivity is
shown in cool colors. In the study-level network overlap map, 11 of the activation peaks falling within the creativity circuit relate
to divergent thinking, while 21 relate to motoric creativity.
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eTable 3.

Additional studies reporting fMRI activation coordinates for creative tasks (not controlled for task-based activation) as initially

found and analyzed by Chen et al. (2020) and Gonen-Yaacovi et al. (2013)

processing task: Implications for creative cognition. Brain and Cognition. 2012;78:114-122. doi:10.1016/j.bandc.2011.11.002.

Reference Table
Benedek M, Beaty RE, Jauk E, et al. Creating metaphors: The neural basis of figurative language production. Neurolmage. 1
2014;90:99-106. doi:10.1016/j.neuroimage.2013.12.046.

Beaty RE, Silvia PJ, Benedek M. Brain networks underlying novel metaphor production. Brain and Cognition. 2017;111:163—- |1
170. doi:10.1016/j.bandc.2016.12.004.

Erhard K, Kessler F, Neumann N, Ortheil H-J, Lotze M. Professional training in creative writing is associated with enhanced 1
fronto-striatal activity in a literary text continuation task. Neurolmage. 2014;100:15-23.

doi:10.1016/j.neuroimage.2014.05.076.

Aziz-Zadeh L, Liew S-L, Dandekar F. Exploring the neural correlates of visual creativity. SCAN. 2013;8:475—480. 1
doi:10.1093/scan/nss021.

Cai Y, Zhang D, Liang B, et al. Relation of visual creative imagery manipulation to resting-state brain oscillations. Brain 1
Imaging and Behavior. 2018;12:258-273. doi:10.1007/s11682-017-9689-8.

Fan L, Fan X, Luo W, Wu G, Yan X, Yin D, ... Xu D. An explorative fMRI study of human creative thinking using a specially 1
designed iCAD system. Acta Psychologica Sinica. 2014;46(4):427-436. doi:10.3724/SP.J.1041.2014.00427.

Huang P, Qiu L, Shen L, et al. Evidence for a Left-Over-Right Inhibitory Mechanism During Figural Creative Thinking in 1
Healthy Nonartists. Human Brain Mapping. 2013;34:2724—2732. doi:10.1002/hbm.22093.

Kowatari Y, Lee SH, Yamamura H, et al. Neural Networks Involved in Artistic Creativity. Human Brain Mapping. 1
2009;30:1678-1690. doi:10.1002/hbm.20633.

Saggar M, Quintin E-M, Bott NT, et al. Changes in Brain Activation Associated with Spontaneous Improvization and Figural S1
Creativity After Design-Thinking-Based Training: A Longitudinal fMRI Study. Cerebral Cortex. 2017;27:3542—3552.
doi:10.1093/cercor/bhw171.

Pinho AL, Ullén F, Castelo-Branco M, Fransson P, de Manzano O. Addressing a Paradox: Dual Strategies for Creative Text
Performance in Introspective and Extrospective Networks. Cerebral Cortex. 2016;26:3052—-3063. doi:10.1093/cercor/bhv130.

Lu J, Yang H, He H, et al. The Multiple-Demand System in the Novelty of Musical Improvisation: Evidence from an MRI Study | 2
on Composers. Frontiers in Neuroscience. 2017;11695. doi:10.3389/fnins.2017.00695.

Brown S, Martinez MJ, Parsons LM. Music and language side by side in the brain: a PET study of the generation of melodies | 1
and sentences. European Journal of Neuroscience. 2006;23:2791-2803. doi:10.1111/j.1460-9568.2006.04785.x.

Asari T, Konishi S, Jimura K, Chikazoe J, Nakamura N, Miyashita Y. Right temporopolar activation associated with unique 2
perception. Neurolmage. 2008;41:145-152. doi:10.1016/j.neuroimage.2008.01.059.

Aziz-Zadeh L, Kaplan JT, lacoboni M. “Aha!”: The Neural Correlates of Verbal Insight Solutions. Human Brain Mapping. 1
2009;30:908-916. doi:10.1002/hbm.20554.

Cardillo ER, Watson CE, Schmidt GL, Kranjec A, Chatterjee A. From novel to familiar: Tuning the brain for metaphors. 3
Neurolmage. 2012;59:3212—3221. doi:10.1016/j.neuroimage.2011.11.079.

Chrysikou EG, Thompson-Schill SL. Dissociable Brain States Linked to Common and Creative Object Use. Human Brain Text
Mapping. 2011;32(32):665-675. doi:10.1002/hbm.21056.

Geake JG, Hansen PC. Neural correlates of intelligence as revealed by fMRI of fluid analogies. Neurolmage. 2005;26:555— 2
564. doi:10.1016/j.neuroimage.2005.01.035.

Goel V, Vartanian O. Dissociating the Roles of Right Ventral Lateral and Dorsal Lateral Prefrontal Cortex in Generation and 1
Maintenance of Hypotheses in Set-shift Problems. Cerebral Cortex. 2005;15:1170-1177. doi:10.1093/cercor/bhh217.

Green AE, Kraemer DJM, Fugelsang JA, Gray JR, Dunbar KN. Neural Correlates of Creativity in Analogical Reasoning. 1,2
Journal of Experimental Psychology: Learning, Memory, and Cognition. 2012;38(2):264—272. doi:10.1037/a0025764.
Jung-Beeman M, Bowden EM, Haberman J, et al. Neural Activity When People Solve Verbal Problems with Insight. PLOS 1
Biology. 2004;2(4):0500-0510. doi:10.1371/journal.pbio.0020097.

Kounios J, Frymiare JL, Bowden EM, et al. The Prepared Mind: Neural Activity Prior to Problem Presentation Predicts 1
Subsequent Solution by Sudden Insight. Psychological Science. 2006;17(10):882—890. doi:10.1111/j.1467-

9280.2006.01798.x.

Kréger S, Rutter B, Stark R, Windmann S, Hermann C, Abraham A. Using a shoe as a plant pot: Neural correlates of passive | 2
conceptual expansion. Brain Research. 2012;1430:52—61. doi:10.1016/j.brainres.2011.10.031.

Luo J, Niki K, Phillips S. Neural correlates of the ‘Ahal reaction’. NeuroReport. 2004;15(13):2013-2017. 1
doi:10.1097/00001756-200409150-00004.

Mashal N, Faust M, Hendler T, Jung-Beeman M. An fMRI investigation of the neural correlates underlying the processing of 1
novel metaphoric expressions. Brain and Language. 2007;100:115-126. doi:10.1016/j.bandl.2005.10.005.

Qiu J, Li H, Jou J, et al. Neural correlates of the “Aha” experiences: Evidence from an fMRI study of insight problem solving. | 1
Cortex. 2010;46:397-403. doi:10.1016/j.cortex.2009.06.006.

Rutter B, Kroger S, Stark R, et al. Can clouds dance? Neural correlates of passive conceptual expansion using a metaphor 3

© 2025 Kutsche J et al. JAMA Network Open.




Reference Table
Seeger CA, Desmond JE, Glover GH, Gabrieli JDE. Functional Magnetic Resonance Imaging Evidence for Right-Hemisphere | 2
Involvement in Processing Unusual Semantic Relationship. Neuropsychology. 2000;14(3):361-369. doi:10.1037//0894-
4105.14.3.361.

Sieboérger FT, Ferstl EC, von Cramon DY. Making sense of nonsense: An fMRI study of task induced inference processes 4
during discourse comprehension. Brain Research. 2007;1166:77-91. doi:10.1016/j.brainres.2007.05.079.

Tian F, Tu S, Qiu J, Lv JY, Wei DT, Su YH, Zhang QL. Neural correlates of mental preparation for successful insight problem | 1
solving. Behavioural Brain Research. 2011;216:626—630. doi:10.1016/j.bbr.2010.09.005.

Vartanian O, Goel V. Task constraints modulate activation in right ventral lateral prefrontal cortex. Neurolmage. 2005;27:927— | 2

933. doi:10.1016/j.neuroimage.2005.05.016.

© 2025 Kutsche J et al. JAMA Network Open.




eTable 4

Studies reporting fMRI activation coordinates for working memory as initially found by Rottschy et al. (2012) and Wang et al.

(2019)

Reference

Table

Allen PP, Cleare AJ, Lee F et al. Effect of acute tryptophan depletion on pre-frontal
engagement. Psychopharmacology (Berl). 2006;187(4):486—497. doi:10.1007/s00213-006-
0444-x.

2

Altamura M, Elvevag B, Blasi G et al. Dissociating the effects of Sternberg working memory
demands in prefrontal cortex. Psychiatry Research. 2007;154(2):103-114.
doi:10.1016/j.pscychresns.2006.08.002.

3,4

Audoin B, Duong MVA, Ranjeva JP et al. Magnetic resonance study of the influence of tissue
damage and cortical reorganization on PASAT performance at the earliest stage of multiple
sclerosis. Human Brain Mapping. 2005;24(3):216—228. doi:10.1002/hbm.20083.

Axmacher N, Haupt S, Cohen M et al. Interference of working memory load with long-term
memory formation. European Journal of Neuroscience. 2009;29(7):1501-1513.
doi:10.1111/j.1460-9568.2009.06676.x.

Axmacher N, Mormann F, Fernandez G et al. Sustained Neural Activity Patterns during
Working Memory in the Human Medial Temporal Lobe. Journal of Neuroscience.
2007;28(29):7807-7816. doi:10.1523/INEUROSCI.0962-07.2007.

Bedwell JS, Horner MD, Yamanaka K et al. Functional neuroanatomy of subcomponent
cognitive processes involved in verbal working memory. International Journal of Neuroscience.
2005;115(7):1017-1032. doi:10.1080/00207450590901530.

Belayachi S, Majerus S, Gendolla G et al. Are the carrot and the stick the two sides of same
coin? A neural examination of approach/avoidance motivation during cognitive performance.
Behavioural Brain Research. 2015;293:217-226. doi:10.1016/j.bbr.2015.07.042.

Beneventi H, Barndon R, Ersland L, Hugdahl K. An fMRI study of working memory for
schematic facial expressions. Scandinavian Journal of Psychology. 2007;48:81-86.
doi:10.1111/j.1467-9450.2007.00536.x.

Berger C, Erbe AK, Ehlers | et al. Effects of task-irrelevant emotional stimuli on working
memory processes in mild cognitive impairment. Journal of Alzheimer’s Disease.
2015;44(2):439-453. doi:10.3233/JAD-141848.

Binder M, Urbanik AS. Material-dependent activation in prefrontal cortex: working memory for
letters and texture patterns--initial observations. Radiology. 2006;238(1):256—263.
doi:10.1148/radiol.2381041622.

Bunge SA, Ochsner KN, Desmond JE, Glover GH, Gabrieli JH. Prefrontal regions involved in
keeping information in and out of mind. Brain. 2001;124(Pt 10):2074—2086.
doi:10.1093/brain/124.10.2074.

Cader S, Cifelli A, Abu-Omar Y, Palace J, Matthews PM. Reduced brain functional reserve and
altered functional connectivity in patients with multiple sclerosis. Brain. 2006;129(2):527-537.
doi:10.1093/brain/awh670.

Cairo TA, Liddle PF, Woodward TS, Ngan ETC. The influence of working memory load on
phase specific patterns of cortical activity. Cognitive Brain Research. 2004;21(3):377-387.
doi:10.1016/j.cogbrainres.2004.06.014.

Caldu X, Vendrell P, Bartrés-Faz D et al. Impact of the COMT Val108/158 Met and DAT
genotypes on prefrontal function in healthy subjects. Neurolmage. 2007;37(4):1437-1444.
doi:10.1016/j.neuroimage.2007.06.021.

Caldwell JA, Mu Q, Smith JK et al. Are individual differences in fatigue vulnerability related to
baseline differences in cortical activation?. Behavioral Neuroscience. 2005;119(3):694—707.
doi:10.1037/0735-7044.119.3.694.

© 2025 Kutsche J et al. JAMA Network Open.




Reference

Table

Callicott JH, Mattay VS, Bertolino A et al. Physiological characteristics of capacity constraints in
working memory as revealed by functional MRI. Cerebral Cortex. 1999;9(1):20-26.
doi:10.1093/cercor/9.1.20.

Camchong J, Dyckman KA, Chapman CE et al. Basal ganglia-thalamocortical circuitry
disruptions in schizophrenia during delayed response tasks. Biological Psychiatry.
2006;60(3):235-241. doi:10.1016/j.biopsych.2005.11.014.

Caseras X, Mataix-Cols D, Giampietro V et al. Probing the working memory system in chronic
fatigue syndrome: a functional magnetic resonance imaging study using the n-back task.
Psychosomatic Medicine. 2006;68(6):947—-955. doi:10.1097/01.psy.0000242770.50979.5f.

Cerasa A, Gioia MC, Fera F et al. Ventro-lateral prefrontal activity during working memory is
modulated by MAO A genetic variation. Brain Research. 2008;1201:114-121.
doi:10.1016/j.brainres.2008.01.048.

Choo WC, Lee WW, Venkatraman V et al. Dissociation of cortical regions modulated by both
working memory load and sleep deprivation and by sleep deprivation alone. Neurolmage.
2005;25(2):579-587. doi:10.1016/j.neuroimage.2004.11.029.

Christodoulou C, DelLuca J, Ricker JH et al. Functional magnetic resonance imaging of working
memory impairment after traumatic brain injury. Journal of Neurology, Neurosurgery &
Psychiatry. 2001;71(2):161-168. doi:10.1136/jnnp.71.2.161.

Ciesielski KT, Lesnik PG, Savoy RL, Grant EP, Ahlfors SP. Developmental neural networks in
children performing a Categorical N-Back Task. Neurolmage. 2006;33(3):980—990.
doi:10.1016/j.neurocimage.2006.07.028.

Cohen JD, Perlstein WM, Braver TS et al. Temporal dynamics of brain activation during a
working memory task. Nature. 1997;386(6625):604—-608. doi:10.1038/386604a0.

Cross ES, Schmitt PJ, Grafton ST. Neural substrates of contextual interference during motor
learning support a model of active preparation. Journal of Cognitive Neuroscience.
2007;19(11):1854-1871. doi:10.1162/jocn.2007.19.11.1854.

1,2

Deckersbach T, Rauch SL, Buhlmann U et al. An fMRI investigation of working memory and
sadness in females with bipolar disorder: a brief report. Bipolar Disorders. 2008;10(8):928-942.
doi:10.1111/j.1399-5618.2008.00633.x.

Derrfuss J, Brass M, von Cramon DY. Cognitive control in the posterior frontolateral cortex:
evidence from common activations in task coordination, interference control, and working
memory. Neurolmage. 2004:23(2):604—612. doi:10.1016/j.neuroimage.2004.06.007.

Desmond JE, Chen SHA, DeRosa E et al. Increased frontocerebellar activation in alcoholics
during verbal working memory: an fMRI study. Neurolmage. 2003;19(4):1510-1520.
d0i:10.1016/s1053-8119(03)00102-2.

Dima D, Jogia J, Frangou S. Dynamic causal modeling of load-dependent modulation of
effective connectivity within the verbal working memory network. Human Brain Mapping.
2014;35(7):3025—-3035. doi:10.1002/hbm.22382.

Doéhnel K, Sommer M, Ibach B et al. Neural correlates of emotional working memory in patients
with mild cognitive impairment. Neuropsychologia. 2008;46(1):37-48.
doi:10.1016/j.neuropsychologia.2007.08.012.

Drapier D, Surguladze S, Marshall N et al. Genetic liability for bipolar disorder is characterized
by excess frontal activation in response to a working memory task. Biological Psychiatry.
2008;64(6):513-520. doi:10.1016/j.biopsych.2008.04.038.

Drobyshevsky A, Baumann SB, Schneider W. A rapid fMRI task battery for mapping of visual,
motor, cognitive, and emotional function. Neurolmage. 2006;31(2):732—744.
doi:10.1016/j.neuroimage.2005.12.016.

Druzgal TJ, D’Esposito M. Activity in fusiform face area modulated as a function of working
memory load. Cognitive Brain Research. 2001;10(3):355—-364. d0i:10.1016/S0926-
6410(00)00056-2.

© 2025 Kutsche J et al. JAMA Network Open.




Reference

Table

Duggirala SX, Saharan S, Raghunathan P, Mandal PK. Stimulus-dependent modulation of
working memory for identity monitoring: A functional MRI study. Brain and Cognition.
2016;102:55-64. doi:10.1016/j.bandc.2015.12.006.

El-Hage W, Phillips ML, Radua J et al. Genetic modulation of neural response during working
memory in healthy individuals: interaction of glucocorticoid receptor and dopaminergic genes.
Molecular Psychiatry. 2013;18:174-182. doi:10.1038/mp.2011.145.

Elliott R, Dolan RJ. Differential Neural Responses during Performance of Matching and
Nonmatching to Sample Tasks at Two Delay Intervals. Journal of Neuroscience.
1999;19(12):5066-5073. doi:10.1523/JINEUROSCI.19-12-05066.1999.

Elzinga BM, Ardon AM, Heijnis MK et al. Neural correlates of enhanced working-memory
performance in dissociative disorder: a functional MRI study. Psychological Medicine.
2007;37(2):235-245. doi:10.1017/S0033291706008932.

Engstrém M, Vigren P, Karlsson T, Landtblom AM. Working Memory in 8 Kleine-Levin
Syndrome Patients: An fMRI Study. Sleep. 2009;32(5):681—-688. doi:10.1093/sleep/32.5.681.

Fernandez-Corcuera P, Salvador R, Monté GC et al. Bipolar depressed patients show both
failure to activate and failure to de-activate during performance of a working memory task.
Journal of Affective Disorders. 2013;148(2—-3):170-178. doi:10.1016/j.jad.2012.04.009.

Forn C, Barros-Loscertales A, Escudero J et al. Cortical reorganization during PASAT task in
MS patients with preserved working memory functions. Neurolmage. 2006;31(2):686—691.
doi:10.1016/j.neuroimage.2005.12.030.

Forn C, Barros-Loscertales A, Escudero J et al. Compensatory activations in patients with
multiple sclerosis during preserved performance on the auditory N-back task. Human Brain
Mapping. 2007;28(5):424-430. doi:10.1002/hbm.20284.

Frangou S, Kington J, Raymont V, Shergill SS. Examining ventral and dorsal prefrontal function
in bipolar disorder: a functional magnetic resonance imaging study. European Psychiatry.
2008;23(4):300—308. doi:10.1016/j.eurpsy.2007.05.002.

Garavan H, Kelley D, Rosen A, Rao SM, Stein EA. Practice-related functional activation
changes in a working memory task. 2000. Microscopy Research & Technique. 2000;51(1):54—
63. doi:10.1002/1097-0029(20001001)51:1<54::AID-JEMT6>3.0.CO;2-J.

Garavan H, Ross TJ, Li SJ, Stein EA. A parametric manipulation of central executive
functioning. Cerebral Cortex. 2000;10(6):585-592. doi:10.1093/cercor/10.6.585.

Garraux G, Hallett M, Talagala SL. CASL fMRI of subcortico-cortical perfusion changes during
memory-guided finger sequences. Neurolmage. 2005;25(1):122-132.
doi:10.1016/j.neuroimage.2004.11.004.

Garrett A, Kelly R, Gomez R et al. Aberrant Brain Activation During a Working Memory Task in
Psychotic Major Depression. American Journal of Psychiatry. 2011;168(2):173-182.
doi:10.1176/appi.ajp.2010.09121718.

Goldstein JM, Jerram M, Poldrack R et al. Sex differences in prefrontal cortical brain activity
during fMRI of auditory verbal working memory. Neuropsychology. 2005;19(4):509-519.
doi:10.1037/0894-4105.19.4.509.

Gropman AL, Shattuck K, Prust MJ et al. Altered neural activation in ornithine
transcarbamylase deficiency during executive cognition: an fMRI study. Human Brain Mapping.
2013;34(4):753-761. doi:10.1002/hbm.21470.

Grosbas MH, Leonards U, Lobel E et al. Human Cortical Networks for New and Familiar
Sequences of Saccades. Cerebral Cortex. 2001;10:936—945. doi:10.1093/cercor/11.10.936.

Gruber O, Tost H, Henseler | et al. Pathological amygdala activation during working memory
performance: Evidence for a pathophysiological trait marker in bipolar affective disorder.
Human Brain Mapping. 2010;31(1):115-125. doi:10.1002/hbm.20849.

© 2025 Kutsche J et al. JAMA Network Open.




Reference

Table

Harvey PO, Fossati P, Pochon JB et al. Cognitive control and brain resources in major
depression: an fMRI study using the n-back task. Neurolmage. 2005;26(3):860—869.
doi:10.1016/j.neuroimage.2005.02.048.

Honey GD, Bullmore ET, Sharma T. Prolonged reaction time to a verbal working memory task
predicts increased power of posterior parietal cortical activation. Neurolmage. 2000;12(5):495—
503. doi:10.1006/nimg.2000.0624.

Honey GD, Sharma T, Suckling J et al. The functional neuroanatomy of schizophrenic
subsyndromes. Psychological Medicine. 2003;33(6):1007-1018.
doi:10.1017/s0033291703007864.

Huang AS, Klein DN, Leung HC. Load-related brain activation predicts spatial working memory
performance in youth aged 9-12 and is associated with executive function at earlier ages.
Developmental Cognitive Neuroscience. 2016;17:1-9. doi:10.1016/j.dcn.2015.10.007.

Johnson MR, Morris NA, Astur RS et al. A functional magnetic resonance imaging study of
working memory abnormalities in schizophrenia. Biological Psychiatry. 2006;60(1):11-21.
doi:10.1016/j.biopsych.2005.11.012.

6,7

Kaas AL, van Mier H, Goebel R. The Neural Correlates of Human Working Memory for
Haptically Explored Object Orientations. Cerebral Cortex. 2007;17(7):1637—-1649.
doi:10.1093/cercor/bhl074.

Kim J, Whyte J, Wang J et al. Continuous ASL perfusion fMRI investigation of higher cognition:
guantification of tonic CBF changes during sustained attention and working memory tasks.
Neurolmage. 2006;31(1):376—385. doi:10.1016/j.neuroimage.2005.11.035.

Knops A, Nuerk HC, Fimm B, Vohn R, Willmes K. A special role for numbers in working
memory? An fMRI study. Neurolmage. 2006;29(1):1-14.
doi:10.1016/j.neuroimage.2005.07.009.

Koelsch S, Schulze K, Sammler D et al. Functional architecture of verbal and tonal working
memory: An FMRI study. Human Brain Mapping. 2009;30(3):859-873. d0i:10.1002/hbm.20550.

Koppelstaetter F, Poeppel TD, Siedentopf CM et al. Does caffeine modulate verbal working
memory processes? An fMRI study. Neurolmage. 2008;39(1):492-499.
doi:10.1016/j.neuroimage.2007.08.037.

Koshino H, Kana RK, Keller TA et al. fMRI investigation of working memory for faces in autism:
visual coding and underconnectivity with frontal areas. Cerebral Cortex. 2008;18(2):289-300.
doi:10.1093/cercor/bhm054.

Kumari V, Aasen I, Taylor P et al. Neural dysfunction and violence in schizophrenia: an fMRI
investigation. Schizophrenia Researc. 2006;84(1):144-164. doi:10.1016/j.schres.2006.02.017.

Kumari V, Gray JA, ffytche DH et al. Cognitive effects of nicotine in humans: an fMRI study.
Neurolmage. 2003;19(3):1002-1013. doi:10.1016/s1053-8119(03)00110-1.

LaBar KS, Gitelman DR, Parrish TB, Mesulam M. Neuroanatomic overlap of working memory
and spatial attention networks: a functional MRI comparison within subjects. Neurolmage.
1999;10(6):695—-704. doi:10.1006/nimg.1999.0503.

Lagopoulos J, Ivanovski B, Malhi GS. An event-related functional MRI study of working
memory in euthymic bipolar disorder. Journal of Psychiatry & Neuroscience. 2007;32(3):174—
184.

Lamp G, Alexander B, Laycock R, Crewther DP, Crewther SG. Mapping of the Underlying
Neural Mechanisms of Maintenance and Manipulation in Visuo-Spatial Working Memory Using
An n-back Mental Rotation Task: A Functional Magnetic Resonance Imaging Study. Froniers in
Behavioral Neuroscience. 2016;10:87. doi:10.3389/fnbeh.2016.00087.

Landau SM, Lal R, O’'Neil JP, Baker S, Jagust WJ. Striatal Dopamine and Working Memory.
Cerebral Cortex. 2009;19(2):445-454. doi:10.1093/cercor/bhn095.

© 2025 Kutsche J et al. JAMA Network Open.




Reference

Table

Landau SM, Schumacher EH, Garavan H, Druzgal TJ, D’Esposito M. A functional MRI study of
the influence of practice on component processes of working memory. Neurolmage.
2004;22(1):211-221. doi:10.1016/j.neuroimage.2004.01.003.

Lee TW, Liu HL, Wai YY, Ko HJ, Lee SH. Abnormal neural activity in partially remitted late-
onset depression: an fMRI study of one-back working memory task. Psychiatry Research.
2013;213(2)133-142. doi:10.1016/j.pscychresns.2012.04.010.

Lim HK, Juh R, Pae CU et al. Altered verbal working memory process in patients with
Alzheimer's disease: an fMRI investigation. Neuropsychobiology. 2008;57(4):181-187.
doi:10.1159/000147471.

Linden DEJ, Bittner RA, Muckli L et al. Cortical capacity constraints for visual working memory:
dissociation of fMRI load effects in a fronto-parietal network. Neurolmage. 2003;20(3):1518—
1530. doi:10.1016/j.neuroimage.2003.07.021.

LoPresti ML, Schon K, Tricarico MD et al. Working Memory for Social Cues Recruits
Orbitofrontal Cortex and Amygdala: A Functional Magnetic Resonance Imaging Study of
Delayed Matching to Sample for Emotional Expressions. Journal of Neuroscience.
2008;28(14):3718-3728. d0i:10.1523/INEUROSCI.0464-08.2008.

Loughead J, Wileyto EP, Valdez JN et al. Effect of abstinence challenge on brain function and
cognition in smokers differs by COMT genotype. Molecular Psychiatry. 2009;14:820-826.
doi:10.1038/mp.2008.132.

Luo Y, Qin S, Fernandez G et al. Emotion perception and executive control interact in the
salience network during emotionally charged working memory processing. Human Brain
Mapping. 2014;35(11):5606-5616. doi:10.1002/hbm.22573.

Lythe KE, Williams SCR, Anderson C, Libri V, Mehta MA. Frontal and parietal activity after
sleep deprivation is dependent on task difficulty and can be predicted by the fMRI response
after normal sleep. Behavioural Brain Research. 2012;233(1):62—70.
doi:10.1016/j.bbr.2012.04.050.

Mainero C, Caramia F, Pozzilli C et al. fMRI evidence of brain reorganization during attention
and memory tasks in multiple sclerosis. Neurolmage. 2004;21(3):858—-867.
doi:10.1016/j.neuroimage.2003.10.004.

Manelis A, Reder LM. Effective connectivity among the working memory regions during
preparation for and during performance of the n-back task. Frontiers in Human Neuroscience.
2014;8:593. do0i:10.3389/fnhum.2014.00593.

Manelis A, Reder LM. He who is well prepared has half won the battle: an FMRI study of task
preparation. Cerebral Cortex. 2015;25(3):726—735. doi:10.1093/cercor/bht262.

Manoach DS, Gollub RL, Benson ES et al. Schizophrenic subjects show aberrant fMRI
activation of dorsolateral prefrontal cortex and basal ganglia during working memory
performance. Biological Psychiatry. 2000;48(2):99-109. doi:10.1016/s0006-3223(00)00227-4.

Manoach DS, Greve DN, Lindgren KA, Dale AM. Identifying regional activity associated with
temporally separated components of working memory using event-related functional MRI.
Neurolmage. 2003;20(3):1670-1684. doi:10.1016/j.neuroimage.2003.08.002.

Marquand AF, Mourdo-Miranda J, Brammer MJ et al. Neuroanatomy of verbal working memory
as a diagnostic biomarker for depression. NeuroReport. 2008;19(15):1507-1511.
doi:10.1097/WNR.0b013e328310425e.

Martinkauppi S, Rama P, Aronen HJ, Korvenoja A, Carlson S. Working memory of auditory
localization. Cerebral Cortex. 2000;10(9):889-898. doi:10.1093/cercor/10.9.889.

Maruishi M, Miyatani M, Nakao T, Muranaka H. Compensatory cortical activation during
performance of an attention task by patients with diffuse axonal injury: a functional magnetic
resonance imaging study. Journal of Neurology, Neurosurgery & Psychiatry. 2007;78(2):168—
173. doi:10.1136/jnnp.2006.097345.

© 2025 Kutsche J et al. JAMA Network Open.




Reference

Table

Marvel CL, Desmond JE. The contributions of cerebro-cerebellar circuitry to executive verbal
working memory. Cortex. 2010;46(7):880-895. doi:10.1016/j.cortex.2009.08.017.

Matsuo K, Glahn DC, Peluso MAM et al. Prefrontal hyperactivation during working memory
task in untreated individuals with major depressive disorder. Molecular Psychiatry.
2007;12(2):158-166. doi:10.1038/sj.mp.4001894.

Mayer JS, Bittner RA, Nikoli¢ D et al. Common neural substrates for visual working memory
and attention. Neurolmage. 2007;36(2):441-453. doi:10.1016/j.neuroimage.2007.03.007.

McAllister TW, Saykin AJ, Flashman LA et al. Brain activation during working memory 1 month
after mild traumatic brain injury: a functional MRI study. Neurology. 1999;53(6):1300-1308.
doi:10.1212/wnl.53.6.1300.

McGeown WJ, Shanks MF, Venneri A. Prolonged cholinergic enrichment influences regional
cortical activation in early Alzheimer’s disease. Neuropsychiatric Disease and Treatment.
2008;4(2):465-476. doi:10.2147/ndt.s2461.

2a

McNab F, Leroux G, Strand F et al. Common and unique components of inhibition and working
memory: an fMRI, within-subjects investigation. Neuropsychologia. 2008;46(11):2668—2682.
doi:10.1016/j.neuropsychologia.2008.04.023.

Meisenzahl EM, Scheuerecker J, Zipse M et al. Effects of treatment with the atypical
neuroleptic quetiapine on working memory function: a functional MRI follow-up investigation.
European Archives of Psychiatry and Clinical Neuroscience. 2006;256:522-531.
doi:10.1007/s00406-006-0687-x.

Menon V, Anagnoson RT, Mathalon DH, Glover GH, Pfefferbaum A. Functional neuroanatomy
of auditory working memory in schizophrenia: relation to positive and negative symptoms.
Neurolmage. 2001:13(3):433-446. doi:10.1006/nimg.2000.0699.

Text

Migo EM, Mitterschiffthaler M, O’Daly O et al. Alterations in working memory networks in
amnestic mild cognitive impairment. Aging, Neuropsychology, and Cognition. 2015;22(1):106—
127. doi:10.1080/13825585.2014.894958.

Monks PJ, Thompson JM, Bullmore ET et al. A functional MRI study of working memory task in
euthymic bipolar disorder: evidence for task-specific dysfunction. Bipolar Disorders.
2004,6(6):550-564. doi:10.1111/j.1399-5618.2004.00147 ..

1,3

Mu Q, Mishory A, Johnson KA et al. Decreased brain activation during a working memory task
at rested baseline is associated with vulnerability to sleep deprivation. Sleep. 2005;28(4):433—
446. doi:10.1093/sleep/28.4.433.

Nebel K, Wiese H, Stude P et al. On the neural basis of focused and divided attention.
Cognitive Brain Research. 2005;25(3):760-776. doi:10.1016/j.cogbrainres.2005.09.011.

Nyberg L, Dahlin E, Neely AS, Badckman L. Neural correlates of variable working memory load
across adult age and skill: dissociative patterns within the fronto-parietal network. Scandinavian
Journal of Psychology. 2009;50(1):41-46. doi:10.1111/j.1467-9450.2008.00678.x.

Otsuka Y, Osaka N, Morishita M, Kondo H, Osaka M. Decreased activation of anterior
cingulate cortex in the working memory of the elderly. NeuroReport. 2006;17(14):1479-1482.
doi:10.1097/01.wnr.0000236852.63092.9f.

Perlstein WM, Cole MA, Demery JA et al. Parametric manipulation of working memory load in
traumatic brain injury: behavioral and neural correlates. Journal of the International
Neuropsychological Society. 2004;10(5):724-741. do0i:10.1017/S1355617704105110.

Perlstein WM, Dixit NK, Carter CS, Noll DC, Cohen JD. Prefrontal cortex dysfunction mediates
deficits in working memory and prepotent responding in schizophrenia. Biological Psychiatry.
2003;53(1):25-38. d0i:10.1016/s0006-3223(02)01675-x.

Pessoa L, Gutierrez E, Bandettini P, Ungerleider L. Neural correlates of visual working
memory: fMRI amplitude predicts task performance. Neuron. 2002;35(5):975-987.
doi:10.1016/s0896-6273(02)00817-6.

© 2025 Kutsche J et al. JAMA Network Open.




Reference

Table

Pfefferbaum A, Desmond JE, Galloway C et al. Reorganization of frontal systems used by
alcoholics for spatial working memory: an fMRI study. Neurolmage. 2001;14(1):7-20.
doi:10.1006/nimg.2001.0785.

Picchioni M, Matthiasson P, Broome M et al. Medial temporal lobe activity at recognition
increases with the duration of mnemonic delay during an object working memory task. Human
Brain Mapping. 2007;28(11):1235-1250. doi:10.1002/hbm.20357.

Piekema C, Rijpkema M, Fernandez G, Kessels RPC. Dissociating the Neural Correlates of
Intra-ltem and Inter-ltem Working-Memory Binding. PLOS ONE. 2010;5(4):€10214.
doi:10.1371/journal.pone.0010214.

Pochon JB, Levy R, Poline JB et al. The role of dorsolateral prefrontal cortex in the preparation
of forthcoming actions: an fMRI study. Cerebral Cortex. 2001;11(3):260—266.
doi:10.1093/cercor/11.3.260.

Postle BR, Hamidi M. Nonvisual codes and nonvisual brain areas support visual working
memory. Cerebral Cortex. 2007;17(9):2151-2162. doi:10.1093/cercor/bhl123.

Prakash RS, Heo S, Voss MW, Patterson B, Kramer AF. Age-related differences in cortical
recruitment and suppression: Implications for cognitive performance. Behavioural Brain
Research. 2012;230(1):192—-200. doi:10.1016/j.bbr.2012.01.058.

Qin S, Hermans EJ, van Marle HJF et al. Acute psychological stress reduces working memory-
related activity in the dorsolateral prefrontal cortex. Biological Psychiatry. 2009;66(1):25-32.
doi:10.1016/j.biopsych.2009.03.006.

Quintana J, Wong T, Ortiz-Portillo E et al. Prefrontal-posterior parietal networks in
schizophrenia: primary dysfunctions and secondary compensations. Biological Psychiatry.
2003;53(1):12—24. doi:10.1016/s0006-3223(02)01435-x.

Ragland JD, Gur RC, Valdez J et al. Event-Related fMRI of Frontotemporal Activity During
Word Encoding and Recognition in Schizophrenia. American Journal of Psychiatry.
2004;161(6):1004-1015. doi:10.1176/appi.ajp.161.6.1004.

2,3

Ragland JD, Turetsky BI, Gur RC et al. Working Memory for Complex Figures: An fMRI
Comparison of Letter and Fractal n-Back Tasks. Neuropsychology. 2002;16(3):370-379.
doi:10.1037/0894-4105.16.3.370.

Rama P, Martinkauppi S, Linnankoski | et al. Working memory of identification of emotional
vocal expressions: an fMRI study. Neurolmage. 2001;13(6):1090-1101.
doi:10.1006/nimg.2001.0777.

Ravizza SM, Delgado MR, Chein JM, Becker JT, Fiez JA. Functional dissociations within the
inferior parietal cortex in verbal working memory. Neurolmage. 2004;22(2):562-573.
doi:10.1016/j.neurocimage.2004.01.039.

Relander K, Rama P. Separate neural processes for retrieval of voice identity and word content
in working memory. Brain Research. 2009;1252:143-151. doi:10.1016/j.brainres.2008.11.050.

Rémy F, Mirrashed F, Campbell B, Richter W. Verbal episodic memory impairment in
Alzheimer's disease: a combined structural and functional MRI study. Neurolmage.
2005;25(1):253-266. doi:10.1016/j.neuroimage.2004.10.045.

Reynolds JR, West R, Braver T. Distinct Neural Circuits Support Transient and Sustained
Processes in Prospective Memory and Working Memory. Cerebral Cortex. 2009;19(5):1208—
1221. doi:10.1093/cercor/bhn164.

Ricciardi E, Bonino D, Gentili C, Sani L, Pietrini P, Vecchi T. Neural correlates of spatial
working memory in humans: a functional magnetic resonance imaging study comparing visual
and tactile processes. Neuroscience. 2006;139(1):339—-349.
doi:10.1016/j.neuroscience.2005.08.045.

Rodriguez-Jimenez R, Avila C, Garcia-Navarro C et al. Differential dorsolateral prefrontal
cortex activation during a verbal n-back task according to sensory modality. Behavioural Brain
Research. 2009;205:299-302. doi:10.1016/j.bbr.2009.08.022.

© 2025 Kutsche J et al. JAMA Network Open.




Reference

Table

Sabri M, Humphries C, Verber M et al. Neural effects of cognitive control load on auditory
selective attention. Neuropsychologia. 2014;61:269-279.
doi:10.1016/j.neuropsychologia.2014.06.009.

Sanchez-Carrién R, Gbmez PV, Junqué C et al. Frontal hypoactivation on functional magnetic
resonance imaging in working memory after severe diffuse traumatic brain injury. Journal of
Neurotrauma. 2008;25(5):479-494. doi:10.1089/neu.2007.0417.

3,4

Savini N, Brunetti M, Babiloni C, Ferretti A. Working memory of somatosensory stimuli: An fMRI
study. International Journal of Psychophysiology. 2012;86(3):220-228.
doi:10.1016/j.ijpsycho.2012.09.007.

Scheuerecker J, Ufer S, Zipse M et al. Cerebral changes and cognitive dysfunctions in
medication-free schizophrenia - an fMRI study. Journal of Psychiatry Research.
2008;42(6):469-476. doi:10.1016/j.jpsychires.2007.04.001.

Schldsser RGM, Koch K, Wagner G et al. Inefficient executive cognitive control in
schizophrenia is preceded by altered functional activation during information encoding: an fMRI
study. Neuropsychologia. 2008;46(1):336—347. doi:10.1016/j.neuropsychologia.2007.07.006.

4b

Schmidt H, Jogia J, Fast K et al. No gender differences in brain activation during the N-back
task: an fMRI study in healthy individuals. Human Brain Mapping. 2009;30(11):3609-3615.
doi:10.1002/hbm.20783.

Schneiders JA, Opitz B, Krick CM, Mecklinger A. Separating intra-modal and across-modal
training effects in visual working memory: an fMRI investigation. Cerebral Cortex.
2011;21(11):2555-2564. doi:10.1093/cercor/bhr037.

Schulze K, Gaab N, Schlaug G. Perceiving pitch absolutely: Comparing absolute and relative
pitch possessors in a pitch memory task. BMC Neuroscience. 2009;10:106. doi:10.1186/1471-
2202-10-106.

Seo J, Lee BK, Jin SU et al. Lead-Induced Impairments in the Neural Processes Related to
Working Memory Function. PLOS ONE. 2014;9(8):€105308.
doi:10.1371/journal.pone.0105308.

Seo J, Kim SH, Kim YT et al. Working memory impairment in fibromyalgia patients associated
with altered frontoparietal memory network. PLOS ONE. 2012;7(6):e37808.
doi:10.1371/journal.pone.00373808.

Shen L, Hu X, Yacoub E, Ugurbil K. Neural correlates of visual form and visual spatial
processing. Human Brain Mapping. 1999;8(1):60-71. doi:10.1002/(SICI)1097-
0193(1999)8:1<60::AID-HBM5>3.3.CO;2-Y.

Simons JS, Davis SW, Gilbert SJ, Frith CD, Burgess PW. Discriminating imagined from
perceived information engages brain areas implicated in schizophrenia. Neurolmage.
2006;32(2)_696—703. doi:10.1016/j.neuroimage.2006.04.209.

Spreng RN, DuPre E, Selarka D et al. Goal-congruent default network activity facilitates
cognitive control. Journal of Neuroscience. 2014;34(42):14108-14114.
doi:10.1523/JNEUROSCI.2815-14.2014.

Stern CE, Owen AM, Tracey |, Look RB, Rosen BR, Petrides M. Activity in ventrolateral and
mid-dorsolateral prefrontal cortex during nonspatial visual working memory processing:
evidence from functional magnetic resonance imaging. Neurolmage. 2000;11(5):392—-399.
doi:10.1006/nimg.2000.0569.

Stoeckel MC, Weder B, Binkofski F et al. A fronto-parietal circuit for tactile object
discrimination: an event-related fMRI study. Neurolmage. 2003;19(3):1103-1114.
doi:10.1016/s1053-8119(03)00182-4.

1,4

Takeuchi H, Taki Y, Nouchi R et al. Associations among imaging measures (2): the association
between gray matter concentration and task-induced activation changes. Human Brain
Mapping. 2014;35(1):185-198. doi:10.1002/hbm.22167.

3,5

© 2025 Kutsche J et al. JAMA Network Open.




fMRI investigation. International Journal of Neuroscience. 2005;115(3):351-366.
doi:10.1080/00207450590520957.

Reference Table
Thomas RJ, Rosen BR, Stern CE et al. Functional imaging of working memory in obstructive 3
sleep-disordered breathing. Journal of Applied Physiology. 2005;98(6):2226—2234.
doi:10.1152/japplphysiol.01225.2004.

Thomason ME, Race E, Burrows B et al. Development of spatial and verbal working memory 4
capacity in the human brain. Journal of Cognitive Neuroscience. 2009;21(2):316—332.
doi:10.1162/jocn.2008.21028.

Townsend J, Bookheimer SY, Foland-Ross LC, Sugar CA, Altshuler LL. fMRI abnormalities in 3
dorsolateral prefrontal cortex during a working memory task in manic, euthymic and depressed

bipolar subjects. Psychiatry Research. 2010;182(1):22-29.

doi:10.1016/j.pscychresns.2009.11.010.

Tregellas JR, Davalos DB, Rojas DC. Effect of task difficulty on the functional anatomy of 1
temporal processing. Neurolmage. 2006;32(1):307-315.

doi:10.1016/j.neuroimage.2006.02.036.

Valera EM, Faraone SV, Biedermann J et al. Functional neuroanatomy of working memory in 3
adults with attention-deficit/hyperactivity disorder. Biological Psychiatry. 2005;57(5):439-446.
doi:10.1016/j.biopsych.2004.11.034.

van den Heuvel OA, Veltman DJ, Groenewegen HJ et al. Frontal-striatal dysfunction during 4,5
planning in obsessive-compulsive disorder. Archives of General Psychiatry. 2005;62(3):301—

309. doi:10.1001/archpsyc.62.3.301.

Veltman DJ, de Ruiter MB, Rombouts SARB et al. Neurophysiological correlates of increased 2
verbal working memory in high-dissociative participants: a functional MRI study.

2005;35(2):175-185. doi:10.1017/s0033291704002971.

Veltman DJ, Rombouts SARB, Dolan RJ. Maintenance versus manipulation in verbal working 1,3
memory revisited: an fMRI study. Neurolmage. 2003;18(2):247—-256. doi:10.1016/s1053-
8119(02)00049-6.

Volle E, Pochon JB, Lehéricy S, Pillon B, Dubois B, Levy R. Specific Cerebral Networks for 1
Maintenance and Response Organization within Working Memory as Evidenced by the ‘Double
Delay/Double Response’ Paradigm. Cerebral Cortex. 2005;15(7):1064—1074.
doi:10.1093/cercor/bhh207.

Walitt B, Ceko M, Khatiwada M et al. Characterizing “fibrofog”: Subjective appraisal, objective 2
performance, and task-related brain activity during a working memory task. Neurolmage:

Clinical. 2016;11:173-180. doi:10.1016/j.nicl.2016.01.021.

Walter H, Wolf RC, Spitzer M, Vasic N. Increased left prefrontal activation in patients with 4
unipolar depression: an event-related, parametric, performance-controlled fMRI study. Journal

of Affective Disorders. 2007;101(1-3):175-185. doi:10.1016/j.jad.2006.11.017.

Wildgruber D, Kischka U, Ackermann H, Klose U, Grodd W. Dynamic pattern of brain activation 4
during sequencing of word strings evaluated by fMRI. Cognitive Brain Research.

1999;7(3):285-294. doi:10.1016/S0926-6410(98)00031-7.

Wishart HA, Saykin AJ, Rabin LA et al. Increased brain activation during working memory in 2
cognitively intact adults with the APOE epsilon4 allele. American Journal of Psychiatry.
2006;163(9):1603-1610. doi: 10.1176/ajp.2006.163.9.1603.

Yan X, Zhang J, Gong Q, Weng X. Prolonged high-altitude residence impacts verbal working 2
memory: an fMRI study. Experimental Brain Research. 2011;208:437-445.
doi:10.1007/s00221-010-2494-x.

Yi Y, Diesen N, Leung HC. Behavioral and Neural Correlates of Memory Selection and 1
Interference Resolution during a Digit Working Memory Task. Cognitive, Affective, & Behavioral
Neuroscience. 2009;9:249-259. doi:10.3758/CABN.9.3.249.

Yoo SS, Choi BG, Juh RH et al. Working memory processing of facial images in schizophrenia: 2

© 2025 Kutsche J et al. JAMA Network Open.




Reference Table
Yoo SS, Paralkar G, Panych LP. Neural substrates associated with the concurrent performance 1
of dual working memory tasks. International Journal of Neuroscience. 2004;114(6):613-631.
doi:10.1080/00207450490430561.

Ziemus B, Baumann O, Luerding R et al. Impaired working-memory after cerebellar infarcts 2

paralleled by changes in BOLD signal of a cortico-cerebellar circuit. Neuropsychologia.

2007;45(9):2016—-2024. doi:10.1016/j.neuropsychologia.2007.02.012.

© 2025 Kutsche J et al. JAMA Network Open.



eFigure 3.

Replicating the coordinate network mapping approach for these independent sets of coordinates, we find a significant sensitive
and specific spot close to and partly overlapping with the right frontopolar hub region of the creativity circuit (outlined in red in
the conjunction map)

Results Sensitivity Sensitivity Specificity Conjunction of Sensitive
Unthresholded 1-sample t-test Network Overlap > Working Memory and Specific Peaks
(FWE p < 0.05) (TFCE, FDR p < 0.05) )
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eTable 5.

Studies reporting atrophy coordinates for several neurodegenerative diseases including behavioral variant of frontotemporal
dementia (bvFTD), semantic (svPPA), logopenic (IVPPA) and non-fluent (nfvPPA) variants of primary progressive aphasia,
Parkinson’s disease (PD), Alzheimer’s disease (AD), and amyotropic lateral sclerosis (ALS)
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eFigure 4.

Lesions affecting creativity task performance and the creativity circuit

(A) Lesion overlap maps from Abraham et al. (2012) in different areas (top) and their topographical relation to the creativity
network (bottom). (B) ANOVA of average ROI-to-ROI correlations between each lesion overlap mask and the individual (n = 36)
creativity study-level seeds (in bar graph: * p < 0.01 for a 1-sample t-test; above bar graphs: p < 0.001 for ANOVA). The color
bar in (B) indicates the lesion group’s average connectivity to the right frontal pole. Positive connectivity to the right frontal pole
aligns with a positive correlation with creativity and vice versa.
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eFigure 5.

Neurodegenerative atrophy patterns and the creativity circuit

(A) Atrophy coordinates for semantic (svPPA), logopenic (IvPPA) and nonfluent (nfvPPA) variants of primary progressive
aphasia, behavioral variant of frontotemporal dementia (bvFTD), typical Alzheimer’s disease (AD), Parkinson’s disease (PD) and
amyotrophic lateral sclerosis (ALS) in different areas and their topographical relation to the creativity network. For svPPA, 75%
of the atrophy coordinates hit regions positively connected to the right frontal pole (rFP) (cool colors). By contrast, for nfvPPA,
68% of the atrophy coordinates hit regions negatively connected to the rFP (warm colors)(B) ANOVA of average ROI-to-ROI
correlations between each study-level atrophy seed and the individual (n = 36) creativity study-level seeds (in bar graph: * p <
0.05 for a 1-sample t-test; above bar graphs: p < 0.001 for ANOVA).
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eFigure 6.

Scatter plot displaying the bell curve for average ROI-to-ROI correlations between 36 creativity seeds and traced atrophy for
FTD patients displaying emergence of visual artistic creativity (orange) and FTD patients not displaying emergence of visual
artistic creativity (blue); Atrophy sites can be found in Friedberg et al. (2023)
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eFigure 7.
Network overlap computed for motoric creativity and divergent thinking separately. In both cases, a network overlap peak can be
found in the frontal pole.
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eFigure 8.
PRISMA diagram replicating ALE meta-analysis conducted by Brown & Kim (2021), doi:10.1515/psych-2020-0114.
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