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Introduction

* Neuroimaging data can help us understand and visualize brain activity patterns, which are the spatial distribution of neuronal activation (BOLD signal) driven by an
experimental task (Van Den Heuvel & Pol, 2010).

» There 1s no current agreed upon cognitive ontology for studying the relationship between psychological processes and brain activation patterns. Research suggests
that our current cognitive ontologies based off of psychological theory may not be accurate for studying neuronal processes. Some researchers have called for a
brain-based cognitive ontology that 1s constructed from neuronal activation patterns (Laird et al., 2015).

* We can cluster similar activation patterns together to visualize which structures activate simultaneously in response to a particular task or stimulus, allowing us to
describe a new ontology. We aim to bring consistency to cognitive neuroscience vocabulary and understanding of meta activation patterns.

Data

e BrainMap i1s a database of published neuroimaging experiments with 3D brain coordinates of where activation occurred for that experiment. These coordinates
enable us to represent the brain activation with a Gaussian kernel (Laird, Lancaster, & Fox, 2005).

e BrainMap has upward of 15,000 experiments from which we selected 8,919 to work with based upon sufficient sample sizes and individual normalcy.

Instruction ExtVariable Context Modality Contrast PC BD

Encode,Recall None Normal Mapp|PET Instruction Encoding,Tone Monitor/Discrimination Cognition.Memory.Explicit

Encode,Recall None Normal Mapp|PET Instruction  |Paired Associate Recall, Tone Monitor/Discrimination Cognition.Memory.Explicit
Discriminate,Encode None Normal Mapp|PET Stimulus Type|Encoding,Tone Monitor/Discrimination Cognition.Attention

Discriminate,Encode None Normal Mapp|PET Stimulus Type|Divided Auditory Attention,Encoding,Tone Monitor/Discrimin|Cognition.Attention

Discriminate Accuracy,Reaction Time Normal Mapp|fMRI Stimulus Type|Visuospatial Attention Cognition.Attention

Discriminate Accuracy,Reaction Time Normal Mapp|fMRI Stimulus Type|Visuospatial Attention Cognition.Attention

Passive/Rest,Recall None Normal Mapp|PET Stimulus Mod|Recitation/Repetition (Overt) Emotion.Other

Recall None Normal Mapp|PET Group Recitation/Repetition (Overt) Emotion.Other

Recall None Normal Mapp|PET Stimulus Type|Recitation/Repetition (Overt) Emotion.Happiness

Attend None Normal Mapp|PET Stimulus Type|Passive Viewing Perception.Vision.Shape

Attend Accuracy,Reaction Time Normal Mapp|PET Stimulus Type|Encoding Cognition.Memory.Explicit

Discriminate Accuracy,Reaction Time Normal Mapp|PET Stimulus Type|Semantic Monitor/Discrimination Cognition.Language.Semantics,Cognition.Me
Attend,Discriminate Accuracy,Reaction Time Normal Mapp|PET Stimulus Type[Semantic Monitor/Discrimination Cognition.Language.Semantics

Detect None Normal Mapp|fMRI Stimulus Type|Passive Listening Cognition.Language.Speech
Detect,Discriminate None Normal Mapp|fMRI Stimulus Type|Semantic Monitor/Discrimination Cognition.Language.Semantics,Cognition.Lan

Methods

 We utilized nonnegative matrix factorization, a nondeterministic dimension reduction technique that decomposes one matrix into two: the W matrix
(voxels by # of dimensions) that represents meta activation patterns, and the H matrix (# of dimensions by activation maps) that represents the
expression of each meta activation pattern in each activation map (Devarajan, 2008).
e ran for k = 2-40 fifty times each
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e To determine which number of clusters to choose we performed a consensus clustering algorithm on the H matrix (Brunet et al., 2004).
e cophenetic correlation: represents the consistency of the clustering solution across all runs for that solution
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* To yield a psychological interpretation we performed a behavioral decoding procedure that computed the probability of a certain category (working memory, passive
listening, etc.) being 1n a cluster:
#appearances in cluster N / (#appearances in all clusters)
probability of cluster N

« where N is a behavioral category

* WordCloud: color 1s based on which domain (stimulus type, behavioral domain, etc.) the word falls under, the size 1s based on the equation above, and the position
is based on the probability that two words appear together

Conclusions

« The 2, 4, 8 and 13 cluster solutions group the BrainMap data most efficiently. There are clear cut meta activation patterns that come out of these solutions, such as
salience processing and spatial reasoning. The 2 cluster solution 1s the most stable solution while the 8 cluster solution is also quite stable but 1s more descriptive
as 1t has a greater possibility for specificity.

« With this database of meta activation patterns we can work towards a holistic cognitive ontology that allows for better communication throughout the field.

« Future work will involve using different clustering algorithms to compare and contrast with these results. Using multiple different algorithms will allow us to find
the best solutions.

References

Brunet, J. P., Tamayo, P., Golub, T. R., & Mesirov, J. P. (2004). Metagenes and molecular pattern discovery using matrix factorization. Proceedings of the national academy of sciences, 101(12), 4164-4169.
Devarajan, K. (2008). Nonnegative matrix factorization: an analytical and interpretive tool in computational biology. PLoS computational biology, 4(7), €1000029.

Laird A. R., Lancaster J. L., Fox P. T. (2005). BrainMap: The social evolution of a functional neuroimaging database. Neuroinformatics 3, 65-78.

Laird, A. R., Riedel, M. C., Sutherland, M. T., Eickhoff, S. B., Ray, K. L., Uecker, A. M., ... & Fox, P. T. (2015). Neural architecture underlying classification of face perception paradigms. Neurolmage, 119, 70-80.
Van Den Heuvel, M. P., & Pol, H. E. H. (2010). Exploring the brain network: a review on resting-state fMRI functional connectivity. European neuropsychopharmacology, 20(8), 519-534.

T EEYRiItisHTE8ial Cognition  Interoception.Sexuality
MRI Meditation

Cognition.Memory EmuQaRitiaifetsctivhges

Delayegbmﬁlﬁaes%&%r)g/CeﬂcuIatlon
= Gogaition. MeRgerispiarkiagh press

Mental ROT%E.IOH Action. Observa on Vlsua{tWFﬁ ’@E@ﬂord
Emotion. Saﬁness m&g}?ﬁ%ﬁtlmAﬁentlon ..EmO‘iO”'Oth Instruction
Sl négrmeﬁL\aentlon
Pt hM nitor/| NAudfBSY2re

T@Ognr“@n S@%I&W@%Generatlon (COVGI"t) ResPngTﬂ%@ngmnw
I
T HIBH BT e Orthograph @"SPQ'C,U e -
PU/I\QI Préonologlcapﬁlscrlmmagon geogmmgraphc DISCI’ImInatI ﬁC“ ShicpicbiEsnato
Agtion.Inhjpition "2 SYRGIRERS ancuageReikREREHEARens r%eptqulm@@mtghmg

Cognitiottltagguage
Paired Associate Recall

Nnolo
Reaction Timeé Reaa/lng (Covert)

Perception WigiehBieagpsenes Electrooculog raphy (EOG)

Response Modality
Word Genetgfig Ocular o
@@ HQM) Action.Imaginatio
Oral/Facial
Semantic RRARINERLEFPRIeRRGPIVINg
Imagined Movemen t

Classical Conditioning
eeeeeeeeee Somd¥tatary
Theory of Mind

Visual and Semantic Processing

Interoception.Sexuality
Meditation

-----------

Action.Observation e
PET Externatariatiisgaiegs.g
Emotion.Sadness ;...w Emotion.Other

Emotion.Fear %QM!QI%QE?E}[I} S(7=08

TasteEmotion.Hapfpg%on '''''''
I

reruction

.....
Fim, \ﬂqx ing  Group

Stimulus Modality

Tactile

t Nonitar/Discrimination

Experlence Bepenc‘nm “ﬁange
Percephon Sérﬁ%s’(héas Pain

Respanze Madal

Ocutar = ¥ Autobiographical Recall

Classical Condltlonlng

Gtustatory

Reward and Emotion

LTS ErE=leh Fihger Tapping/Button Press
~eallt s

Instruction
Perceptionddis| on.M l

crimination
Response Type

Saccades  simus e ACtIOﬂ EXQQMBQBHD iscrimination
factle Flexlon/ExtenS|on

Electrooculography (EOG)

Ocular Response Modality

LR PO tramyography (EMG)

Imaglned Movement

Perception. Som’é%‘f"‘esls

Motor Movement

Cp@gnition.Social Cognitionerosepon sexairy

Cognition. Mem oryEmotion riatiéfigriveifictures

Cued-Explicit-Recognition/Recall
rer " Fa EehahiRg A8 q,';x e
Emotion.S. Er ‘not on.Other
Em@a%e@wwwewmw M e
Mﬁ:p .rard . R
Taste Emdotion.Happ rTE‘5§ Word Generation {Covert)
sl Deg&miﬂ.&atlons
visual
h";l ;.Jir-"._q.:D-.'e 1| :t; Er ;’; e

= E%éﬁ%h @t%%té’hdent Changl%rcep: ioN.Vision  Task Switching

Reading (Covert) . .
fs/iSteng Paired Associate Recall

lmagined-Objects/Scenes
. T Autobiographical Recall

““"Naming (Overt)
Semantic MEITERTINRARRRERIRM Solving

Classical Conditioning a

Theory of Mind

Deftault

Interoception.Sexuality
Meditation

Tone Monitoriserisinatioion
Gonnionieony Emotion InducfitggtonReAfiective Pictures

Counting/Calculation
Delayed MitisdERPlicit Recognition/Recall

Music Comprehension Coantineren B s Tapping/Button Press

PET ExtefnalNeagratshe i I\hH A NaBSin
Emotion.Sadness erpet dbdeton Emouon Other Instruction i

EfBen, FEXP M"”“Q’"@Ww%we R o
t%h oni %r%}scnmmahonf ° on
Taste Eniotion. Hapﬁmgg&@sMpsjcwme eeeeeeeee (Cover) @%ﬁ%ﬁ{:{)&% AUHH%HH

(hriiMATER: 3)@1% Film \ewwr\lisual Grou
Readln Overt Sactay 9 i . L
Passive |(sten|21g P TSt'”ﬁ'“S Modalty 10N EXECUOR, e \ionitonpiscrimgatin
dctile FIexion/Extension

pessve Ve 8%9”"\“ anguage. Speech EXENEILE Bapendent Ghange

nhibition
m.Lan th noogy .~ 10lEs = = m e AR EEEEEERIEPESI . Rerception. Vision v Task Syitching

Reecuon ﬂme Reading (Cover
aaaaaaaaaaaaaa

mvdmagined Objects/Scenes Electrooculography (E

Qcular ReSponsﬁcl\{l%jﬁ l@xeouhéﬁ‘l’@B@@éﬁOh'cal Recall

Word Generati
R (Overt Action.Imagination

Oral/Facial Electromyography (EMG)
Semantic Mon\tor/D\sFéer%ﬁ%@ﬁg{w%blem Sl
Imagined Movement

Classical Conditionin
er%eption Sdavstatens
Theory of Mind

Movement and Auditory Processing

8 Cluster Solution

«~ iffective Pictures

CUUn'Jng.-"CalCUla'JDn
DelayedifeiatuinisRmetbgnition/Recall

PET Exte AOIE oo A
Emotion.Sadness L pALE ) i Emotion.Othe Igﬂou J UJW ord

"’ﬂﬁl‘r‘"

Pe rcep%on%hu staﬁ@h‘ R Ay
Pain I\/Lﬁfyiérémlscrlmmatlon

Stimuits Type
Visual

Fim Viewing Cr Jp
nition Langus = Stimulus Modality
Orthographic Discrimination

Go/No-Go . . .. Tactlle
Ation Inhibition. ™ s urses o HEMUIRGRBAdet Change

Word Generation_(Overt)

Oral/Facial

Classical Condmonlng
Gustatorv
.

Salience Processmg

Tone Monitor/Discrimination .

Cogition Memory Cognition.Reasoring

Delayed Ma;sm@nsmp%ﬁ?ﬁ‘e@ldng/ Galculation
Cognmon.l\ﬂem@w ARSI Pre

H Action.Obser
lental Rotation Visual @bmtggga"* dgahiesq
V|suospat|al Attention Ittt
Encoging Pepceptlmmg;cagg M&t ion o
Cognition.Spatial.. - oo iR-DACK
StimBRE "=
) ) Cogrition Language. Orthogeaphy Film w'llh}ﬂsual
Saccades ecution
. I Orthograph\c D\SCl‘lm\naTlOn Tactile Monitor/Discrimination
Go/No-Go
Action.Inhibition =
. Perception.Vision Task Switching
Reaction Time b Paired Associate Recall
Perception. VisilmagBereghiects/Scenes Electrooculography (EQG)
mmmmmmmmmmmm S

Ocular

) + Go Interoception.Sexualit
MRI Puielbs y

Cognition.Memory ~ Emotion IfgtiliifetivesPictures

Gaun'.ing.-'calcula'.ian
Delayedhigld & i Baee ognition/Recall
. . CognitionMemopii et ping/Button Press
Action.Observation
Mental Hotatlon Vlsual Q-bmc&:.id“ﬂ #%atlon

atial Attention

Fmeten. DadEgr;@aiggFMOmTOh‘BiSG@@t@@mm Masmn Mgphon ) e

Cognitign,Spatial.. e PURIR s

Eessy sufftdetgHans
Cognition. Lang uage. Orthography F%m yjzgwm:l, Grou p
anies = HD’;'" ographic Discriminatio
Pass ve VJeWLng miomi Dta

ePerception.Vision
Reading (Covert) e A hatins P

Perception.Visierr:S8hape __

Ocular

Naming (Overt)

X Electrooculography (EQOG)

Semantic uERBTINING/EIGPIem Solving

ditioning

Visual Processing

Acknowledgements
This work was supported by award CNS-1659144 (Scientific Computing for Structure in Big or Complex Datasets) from the National Science Foundation, written by Burt Rosenburg and National Institute of Mental Health [ROIMH107549] writtern by Lucina Q.

Uddin. I would like to thank Taylor Bolt for his mentorship as well as Dr. Lucina Q. Uddin for welcoming me into her lab. I would also like to thank the University of Miami Computer Science Department and the Center for Computational Science.

Perceptlon Séar‘?féﬁﬁeas Pain

1000

2000

000

4000

2000

6000

7000

BOO0

—ee

1000 2000 3000 4000 5000 &0ad0 fo0a BO00

Tone Monitor/Discrimination

Music Camprehension
PET ) i MW&EB

ttttt

-~ GognitionMusid] |tch Monltor/Dlscr%%ﬁQn Audition
Pa %E?ggq_ g'lyg[r’[‘gﬁ@glcal Discrimination SEEEUIUS Modality Tactle MonitorDisrimination

iognition.Language.Syntax

Cogmtlc Language.Speech ™ Eersonmescms

Cognition.Language.Phenology

bjects/Scenes

Word Generation\igygm AC tFTSpdnﬁNjuEI;(e C U t i O nA.ug)ﬁNémécé h

Oral/Facial

Classical Conditioning
Perception.SomesHgitery
i

Auditory Processing

Delayed Match to Ssgamibic Recognit on/Recall
Eamal g e ien
b Stroop- GipkdkENord
Instruciion

Encoding Foe Nenio RN Memory. Explicit Accuracy

uuuuuu

Pitch Monitor/Discriminaticn
~.Word Generation (Covert) e

Cognition-Langu@&ﬁﬂ%}{ma@%ageﬂnhog raphy o

Cognitipn.Language. Semantlos imisodaty
Phonological Discrimination Orthographic Discrimination

Cognmon Language Phonglogy.

eeeeeeeee Reading (Covert) Paired Associate Recall

Word Generation (Qﬁm (over)
Semantic Monitor/Discrimination

4000
5000
s000 |
7000

&000

1000 2000 000 4000 2000 G000 roago &OO0

Task Switching



