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BACKGROUND: METHODS: SOLUTIONS:

Identifying mappings between ontologies Harmonization of ontologies

Formal representation of experiment design

The ability to query, retrieve, and reason over scientific experiments and data from distributed

1) COMMON FRAMEWORK FOR ANNOTATING TERMS: Term matching simpler when term

repositories needs standardized terms with clearly defined logical relationships among them. The T : : : -
goal of the Cognitive Paradigm Ontology is to provide a basic ontology for the description of i - GOAL #1 s g :el;lergljor;, arl) rggr?qr;i?]’ :entdo!‘ogleﬁgls CaonndStIraallar;tlz ?(I)? tthaegigigrr:;n ”v?/irtlf):. anCZgZSOsgﬁfi:iEl?ign hat;:g
cognitive behavioral experiments for use in human PET, fMRI, ERP, and cognitive psychology Improve mteroperablllty between COQPO and NEMO by harmomzmg their structures. gre . . ’ J

equivalencies where the same property isn’'t used. For example,

studies. Figure 1 below shows an example of a planned use of CogPO (Turner & Laird, 2011). 1) CogPO and NEMO both use rdfs:/abel as the field for the term labels

I Find experiments with DLSmOe METHOD (GOAL #1) 2) NEMO imports the Dublin Core terms (dc/terms) and uses dcterms:modified
results in the anterior gxperimental stimulus Key terms from CogPO were identified in NEMO. We then asked the question: Do they have the same labels, and dcterms:created for dates a term was created and modified. CogPO
Data sources e :[rr:?:mgaaunst:zsrc E.Vna,fL‘iZfe It is not just the description of definitions, superclasses and subclasses. imports the Dublin Core elements (dc/elements) and uses dc:date for both. To

cortex? the experimental methods but harmonize this, CogPO created new subannotations, Date Modified and Date

2. What are the the relationships between CO PO Created, which are used the same way. o
BrainMap combinations of stimulus, different experimental methods g 3) NEMO used core:definition for the field for human-readable definitions.

response, and instructions _ . . . :
for these experiments? 0 that we aim to represent. Behavioral Experimental Paradigm is a planned Experimental _paradigm is a protocol COQPO. imports the Information Artifact Ontology (IAC.)) and_ SES the_lr
How are they related? . e o L . annotation property (IAO_0000115) for exactly the same thing. This is noted in
| | process that has_part at least one experimental (plan_specification), which is realized as a the  annotation equivalencies file. as are the maboinas between other
CogPO builds on BrainMap, a condition. Paradigm subclasses are from BrainMap. planned_process (the latter is in cogPO as well as tation Tields/ k ’ PRINg
Public Data = > P°oher data sources have mature repository of imaging NEMO). Examples include, but are not limited to, anhotation fields
Repository O UIUS. TESDON results (Fox and Lancaster, ' . .
aotctongr 2002: Fof( et al.. 2005) : : : ____ concepts from BrainMap. . _ 2) SHARED STANDARDS FOR IMPORTING TERMS: Subclasses that are in CogPO but not in
Other CogPO ) . - Behavioral Experimental Paradigm Condition is a Experiment _condition is a protocol with no explicit : : N . .
Sou_ﬁcebf as | g that i t of a Behavioral traints. NEMO includ licit dit N NEMO can be imported, using MIREOT standards (Minimum information to reference an external
YRR Ip;_anne_ pr(t)CIeFS)S ;, IS pad?] a tel aVItora o Cogi rain (deb | 'g?t_“ ©S ﬁ?(ph'% C%nO' ||(|)ns St]fc bas:[ ontology term (Courtot et al., 2009)). Similarly, subclasses such as paradigms and conditions which
Do they also result in ACC xperimental Paradigm and has at least one stimulus, auditory oddball condition, which CogPO allows for bu NEMO needed but are not yet in CogPO can be imported as well.
activation? one response, and one instruction. Condition does not explicitly include. Examples include, but are not
Figure 2. The relationships between cognitive paradigm, conditions, contrasts of those conditions, subclasses are from BrainMap. limited to, concepts from BrainMap. 3) COORDINATED USE OF BRIDGING AXIOMS: The underlying model of the experiment is
and mental concepts that are common to CogPO, NEMO, and CogAtlas. (From Laird et al., under - _ _ _ : - _ — _ : : s : : ' :
review.) P J J ( Stimulus is an object aggregate, i.e. a class of things Stimulus_role is a specifically_dependent_continuant (a different even If the specific details being captured are the same. To bridge NEMO and CogPO
' < contrast of that play the role of stimulus. Any example stimulus BFO class that is also present in cogPO). The object we need translations.
(e.g., Tone) are all subtypes of the stimulus class. relation role_of is used to link stimulus_role to the class of _ _ _ _ _ _
part_of includes_condition measred_by Stimulus subclasses are from BrainMap. objects and object aggregates that can function as stimuli Example: When looking for data from an experimental paradigm with an auditory stimulus,
/ \ v N / N within an experiment (including, but not limited to the descriptive logic (DL) query looks like this:
Paradigm Condition Contrast Mental Concept concepts from BrainMap). CoaPO: 'Behavioral Exberimental Paradiam
—— consruent, lnoongent | |meenonens oneren | [ iespense Selecton Stimulus modality is a quality that inheres in a Stimulus_modality is a quality that inheres in some OgFL. behavioral Experimental Faradignn . . N
N A . . . . . . . . . and has_part some (has_stimulus some (has_stimulus_modality some 'Auditory
\ - /‘ N \\ . / stimulus. It includes auditory, gustatory, visual, material entity (object or object aggregate). It includes Modality'))
- o olfactory, interoceptive, tactile; and as subtypes of auditory, gustatory, visual, olfactory, interoceptive, and y . . . .
tactil . d vibrat stimulus modalit somatosensory modalities (from BrainMap) The CogPO query is looking for experimental paradigms that have at least one
has_contrast actlie, pain, pressure, and vibratory. Stmuius modality y P)- condition with a stimulus with an auditory modality, with the data linked to that.
subclasses are from BrainMap.
THE COGNITIVE PARADIGM ONTOLOGY (COGPO) Response is a process aggregate. It includes asserted | Response _role is a specifically dependent_continuant NEMO: [averaged EEG data set] occurs in response to SOME onset stimulus presentation
classes, Overt and Covert Response. All the allowed (BFO class that is also present in cogPQO). The object THAT has_object SOME (has_role stimulus_role AND has_quality ‘auditory’)
Figure 3 below shows the basic structure of CogPO, and the relationship between experimental responses from BrainMap are Covert Responses. g?claltrfge;%lgg%; g:ﬁi&ﬁ;lpoknrggﬁ nggﬁgi \E\(/)it:\hiﬁ SI:SS | The NEMO query is looking for data which are annotated as occurring in response
conditions, stimuli, and other key terms. CogPO is built from BFO and OBI (Turner and Laird, 2011). pro . P . to a particular stimulus, which in NEMO is an object which plays the role of stimulus.
experiment. Examples like button press are behavioral
(oo p.am:d process processes, which are processes.
supClassor E).(per.imental conditions comprise Response modality is part of an object, imported from | Response modality is a quality that inheres in some 4) APPLICATION OF ONTOLOGIES FOR DATA ANNOTATION: NEMO and CogPO ontologies are
() S_tlmull, responses, and Instructions the Foundational Model of Anatomy (FMA). It includes process that has role response role. It includes some, both used for data annotation. CogPO is used for annotating fMRI and PET coordinate results;
e e (inbold). Stimuli have sensory body parts used to make the response. but not all response modalities specified in BrainMap. NEMO is used for annotating ERP data, including raw and processed patterns. The agreement on
Beheiors xperiment Pretym Condien) modalities; responses use body Instructions are an action specification, which is a Instructions to subject is subclass of protocol, and experimental conditions, contrasts, and paradigms shown in Figure 2 allows both ontologies to
. m/ \\ o parts (e.g., hand, foot, mouth). directive information entity. All the allowable types of include all the subtypes from CogPO. Cf. address common experimental results; thg link to mental processes allows interactions with
- l \ \ instructions from BrainMap are included. experiment_instruction, a type of study design execution CogAtlas (Poldrack, et al.) and other ontologies of mental functions.
e — Acti:n”ﬁc'as-“‘)fom: _ (planned process). Examples include, but are not limited
Subc,assof/[' s ( 1 ) &= @ J to, concepts from BrainMap. CONCLUSIONS
+ as Da"'i'C'Dant su'bCIassOf
— / / IAO Action Specificatio J (Response Modality]-subClassOfb[Bodv Part) (BFO: fiat object part]
-' q RESULTS (GOAL #1 ) » Even in ontologies that are being developed in a coordinated way and are
Fa.seFo rerone), = Only Stimulus Modality was an exact match. Other terms were close but had different locations in their respective ontologies, designed to represent overlapping domains — such as ERP and fMRI data — the

which leads to different formal semantics and representations of experiment models. NEMO had imported most of the
(Tecte vosaiey ) CogPO terms but also had terms for experimental paradigms in their data which are needed in CogPO as well.

Gustatory Modalit
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“same” ideas (informal semantics) may be represented using different formal

semantic structures (axioms).

) i — — GOAL #2: > Different ontology structures may lead, in turn, to different uses of analogous
' terms. Bridge files, which identify mappings between terms, are likely to prove

helpful. Automated translation services may be even better.

» The critical aim is to enable integration of neuroscience data (within and across

domains) that have been annotated with terms from different neuro-ontologies.

uditory modalityH__l &
Ful

The roles and relationships from CogPO were compared to NEMO'’s: Did NEMO have the same relationships and were
they applied to the same terms as in CogPO?

NEURAL ELECTRO MAGNETIC ONTOLOGIES (NEMO).

| microstate HCGSN_256 Figure 4. The NEMO ontology is
latent_tPCA_component : : - . . - . . . .
de3|g.n.ed .to support representgtlon, Stimulus role is a role that can only be played by objects Stimulus role is an investigation_role (a subclass of REFERENCES
NEMO_data classification, and meta-analysis of I . . . — .
millisecond _unit o brain electrc;magnetic data. NEMO within the stimulus class. role). No a priori restrictions. Other experiment roles o0 p o " 319,301
microvolt_unit . . Fox, P., & Lancaster, J. ( ). Mapping context and content: The Brainmap model. Nat Rev Neurosci , -321.
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data consist of raw EEG, averaged : : g P y ot exp g
o moasiie by is.moasmed by s mbeurod. by EEG (ERPs), and ERP data analysis independent/dependent variable roles. Description and evaluation. Hum Brain Mapp, 25(1), 185-195.
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< ’ — ) linguistic paradigms that were used HasTstlm_ulus_modallty and has_regponse_modq//ty are
o spatagunne | has._tunctionalAtribute to collect the data. The NEMO relationships between stlmulug and stlmu!us modality, and AC KN OWLEDGM ENTS
) l . database is a |arge repcsitory that response and response mOdallt res eCtlvel .

| N400_parietal_pattern _
stores NEMO consortium data, data

N100_occipital_pattern . _ This work was supported by an R01 grant from the National Institute of Biomedical Imaging and
NEMO_ERP analysis rAe”S“'tS’ and data | e RES_ULTS (_GQAL #2) _ _ Bioengineering (NIBIB) at the National Institutes of Health (NIH), Award #R01 EB007684 for NEMO
ERN_frontocentral_pattern provenance. resources are open Of the main relationships among concepts for experimental design in both ontologies, there were some with the same names and by an RO1 from the National Institute of Mental Health, Award 1RO1MH084812-01A1 for

P100_occipital_pattern source. See nemo.nic.uoregon.edu. but not the same restrictions. Others were not defined at all in one ontology or the other. CogPO.




