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ABSTRACT 
 

The ENIGMA neuroscience collaboration has numerous working groups, each 
with many members that contribute diverse datasets. The lack of a data capture 
system makes it difficult for ENIGMA leadership to keep track of the various 
participants, investigators, leads, and members of working groups, projects, and 
cohorts. The absence of a system makes it challenging to keep track of the data 
used by each working group. To solve this problem, the ENIGMA Organic Data 
Science (ENIGMA-ODS) framework is being created to manage information 
about the collaborative aspects of ENIGMA. ENIGMA-ODS is supported by an 
ontology that establishes standard properties for various concepts within the 
ENIGMA network while allowing ENIGMA members to add additional 
properties as they see fit. 
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1. INTRODUCTION 

ENIGMA is a global network of biomedical researchers in imaging genomics, 
neuroscience, and psychiatry [Thompson et al 2014]. Headquartered in University of Southern 
California, ENIGMA includes many researchers around the world. Within ENIGMA, there are 
many ongoing projects with a lot of diversity in their data in terms of the genomic and brain scan 
data types that are being used and the methods (protocols) to collect them.  The ENIGMA 
Organic Data Science (ENIGMA-ODS) framework is a platform to manage information about 
the collaborative aspects of ENIGMA [Jang et al 2017].  ENIGMA-ODS reuses the LinkedEarth 
platform developed previously for collaborative paleoclimate research [Gil et al. 2017], 
developed as an extension of Semantic MediaWiki with a custom interface for end users to enter 
metadata. 

This report describes an ontology for the ENIGMA-ODS framework to describe the 
concepts and data as well as all the properties of each concept necessary to support the ENIGMA 
collaboration. Since ENIGMA is very complex, a level of detail that explained most of the 
properties but took a reasonable time to map out had to be accomplished. Once the ontology is 
integrated onto the ENIGMA wiki, ENIGMA members can input information and metadata. The 
ontology allows for easy queries that can be answered by calling up various properties as well as 
the organization of information. Because the ENIGMA wiki is easy to use, members of 
ENIGMA who do not have any prior knowledge or experience with semantic representations 
will be able to populate the ontology easily. 

The ontology was created using Protégé, an open-source ontology editor [Musen 2015; 
Protégé 2017]. The ontology represents core concepts and properties in ENIGMA. It can be 
extended in the future as additional requirements are collected.  

2. PROBLEM ADDRESSED 

Currently, information about the various projects in ENIGMA is recorded by each 
working group separately with no uniform system. As a result, researchers are often unaware of 
what other working groups are doing. In addition, the lack of an information system prevents 
ENIGMA researchers from easily querying the information, which would allow principal 
investigators and people of other roles to find out if other projects have the data that they seek. 
The members of ENIGMA need to find information that is currently not uniformly organized. 

Figure 1 gives an overview of the complexity of the ENIGMA collaboration.  One person 
can have a certain role in a particular working group, be the senior lead of 3 projects, a junior 
lead of another, and contribute to a fifth project in a minor role. The same person can also be the 
principal investigator (PI) of one or multiple cohorts, which are datasets collected from a target 
population (e.g. data collected from a population of schizophrenia patients following a carefully 
designed acquisition protocol).    A cohort can be part of multiple working groups and projects, a  
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Figure 1: An illustration of the complexity of the ENIGMA collaboration. The names are not 
actual ENIGMA members, only examples. 

project can be part of multiple working groups and have collected data from many cohorts, and a 
working group can have many projects and cohorts that may or may not be related to other 
working groups and projects. All this information can also change over time, as people move to 
new institutions or new projects are formulated. Working groups last a long time, while projects 
last a finite amount of time and typically result in a publication.  Since spreadsheets and emails 
are used to record and collect information, the information can get quite unmanageable. The 
sheer amount of information within ENIGMA makes it difficult for members to keep track of the 
data collected and the relationships between people, working groups, projects, and cohorts. 

Our goal is to develop a semantic representation of information about ENIGMA that is 
currently not captured. Researchers in projects and working groups will have the ability to easily 
query and aggregate information. A semantic representation will also allow for people to easily 
browse information about various aspects of ENIGMA, such as people’s participation in projects 
and data collection procedures. An information system that incorporates semantic principles will 
help organize the data and help people in certain positions easily manage and search through the 
complicated ENIGMA collaboration. 
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Figure 2: Core concepts in ENIGMA and relationships among them. 

 

 2.1 Requirements  

 The main requirements for the ontology were twofold: 1) it had to correctly represent all 
the different concepts within ENIGMA and their main properties and 2) it had to correctly 
describe the authors of ENIGMA project papers and the information of the main data tables in 
supplementary materials of those papers. The main concepts of ENIGMA are as follows: 
Working Group, Project, Cohort, Image Acquisition Protocol, and Person. Figure 2 gives a visual 
representation of these concepts and the relationships among them. The authors and information 
from the data tables can be described by using these concepts and relationships of ENIGMA. 

There are over 30 working groups within ENIGMA that focus on various functions, 
diseases, and structures of the brain. The working groups analyze data about cohorts. Examples 
of working groups include the Schizophrenia (SZ) Working Group, the Genome-wide 
Association Study (GWAS) Working Group, and the Lateralization Working Group. Each 
working group has many members who take on various roles, such as leads or investigators. The 
leads are in charge of the working group or the project, and the investigator, mainly the principal 
investigator (PI), is in charge of collecting the data from a cohort. Within each working group, 
there are projects that work on a more specific aspect. For example, within the Schizophrenia 
Working Group, there is a project on Cannabis effects on structural measures in SZ. Each project 
collects data from multiple cohorts and analyzes the data to reach a conclusion. Each project has 
many members and some may have leadership roles. Working groups last a long time, while 
projects last a finite time and results in a publication. A cohort is a dataset collected by a PI, 
consisting of imaging and/or genomics data for a set of individuals. A cohort can be part of 
multiple working groups, and a project can use cohorts from various working groups. 
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Figure 3: Inclusion and exclusion criteria for the Amsterdam cohort used in [Hibar et al 2017]. 

 In ENIGMA, when a project conducts a study, they may not use the entire cohort 
that a PI has. Instead, they may use a subset of the cohort and only use data from some of the 
participants. This subset of the cohort is called a project cohort. In a working group, there are 
many members that work for that working group. These members can also work in other 
working groups. A member may have a certain role within a working group. For example, the 
can be a lead or a contributor. Multiple people can have the same role. The same situation 
applies to projects. The data that is collected in a given cohort is retrieved by following a certain 
protocol. Since the image acquisition protocol is different for each cohort, each cohort has a 
unique protocol. 

The inclusion and exclusion criteria for the cohorts and the details for the acquisition 
protocol also had to be represented. The inclusion and exclusion criteria determine whether or 
not someone can be a participant of a cohort. Figure 3 gives an example of the 
inclusion/exclusion criteria found in [Hibar et al. 2017]. The inclusion criteria are the criteria that 
someone must meet in order for them to be a participant. An example of an inclusion criteria in 
that article is that the age must be in the range of 18 to 60 years. In order for someone to be 
included in the cohort, they must be within this age range. The exclusion criteria are what 
renders someone ineligible to be part of the cohort. An example of an exclusion criteria in that 
article is the current use of antidepressants. Thus, if someone met all of the inclusion criteria but 
used antidepressants, they would not be allowed to be a participant. 

Another important piece of information about a cohort is the experimental protocol used 
to acquire imaging or genomic data. The image acquisition protocol provides the details of how a 
brain scan was collected. There are different types of brain scans and different ways of acquiring 
that data with a scanner. Several different sequences can be used. Figure 4 provides a small 
section of the image acquisition table from [Hibar et al. 2017]. It is important to note that the 
following table is rather simple compared to the many different image acquisition tables.  
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Figure 4: Image acquisition protocol table for the Amsterdam cohort used in [Hibar et al 2017]. 

 
________________________________________________________________________ 
|             | 
|                                            ENIGMA	Upper	Ontology                                                               | 
|________________________________________________________________________| 

 
Figure 5: Main modules of the ENIGMA ontology. 

 
 
The properties added to the ontologies needed to represent information that appears in 

published papers of ENIGMA. In published papers, there are usually a demographics table that 
lists the important details of the cohorts, such as who the principal investigators are or how many 
participants were part of the cohort (as shown in Figure 3). Other tables show the common 
properties of the image acquisition protocols, such as the acquisition direction or voxel size (as 
shown in Figure 4). 

 

3. DESIGN OF THE ONTOLOGY 

3.1 Design for Modularity 

 For the ENIGMA ontology, a modular design was used. Figure 5 shows the main 
modules. The main reason behind this decision was that there were many details that needed to 
describe each concept within ENIGMA. By having different modules, each representing 
different entities, it is easier to manage all the information. The ENIGMA ontology has six 
different modules. There is an upper ontology that describes the basic relationships between the 
various core concepts within ENIGMA and gives a general overview of the entire ontology. The 
other five modules represent the working groups, the projects, the cohorts, the image acquisition 
protocols, and the people. Each module only contains properties of that concept or properties that 
refer to that concept. For example, within the cohort module, there are properties such as 
“hasTreatment.” Since “hasTreatment” is one of the inclusion criteria of the cohort, it is a 
property that will be seen in the cohort ontology and will not appear in any of the other modules. 
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3.2 Design for Usability 

 Some properties were added to allow for easier user interaction with the ENGIMA-ODS 
framework. For example, a property was necessary to represent the age range of a cohort. 
Initially, the property was created as an object property that had a range of AgeRange. Each age 
range would then have two properties that represented the minimum and maximum age for the 
range. To input the data, a user would have to create a data structure for the age range and edit 
the minimum and maximum values. Thus, the age range was represented simply as two data 
properties of a cohort: “hasMinAge” and “hasMaxAge” to eliminate the need of a separate data 
structure. 

 In order to make the system easier to use, some properties were inferred. There were two 
ways that this task was accomplished. The first way was to make certain properties as inverses of 
one another. For example, “hasPI” and “isPIOf” are inverses of one another. By creating inverse 
properties, certain information on the system will be automatically filled out when the inverse 
property is used. Thus, the users will not have to manually add all of this information. Another 
way that certain properties were inferred was through subproperties. If a subproperty is created, 
the parent property is automatically inferred. An example would be the “hasWGMember” 
property and the “hasSeniorLeadOfWG” property. If John Doe is the senior lead of a working 
group, he will automatically be a member of that working group as well. Users will not have to 
enter their name twice. 

Having subproperties also supports showing information selectively. For example, in a 
person page, researchers wanted to see which projects someone contributed to but did not want 
to see their specific role. So, they wanted to see that John Doe contributed towards a specific 
bipolar project but did not want to see whether or not he was a senior lead. Thus, by making 
certain properties into subproperties, the extent of the details shown can be adjusted. 

 Lastly, enumerated data properties were added to make it quicker for users to input 
information. This means that the property specifies a finite list of possible values. For example, 
in the case of study design, the only possible choices in ENIGMA are “population-based” or 
“case-control”. By limiting the values, organizing the information within the wiki will be a lot 
easier than if the value was specified as a string. If it was simply a string, then the system would 
accept “Case control” and “case-control” as two different study designs. 

3.3 Design of Collections 

 One of the hardest concepts to represent semantically was the cohort as a collection of 
individuals. As mentioned above, a project may not use the entire cohort that a PI has, and 
instead, use a subset of the cohort called the project cohort. Project cohorts were made a subclass 
of the cohort class. Although a project cohort and a cohort both have the same properties, the 
researchers have  noted that  users of the  wiki will not need to know certain details for the cohort  
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Figure 6: An illustration of the relationships between a cohort, project cohort, and the cohort 
groups. 

 

but will need to know the details for the project cohort. For example, the median or mean age of 
the participants are noted on the publication that results from an ENIGMA project. Although the 
cohort may have this information, the users will not need to look up this information. However, 
they will need it. Thus, some properties are needed for the project cohorts while they are defined 
as general cohort properties. Since the project cohort is a subclass of the cohort, it will inherit 
these cohort properties. 

Another modeling issue for the cohorts were differentiating between the healthy controls 
and the patients. In ENIGMA, a cohort can be either a population-based cohort or a case-control 
cohort. A population-based cohort includes a general group of participants. An example of a 
population-based cohort would be a cohort that includes all of the students attending a school. A 
case-control cohort, on the other hand, only scans people based on a certain characteristic that 
they have. For example, if patients were scanned because they had bipolar disorder, these 
patients will be the cases of the case-control cohort and be part of the diagnostic group. In a case-
control cohort, there may also be a group of participants that were chosen to be part of the 
control group because they did not have those characteristics. In ENIGMA papers, the inclusion 
and exclusion criteria for the control participants and the diagnostic participants differ. For 
example, in Figure 3, the controls were excluded if they had a first degree relative with a history 
of a psychiatric disorder, whereas this was not an exclusion criteria for the patients of the 
diagnostic group. To deal with this discrepancy, another class called CohortGroup was added. 
The CohortGroup is not a subclass of Cohort because it does not have the same properties as a 
Cohort. A CohortGroup is either the diagnostic group, control group, or population group of a 
cohort. A CohortGroup has properties that describe the inclusion and exclusion criteria for that 
specific group. A property relates the CohortGroup to the Cohort so that the users will know 
which group of people is the control, patient, and population group. The relationships between 
the cohort, the project cohort, and the cohort groups can be seen in Figure 6. 
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Figure 7: The extra information section allows users to create new properties. 

  

Lastly, the cohort modeling also posed a problem regarding completion status. A cohort 
and project can either be finished or be ongoing. Depending on the completion status of the 
cohort, the properties that the principal investigator has information for are different. The 
difficulty with this issue is that even though a complete project cohort has slightly different 
properties from an ongoing project cohort, they are both project cohorts. To deal with this issue, 
all of the properties that apply to project cohorts that are complete and all those that apply to the 
project cohorts that were ongoing were added to the ontology. The principal investigator or lead 
who is uploading the information will use their judgement to decide which properties to fill out 
and which ones to leave empty. There is an additional property that states the status of the project 
or cohort. Therefore, users will know that the information that is presented is describing a project 
cohort with a certain completion status. 

3.4 Design for Simplicity 

 There is no standardized vocabulary for the inclusion/exclusion criteria and the image 
acquisition protocols. Their descriptions can get extremely detailed. For example, an inclusion 
criteria may be to have second psychotic episode before the age of 40. Such detail would make 
an ontology very complex and although detailed, the information will not be organized in an 
efficient manner. Thus, the paragraphs describing the inclusion and exclusion criteria and the 
image acquisition protocol had to be simplified, and the main properties had to be identified. In 
the descriptions for the inclusion and exclusion criteria, the most common phrases were turned 
into properties, such as “hasPersonalHistoryOf,” “hasTreatment,” or 
“doesNotIncludeIntellectualDisability.” In the Cohort ontology, users can see that there are 
properties that are specific to the inclusion criteria and properties that are specific to the 
exclusion criteria. The naming convention used specifies that all properties that have “doesNot” 
or “excludes” in the beginning are exclusion criteria. Since the inclusion and exclusion criteria 
are very detailed, there will always be properties that users want to define that are not part of the 
ontology. Users can create these additional properties through the ENGIMA-ODS interface as 
seen in Figure 7. This capability is explained in detail in [Gil et al 2017]. 

A complex aspect of inclusion and exclusion criteria was describing the details of the 
disorder, treatment, condition, and medical rating scale. For example, the age of onset of a 
disorder may be important because the researchers might want to study an early onset disease. 
For treatment and condition, they need to know how recently they were done. For medical rating 
scale,  they may  need the  participants  to be  within a certain interval.   To fix this problem, four  
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Figure 8: Depiction of the modeling differences between the two designs. 

 

Figure 9: Image acquisition protocol described through a paragraph in [Hibar et al. 2015]. 

 

classes were created, each class describes the specific details of disorder, treatment, condition, 
and medical rating scale. The cohort group will have a disorder as well as an instance of a 
disorder details. There are two design options: one is to consider this information to be part of 
the definition of the disease, or for them to be details of this disorder. The difference between the 
two designs is depicted below in Figure 8. The second design was chosen to enable disease 
queries. 
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Figure 10: An example of an image acquisition protocol from ADNI described through a 
template [ADNI 2017]. 

 

There was a similar issue with the image acquisition protocols. The image acquisition 
protocol is described in the paper either in a paragraph, table, or template. An example of an 
image acquisition protocol described in paragraph form can be seen below in Figure 9 and is 
from [Hibar et al. 2015]. An example of the image acquisition protocol displayed in table form 
can be seen in Figure 4. A standard image acquisition protocol for Alzheimer’s Disease 
Neuroimaging Initiative that is written on a template can be seen in Figure 10. 

Since paragraphs are not very uniform, key details from the paragraphs describing the 
image acquisition protocols had to be selected. In addition, templates are so diverse that they do 
not provide a clear idea into which properties are necessary. There are multiple template formats 
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that are used to describe acquisition protocols. Since there are various different templates, the 
descriptions are different depending on which format was used. Simplifying this information was 
necessary to reduce the image acquisition protocols to the ones that were the most common. The 
process used to find the most common properties were similar to the process used for simplifying 
the inclusion/exclusion criteria. The common phrases and characteristics that appeared on 
various tables and papers were included in the ontology. The extremely detailed properties were 
excluded as they only pertained to a very few number of acquisition protocols and was not 
efficient to include. 

 

4. DISCUSSION 

 The ontology was used to populate the ENGIMA-ODS framework. Figure 11 shows a 
snapshot of a summary table generated by the system. It shows the projects of the SZ Working 
Group on the left column, and the rows show their descriptions, the junior and senior leads, and 
their contact person.  Each of the group and person names is hyperlinked to a page that describes 
their properties, and someone with the valid permissions can edit the information and add values 
for the properties. Creating a new instance creates a new page, and one can easily select a a class 
for the page by selecting a category ( A category is the wiki terminology for an ontology class). 
It is easy to navigate across pages. One can click on an image acquisition protocol from the 
cohort page. This will lead to another page that has all the properties for the image acquisition 
protocol. Through the interface, all the relationships among entities can easily be identified.  
[Jang et al 2017] describe in more detail the ENIGMA-ODS framework. 

There are many properties that are currently on the ENIGMA-ODS framework, 
especially for cohorts. Currently, when one tries to edit these pages, the properties are not listed 
in an organized fashion. Thus, it may take some time finding a specific property. It would be a 
lot cleaner and more user-friendly if all the properties for a certain category were organized into 
groups 

 The information system for ENIGMA is still a work in progress. Even at its early stages, 
the system shows a lot of potential. In addition to being a system that researchers and 
collaborators can use to keep track of their information and data and query information easily, 
the information system can also be used to automatically generate selected portions of scientific 
papers. We are working on generating the author list and various tables for project papers using 
the information in the system. These automatically generated portions will make writing papers a 
far simpler task as they can be created by calling certain properties within the ENIGMA-ODS 
framework. 
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Figure 11: Snapshot of the ENIGMA-ODS interface. 

 

Since the ENIGMA-ODS framework is only in its beginning stages, there are some 
functionalities that may be necessary to add in the future. There will be a need to keep certain 
information within the wiki from the public. Project leads and PIs should be able to give or 
restrict access to people to certain pages and control who has the privileges to edit or view 
certain pages. 

Another extension that can be added is by creating the ability to mass populate the system. 
Currently, all of the properties have to be manually entered, a process which is not very efficient. 
The ideal solution would be to support uploading of spreadsheets onto the system then populate 
the system with the information. 

 Mapping to existing vocabularies would also be helpful. There are certain concepts for 
which ontologies already exist. For example, the disorder of inclusion and exclusion criteria of a 
cohort. Although ENIGMA focuses mainly on neurological and mental disorders, set criteria 
often mention other types of diseases. Incorporating existing ontologies such as the Human 
Disease Ontology (DOID) [Osborne et al 2009; DOID 2017] to describe diseases will increase 
the usability of the system. 

 

5. RELATED WORK 

 There are various methods for collaborative knowledge collection, one of which is 
through a semantic wiki [Gil 2013]. A few semantic wiki platforms do support editing 
collaboratively [Bry et al. 2012]. One such platform is the Organic Data Science (ODS) platform 
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[Gil et al. 2017]. Currently, ENIGMA is not the only project using the Organic Data Science 
platform. LinkedEarth [Gil et al. 2017] was also built on the Organic Data Science platform and 
focuses on representing data for the paleoclimate community. Since LinkedEarth uses the same 
platform as ENIGMA, many of the functionalities present for LinkedEarth are also.  

Another similar knowledge network is DCvO [Ma et al 2017]. Like the ENIGMA information 
system, DCvO provides a way to describe important entities of the communities they represent. 
DCvO represents relationships projects, people, affiliations, and data types. Since the DCvO is a 
network for deep carbon science, it has categories and properties that do not relate to ENIGMA 
as ENIGMA is a neuroscience network. Like ENIGMA, DCvO strives to enable researchers to 
record information regarding data processing, funding, publications, and more. The faceted 
browsers of DCvO allow for specific queries, as does the ENIGMA system.  

 

7. CONCLUSIONS 

 This report describes the development of an ontology for the ENIGMA neuroscience 
collaboration. There is a lot of complex information within ENIGMA groups but no uniform way 
of representing that information. To solve this problem, a core ontology was built on the Organic 
Data Science platform. The ontology contains many concepts and properties to represent 
ENIGMA entity. The main concepts are organized into separate modules, and the properties 
describe concepts and also establish links among them. The ontology represents working groups, 
project, people, and cohorts, as well as inclusion/exclusion criteria and imaging acquisition 
protocols. The challenges of representing complex information, usability, and collections led to 
various modeling decisions. The ontology presented provides a way for researchers to make 
queries easily, to find potential collaborators, projects, and datasets. 
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