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Executive Summary
 
Metadata have a vital role in enabling an understanding of a dataset, by providing information about the data 

structure and conditions under which they were collected. Without these metadata any shared data have little value. 

A number of areas of bioscience have developed agreed minimal metadata standards that have been adopted both by 

database curators and publishers. This program aims to examine the issues around developing metadata standards for 

neuroscience, including methods for efficient acquisition, domain-specific minimal standards, agreed terminology, 

formats and interoperability. The meeting of the Oversight Committee reviewed some of the current schemas used to 

support neuroscience metadata and identified a number of the challenges associated with implementing an effective 

metadata structure. The initial focus of this Program has been around the specific areas of neuroimaging data and 

time-series data (electrophysiological and EEG). A series of initial recommendations are made including the 

establishment of two Task Forces. The first Task Force will focus on the use case of developing a metadata schema to 

support MRI data (e.g., resting state fMRI, T1- or diffusion-weighted MRI), and will develop methods for automating 

metadata acquisition at the level of the laboratory and ensuring interoperability between different data management 

systems. The development work should start with the 1000 Functional Connectomes Database and tools to better 

retrieve or save data in centralized system. The second Task Force will focus on the use case of creating a domain 

standard for exchanging and describing EEG data, and will develop a framework for defining stimuli that are used in 

EEG experiments. This framework should become applicable to other functional studies such as fMRI. These two use 

cases will be evaluated to determine the extent to which application of metadata standards increase the access to 

shared data. 
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1.1 Background to the Program 
  
Neuroscience data are associated with a rich set of descriptive 
information that define the methods and conditions of data 
acquisition (such as device characteristics, study/experiment 
protocol and parameters, behavioral paradigms, and 
subject/patient information) and for analyzed data, the 
statistical procedures. For the purpose of data archive, storage, 
sharing and re-use these metadata are of equal importance to 
primary data. With the growing demands from the research 
community and funding agencies to share data, and thus 
better harvest the investment in science by society, there is a 
pressing need to address key issues concerning metadata, 
such as: 

¥ How should metadata be organized and made accessible 
with the primary data? 

¥ How should these metadata be structured to handle the 
large diversity, and in certain instance complexity, of 
existing descriptors? 

¥ How can databases adapt to handle new forms of metadata 
as new methods and/or applications emerge? 

INCF is in a unique position to coordinate global efforts in this 
area, as already demonstrated by the similar endeavors in 
atlasing, ontologies and computational modeling. Several INCF 
workshops have identified the needs of minimal metadata 
standards for possible data sharing in many subfields of 
neuroinformatics and have delivered recommendations for 
action, as follows: 

 INCF Workshop on Neuroimaging Database Integration: 

ÒÉINCF should help to advance the issue of describing 
neuroimaging data. This can be achieved by collaborating with 
major journals to develop guidelines and standards for reporting 
metadata related to experimental methods. Furthermore, INCF 
should encourage investigators to submit data and tools to a 
clearinghouse.Ó 

ÒÉit is not possible to define all the metadata needed to 
describe the conditions of an experiment in detailÉ..minimal 
information provides several advantages for improving 
scientific communication and INCF should play a role in fostering 
the development of MIAME-like lists of domain-specific 
metadata classes for these purposes.Ó 

INCF Workshop on Sustainability of Neuroscience Databases  

Òii. INCF engages peer-reviewed journals in the process of 
identifying domain-specific minimal information 
recommendations for the sharing and sustainability of 
neuroscience data Ð  

ÉINCF can engage the journals to seed the process of providing 
domain expertise for minimal information standard definition to 
support experimental methods reporting.Ó 

Òiii. INCF identifies specific types of data/databases and a set of 
researchers who are generating and disseminating these data 
to form a special interest group that will develop the minimal 
information standards for that data/database Ð 

ÉNeuroimages, microscopic images, electrophysiological 
recordings, EEG/MEG, histology, and optical recordings are 
examples of mature types of data that INCF can begin to 
exploreÉÓ 

INCF Workshop on Global Portal Services for Neuroscience: 

Ò7. INCF should identify and coordinate requirements (standards) 
that assist in the acquisition of data, metadata, and 
development of databases.Ó 

Given these recommendations the INCF Governing Board 
recognized the importance and urgency for establishing 
metadata standards in neuroinformatics, and launched this 
program to address this issue. Because the recommendations 
on metadata are generated from different fields and INCF 
workshops with varying foci, the Governing Board further 
instructed that while the requirements should be developed 
for all areas of neuroscience, the actions may start within 
selected subfields. These subfields were selected to be 
neuroimaging (functional and anatomical MRI) and time-
series electrophysiological recording. 
 
 

1.2 Overall Goal of the Program 
 
The overall aim of the Metadata Standards Program is to 
develop generic minimal requirements, i.e. standards, on 
reporting metadata for archiving, storing, sharing and re-using 
neuroscience data and databases. This will require 
investigating the way in which metadata are captured, how 
they are organized in a common framework, how they might 
be used, and the extent to which they are able to facilitate 
effective data sharing. The specific objective of the program is 
to establish a set of minimal requirements for metadata 
associated with two specific domains: (i) neuroimaging data 
and databases of neurological/psychiatric disorders and 
cognitive function; and (ii) electrophysiological and EEG/MEG 
data and databases. The outcomes are expected to be 
practically feasible standards that may facilitate the sharing 
and re-use of data, building on international census. The 
results of the actions of the Task Forces will be published as a 
policy document in a journal. INCF may also liaise with the 
relevant journals in the field, e.g., through leverage of the 
Neuroscience Peer Review Consortium, to encourage the 
journals to adopt these standards as a condition for accepting 
manuscripts. 
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1.3 Oversight Committee Meeting 
 
The Metadata Standards Oversight Committee (OC) consists of 
people largely working with neuroimaging data and others 
primarily working with time-series data; the two areas will be 
the initial areas of focus for this program. Among the interests 
and expertise of the OC: Durka has developed signalML for 
EEG data sharing; Forsberg was the author of the 
NeuroGenerator neuroimaging pipeline; Grethe is involved in 
BIRN and NIF initiatives and is developing a ÔGoogle for 
neuroscienceÕ as well as an EEG and MEG database; Ingram is 
the lead for the CARMEN e-science platform for 
neurophysiology; Kennedy has extensive experience of 
developing neuroimaging informatics tools and is a founding 
editor of Neuroinformatics; Poline has extensive experience in 
biostatistics and bioinformatics for neuroimaging and is 
Secretary General-elect of the Organization for the Human 
Brain Mapping; Salmelin has developed methods for imaging 
and analysis of MEG data; Schenone has interests in 
managing multimodal data and is developing collaborative 
environments for different neuroimaging applications; 
Shepherd is involved in NIF activities and leads the SenseLab 
Project to facilitate integration of neuroscience data into 
computational models; Sommer and Teeters have established 
CRCNS to support neurophysiological data sharing; Usui leads 

the Japanese Node of INCF and is developing tools for analysis 
and visualization of neuroinformatics data; van Horn is 
involved in neuroimaging database and data mining and was 
involved in establishing the fMRIDC; Wachtler is developing 
infrastructure to support storage, analysis, and sharing of 
neurophysiology data within the German Node of INCF; and 
Yamaguchi conducts research on neuroimaging and 
electrophysiology of dynamic processes. 
 
The OC met on 11-12 January 2010. After initial introductions 
and an overview of the history, structure, and activities of INCF 
by Sten Grillner, Day 1 focused on defining the challenge of 
what minimal metadata are and what they should achieve, 
reviewing existing schemas, and discussion on common data. 
The day concluded with a teleconference with Gordon 
Shepherd who was able to provide advice particularly around 
terminologies. Day 2 started with teleconferences with Jack van 
Horn and Fritz Sommer/Jeff Teeters before the OC divided into 
two work groups to discuss the specific challenges and 
potential work programs around neuroimaging and 
electrophysiology. A combined discussion formed the basis of 
the proposed Task Forces. This report summarizes the area of 
discussion and the specific recommendations and outcomes of 
that meeting. 

!"#$%&$'()*+)",-$.*),/,),$0"0*-"+*$1200(3)"+#$/,),$14,3"+# $
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2 Overview of Metadata and their Relationship to Neuroscience 
 

2.1 What are Metadata and why do 
we need them? 
 
Metadata are a rich set of descriptive information necessary for 
data archive, storage, sharing and re-use (Wikipedia definition). 
Metadata are of equal importance to primary data, as they 
define the methods and conditions of data acquisition (such as 
device characteristics, study / experiment protocol and 
parameters, and subject/patient information), and for analyzed 
or derived data, the statistical procedures applied. Shared data 
have little value if they cannot be understood, and the 
greatest challenge to creating useful databases and to 
extending the longevity of data is the quality of metadata that 
help them to be understood. However, metadata cannot be 
collected without identifying specific use cases and potential 
target audience for the data, otherwise metadata collection 
becomes unfocussed and much will be redundant. In this 
respect a major challenge is determining what is considered to 
be the Ôminimal metadataÕ in order to satisfactorily understand 
a study. Thus, to cope with potential changing requirements 
and with the rapidly evolving nature of investigative methods 
and scientific applications, it is essential that any developed 
schemas are extensible. 
 

2.2 Classes of Metadata 
 
It is helpful to divide metadata into different categories as the 
solution to their collection and storage may differ between 
metadata types. Classes of metadata include: 

a. Data about the file structure, formats, etc. These are 
essential to be able to read the file and apply any services 
(like displays or analysis algorithms), or to integrate with 
other data sets. With this information it is possible to build 
translators to convert between file formats. 

b. Generic data about the experiment, such as file identifier 
(name), who is the originator of the data, when were the data 
generated, identity of the subject (person, animal, tissue, 
etc.). These types of metadata are common to nearly all types 
of studies. 

c. Domain-specific metadata that relate to the particular type 
of experiment that is being conducted. For neuroimaging 
this might include the MR acquisition system and for 
electrophysiology it might include details of the recording 
configuration. 

d. Study-specific metadata that define precise stimuli or 
conditions for that specific experiment. Because of the 
diversity of experiments these are the hardest details to 
describe within a constrained metadata framework. 

 
Using specific use cases, the Metadata Standards Program will 
examine to what extent each of these different classes of 
metadata can be efficiently collected, integrated into 
databases, and employed to allow effective re-use of shared 
data. From this standards for metadata (particularly Ôminimal 

metadataÕ) will be identified and standardized collection 
processes defined. 
 

2.3 What primary data types will this 
program focus on? 
 
It is assumed that the main focus of this Program are data from 
neuroscientific experiments, wich can either be raw data or 
preprocessed data, but prior to extensive analysis.. Since 
metadata standards already exist for certain data types that 
are not specific to neuroscience (e.g., genetic sequences 
(Genomics Standards Consortium) or microarray experiments 
(MIAME)) the Metadata Program will not deal with these. The 
Program will also not consider metadata associated with highly 
derived data, such as manuscripts or presentations (e.g., video 
or PowerPoint files). In most cases these do not require complex 
metadata but need effective search tools that have been 
developed in other fields, such as publishing. For the initial 
standards work the Program will also not focus on tools and 
models. 
 
Task Force development work will be based on specific user 
cases where it is possible to define the target data type and 
target audience in order to identify what is the core set of 
methods information that should be expected.  Work will also 
be linked to specific databases or a source readily available 
data files in order that metadata standards can be rapidly 
implemented and tested. For practical reasons it will be better 
to start work on schemas that serve relatively simple 
experimental conditions where the number of variables may 
be manageable, such as resting state fMRI data or field 
potential measurements. 
 

2.4 How can metadata be shared? 
 
For published studies valuable metadata are contained in the 
publication and linking the data file to the publication adds 
value, although this may not be at a level that allows 
interpretation of individual data records. In developing 
guidelines and standards for reporting metadata related to 
experimental methods, the program might consider 
collaborating with appropriate journals. At the moment Elsevier 
may soon implement a requirement for data deposition as a 
requirement of publication and so working with them may be 
beneficial. But it is important to identify who would hold the 
metadata. Schemas can be developed to identify domain-
specific minimal information recommendations for the sharing 
and sustainability of neuroscience data. In creating minimal 
standards we need to identify specific data types that are to be 
shared. In the long term this may require the formation of 
interest groups that will develop the minimal information 
standards for that domain area. For example this might include: 
neuroimages (fMRI, T1, T2, DWI), EEG/MEG, microscopic images, 
electrophysiological recordings, behavioral experiments, etc. 
Implementation of schemas can be either as free text files or as 
input templates (see section 2.5). One thing INCF might 
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consider doing is to make available templates that can be 
plugged into both existing and future databases to accept the 
metadata standards. These might also form the form the basis 
of electronic lab books such as Concierge or LabLog. In the 
long term a metadata pipeline needs to be developed that will 
provide efficient transfer of information from data generators to 
those who wish to share the data (Fig 1). 
 

2.5 How are metadata organized for 
existing databases? 
 
Before embarking on developing metadata standards the 
program will review how existing databases collect and 
organize the associated metadata and link these to the primary 
data. These currently fall into three general categories: 

(a) Free text metadata based on published descriptions or 
attachments with no defined fields. 

An example of this is CRCNS (http://crcns.org), which is a 
database of published electrophysiological studies. Both the 
original article and a free text attachment describe the data, 
including information about the format of the file (see images 
below). Currently no standards are applied but a wiki has some 
guidelines for what contributors should submit. The curators 
will request further information if the description is considered 
inadequate. This is labor-intensive. 

Screen shots from CRCNS metadata pages: 

 

 
(b) Free text metadata but with guidance on content. 

One example of this is PhysiolBank (www.Physiobank.org) 
which database of approximately 50 data collections of mainly 
cardiovascular and neurological signals. While the format of the 
metadata is a free text document the metadata guidelines for 
contributors indicate the following should be included: 

¥at least a minimum of demographic information (age, 
gender, medications, diagnoses) for each subject; 
additional demographic information (e.g., race, ethnicity) 
is desirable. 

¥technical details of the recordings (signal types, transducer 
types and locations, recording bandwidth, 
instrumentation used). 

¥depending on the nature of the data, annotations at 
varying levels of detail. 

¥a plain text file (less than one page) containing a brief 
description of the data set, including: 

- name by which the data set is known 
- name(s) of the creator(s) of the data set 
- a paragraph or two describing the data set: What are 

its contents? How were recordings made? How were 
subjects selected? How were annotations (if any) 
created and verified? If you defined your own 
annotation types, what are they? 

- references to any published works (include URLs if 
available on-line) that describe or make use of the 
data set. 

- contact information: your name and e-mail address, 
and, if possible, the name and e-mail address of an 
alternate contact who can answer or refer technical 
questions about the data set. 

 
A second example of this metadata schema is MINDS 
(Minimum Information for Neuroimaging Description and 
Specification) presented at the 1st INCF Workshop on 
Sustainability of Neuroscience Databases: 
 http://precedings.nature.com/documents/1983/version/1 
Several critical elements contributing towards MINDS include: 

¥Raw data and full details for each MR acquisition type (e.g., 
T2, EPI, T1, DTI files; TR, TE, FOV). 

¥Final processed (normalized) data for the set of acquisitions 
in the experiment/study (e.g., the version of the data just 
prior to statistical analysis) 

¥Full subject demographic and diagnostic details (e.g., age, 
gender, clinical group) 

¥Experimental design including sample data relationships 
(e.g., functional time course design matrix, conditional 
information) 

¥Sufficient annotation of results with mappings to 
formalized neuroanatomical reference 

¥Essential data processing protocols and workflow (e.g., 
what normalization method has been used to obtain the 
final processed data - provenance) 

¥Details of how statistical modeling was performed and 
inferences have been made (e.g., GLM, GRF, ICA, etc.) 
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(c) Defined metadata template with free text entry. 

An example of this is CARMEN, which collects metadata based 
on the MINI metadata schema. The data entry form comprises a 
template that requests specific experimental details, which are 
currently entered as free text (some fields have defined 
categories), as well as the possibility to append additional 
documents that describe the experiment in more detail. As for 
the other metadata structures, free text entry does not 
constrain the schema but does lead to the potential that similar 
properties can be described in different ways. This may be 
overcome by implementing a fixed lexicon (see 2.6). 

Screen shots from CARMEN metadata entry template. 

 
 
In all the examples given here metadata are entered manually 
to the database, which generates a large overhead in terms of 
time for upload. 
 
(d) Defined metadata template with restricted entry 
 
Neurodatabase.org is an example of such a database; it acts as 
a repository for neuropsychological data from which users can 
download datasets as well as contribute their own.  
 

 

2.6 Overview of Existing Schemas 
 
In addition to identifying the essential metadata that need to 
be described, the Metadata Standards Program will make 
recommendations on how metadata should be structured to 
handle the large diversity, and in certain instance complexity, 
of existing descriptors. In this respect it should be possible to 
capitalize on mark-up languages developed to provide a 
template for neuroscience metadata, on analysis pipelines that 
capture provenance traces, and on ontologies or lexicons that 
provide the terminology to describe the metadata. 
 
One example of a suitable XML schema is XCEDE, originally 

developed through the BIRN project, which provides a 
generalized metadata schema as an extension of XNAT. 
Initially designed for imaging and fMRI studies, XCEDE is very 
generic (essentially a container) and not specific to any 
particular data type, so may be suitable for a variety of 
neuroscience studies. The schema organizes information into 
five hierarchical levels: the complete project; studies within a 
project; subjects involved in the studies; visits for each of the 
subjects; and a full description of the subject's participation 
during each visit. Each sub-schema is composed of information 
relevant to that aspect of an experiment and relates specific 
tasks to the data, and also stores data provenance information 
allowing for a traceable record of processing and/or changes to 
the underlying data. 
 
Other XML schema that could support metadata 
developments include BrainML and odML (open metadata 
Markup Language). BrainML (brainml.org), developed by the 
Laboratory of Neuroinformatics, Cornell, is an initiative to 
provide a standard XML meta-format for exchanging 
neuroscience data. It focuses on layered definitions built over a 
common core and has involved a considerable effort to specify 
all the items within a defined data model and to develop 
extensive expert-derived terminology sets in order to populate 
the fields. This scheme is currently deployed at 
neurodatabase.org, a database of neurophysiological 
recordings reviewed in 2.5 (d) above. At the other extreme of 
specified data models is odML, which has been recently 
developed by Jan Grewe, Thomas Wachtler and Jan Benda as 
part of activities in the INCF German Node. A draft description 
was circulated at the OC meeting and a preliminary version is 
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now available at www.g-node.org/odml. odML provides a 
format for name-value pairs, which is highly flexible and 
adaptable to be able to specify metadata fields. Because it has 
no predefined metadata items the scheme can be configured 
to a wide range of applications, while at the same time 
interoperability can be achieved by using common 
vocabularies and shared specifications. 

 
While XCEDE / XNAT provides a potential solution for the 
organization of some data types, notably clinical neuroimaging 
studies, time-series electrophysiological data suffers from the 
lack of any standardization. Electrophysiologists traditionally 
view their data as heavily nuanced by condition, methods, lab, 
etc. and the data come in a wide variety of forms, e.g., discrete 
events (spikes), continuous events, short sequences (ERPs), 
intra-/extra-cellular, etc. Both BrainML and odML have been 

used to support time-series data file descriptions and the 
Program should evaluate these and other schema. 

A number of processing pipelines and databases also create 
metadata structures that might be harnessed as part of the 
Program. For example, the LONI pipeline for analysis of 
neuroimaging data automatically generates analysis metadata 
and produces a provenance trail that can be captured. These 
principles of automated capture of analysis metadata could be 
an important standard which would allow shared processed 
data to be more fully understood. Likewise the NeuroGenerator 
project which developed an automatic processing pipeline for 
the analysis of raw data from functional PET and fMRI 
experiments, created a metadata structure that enabled every 
single event in the experiment to be described with keywords 
(Appendix B contains a more detailed description of this 
structure). This event metadata structure could form the basis 
of a minimal metadata standard for functional studies. 

In developing these schema it is important to note that the 
defined terminology or vocabulary employed by some mark-
up languages and processing pipelines, contrast with free text 
metadata structure which is currently employed by many 
neuroscience databases (see Section 2.5). While the former 
reduces misinterpretation, aids data organization and 
searching, and enables automation, the latter is infinitely 
flexible and satisfies user requirements to describe their data 
as they deem fit. In developing standards the Program should 
recognize these differing constraints. However, NIF Ontologies 
can be used to help formulate the metadata schema and the 
comprehensive lexicon of common neuroscience terminology 
being developed by NeuroLex should be used to ensure 
unified representation of metadata. 
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3.1 Constraints and Challenges in Implementing Metadata Standards 
 
During the course of the OC meeting the following issues were 
discussed. These issues should help shape the proposed 
actions (see Task Forces) and provide a list of factors to be 
considered by any working groups in developing metadata 
standards: 

1. ÔMinimalÕ metadata will not really help anyone else to 
understand an experiment or file, although they may be 
helpful for categorization or indexing of data. To fully 
understand an experiment as many metadata as possible 
are required. Currently standards are lacking for how you 
describe experimental subjects, paradigms, analysis 
methods, etc. Thus, part of this Program needs to develop an 
understanding of different classes of metadata and how 
they can be represented. However, it is not possible to define 
all the metadata needed to describe every condition of an 
experiment in sufficient detail. Thus, there is the potential 
that any effort may fall short of expectation. 

2. Implementing detailed database schema often have a large 
overhead and can burden users, and this reduces the 
incentive to contribute. The Program should ensure that 
metadata standards are not implemented in a way that they 
hamper neuroscience research. The standards should focus 
on the most useful details, and the whole effort should be 
ÔpackagedÕ as a tool that will help scientists do what they 
want to do, rather than having it foisted on them. 

3. The Program should produce standards and methods that 
do not jeopardize the objectives of particular projects. This 
might be achieved using flexible schema that prioritize 
metadata fields within lists of domain-specific metadata 
classes. Projects that adopt these standards could be 
encouraged to use as many of the fields as possible while 
focusing on those that are agreed as being essential. 

4. We cannot expect scientists to go back to old experiments 
and dig for metadata. Rather we should aim that metadata 
extraction will occur automatically (as much as possible) at 
the time of the experiment, for example automatic read-off of 
the scanner/header file in neuroimaging. The Program 
should aim to develop extraction tools that are immediately 
useful in a local lab, which may already be or can become 
part of the natural day-to-day work process. 

5. It is often the case that large organizations try to establish 
standards in a top-down fashion. These standards then do 
not get adopted because they do not meet the needs of the 
users. Similarly many databases have been seemingly 
developed for other database developers rather than 
researchers, so they have not been employed by the 
scientific community who want to analyze and ask questions 
of the data. The INCF approach should be more bottom-up. It 
is critical that for any actions of this Program the target 
audience and specific projects should be identified in order 
that the focus of developments can be user orientated. 

6. An ongoing challenge when reading publications is trying 
to understand how the results were derived, never mind 
hoping to reproduce them. In this respect, it is important to 

attach metadata to results, and not just to the methods. The 
analysis metadata should include standard parameters with 
sufficient information for someone else to replicate the 
experiment (e.g., data preparation, cleaning, registration, 
information about parameters of model, de-noising).  Some 
statistics packages have their own methods for generating 
results with this information attached. For example, metadata 
for functional imaging data could include onset times for 
different conditions which is already stored by analysis 
software (e.g., SPM, FSL) and we could try to extract those 
data. The XCEDE initiative might already be doing this. The 
LONI pipeline files contain XML wrappers that can encode all 
parameters, code, etc., as it becomes more important to record 
the provenance of how the data were processed and 
analyzed. Information on this topic can be found in the 
special issue of Frontiers in Neuroinformatics on 
ÔNeuroimaging Workflow Design and Data-miningÕ. One 
thing the Program might do is provide recommendations 
about what should go in the results sections of published 
papers. 

7. Describing stimuli used in studies is difficult given their 
diversity. Developing a generalizable metadata framework 
that would allow detailed description of stimuli could be 
usefully applied to a wide range of neurophysiological and 
imaging studies. However, for any Task Force it might help to 
focus on specific examples. It would help if a database for 
stimuli could be developed. However, currently stimuli are 
stored in different formats in different datasets in different 
labs so it will be necessary to address how the stimuli can be 
effectively and accurately shared along with the data. 

8. The Program should consider development of standards for 
the exchange of metadata, and for electronic lab books to 
record metadata at source. RIKEN BSI has been developing 
Concierge, a kind of lab notebook that stores data and 
metadata, and XNAT could provide a practical basis for the 
sharing data. In this respect the Program needs to consider 
the problems associated with the proprietary side of data 
acquisition and involve companies in order to automate the 
acquisition of metadata. 

9. There will be difficulty in implementing any requirement for 
authors to enter metadata at submission in order to get work 
published. The PubMedPlus initiative wanted to encourage 
people to include metadata information either as 
supplemental material or in some other format that would 
actually be useful. However, there are no standards and no 
database to support all data formats. Currently 
Neuroinformatics does not require any specific data sharing 
policy, but there is an information sharing statement that has 
to be included and declared (i.e., whether the author agrees 
to share the data, how, and with what restrictions). 
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3.2 Requirements of Specific User 
Groups 
 
As indicated in 3.1 the OC felt strongly that any developments 
should have a clear focus on a defined user group and 
application area in order that any efforts have directed 
outcomes. As part of the development effort, each of the other 
Programs should be consulted in order to identify 
requirements and constraints, as well as tools that might 
contribute to the development of standards or the capture of 
metadata. This is particularly important for the work of the 
Program on Ontologies of Neural Structures.  At the time of the 
meeting the OC had received the following brief description of 
how the Program on Digital Brain Atlasing viewed its needs for 
metadata. This is included here and will contribute to the 
actions of the Task Forces. 

The Atlasing Group has started a phase of the project where we 
are building on the WHS dataset and creating a prototype 
infrastructure framework for atlas integration that includes 
registries, specifications, protocols, and standard. We are trying to 
create methods for users to more easily share a new atlas, 
delineation, or their database with this framework. This will 
require great attention to setting and defining the metadata for 
multiple aspects of this project. In addition to help creating these, it 
would also be extremely useful to have recommendations for 
when we should adhere to metadata standards set up by other 
groups. Finally, is the need for the easy publication, access, and 
comment on the metadata fields for different standards. Areas of 
focus include: 

Experimental collection information: 

¥Data type (or modality) information: in the long run, we would like 
to work with multiple data types, but to begin, we are focusing 
on images, especially volumes (MR and Nissl) and 2D image 
types. In addition, we are already linking to genetic information 

¥Subject/specimen information 

¥File information 

¥Other specific data collection information (e.g. is an image an 
exact representation of a specimen or during the process was 
there some sort of spatial transformation) 

Technical standards for data exchange (reviewing and 
recommendations): 

¥Standard service descriptions 

¥WaxML: an output schema to serve as a uniform service 
foundation for different data hubs 

¥Recommendations and tools for mapping experimental metadata 
across data sources 

 

 
3.3 Immediate Recommendations 
 
The OC makes the following recommendations for immediate 
action: 

 
1. A Task Force be established to investigate the practical issues 

of implementing a complete metadata scheme to describe 
resting state fMRI, and possibly other neuroimaging data. 
The focus should be on: defining an agreed set of standards; 
maximizing automation to reduce the overhead; and 
applying this to the use case of the 1000 Functional 
Connectomes Database. 

 
2. A Task Force be established to investigate the creation of a 

domain standard for exchanging and describing EEG data 
and experiments. The focus should be on: developing a 
framework that enables interoperability between different 
EEG data formats; and creating a generalized metadata 
framework for defining stimuli. 

 

3. To undertake an audit to capture the metadata 
requirements of the other Programs within INCF. 
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4 Task Force 1: MR Neuroimage 
Databasing – Resting-state fMRI 
 

4.1 Objectives and User Need 
 
The task force focused its discussions on resting state fMRI data 
(rationale developed below) but with the medium-to- long-
term objective of helping neuroimaging data sharing in 
general. However, the proposed initial focus of the Task Force 
and ideas developed below will be discussed at its initial 
meeting in June. 
 
The 1000 Functional Connectomes project hosted at NITRC 
(http://www.nitrc.org/projects/fcon_1000/) provides a huge 
amount of resting-state fMRI data. There are also functional 
resting-state data available through Van EssenÕs Brainscape 
(http://brainscape.org/), a highly-developed XNAT-based 
database which allows dynamic querying with Talairach seed 
regions, as well as considerable potential for prospective 
collection of resting-state data. Effective harvesting of 
metadata associated with resting-state fMRI will greatly 
enhance their value and allow meaningful integration and 
comparisons and could be a first step towards the 
establishment of metadata in neuroimaging. This Task Force 
will address defining a standard metadata framework for these 
data and the development of a new tool for effective and 
automated extraction and storage of metadata. Resting-state 
fMRI has been selected as the use case on the basis that: (1) 
the data are readily available; (2) there is a potential for 
significant science coming out of the use and sharing of these 
data; and (3) creating a metadata framework for these data 
seems reasonably attainable. This should lead to best practice 
for the conduct of resting-state fMRI. While this project has a 
well-defined application and user group, it will be a test case 
for a number of principles of metadata standardization. If 
successful, the plan would be to use this model to create 
further metadata descriptors that can be used for other large 
datasets. 
 

4.2 Summary of Neuroimaging 
Subgroup Discussion 
JB Poline (lead), Lars Forsberg, David Kennedy, Riitta 
Salmelin, Andrea Schenone, Yoko Yamaguchi 
 
Intelligent metadata extraction: One possible course of 
action would be to provide to individual labs a small tool with 
easy and attractive interface that would extract from their data 
everything that can be automatically extracted: e.g., a tool that 
would extract information from T1 and T2* images. The tool 
would easily export data into CSV file, could optionally include 
additional behavioral and clinical data, and could be 
generalized later to include other forms of data including 
MEG/EEG (Task Force 2). 

User requirements: The Task Force first needs to compile a list 
of recommendations for what metadata should be recorded 
with data. A framework that describes all experimental 

conditions will be determined by surveying groups that are 
undertaking this type of work. To initiate this the Task Force will 
need to identify labs that are collecting these data and who 
can provide feedback on useful metadata fields and who can 
potentially utilize this resource. This will help identify the 
metadata fields and the necessary terminology; work with the 
Ontologies Program and Neurolex / NIF Vocabularies can 
support this. 

Metadata framework: The objective will be to create a 
complete (not just minimal) metadata schema to describe 
studies of resting state MRI. For now, we probably do not want 
to require minimal information, so that nothing is ÔcompulsoryÕ; 
rather the Task Force would provide a minimal list of 
recommended fields. Labs would tailor what gets extracted 
based on their own needs and could use the tool to access a 
Ômeta-repositoryÕ of files Ð i.e., the Connectome and Brainscape 
resting-state data. Once formulated it will be packaged in a 
way that can be used as a Ôlab notebookÕ to prospectively 
collect metadata for new studies. The metadata framework 
should be both extensible and flexible to suit local needs and 
the Oversight Committee will evaluate how generalizable this 
can be for other neuroscience data. 

Analysis metadata: The tool could also be used to extract 
metadata regarding the image processing and statistical 
analysis and record the provenance of data analysis. Could 
include or set up separately a repository of processing scripts 
(e.g., currently some resting-state fMRI analysis scripts for AFNI, 
FSL, FreeSurfer are hosted at NITRC: BASH4RfMRI). 

Metadata structure: Local users could use this Ôdata grabberÕ 
that would automatically collect metadata from DICOM/NIFTI 
files and transfer it to in an XML/XCEDE structure (since XNAT 
is possibly too heavy for local use). These data would then be 
in a format appropriate for sharing across databases, 
promoting the re-use and distribution of data, but also very 
practical and helpful for the individual lab. 

An XNAT resource is probably the most sensible starting point 
for sharing data among different databases, but should also 
provide local interfaces for individual labs to manage their data. 
For the shared databases: need a central XNAT-like resource to 
help organize all publicly available data, as well as make it 
possible and user-friendly to push/pull data between the lab 
and the server (see Fig. 2). Many users need help, especially 
with the large data sources, so could develop a mediator to 
help organize that data that gets downloaded, set it up on the 
local system. This creates a framework for management of data 
which itself implies management (and standardization) of the 
metadata. While the original data and metadata will be held 
locally, they will be published in a way that will allow the entire 
collection to be interrogated, thereby creating a valuable 
resource for exploring the data and leading to new knowledge. 
The Task Force should explore whether INCF could host an 
XNAT resource for completely accessible data. A side note 
about ownership: meta-data has to be free of intellectual-
property restrictions; condition for uploading/downloading 
data will be that the user is complying with their own 
institutional guidelines on this matter. 
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Fig. 2 Relation between local and remote data stores 

 

The framework should allow Interoperability of neuroimaging 
databases and interoperability with different data formats (e.g., 
behavioral, clinical, genetic). Future features might be to 
embed some converters into the interface. This would help 
make it appealing to labs (e.g., a tool that can read and convert 
information from FSL/Freesurfer/SPM formats). 

In the future, useful metadata could emerge from the 
individual labs and spread throughout the community via the 
tools constructed to manage and share data. 

Other data management issues to be considered include how 
to relate behavioral data to the neuroimaging files. These can 
be fields that are manually filled in by the lab. Future 
development to look at integrating stimuli that are being 
described as part of Task Force 2, in order that the framework 
can be extended from resting-state measures to evoked 
responses. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

4.3 Timeline and Milestones 
 
Timeline: 
¥JB Poline to attend Digital Atlasing Task Force meeting in 

Edinburgh (25-26 March 2010) to look at common areas and 
method of working. 

¥Task Force to meet on 11 June in Barcelona (after the Human 
Brain Mapping Conference 6-10 June) in order to scope out 
the project. 

¥Part of the task force to meet at the XNAT meeting in St. Louis 
in late June 2010. 

Milestones: 
¥1st milestone: extraction of data from BrainScape / 

Connectomes into something that will look like a local 
management system (important to get buy-in from database 
persons) 

¥2nd milestone: extraction of local data into the same local 
management system 
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5 Task Force 2: Stimuli in EEG Studies 
 

5.1 Objectives and User Need 
 
EEG recording is one of the biggest areas of neuroscience 
involving time-series data and one in which the methods of 
data collection and file formats have some degree of uniformity. 
Clinical applications, particularly in areas of neurological 
disorders, as well as in cognitive neuroscience provide a strong 
push for data sharing. A number of initiatives are looking at 
creating databases for EEG recordings and it is timely to 
provide input on metadata standards. This Task Force will 
address defining a metadata framework for EEG recording and 
will have a particular focus on the accurate description of 
stimuli used. If successful, an effective method for describing 
and sharing stimuli could be applied to a range of other data 
types (e.g., fMRI). A further objective will be to develop 
standards that will enable interoperability, thereby greatly 
enhancing the value of data by allowing data integration and 
comparisons. Several initiatives are working on this at the 
moment (e.g., EDF, SignalML) and a potential approach is to 
develop a NIfTI-like standard. This Task Force activity will 
provide tangible benefits to EEG recording while at the same 
time testing a number of principles of metadata 
standardization. 
 

5.2 Summary of Time-Series 
Subgroup Discussion 
 
Colin Ingram (lead), Piotr Durka, Jeff Grethe, Jeff 
Teeters (remotely), Thomas Wachtler 
 
User requirements: While there are a number of well-
established labs developing software for analysis, the methods 
for sharing and databasing are at an early stage. On the OC: 
Jeff Grethe has been involved in developing a database with 
EEGLab run by Scott McKeig at the Schwartz Centre for 
Computational Neuroscience; Piotr Durka has developed 
EEG.pl (http://eeg.pl/) an open repository that includes EEG 
datasets; and Andrea Schenone has been developing 
databases for integrating multimodal data, including EEG. 
There are a number of other projects, particularly in the clinical 
field, for sharing EEG data files. The Task Force should identify 
the major user groups, the laboratories already involved in tool 
development and data sharing initiatives, and the commercial 
software developers, and determine if they would be willing to 
participate in a community initiative to create a metadata 
standard. 
 
In electroencephalography, where most of the equipment is 
designed for clinical rather than scientific purposes, existence 
of a variety of incompatible data formats is a major obstacle. It 
was addressed in 1998 in the "IFCN Standards for Digital 
Recording of Clinical EEG": Ò...the vendor must make public the 
EEG file format and allow other vendors, or third party software 
vendors, to read and to translate the EEG record into another 
format readable by another vendorÕs equipment. Clinical EEG 

data belongs to the health care providers or to the patients, not 
to the vendors.Ó 
 
However, effective implementation of this recommendation is 
still missing. Creation of a "universal" format (like EDF) is 
problematic, since conversion to the format may result in some 
loss of information, and will double the volume of data, since 
the original data files will also have to be stored. 
 
The Polish and Gernan INCF Nodes are working on a possible 
solution to this problem. SignalML (http://signalml.org) is an 
XML-based language for metadescription of time-series 
formats. Description of a data format in SignalML allows 
computer programs to automatically compile a codec and read 
the original data files, without a need for conversion and 
without a loss of information. 
 

Metadata framework: The Task Force should compile a set of 
recommendations for which metadata fields are required to 
effectively describe an EEG study, particularly those that can be 
automatically generated (see Task Force 1 for approach to 
automated metadata harvesting). The objective should be to 
create a complete metadata scheme to describe an EEG 
recording experiment. It will be important to distinguish 
between generalizable items (e.g., subject-related metadata) 
and those that are specific to EEG.  Review of the field 
descriptions should be shared with Task Force 1 and with other 
INCF Programs. 

Description of stimuli: In EEG studies and many other areas 
of human neuroscience a major challenge for data sharing is 
the ability to accurate describe stimuli and their relationship to 
the record file. A major effort for this work will be to define these 
stimuli. While this work would be conducted to satisfy the 
specific use case of EEG, we would expect that these stimulus 
descriptions will be applicable more generally to neuroscience 
investigations so that it can be applied to domains like 
neuroimaging studies, animal studies, etc.  EEGLab has some 
intermediate descriptions of stimuli Ð mainly the timing and 
what stimulus it was Ð but no full description. Lars Forsberg 
developed a keyword-based stimulus description framework 
as part of the NeuroGenerator project, which may provide a 
starting point for classification and terms (see Appendix B). 
Since E-Prime is used by many researchers to generate stimuli 
the need to investigate extracting metadata from E-Prime files. 
Is there a database of E-Prime files that can be used to store 
stimuli and, if not, should this be created? The Task Force will 
need to investigate suitable ways of storing stimulus protocols 
and methods as well as describing them Ð is this generalizable 
or do we need a store of specific descriptors? The NIfTI web 
page says that they are planning to add experimental 
paradigms similar what the Task Force is thinking of doing. 
Contact with NIfTI should happen early in this work package. 

Interoperability: A second major effort will be to develop a 
metadata format that enables interoperability between 
applications that generate or process metadata. Creating a 
standard for exchanging and describing metadata will greatly 
facilitate data analysis and data sharing. Ideally, this standard 
would be supported by various developers of data acquisition 
software to store metadata about the recording, enabling the 
combination of datasets from different sources in analysis tools 
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or databases. This part of the work will require the 
engagement of EEG tool developers and those interested in 
doing meta-analyses. 
 
 

5.3 Timeline and Milestones 
 
Timeline: 
¥Colin Ingram and Janis Breeze to collate information on major 

users and OC to nominate Task Force chair and membership 
in time for the Human Brain Mapping conference (Barcelona, 
6-10 June 2010). If sufficient interested parties are in 
Barcelona arrange a face-to-face meeting at this time. 

¥Task Force Chair to convene meeting to scope out the project 
before the end of July 2010, possibly at CNS2010 (San 
Antonio, 22-28 July 2010) depending on Task Force 
membership. 

 
Milestones: 
¥1st milestone: develop a metadata framework for effective 

description of stimuli used in EEG experiments. 
¥2nd milestone: building on existing efforts, establish and 

promote a standard metadata format for the description and 
exchange of such data in EEG research. 
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Appendix A:  Details of resources referenced in this report  
 
BrainScape: http://brainscape.org/ 
Brainscape is a database for resting state functional connectivity studies. Functional connectivity has shown tremendous promise in 
mapping the intrinsic functional topography of the brain, evaluating neuroanatomical models, and investigating neurological and 
psychiatric disease. Brainscape includes a repository of public and private data and an analysis engine for exploring the correlation 
structure of spontaneous fluctuations in the fMRI BOLD signal. 
 
CARMEN: http://www.carmen.org.uk/ 
CARMEN (Code Analysis, Modeling and Repository for e-Neuroscience) is a web-based virtual laboratory for analysis and sharing of 
time-series (neurophysiological) data. The platform contains both a repository of data and analyses as well as the infrastructure to 
support the deployment of analysis services that can be run remotely. The metadata structure is based on the MINI (Minimum 
Information about a Neuroscience Investigation) schema. 
 
CRCNS: http://crcns.org/ 
CRCNS (Collaborative Research in Computational Neuroscience) is a web resource that provides a marketplace and discussion 
forum for sharing experimental data and other resources, such as stimuli and analysis tools. Information about the aims and scope 
of this site is given in an article published in Neuroinformatics (pdf available here). CRCNS hosts experimental data sets of high 
quality that will be valuable for testing computational models of the brain and new analysis methods. The data include 
physiological recordings from sensory and memory systems, as well as eye movement data. 
 
Concierge: http://concierge.sourceforge.jp/ 
The Concierge Project, developed by the Laboratory for Neuroinformatics in RIKEN Brain Science Institute, aims to support research 
resource sharing in neuroscience communities. This database software manages all types of files based on their metadata by simple 
operations. A key feature of the software is its pluggable configuration. Several application plug-ins specific to neuroscience 
research have been developed, e.g. literature manager, electronic laboratory notebook, etc. 
 
EDF and EDF+: http://www.edfplus.info/ 
EDF (European Data Format) is a simple and flexible format for exchange and storage of multichannel biological and physical 
signals which has become the de-facto standard for EEG and PSG recordings in commercial equipment and multicenter research 
projects EDF+ files additionally support interrupted recordings, annotations, stimuli and events. Thus, EDF+ can store any medical 
recording such as EMG, evoked potentials, ECG, as well as automatic and manual analysis results, such as sleep stages. 
 
E-Prime: http://www.pstnet.com/eprime.cfm 
E-Prime is a commercial suite of applications providing an easy to use environment for computerized psychology experiment design, 
implementation, and analysis. The applications together provide a flexible means of covering all the steps from initial design 
through to data processing and management within a single environment. 
 
fMRIDC: http://www.fmridc.org/f/fmridc  
The fMRI Data Center is a public repository of peer-reviewed fMRI studies and their underlying data. The ultimate goal of the 
fMRIDC is to help speed the progress and the understanding of cognitive processes and the neural substrates that underlie them 
by providing: a publicly accessible repository of peer-reviewed fMRI studies; all metadata necessary to interpret, analyze, and 
replicate these fMRI studies; and training for both the academic and professional communities. fMRIDC hosts a web-accessible 
database that has data mining capabilities and the means to deliver requested data to the user. 
 
FuGE: http://fuge.sourceforge.net/ 
As the size and complexity of data generated from functional genomics experiments grows, so does the requirement for standard 
data formats. FuGE (Functional Genomics Experiment) [Object Model / Markup-Language] (FuGE-OM, FuGE-ML) has been created 
to facilitate the development of data standards and address the many challenges in data archiving, sharing and querying of such 
experiments. 
 
FUSE: http://fuse.sourceforge.net/ 
FUSE (filesystem in a userspace) is a loadable kernel module for Unix-like computer operating systems that allows non-privileged 
users to create their own file systems without editing the kernel code. Features of the program are: simple library API; simple 
installation (no need to patch or recompile the kernel); secure implementation; very efficient userspace - kernel interface usable by 
non-privileged users; and ability to run on Linux kernels 2.4.X and 2.6.X. 
 
LONI Pipeline: http://pipeline.loni.ucla.edu/ 
The LONI Pipeline is a free workflow application primarily aimed at neuroimaging researchers. With the LONI Pipeline users can 
quickly create workflows that take advantage of all the greatest neuroimaging tools available. 
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MIAME: http://www.mged.org/Workgroups/MIAME/miame.html 
MIAME describes the Minimum Information About a Microarray Experiment that is needed to enable the interpretation of the results 
of the experiment unambiguously and potentially to reproduce the experiment. MIAME does not specify a particular format or any 
particular terminology, although it does make recommendations to make the data more easily accessed and understood. 
 
MINI (Minimum Information about a Neuroscience Investigation): http://www.carmen.org.uk/standards 
This metadata schema identifies the minimum reporting information required to describe an electrophysiological study. Originally 
developed for submission to the CARMEN system it has now been adopted and extended for other databases. 
 
ModelDB: http://senselab.med.yale.edu/ModelDb/default.asp 
ModelDB provides an accessible location for storing and efficiently retrieving computational neuroscience models. Models can be 
coded in any language for any environment. Model code can be viewed before downloading and browsers can be set to auto-
launch the models. 
 
Neurogenerator: http:// www.neurogenerator.org 
NeuroGenerator is a database project originally funded by the European Commission. The overall purpose is to make databases 
with data in comparable and compatible formats suited for meta-research and for making models of the cerebral cortex of the 
human brain. Researchers can submit their own raw PET-data and fMRI data to NeuroGenerator. See Appendix B for metadata 
structure of NeuroGenerator. 
 
NIF Vocabularies / Neurolex: http://neuinfo.org/#vocab 
NIF (Neuroscience Information Framework) has developed a comprehensive vocabulary for annotating and searching neuro-
science resources. The vocabularies are available for download as an OWL file and also through the NCBO BioPortal. A critical 
component of the NIF project is a consistent, flexible terminology that can be used to describe and retrieve neuroscience-relevant 
resources. With the advent of shared information systems the need for a common semantic framework for neuroscience has become 
critically important, all the more so if individual researchers and automated search agents are to access and utilize the most up-to-
date information. To address this need, NIF has created NeuroLex, a comprehensive lexicon of common neuroscience terminology 
woven into an ontologically consistent, unified representation of the biomedical domains typically used to describe neuroscience 
data. 
 
NIfTI: http://nifti.nimh.nih.gov/  
NIfTI (Neuroimaging Informatics Technology Initiative) aims to provide coordinated and targeted service, training, and research to 
speed the development and enhance the utility of informatics tools related to neuroimaging. The NIfTI-1 data format has been 
developed to facilitate inter-operation of functional MRI data analysis software packages. 
 
NPRC: http://nprc.incf.org/ 
The NPRC (Neuroscience Peer Review Consortium) is an alliance of neuroscience journals that have agreed to accept manuscript 
reviews from other members of the Consortium. Its goals are to support efficient and thorough peer review of original research in 
neuroscience, speed the publication of research reports, and reduce the burden on peer reviewers. 
 
odML: http://www.g -node.org/odml 
odML (open metadata Markup Language) is an initiative to define and establish an open, flexible and easy-to-use format to 
transport metadata. The project was initiated to connect two software projects, RELACS for acquiring electrophysiological data and 
the LabLog for project documentation and (meta)data management, and is now being further developed at the 
German INCF Node (www.g-node.org). 
 
Pediatric MRI Data Repository: http://www.bic.mni.mcgill.ca/nihpd/info/index.html 
This site provides information about the NIH MRI Study of Normal Brain Development (Pediatric MRI Study) and resulting Pediatric 
MRI Data Repository. This website serves as the portal through which data can be obtained by qualified researchers. This multi-site 
longitudinal study used technologies (anatomical MRI, diffusion tensor imaging (DTI), and MR spectroscopy (MRS)) to map pediatric 
brain development. 
 
SignalML: http://signalml.org/  
SignalML is an XML-based language, designed for meta-description of formats, used for digital storage of biomedical time series. 
Using SignalML, information on the structure of binary data files can be simply and efficiently coded. 
 
SumsDB: http://sumsdb.wustl.edu:8081/sums/index.jsp 
SumsDB is a repository of brain-mapping data (surfaces & volumes; structural & functional data) from many laboratories. 
 
XCEDE: http://www.xcede.org/XCEDE.html 
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The XCEDE (XML-Based Clinical Experiment Data Exchange) schema provides an extensive metadata hierarchy for describing and 
documenting research and clinical studies. The schema organizes information into five general hierarchical levels: the complete 
project; studies within a project; subjects involved in the studies; visits for each of the subjects; and a full description of the subject's 
participation during each visit. Each sub-schema is composed of information relevant to that aspect of an experiment and can be 
stored in separate XML files or spliced into one large file allowing for the XML data to be stored in a hierarchical directory structure 
along with the primary data. Each sub-schema also allows for the storage of data provenance information allowing for a traceable 
record of processing and/or changes to the underlying data. Additionally, the sub-schemas contain support for derived statistical 
data in the form of human imaging activation maps and simple statistical value lists. XCEDE was originally designed in the context 
of neuroimaging studies and complements the Biomedical Informatics Research Network (BIRN) Human Imaging Database, an 
extensible database and intuitive web-based user interface for the management, discovery, retrieval, and analysis of clinical and 
brain imaging data. 
 
XNAT: http://www.xnat.org/ 
XNAT (Extensible Neuroimaging Archive Toolkit) is an open source software platform designed to facilitate management and 
exploration of neuroimaging and related data. XNAT includes a secure database backend and a rich web-based user interface. A 
more detail description of XNAT can be found here. 
 
1000 Functional Connectomes Project: http://www.nitrc.org/projects/fcon_1000/ 
The Ô1000 Functional ConnectomesÕ Project provides unrestricted access to 1200+ Ôresting stateÕ functional MRI (R-fMRI) datasets 
independently collected at 33 sites. Age, sex and imaging center information are provided for each of the datasets that are 
otherwise anonymized, with no protected health information included. This data-sharing effort provides researchers with a means 
of exploring and refining R-fMRI approaches. 
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Appendix B: NeuroGenerator metadata structure 
 
NeuroGenerator was a EU project between the years 2000 to 2005. This project aimed at collecting raw data from functional PET and 
fMRI experiments to analyze and create statistical databases by using a homogenous processing pipeline. The metadata structure 
provided for a hierarchical description of stimuli and responses. 
 
The software components in this project were: 
1. The submission interface: This was the software used to describe the experiments with metadata and submit both the metadata 

and the raw data to the NeuroGenerator server. This software was written in Java. 
2. The databases: The raw data were collected in a PostgreSQL DBMS, which could be queried by the analysis tools to create 

statistical imaging results. The results could be exported to a statistical database, which had the same structure as the main 
database except that all the links to the raw data were removed. Optimized functions to make queries within statistical images 
were also created. 

3. Visualization and query tool: This tool was shipped with the statistical database to the research groups that submitted data to the 
database. The tool was written for Unix / Linux. The database interface could both query the database and retrieve population 
maps of results across experiments, which could then be visualized in both 2D and 3D as overlay on a standard brain. 

 
The database stored the following data: 
1. A structural T1-weighted MR image for each subject, which was used to normalize the functional images to the standard brain. 
2. For PET experiments: A functional image for each condition, with a duration of 60 seconds or more. For fMRI experiments: A series 

of EPI-images corresponding to a scanning session. Each EPI-image could correspond to about 5 seconds. 
3. The metadata description. 
 
Metadata 
The submission interface was used to create the metadata structure for the experiments. 
 
a. Subject metadata 
Although the main reason of collecting a structural image of each subject is to transform the functional images to the standard 
brain with help of the T1-weighted image, it is also possible to do structural analysis across experiments with the help of the 
subjectÕs metadata. The metadata gathered for each subject are: 
¥ Experiment date 
¥ Year of birth 
¥ Gender 
¥ Left or right handed 
 
 
 
 
 
 
 
 
 
 
 
 
This information could be useful for any age, gender or 
handedness analysis of the structural images, like Voxel-Based Morphometry. However, the aim for the NeuroGenerator was not to 
actually do structural image analysis. A project of that sort should store many more variables about each subject. 
 
b. Condition metadata 
A condition describes what is happening in the experiment and is repeated many times throughout the experiment. In an fMRI 
experiment, the onset times of this condition is stored for each scanning session. In a PET experiment, it is enough to store the order 
of the conditions since each condition describes a whole scanning session. In PET, the user of the submission interface was asked 
how many times the condition was repeated during the scan, but was not asked about specific onset times. Each condition is 
described as one or more events. As an example, a discrimination condition is often described as two stimulus events and a 
response event. In event related fMRI studies, a condition corresponds only to a single event with a short duration time. The event 
description was thought to be enough to describe a condition. However, this information was not enough to describe typical 
paradigms such as Stroop, N-back working memory tasks, etc. If a future version of the submission interface would be created, it 
would also contain a keyword list for different paradigms. 
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c.  Event metadata 
The metadata of an event are: 
¥ A name 
¥ Relative start time within a condition 
¥ Duration time 
¥ A list of keywords 
 
 
 
 
 
 
 
 
 
 
 
 
The keyword list is important for any metadata analysis 
in the final statistical database. These keywords are ordered 
in a hierarchical structure. This is the total keyword list that is used to describe a specific event: 
 
baseline/eyes closed 
baseline/eyes open/fixating/cross 
baseline/eyes open/fixating/other 
baseline/eyes open/non fixed 
baseline/noise reduction/none 
baseline/noise reduction/plugged 
response/autonomic system 
response/bilateral 
response/unilateral/left 
response/unilateral/right 
response/voluntary motor 
response/voluntary motor/delayed 
response/voluntary motor/immediate 
response/voluntary motor/isometric 
response/voluntary motor/movement sequences 
response/voluntary motor/moving body parts 
response/voluntary motor/relation sensory movement 
response/voluntary motor/relation sensory movement/conditional 
response/voluntary motor/relation sensory movement/cued 
response/voluntary motor/relation sensory movement/no relation 
response/voluntary motor/relation sensory movement/self-generated 

movements 
response/voluntary motor/relation sensory movement/triggered 
response/voluntary motor/single movements 
response/voluntary motor/topograhy/right/arm/fingers/1 
response/voluntary motor/topograhy/right/arm/fingers/2 
response/voluntary motor/topograhy/right/arm/fingers/3 
response/voluntary motor/topograhy/right/arm/fingers/4 
response/voluntary motor/topograhy/right/arm/fingers/5 
response/voluntary motor/topograhy/right/arm/hand 
response/voluntary motor/topograhy/right/head 
response/voluntary motor/topograhy/right/leg/foot 
response/voluntary motor/topograhy/right/leg/toes/1 
response/voluntary motor/topograhy/right/leg/toes/2 
response/voluntary motor/topograhy/right/leg/toes/3 
response/voluntary motor/topograhy/right/leg/toes/4 
response/voluntary motor/topograhy/right/leg/toes/5 
response/voluntary motor/topograhy/right/neck 
response/voluntary motor/topograhy/right/oculomotor 
response/voluntary motor/topography/left/arm/fingers/1 
response/voluntary motor/topography/left/arm/fingers/2 
response/voluntary motor/topography/left/arm/fingers/3 

response/voluntary motor/topography/left/arm/fingers/4 
response/voluntary motor/topography/left/arm/fingers/5 
response/voluntary motor/topography/left/arm/hand 
response/voluntary motor/topography/left/head 
response/voluntary motor/topography/left/leg/foot  
response/voluntary motor/topography/left/leg/toes/1 
response/voluntary motor/topography/left/leg/toes/2 
response/voluntary motor/topography/left/leg/toes/3 
response/voluntary motor/topography/left/leg/toes/4 
response/voluntary motor/topography/left/leg/toes/5 
response/voluntary motor/topography/left/neck 
response/voluntary motor/topography/left/oculomotor 
response/voluntary motor/vocal/other sounds 
response/voluntary motor/vocal/phoneme 
response/voluntary motor/vocal/sentence 
response/voluntary motor/vocal/several sentences 
response/voluntary motor/vocal/syllable 
response/voluntary motor/vocal/word 
stimulus/auditory/foreign 
stimulus/auditory/mother tongue 
stimulus/auditory/non-verbal/noise 
stimulus/auditory/non-verbal/other 
stimulus/auditory/non-verbal/tones 
stimulus/auditory/topography/headphone 
stimulus/auditory/topography/spatial source/multiple sources 
stimulus/auditory/topography/spatial source/single source 
stimulus/auditory/verbal/phonemes 
stimulus/auditory/verbal/sentences 
stimulus/auditory/verbal/single letters 
stimulus/auditory/verbal/words 
stimulus/bilateral 
stimulus/gustatory 
stimulus/olfactory 
stimulus/olfactory/amount/sequence of stimuli 
stimulus/olfactory/amount/single stimuli 
stimulus/olfactory/pheromones/odour 
stimulus/olfactory/pure olfactory/odour 
stimulus/olfactory/trigeminal/odour 
stimulus/somatosensory/amount/continous for all interval 
stimulus/somatosensory/amount/sequence of single stimuli 
stimulus/somatosensory/amount/single stimuli 
stimulus/somatosensory/character/cold 
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stimulus/somatosensory/character/furry 
stimulus/somatosensory/character/painful 
stimulus/somatosensory/character/pressure 
stimulus/somatosensory/character/soft 
stimulus/somatosensory/character/sticky 
stimulus/somatosensory/character/touch 
stimulus/somatosensory/character/warm 
stimulus/somatosensory/movement/moving 
stimulus/somatosensory/movement/stationary 
stimulus/somatosensory/muscles and joints/electrical 
stimulus/somatosensory/muscles and joints/mechanical 
stimulus/somatosensory/skin/chemical 
stimulus/somatosensory/skin/electrical 
stimulus/somatosensory/skin/mechanoreceptive 
stimulus/somatosensory/skin/mechanoreceptive/gratings 
stimulus/somatosensory/skin/mechanoreceptive/indentation 
stimulus/somatosensory/skin/mechanoreceptive/object 
stimulus/somatosensory/skin/mechanoreceptive/pattern 
stimulus/somatosensory/skin/mechanoreceptive/texture 
stimulus/somatosensory/skin/mechanoreceptive/touch 
stimulus/somatosensory/skin/mechanoreceptive/vibration 
stimulus/somatosensory/skin/thermal 
stimulus/somatosensory/topography/left/arm/fingers/1 
stimulus/somatosensory/topography/left/arm/fingers/2 
stimulus/somatosensory/topography/left/arm/fingers/3 
stimulus/somatosensory/topography/left/arm/fingers/4 
stimulus/somatosensory/topography/left/arm/fingers/5 
stimulus/somatosensory/topography/left/arm/hand 
stimulus/somatosensory/topography/left/head 
stimulus/somatosensory/topography/left/leg/foot 
stimulus/somatosensory/topography/left/leg/toes/1 
stimulus/somatosensory/topography/left/leg/toes/2 
stimulus/somatosensory/topography/left/leg/toes/3 
stimulus/somatosensory/topography/left/leg/toes/4 
stimulus/somatosensory/topography/left/leg/toes/5 
stimulus/somatosensory/topography/left/neck 
stimulus/somatosensory/topography/left/oculomotor 
stimulus/somatosensory/topography/right/arm/fingers/1 
stimulus/somatosensory/topography/right/arm/fingers/2 
stimulus/somatosensory/topography/right/arm/fingers/3 
stimulus/somatosensory/topography/right/arm/fingers/4 
stimulus/somatosensory/topography/right/arm/fingers/5 
stimulus/somatosensory/topography/right/arm/hand 
stimulus/somatosensory/topography/right/head 
stimulus/somatosensory/topography/right/leg/foot 
stimulus/somatosensory/topography/right/leg/toes/1 
stimulus/somatosensory/topography/right/leg/toes/2 
stimulus/somatosensory/topography/right/leg/toes/3 
stimulus/somatosensory/topography/right/leg/toes/4 
stimulus/somatosensory/topography/right/leg/toes/5 
stimulus/somatosensory/topography/right/neck 
stimulus/somatosensory/topography/right/oculomotor 
stimulus/somatosensory/visceral/chemical 
stimulus/somatosensory/visceral/electrical 
stimulus/somatosensory/visceral/mechanoreceptive 
stimulus/somatosensory/visceral/thermal 
stimulus/unilateral/left 
stimulus/unilateral/right 
stimulus/vestibular/rotation of body 
stimulus/vestibular/stimulation of vestibular organ/electrical 

stimulus/vestibular/stimulation of vestibular organ/thermal 
stimulus/visual/amount/sequence of stimuli 
stimulus/visual/amount/single stimuli 
stimulus/visual/character/faces/animals 
stimulus/visual/character/faces/humans 
stimulus/visual/character/landscapes 
stimulus/visual/character/living beings/animals 
stimulus/visual/character/living beings/humans 
stimulus/visual/character/natural scenes 
stimulus/visual/character/pattern/geometrical 
stimulus/visual/character/pattern/gratings 
stimulus/visual/character/real objects 
stimulus/visual/character/single spot 
stimulus/visual/character/texture 
stimulus/visual/character/virtual scenes 
stimulus/visual/image/drawings 
stimulus/visual/image/object 
stimulus/visual/image/photographs 
stimulus/visual/image/video 
stimulus/visual/movement/moving 
stimulus/visual/movement/stationary 
stimulus/visual/photopic 
stimulus/visual/primary cues/black and white 
stimulus/visual/primary cues/colour 
stimulus/visual/primary cues/disparity 
stimulus/visual/primary cues/nodisparity 
stimulus/visual/scotopic 
stimulus/visual/visual topography/centre field of view 
stimulus/visual/visual topography/field of view degrees 
stimulus/visual/visual topography/not centre field of view 
stimulus/visual/visual topography/offset degrees 
stimulus/visual/writing/ideograms/chinese 
stimulus/visual/writing/ideograms/kanji 
stimulus/visual/writing/phonological/arabic 
stimulus/visual/writing/phonological/hangul 
stimulus/visual/writing/phonological/hiragana 
stimulus/visual/writing/phonological/kana 
stimulus/visual/writing/phonological/latin 
stimulus/visual/writing/phonological/thai 
think/attend to 
think/calculate 
think/categorization 
think/detection 
think/discrimination 
think/emotions/anger 
think/emotions/anxiety 
think/emotions/disgust 
think/emotions/fear 
think/emotions/pleasure 
think/emotions/rage 
think/emotions/relief 
think/feel 
think/imagine 
think/matching 
think/memorize 
think/odd one out 
think/problem solving 
think/recognize 
think/retrieve 
think/sleep 

 


