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ABSTRACT
The importance of data sharing among scientific investigators is becoming more recognized in
today’s research society. Open data sharing has enabled the greatest possible use of data and has helped
increase the rate of scientific discovery. Sharing data allows researchers to have their data validated, has
let researchers support each other’s investigations, and allows data to be used to its maximum potential.
With that being said, there are obstacles standing in way of the widespread use of data sharing, especially
in the behavioral neuroscience field. These obstacles include: a lack of standard tools for neuro-scientific
data sharing, a lack of standard protocol to prepare data for sharing, and little incentive for researchers to
share their data. This is troubling because the computational, neuroimaging, and behavioral methods used
in behavioral neuroscience could be improved to enhance the rate and quality of research in the field.
This thesis will highlight today’s most common open data sharing initiatives in the behavioral
neuroscience field for functional neuroimaging and video data and note the benefits and drawbacks of
each. Furthermore, this thesis will explain what is still needed to enhance data sharing in the behavioral
neuroscience field and will incorporate recent open data sharing initiatives in other fields. Lastly, the
direction in which open data sharing (in a broad sense) is heading will be observed. In whole, my thesis is
an examination of the advantages of open data sharing in behavioral neuroscience research.
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Chapter 1
Introduction

Open Data Sharing Defined
In today’s technologically growing society, research groups from a wide variety of fields are
joining the open data sharing movement. According to the Open Knowledge Foundation (OKF), open
data sharing can be defined as any form of knowledge that can be freely shared, used and further
developed by any person at any moment. The term “open” as defined by OKF pertains to the freedom to
use, reuse, and redistribute knowledge without limitations beyond a requirement for acknowledgment.
Secondly, the term “sharing” emphasizes the importance of usability and availability of a data set.
Typically, the work that is being shared is accessible through a free database using the Internet and should
be available in a suitable and adjustable form. Lastly, the term “data” can be divided into three different
areas including: content (forms of entertainment such as music, movies and books), evidence (from
various scientific fields) and government information (Molloy, 2011).
Although it could be argued that open data sharing can be dated back to 1790 with the United
States’ first census after the American Revolution, open data sharing did not become widely visible in the
mainstream until 2009 when the governments of the United States, United Kingdom, Canada and New
Zealand announced new initiatives to share their information to the public (Hendler et al. 25). Open
government data (OGD) has emerged as an essential communication channel between governments and
their citizens. Government datasets are comprised of a wide range of information related to agriculture,
climate, education, energy, finance, global development, healthcare, and public safety. Each government
database releases hundreds of thousands of datasets from various government application programming
interfaces and agencies (Ling 325).
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This government-related open data sharing initiative sparked interest in other fields as well. The
scientific community has recently begun the movement to share data among research groups in each
respective field.

Science and Open Data Sharing
Data is a key foundation of science. The experimentation process of the scientific method is built
around collecting, analyzing, publishing, adapting, and reusing data. Accurate data is vital for the
formation of scientific decisions and development of scientific principles, and is essential to make
informed decisions and manage scientific resources. According to the National Science Foundation
(NSF), science in the 21st century has become substantially more data-intensive and collaborative due to
the recent developments in digital technology, computational modeling, automated data acquisition, and
virtual communication (National Science Foundation, 2010). In fact, this new research era has been called
“the fourth paradigm” which focuses on a data-intensive scientific discovery where data sets have moved
from literature to online (Hey et al., 2009). As this new scientific research paradigm draws closer to more
data-driven information, collaboration through open data sharing becomes important.
Many different scientific fields, ranging from biology to chemistry to physical sciences heavily
rely on collaboration and social interaction to aid in research efforts. Traditionally, this group effort has
been seen within a lab group or research team. Recently, the digital age has allowed researchers to expand
their network to other teams, specialists, and colleagues in their field (Hey et al., 2009). International
foundations such as the World Data System (Minster, 2014) and OKF have pushed for open data sharing
among the scientific community to not only unite researchers, but to improve the research process as a
whole (Molloy, 2011).
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Advantages of Open Data Sharing in Science
There are many reasons for this recent upsurge of open data sharing within the scientific
community. First, data sharing allows for verification of a research study, which is a vital component of
the scientific research process (Tenopir et al., 2011). Furthermore, sharing data can lead to different
variations and adaptations of experiments. This can contribute to the progress and advancement of
scientific research (Molloy, 2011). Increased access to scientific data has often led to significant scientific
discovery and opportunity for educational growth in both academic and research settings. In addition,
when data sets are easily accessible, recollection of data becomes more efficient, and this allows
researchers to avoid wasting resources (Tenopir et al., 2011). Making data widely available also provides
safeguards against data fabrication, which presents a large problem even in today’s research community
(Eisenach 955). Lastly, data sharing has proven to be an important aspect of the research process.
According to a survey performed by the Publishing Research Consortium (PRC), all 3823 respondents (a
group comprised of scientists and researchers of a multitude of backgrounds, locations, and fields of
study), ranked access to data sets as “highly important” or “important” to their research (“Access vs.
Importance”, 2010). As more data becomes more easily accessible, the scientific process becomes more
efficient. This yields benefits to society (Tenopir et al., 2011).
From a business perspective, sharing data can reduce the cost of research and increase the return
on current investments. Collecting data using neuroimaging methods can be highly expensive and time
consuming. Due to the lack of data sharing in this field, there is the risk of wasting a significant amount
of money by duplicating already performed data (Poline et al. 47). Significant money, time and resources
could be saved if there was a standard method of sharing neuroscience data. These savings could then be
used for further data collection, analysis, and presentation of data.
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Overview
Open data sharing is growing significantly among biological, chemical and other similarly-related
fields, but has yet to become prominent in the behavioral neuroscience field. For instance, biological and
chemical laboratories frequently share genetic and protein sequences respectively. Behavioral
neuroscience is the study of the nervous system and how it affects behavior, focusing on perception,
learning and memory, and motor performance (Teeters et al. 47). The research methods regarding the
relationship between the human brain and behavior is fairly distinct as compared to other scientific
research methods. A large aspect of behavioral neuroscience research lies in functional neuroimaging,
computer modeling, and videoanalyses. Despite the vast amounts of digital data within this field,
researchers rarely share the aforementioned forms of data with other lab groups (Poline et al. 47). This
presents a large problem for behavioral neuroscience research because impedes rapid advancement in the
field.
This paper highlights the rising trend of open data sharing in today’s scientific community, with
specific focus on the behavioral neuroscience field. It explores the advantages of as the barriers to open
data sharing and its importance to behavioral neuroscience. The paper emphasizes many of the ongoing
efforts among various research labs throughout the world and provides insight into the future of open data
sharing in behavioral neuroscience.
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Chapter 2
Open Data Sharing in Behavioral Neuroscience

The Need
The main reason that data should be shared within the behavioral neuroscience field is to
accelerate the progress in the understanding of one of the most important organs of the human body, the
brain. The Functional Biomedical Informatics Research Network (FBIRN) is just one testament to the
success and advancement sharing behavioral data sets can bring to the field (Glover et al. 39). The
network is essentially a data repository for neuroimaging data, specifically related toschizophrenia
research. A number of research groups including the Mind Research Network (Kim et al. 3795) and the
University of California, Irvine Department of Psychiatry (Potkin et al. 15) reported using shared data
from FBIRN—collected from a multitude of institutions—to accelerate their understanding of
schizophrenia.
Another benefit of sharing data is related to the clinical outcomes of various experiments. Data
sharing could lead to higher successes in clinical diagnosis and treatment of disorders. The idea is that
neuroimaging research in the form of electroencephalography (EEG), functional magnetic resonance
imaging (fMRI) and diffuse optical imaging data can be shared to help research groups make accurate
treatments and clinical decisions. For example, the results from a general study on motor development
could be applicable to a different study trying to determine hormone effects on coordination. The results
from these studies could then be used for a different study and continue to make advancements in other
behavioral neuroscience clinical experiments.
The last reason to openly share neuroimaging data is because other scientific fields have had
success with data sharing. One example lies in the field of genetics. HapMap and GenBank are two of the
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largest open data repositories for human genome patterns. These types of open databases have led to
significant discoveries in genetically defined risks and diseases (Manolio et al. 1590). According to Kaye
et al. major funding applications for genomics research now include an open data sharing requirement
because of the advantages this type of system brings to the field. These types of requirements from
various funding agencies are becoming more prevalent in other life science research fields as well (Kaye
et al. 331). This concept can be translated to the field of behavioral neuroscience research, as this field
would also flourish with more standardized practices of open data sharing.

Current Barriers
There are three main reasons why more data is not being shared in the behavioral neuroscience
field: motivation, ethical and legal concerns, and technical issues. Motivation has to do with why
researchers should share their data and why they would use other researchers’ data. The sharing of EEG
or fMRI data can be both costly and time consuming (Wilhelm et al. 1201). With regards to money, the
process of sharing data may incur costs related to the type of data being shared, the number of
submissions, and the quantity of data depending on the number of subjects involved. Costs for
maintaining the infrastructure or the physical repository for the shared data may fall to the researcher as
there is a consistent need to administer, maintain, and manage the data (Poline et al. 47). Thus, in a
competitive research field where there is little or tight competition for funding, motivation is a key factor
in sharing data. Furthermore, sharing data leads to a higher chance that someone may dispute a particular
result or finding. Lastly, researchers may not be fully confident about their research methods and may not
feel comfortable sharing their data with the entire research community for fear of being debunked (Poline
et al. 47).
Aside from lack of motivation, ethical and legal issues may act as impediments to open data
sharing. There are various regulations and ethical standards when related to the collection and use of
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human subject data. Most research studies dealing with human participants must secure informed consent
from research participants, often by means of a signed consent form that describes how the subject data
will be used. Research protocols and consent forms must gain approval from the Institutional/Ethical
Review Boards (IRB or ERB). Since many of these informed consent forms do not include the permission
to share data openly, researchers who would like to share data may have to revise their research protocols
and secure new or additional written consent from participants tested in the past. Securing these approvals
is often time consuming and may be deemed superfluous by some researchers. In fact, Kehagia et al.
found that many researchers believe they are already spending too much time completing the ethics
review processes and other administrative tasks (Kehagia et al. 775).
Technical problems may arise when sharing neuroimaging data. There are some data repositories
that collect masses of data from a wide range of disparate studies, but most repositories are focused on a
specific project and the data may not be easy to convert from tool to tool (Poline et al. 47). For instance, a
database including fMRI data may be difficult to include in a database holding behavioral video data.
Furthermore, the level of detail in the data set along with the organization and format of the data being
shared becomes an issue. Since data from each study will have a different level of detail and a unique
organization and format, a standard form of technology must be used to aggregate data in a uniform
manner (Daswani et al. 1). This poses some additional obstacles. The process of sharing data requires
some technical expertise, which not all research labs may possess or have the means to acquire. If a
standard form of repository technology was chosen, research groups would have to be made aware of the
technical infrastructure of the database. For instance, an open database may pose security challenges
when attempting to keep data available, reliable, and anonymous. Since most behavioral neurosciencerelated data deals with human subjects, data security is important.
All in all, these barriers are keeping researchers from openly sharing their data. Open data sharing
initiatives in the behavioral neuroscience field are starting to overcome some of these obstacles, creating
more support for the movement.
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Chapter 3
Current Open Data Initiatives in Behavioral Neuroscience

Introduction
There are some open data initiatives that have recently begun in the behavioral neuroscience
field. These initiatives can be divided into two main categories, based on the type of data being shared
and the methods used to collect the data. These categories include: neuroimaging data and video data.
Neuroimaging models can be divided into three distinct subtypes including: functional, neurochemical
and structural. Functional neuroimaging models, which will make up the bulk of many behavioral
neuroscience techniques include: functional magnetic resonance imaging (fMRI) and
electroencephalography (EEG) (Bandettini 260). Neurochemical methodology focuses on the structure
and function of the nervous system through techniques including magnetic resonance spectroscopy
(MRS), single-photon emission computed tomography (SPECT) and positron emission tomography
(PET). Structural models include computed tomography (CT), magnetic resonance imaging (MRI) and
diffusion tensor imaging (DTI).
Many behavioral neuroscience labs collect and analyze data through video recordings. Video
technology in behavioral research has proven to be beneficial in measuring complex behaviors,
particularly those behaviors that occur over short periods of time. It provides many advantages including
reproducibility, or the power to rewind and replay data, the ability to control the data collection session
with a smaller chance for human error, and the capability of observing behavior from different
perspectives (Haidet et al. 465)
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Functional Neuroimaging Data Sharing
With regards to neuroimaging models, there are many different data sharing efforts for each of
the distinct subtypes. Functional neuroimaging models are a major component of behavioral neuroscience
research. Open sharing of fMRI data in particular brings many advantages. One advantage is that
researchers are able to more easily examine trends and patterns of brain function across a number of
datasets. This would also allow researchers to clearly determine connections between cognitive tasks and
the patterns they observe using fMRI methods. By finding these connections and relationships between
tasks and brain activity, researchers are able to make more robust interpretations and devise more
comprehensive explanations of various mental processes. Furthermore, sharing data supports reanalysis of
existing data with new and improved analytical methods. This would not only improve the quality of
existing data, but will add to the value of behavioral neuroscience knowledge as a whole (Van Horn and
Gazzaniga 314).
Open data sharing of fMRI data first began in 1999 with the fMRI Data Center (FMRIDC) which
compiled 107 fMRI datasets and provided data for at least ten papers. Controversy over fMRIDC arose
when two journals, the Journal of Cognitive Neuroscience and the Proceedings of the National Academy
of Sciences required that researchers submit their data to the repository (Van Horn and Gazzaniga 314).
Due to the number of outspoken concerns from various researchers, many of the journals got rid of the
requirement. fMRIDC continued its existence, despite the lack of interest from the neuroimaging
community. Eventually, however, the center discontinued its collection of new fMRI data sets. fMRIDC
paved the way for other fMRI open data sharing projects including the International Neuroimaging DataSharing Initiative (INDI), previously known as the 1000 Functional Connectomes Project (Mennes et al.
683). INDI has compiled more than 5,000 fMRI data sets from research groups around the world. The
unique aspect of the initiative is that it makes specific phenotypic information such as sex and age
available for sharing. Beyond phenotypic data sets, INDI collected pre-publication data, as well, which
allowed researchers to share data in parts or in full whether or not the data had appeared in print. These
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new aspects demonstrated the value of fMRI data sharing in both replication and testing of emerging
experiments (Mennes et al. 683).
The most recent sharing initiative related to fMRI data is the OpenfMRI project. This project
promotes the dissemination of raw and processed neuroimaging datasets, focusing primarily on taskbased fMRI studies (Poldrack et al., 2013). OpenfMRI was created to improve aspects of fMRIDC and
INDI. For instance, the project organizes its metadata by specific research goals instead of displaying data
sets for all possible variables of each experiment. This focus not only makes it more efficient for
researchers when they upload and use data, but allows OpenfMRI to keep track of the type of data sets
uploaded in an organized fashion (Poldrack et al., 2013). Furthermore, the database has made data easily
accessible and downloadable over the Internet. The main goal of OpenfMRI is to facilitate whole-brain
meta-analysis and thus any data set submitted to the project must include task-based fMRI data with
emphasis on the whole brain. With regards to behavioral data, OpenfMRI organizes the data by trial
variables where each file specifies the independent and dependent variables so that the data can be
grouped with similar studies (Poldrack 59). Additional variables that are not trial-based can be inputted
into each study and OpenfMRI are working on displaying the data using extensible markup language
(XML). The database currently contains 28 data sets from over 10 different laboratories with 660 subjects
across all datasets (Poldrack et al. 2013). Although many of the datasets are provided from the Poldrack
Lab at Stanford University, OpenfMRI contains data from a wide variety of studies. As of March 2013,
there have been 914 downloads from the database and four reported publications as a result of using
datasets from the OpenfMRI database (Carp, 2012). OpenfMRI continues to accept uploads from
researchers and is optimistic in its potential to provide insight to the field of behavioral neuroscience.
There are many projects dealing with EEG data sharing which include: the Bern-Barcelona EEG
Database, Freiburg Epilepsy Data, and the Australian EEG Database (AED). AED is the leading the EEG
sharing initiative. AED is a searchable online database which houses more than 18,500 EEG records from
the John Hunter Hospital (JHH) (Hunter et al. 76). It was established in 2001 as a partner project between
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the University of Newcastle and JHH. The database contains datasets from patients ranging from infants
at 24 weeks through people who are over 90 years of age. The database has many advantages: AED
allows researchers to more efficiently refer patients for specific studies, which shortens the time for
recruitment significantly. Another advantage is the abundant number of datasets, which allows
researchers to target specific criteria when selecting records for testing. AED is primarily used for
projects relating to neonatal seizures and infantile spasms, but the diverseness and number of EEG data
sets have helped researchers identify a variety of other rare conditions (Hunter et al. 76).

Neurochemical and Structural Neuroimaging Data Sharing
Neurochemical (MRS, SPECT, PET) and structural (CT, MRI, DTI) neuroimaging data are not as
widely shared in the behavioral neuroscience field as compared to functional neuroimaging data.
Neurochemical neuroimaging data in particular does not seem to have a prominent data sharing project.
This is one area which may be difficult to promote due to the aforementioned barriers, particularly with
regards to formatting issues. However, the structural neuroimaging data does have a large initiative for
MRI data sharing, called Open Access Series of Imaging Studies (OASIS).
OASIS is sponsored by the Washington University Alzheimer’s Disease Research Center headed
by Dr. Randy Buckner. The project’s primary focus is on the collection of MRI samples from demented
and non-demented adults between the ages 60 and 90. OASIS distributes MRI data sets of the brain to
promote new developments in behavioral neuroscience. The project has had a number of positive impacts
on the behavioral neuroscience field. Firstly, OASIS encourages the exploration of detailed research
studies to supply data that would be challenging to obtain from personal laboratories. Also, due to the
wide range of ages and health conditions that the project houses, researchers use the MRI images to
reassess current analytic techniques related to the human brain. Furthermore, data sets are commonly used
as benchmark targets or point of references for various studies. This allows researchers to compare and
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contrast their methods with methods from other laboratories. Lastly, the project can serve as an
educational opportunity for various courses and workshops focusing on MRI images or even data sharing
initiatives as a whole (Marcus et al. 2677).
There is much room for expansion in the field of behavioral neuroscience in terms of
neurochemical and structural neuroimaging data sharing. Although these types of data sharing are in their
beginning stages, projects such as OASIS may lead the way for future projects related to structural and
more neurochemical-related data sharing.

Video Data Sharing in Behavioral Neuroscience
The study of people’s behavior, as it relates to the structure or activity of the nervous system,
requires the close examination of a number of factors including environment, time scale, etc. Due to the
complexity involved in observing behavior, many researchers rely on video recordings of various
behaviors in both experimental and natural settings to gather data. In fact, the average developmental lab
records 12 hours of video a week (Tarr and Warren 1089). Video is often used as a common data
collection method because it is simple to use and incorporate in a research lab setting and it allows
researchers to effectively capture the complexity of behavior (Tarr and Warren 1089). Until recently,
researchers in this field did not share video data often, which hindered advancements in behavioral
neuroscience.
Databrary is an open sharing initiative which focuses on sharing video data (Adolph et al. 244).
The project is heavily guided by peer input and it places a large emphasis on community building, among
those in the behavioral neuroscience field. As of November 2014, Databrary has 53 authorized
researchers, and 39 researchers who have registered and have applications pending. More than 100
development scientists who support the project’s goal of open data sharing having written letters of
support indicating their willingness to share video data (Adolph et al. 244). The repository strives to
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overcome the challenges of video data sharing efforts. For instance, open video data sharing presents
technical, financial, and privacy-related obstacles. Technical barriers are seen when sharing video files, as
many files are not under the same format. Databrary helps reduce these technical difficulties by providing
a free open source video coding program called Datavyu (datavyu.org) which allows the integration,
analysis and visualization of video data in a common format. Furthermore, technical issues arise as few
repositories have the capability of storing large video data sets. Databrary serves as a solution to this
problem, as users are able to upload and download objects that are quite large (Adolph et al. 244). With
regards to financial challenges, to keep an open data sharing project alive, there must be a funding
initiative to provide for repository space, security, reliability of data sets, and other expenses related to
housing and collecting data. Finally, the privacy barrier stems from the fact that participants on video
must be anonymous and it is a much different process than when using images or simple text files. To
deal with this issue, Databrary has created standard templates for seeking permission from people
depicted in videos regarding their willingness to permit video data to be shared with other researchers.
This framework builds on the existing foundation of participant permissions (Adolph et al. 244).
Having access to video data sets from various labs could disclose a lot about the experimental
procedure of a study. Video not only allows researchers to replay a participant’s actions, but enables
researchers to observe a participant’s behavior with much more detail. The physical and social
environment, stimuli, facial expressions, voice tone and inflection, posture, and gestures can all be
observed more easily and thoroughly through video data (Tarr and Warren 1089). This detail can provide
a more profound understanding of a certain behavior as compared to photos, diagrams or verbal
descriptions of experiments.
Databrary offers a method for researchers to explore, share, and discover new findings through
video data. The repository enables behavioral neuroscientists to not only compare their findings with
other lab groups, but encourages advancement in their research. Although it is still in its working stages—
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the 1.0 version of the software was released in October 2014—Databrary is well on its way to having a
positive impact on the behavioral neuroscience field.
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Chapter 4
Conclusion

The Future of Open Data Sharing in Behavioral Neuroscience
The concept of open data sharing is becoming increasingly prevalent in today’s society.
Researchers in the social and natural sciences, business, and even the government are finding themselves
under pressure to devise ways to share data openly. With regards to natural science, raw data from
experiments is being shared among different laboratories. In business, financial statements and business
practices are being shared among different companies. In the government (United States government in
particular), various sectors have made their data openly available to the general public (Poline et al. 47).
As mentioned previously, numerous advantages have been discovered from open data sharing in these
fields. Due to these advantages, open data sharing is becoming a prominent initiative within many
different areas. Although this growth is beginning to develop in the field of behavioral neuroscience, there
are still many barriers that need to be overcome for open data sharing to have a significant impact on the
field. One barrier is the publication process. Some journals in the field have stopped agreeing to store or
publish supplemental materials such as data. One example of this is the Journal of Neuroscience, the
flagship journal of the Society for Neuroscience (Poline et al. 47). As mentioned previously, the biggest
obstacle is “buy in” from the behavioral neuroscience community. Without the support of those in the
field, open data cannot become a success. The success of open data sharing requires the commitment and
support of researchers to not only provide data sets, but to use those data sets to improve their own
research practices and the field as a whole.
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As society becomes more data-driven, open data sharing will need to play a larger role to fuel
discoveries and advancements in research. The main method to increase buy in from researchers is to
provide a reason for them to contribute their data.

Open Data Sharing Benefits the Bottom Line
The biggest question researchers ask about data sharing is, “What’s in it for me?” This is a valid
question as the opportunity for advancement in a researcher’s field may not be the most convincing
reason for contributing their data. There must be an incentive to ensure buy in. Thus, the business case for
open data revolves around the idea of a return on investment. In other words, are the costs for open data
sharing going to lead to higher benefits and profits? At the end of the day, behavioral neuroscience
research is significant because it helps humans find new insight into the connection between the nervous
system and behavior. However, there must be funding and financial capitalization reasons for researchers
to develop these new discoveries. Unfortunately, it is difficult to monetize or put a dollar amount on
research. Research cannot be capitalized as it is difficult to quantify its future benefits. This is primarily
because research is a not fully considered an asset, as an asset is something that has future economic
benefits. Thus, one of the best methods to acquire buy in from other researchers on open data sharing in
behavioral neuroscience is to show how other researchers have benefitted from open data sharing in other
fields.
In January 2014, the Yale University Open Data Access (YODA) project and Johnson & Johnson
(J&J) made an agreement to allow scientists to gain access to the company’s clinical trial data sets (Peart,
2014). Currently, J&J has shared pharmaceutical trial data and are planning to release clinical data on
their medical devices and consumer packaged goods business. This event has sparked the acceleration of
corporations and enterprises being more open and transparent (Peart, 2014). When other companies and
organizations see a world renowned leader such as J&J begin to share data, and observe the advantages of
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doing so, it encourages them to share data as well. Since the agreement with J&J, YODA has collected a
significant amount of clinical trial data from various organizations, much of which is never published
(“The YODA Project”). The project is dedicated to data transparency in hopes benefitting not only
patients and the medical community, but society as a whole (Krumholz et al. 910).
It is evident that data sharing has benefitted other fields of research. Seeing these types of
successes should encourage researchers to begin participating in open data sharing in the behavioral
neuroscience field. The initiatives are beginning to grow in the field, but must gain more buy-in for them
to become successful in providing the opportunity for new discoveries. Ultimately, the mission of
researchers in behavioral neuroscience is to help society understand the biological basis of behavior.
Open data sharing can help bring this goal closer to reality.
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