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Overview 

•  Introductions all around 
•  Why VIVO? 
•  VIVO as a semantic web application 
•  Vitro as a platform 
•  The VIVO community 
•  Case study vignettes 
•  Planning and implementation 
•  Joining an open source community 

project 



Instructors 
•  Jon Corson-Rikert 

–  VIVO Core Development WG lead 
–  Head of Mann Library Information Technology Services, 

Cornell University Library 
•  Lamont Cannon 

–  Outreach Coordinator for Faculty Data, Office of the Provost, 
Duke University 

•  Kristi Holmes 
–  VIVO Engagement WG lead 
–  Director, Galter Health Sciences Library, Northwestern 

University 
•  Alex Viggio 

–  VIVO Implementation WG lead 
–  Senior Technical Consultant, Symplectic, Ltd. 



Why VIVO? 



The value of scientific knowledge 
dispersed across the world can 
increasingly be captured by those who 
build networks to take the local to 
global scale and bring the global back 
for local impact. 

From “The United States Looks to the Global Science, 
Technology, and Innovation Horizon,” E. William Colglazier and 
Elizabeth E. Lyons, citing The New Invisible College, Caroline 
S. Wagner, The Brookings Institution Press, 2008 



The research landscape 

•  Cross–disciplinary 
•  Multi-institutional 
•  Organizationally virtual 
•  Collaborative 
•  Competitive 



Data, information, ideas, and 
technologies do not propagate 
within social networks simply on 
their own merits. 

From “Enabling Scientific Collaboration and Discovery through 
Semantic Connection,” research proposal to NSF. Matthew 
Mayernik et. al., University Corporation for Atmospheric Research 



Latent connectivity 

•  Social connections fuel collaboration 
•  Many are not visible 
•  Finding additional potential connections is 

beneficial to research 
•  Transparency helps the public and 

policymakers as well 



Additional incentives 

•  OSTP mandate 
– Goes beyond publications 
– Emphasis on data 
– Obligation to maintain public access 

•  Trends in funding opportunities 
•  ORCID 
•  SciENCV 



Technology landscape 

•  Mobile platforms 
•  Lightweight interactive apps 
•  Visualization libraries 
•  Search technologies 
•  Multiplicity of collaboration platforms 
•  Hunger for alternatives to email, wikis, 

and websites 



Strategic opportunities 

•  Current Research Information Systems 
(CRIS) and research networking 
emerging from the early adopter 
phase 

•  Sense of urgency among funders 
•  Broader community of linked data 

– E.g., traction in libraries 

•  Global interest in entity resolution 



What is VIVO? 



VIVO 

•  A semantic-web-based research and 
researcher discovery tool 
–  People plus information on the research they do 

•  Publicly-visible information, across disciplines 

–  For external as well as internal audiences 

•  An open, shared platform for connecting 
scholars, research communities, campuses, 
and the world using Linked Open Data (LOD) 



A brief VIVO history to the present 

2003-2005  First realization for the life sciences at 
Cornell, as a relational database 

2006-2008  Expansion to all disciplines at Cornell, 
and conversion to Semantic Web 

2009-2012  National Institutes of Health-sponsored 
VIVO: Enabling the National Networking 
of Scientists project transforms VIVO to 
a multi-institutional open source 
platform 

2013-2014  VIVO incubator project with DuraSpace 
for open community development 



Key VIVO principles 

•  Open software 

•  Open data 

•  Open ontology 

•  Open community 

•  Local control 



What VIVO does 

•  Integrates multiple sources of data 

•  Provides a content review and editing 
interface 

•  Provides a uniform, research-focused 
institutional web presence for search and 
browse 

•  Provides filterable feeds to other websites 

•  Serves local data to the global linked data 
cloud 



What VIVO models 

•  People and more 
–  Organizations, grants, programs, projects, publications, 

datasets, events, facilities, and research resources 

•  Relationships among the above 
–  Meaningfully typed 

–  Bi-directionally navigable 

•  Links to global URIs 
–  Vocabularies, ORCID iDs, DOIs, other identifiers for 

people, places, organizations, events 



People 



And how they connect 



Structured data for 
visualizations 



Typical data sources 

•  HR – people and their positions 

•  Research administration – grants & contracts 

•  Registrar – courses 
•  Faculty reporting – awards, professional service, 

education, research areas, geographic focus 
•  External repositories – Pubmed, Scopus, Web of 

Science, CrossRef 
•  Events calendar 
•  News -- internal and external 
•  Extension – outreach, technology transfer 
 



Value for institutions 

•  Common data substrate serving many functions 
–  Cross-silo 

–  Granular 

–  Public-facing 

•  Distributed data entry and curation 
–  Editing by proxy or through data relationships 

–  Filling gaps between systems of record 

–  Directing changes back to systems of record 

•  Direct linking across campuses 

•  Data sharable in a standard format 



Data ecosystem stewardship 

•  Manage data at its appropriate source with 
appropriate privacy 
–  HR, grants management, registrar, graduate school, 

colleges and schools, research centers, extension 
–  Department/agency/division/geographic location/

research unit 

•  Consciously derive public data for exchange 
•  Engage stakeholders and build relationships 
•  Recruit power users for training and local 

knowledge 

•  Data that are visible get corrected! 

 



Enter data once, use it many times 
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Weill Cornell data dashboard 

•  Publication co-authorships by institution 





Driving questions - Weill Cornell 

•  Publications with a Weill researcher as first or last author 

•  PIs having the most collaborations based on grant 
support 

•  Publications co-authored with other institutions 

•  Papers having the most incoming citations 

•  Researchers publishing the most research articles within 
a given set of journals in the past 5 years 

•  Papers receiving federal funding but not deposited in 
PubMed Central 

•  Evidence for the institution’s open access key opinion 
leaders 



Policy issues 
•  Dirty data 

•  Lack even of common definitions of 
organizational structure or who’s faculty 

•  Data ownership 

•  Opt-in vs. opt-out and the many 
dimensions of privacy 

•  Short-term “go it alone” vs. common good 

 



VIVO and Linked Open Data 



The Semantic Web 

•  Turn data into a web of simple links 

•  Use ontology to explain how things are 

linked 

•  Use reasoning to categorize and add 

new statements automatically 

•  Stay flexible and extensible 



What is Linked Open Data? 
•  Data 

–  Structured information, not just documents and text 

–  A common, simple format 

•  Open 
–  Available, visible, mine-able 

–  Anyone can post, consume, and reuse 

•  Linked 
–  Directly by reference 

–  Indirectly via common references and inference 

 

 



Linked Open Data 



Linked data in OpenAGRIS 

h4p://agris.fao.org/openagris/search.do?recordID=PL2009000495	
  



OpenAgris search augmentation 

h4p://agris.fao.org/openagris/searchIndex.do?query=maize	
  



2011 VIVOsearch LOD approach 
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h4p://vivosearch.org	
  





h4p://about.vivosearchlight.org	
  



h4p://research.icts.uiowa.edu/polyglot/	
  



CTSAsearch	
  

h4p://research.icts.uiowa.edu/polyglot/	
  



‘Microbiome’ network graph 

h4p://research.icts.uiowa.edu/polyglot/	
  



Multi-institutional scenarios 
•  Multiple campuses of one university 
•  University and federal lab connections 

–  E.g., Colorado 

•  Consortia 
–  60 NIH Clinical & Translational Science Awards 

adopted VIVO as an ontology standard in 2011 

•  International 
–  Instituto Interamericano de Cooperación para la 

Agricultura (IICA) 
–  AgriVIVO.net 



International engagement 



CASRAI 
contributor roles 
working group 

 
Harvard-Wellcome 

draft contributor role 
taxonomy 



International engagement 



AgriVIVO 

h4p://agrivivo.net	
  



AgriVIVO 

h4p://agrivivo.net	
  



The VIVO-ISF ontology 



Ontology definition 

•  In the context of computer and 
information sciences, an ontology 
defines a set of representational 
primitives with which to model a 
domain of knowledge or discourse 
– Tom Gruber, 2007 

Encyclopedia	
  of	
  Database	
  Systems,	
  Ling	
  Liu	
  and	
  M.	
  Tamer	
  Özsu	
  (Eds.),	
  
Springer-­‐Verlag,	
  2009;	
  h4p://tomgruber.org/wri^ng/ontology-­‐defini^on-­‐2007.htm	
  



Gruber definition, continued (2) 

•  The representational primitives are typically 
classes (or sets), attributes (or properties), 
and relationships (or relations among class 
members) 

•  The definitions of the representational 
primitives include information about their 
meaning and constraints on their logically 
consistent application 

Encyclopedia	
  of	
  Database	
  Systems,	
  Ling	
  Liu	
  and	
  M.	
  Tamer	
  Özsu	
  (Eds.),	
  
Springer-­‐Verlag,	
  2009;	
  h4p://tomgruber.org/wri^ng/ontology-­‐defini^on-­‐2007.htm	
  



Gruber definition (3) 

•  In practice, the languages of ontologies are 
closer in expressive power to first-order logic 
than languages used to model databases  

•  For this reason, ontologies are said to be at 
the "semantic" level, whereas database 
schema are models of data at the "logical" 
or "physical" level 

Encyclopedia	
  of	
  Database	
  Systems,	
  Ling	
  Liu	
  and	
  M.	
  Tamer	
  Özsu	
  (Eds.),	
  
Springer-­‐Verlag,	
  2009;	
  h4p://tomgruber.org/wri^ng/ontology-­‐defini^on-­‐2007.htm	
  



Gruber definition (4) 

Due to their independence from lower level 
data models, ontologies are used for  

•  integrating heterogeneous databases 

•  enabling interoperability among disparate 
systems, and 

•  specifying interfaces to independent, 
knowledge-based services 

Encyclopedia	
  of	
  Database	
  Systems,	
  Ling	
  Liu	
  and	
  M.	
  Tamer	
  Özsu	
  (Eds.),	
  
Springer-­‐Verlag,	
  2009;	
  h4p://tomgruber.org/wri^ng/ontology-­‐defini^on-­‐2007.htm	
  



Otherwise notable 

•  An ontology is itself embedded as RDF so 
data becomes self-describing 

–  Definitions are available via the namespace URI  

•  The VIVO-ISF ontology reuses significant parts 
of common ontologies typically organized 
by domain 

•  Local extensions roll up into VIVO-ISF for 
comparison across sites 



VIVO ontology goals 

•  Describe people, organizations, and 

research resources in the process of 

doing research 

•  Stay discipline neutral 

•  Use existing scientific domain terminology 

to describe content of research 



CTSAconnect project (2012-13) 
•  Aligned and integrated the VIVO 1.5 ontology 

with the eagle-i ontology for research resources 

•  The Integrated Semantic Framework, or ISF, 
includes this work and added some extensions in 
the clinical domain 

•  VIVO 1.6+ and eagle-i each use an overlapping 
set of modules from the ISF 
–  Modularity allows selectivity based on local needs 

h4p://ctsaconnect.org,	
  Melissa	
  Haendel,	
  PI	
  





VIVO-ISF Design Patterns 

•  Support for information integration 
– Vcard ontology 
– Authorships 

•  Support for temporal information 
•  Support for relationships, roles, and 

processes 
•  Connections to geography 



Roles and ‘ships 

•  Typical pattern in RDF is to link two 
entities via an object property – a 
simple relationship 

•  In VIVO-ISF, relationships are entities 
•  This enables them to hold temporal 

and/or other information such as 
author rank 

•  Often the relationship references a role 



Roles and processes 

•  When you have the information, it’s 
useful to represent the role and the 
process(es) involved 
– E.g., with a grant, the project and/or 

investigations 
•  In VIVO-ISF, the role is distinct (but 

closely tied to) the relationship 
•  This model has been applied at Duke 

for representing humanities scholarship 









Other ontologies 

•  VIVO-ISF uses elements from an expanding 
list of a dozen or more ontologies 

•  Data interoperability is enhanced by reusing 
existing ontologies 

•  The VIVO application adapts to reflect new 
classes and properties added 
–  Some custom forms and “list views” may be 

needed to support more intuitive editing 



Demo: Vitro 



What is Vitro? 

•  The software platform for the VIVO 
application 
– Approximately 90% of the VIVO code 

base 

•  VIVO without the VIVO-ISF ontology 
and associated customizations and 
visualizations 
– A blank slate for ontology development 

and application prototyping 



Vitro prototyping exercise 

•  Local Foods 



Optional self-study 



Optional VIVO & linked data 
Learning about VIVO adopters 
•  Browse any of the publicly available VIVO implementations to 

compare interfaces, branding, and unique features 
•  Browse the VIVO Map on our wiki 
•  Visit vivo.vivoweb.org (ask us for a login) 
 
Multi-institutional search 
•  Experiment with vivosearch.org 
•  Try Polyglot, a search across multiple NIH Clinical and Translational 

Research Awards by Dr. David Eichmann of the University of Iowa 
 
Understanding Linked Open Data (LOD) and basic SPARQL queries 
•  Exercise:

Finding VIVO Data with the University of Florida’s public SPARQL 
endpoint 



Case Study: Scholars@Duke 



VIVO at Duke 

•  Project team under Provost’s 
Office 

•  Developers in University IT group 
•  Elements team in Library 
•  Currently: 5,685 faculty in 9 

schools plus university institutes 
and centers, 200K+ pubs 

•  Replacing two legacy systems 



Scholars@Duke: Mission 

•  Create profiles for all Duke faculty representing 
their interests and accomplishments 

 

scholars.duke.edu	
  



Data Sources 



Scholars@Duke publications 

•  Source of 
articles and 
keywords 

•  Identifies 
authors 

•  Works well in 
STEM fields 

•  Harvests from 
REACH NC 

•  Adds other 
pubs 

•  Links to full text 
publications 

•  Private profiles 

•  Publication list 
displayed on 
profile 

•  Profile data 
can be re-
purposed 

•  Public profiles 

Harvest Manage Display 



Rollout Phases 

1	
  
• Medicine	
  (pilot)	
  

2	
  
•  Business,	
  Engineering,	
  Environment,	
  
Nursing	
  

3	
  
• Divinity	
  

4	
  
•  A&S,	
  Sanford,	
  Law,	
  UICs	
  



2014 Road Map: Phase Two 

February	
  
• Roll	
  out	
  to	
  remaining	
  schools	
  
• Complete	
  Phase	
  One	
  

March	
  -­‐	
  
July	
  

•  Service/Commi4ees	
  
•  Events/Invited	
  Talks	
  
•  Students	
  
•  Honors	
  &	
  Awards	
  

August	
  –	
  
September	
  

• Annual	
  Repor^ng	
  
• Non-­‐Faculty	
  Profiles	
  

October	
  
• Roll	
  out	
  new	
  features	
  
• Complete	
  Phase	
  Two	
  



Scholars@Duke 



Organizations 



Profile Page 



Profile Page, part 2 

Hot Topics: DuraSpace Community 
Webinar Series	





Widget Example 



Support for Scholars@Duke 
Faculty	
  member	
   Delegate	
   Admin	
  staff	
  

Power	
  user	
   Help	
  Desk	
  

OIT	
  Developers	
   Library	
   Data	
  Owners	
  

Faculty	
  Data	
  Project	
  team	
  

©	
  2014	
  SCG	
  Power	
  Rangers	
  LLC	
  



Outreach and Training 

•  User Group Meetings 
•  Power User Training Sessions 
•  Joint Scholars@Duke & Elements 

Training Workshops 
•  Demos at Department Meetings 
•  Individual Feedback Meetings 
 



VIVO vignettes 



VIVO CU-Boulder 



Atmospheric & space physics 





Regional Linked Data Efforts 

Host institution of 2012 and 2013 VIVO Implementation Fests 
http://2013vivoimplementationfest.sched.org 

 



CU-Boulder Lessons Learned 
•  An incremental, value focused approach works 

for VIVO implementation 
•  Address faculty concerns as a priority 
•  Be proactive on data quality 
•  Build the campus initiative with internal PR 
•  VIVO’s low cost makes it harder to justify 

resource needs 
•  VIVO builds campus conversations about Big 

Data, Linked Open Data, Open Access 



vivo.vivoweb.org 

•  A “VIVO on VIVO” maintained largely 
by the community 

•  A resource to find other VIVOs and 
learn contact names and associated 
skills 



The VIVO Community 



VIVO/DuraSpace Partnership 

•  DuraSpace is a not-for-profit organization 
supporting the DSpace and Fedora repository 
platforms and related services 

•  Proven track record of managing community 
developed open source projects 

•  VIVO is 18 months into a 2-year initial startup 
period 

•  Several events at the Conference address 
VIVO’s relationship to DuraSpace 

 



The VIVO community worldwide 



VIVO community in North America 



Where to start? 

•  Assessing whether VIVO is a good fit for 
your institution or virtual organization is 
more about your goals than the 
technology 

•  Fundamentally, it’s about 
understanding your needs, VIVO’s fit 
with those needs, and your capacity 
to sustain the effort 



Important indicators 

•  Do you have institutional sponsors?  
–  Starting as a skunk works project is okay but not 

the best recipe for long-term success 

•  Does VIVO align with a key institutional 
initiative? 
–  Strategic reinvestment, new academic 

programs, new senior hires needing information 

•  Can you marshal resources?  



It takes a network 

•  VIVO is cross-functional 
–  Policy, communications, research, library 

–  Multiple sources of data 

•  Requires stakeholder engagement 

•  VIVO needs to be transparent and fit the 
research/scholarship culture 
–  Not just an “administrative thing” 

•  It helps to have strong project management 
–  It’s usually obvious whether it’s there 



Be realistic 

•  Small, successful pilots targeting one or 
two constituencies can build 
momentum 
– Relates closely to CTSA goals but there 

are equally dynamic initiatives in earth & 
atmospheric sciences, social sciences, 
and humanities 

•  Timelines must allow for ramping up 
people and technology 



Think sustainability 

•  Loss leader efforts are tempting but if they can’t 
be sustained may backfire 
–  E.g., entering a lot of data on behalf of people with 

no clear update path 

•  Work with data stewards 
–  First, to get access to data you need (public data) 
–  To help them better meet your needs via improved 

APIs or web services 
–  To alert them to data issues you may discover 
–  VIVO is adept at making problems in source data 

visible 



Reach out 

•  Interview researchers to learn what 
they need and want 
– Especially up and coming people building 

a reputation and more interested in strong 
online presence 

•  Create and use an advisory board 
•  Create a support network 

– Duke has “power users” 
– Provide materials and training  



Benefits across institutions 
•  Sharing experience provides clarity and new 

ideas 

•  Incentives from sharing development, tools, 
customizations 

•  Potential data-level connectivity 
–  Research is happening increasingly in teams that 

span institutions 

–  Meeting the needs of short and long-term virtual 
organizations 



Use the VIVO community 

•  We’re approachable 
•  Someone very likely has encountered 

a similar question or issue before 
•  Your ideas will be welcome 
 



Use and contribute to the VIVO 
community resources! 

•  Wiki 
•  Listservs 
•  Regular phone 

calls 
•  VIVO events 
•  Develop local 

interest groups 
(e.g., NYC-area 
sites) 

h4ps://wiki.duraspace.org/display/VIVO	
  



Collaborations – ORCID 
•  Open Researcher and Contributor ID 

– Attribution for works of any type 
•  ORCID and VIVO 

– ORCID iD is a property in a VIVO profile 

– VIVO was involved in 3 ORCID Application & 
Integration grants (Sloan Foundation funds) 

– VIVO 1.7 supports submission and validation 
of researcher registrations from VIVO, as well 
as adding VIVO URIs to a researcher’s ORCID 
record 

http://orcid.org 



vivoweb.org	
  ,	
  vivoweb.org/blog	
  
	
  
wiki.duraspace.org/display/VIVO	
  
	
  
linkedin.com/groups/VIVO-­‐connect-­‐share-­‐discover	
  
	
  
facebook.com/VIVOcollabora^on	
  
	
  
github.com/vivo-­‐project	
  
	
  
@VIVOcollab	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

For more information 



Implementation  



Implementation from a 
technical vantage point 

•  Options and typical solutions 
•  Skills and FTE requirements 
•  Learning about your source data 
•  Developing an ingest and update 

strategy 
•  Leveraging vendor solutions as well as 

open source communities 



Major options 

•  Physical or virtual hardware 
•  Choice of OS and base software 
•  Division of labor 
•  Approach to data 

– Especially for publications 

•  Staging strategy 
•  Hosted options? 



Physical or virtual? 

•  Likely depends mostly on your 
institution’s IT environment 
– Physical servers take an up-front 

investment but may give you more control 
– Virtual servers can usually be scaled 

according to need 
– Hosted virtual servers can compensate for 

lack of server administration resources  



Choice of OS and software 

•  Windows or Linux 
– Linux more common, but some IT shops 

have a big Windows investment 
•  Database – MySQL is default, Oracle 

Enterprise Database an option 
•  Servlet engine – Tomcat is default, 

Glassfish and others supported 
•  Web server optional but 

recommended – Apache HTTP Server 



Division of labor 

•  Skills/roles needed (often from the same person) 
–  Sysadmin 
–  Database Admin 
–  Data conversion/ETL specialist (Java/Python) 
–  Data curator 
–  Web developer (HTML/CSS) 
–  Java developer (optional) for customizing VIVO or 

adding custom forms 
–  User training and support 
–  Project management 

•  Not all need to be full time 



Approach to data 

•  Negotiate with data stewards 
•  Tools options 

–  Harvester updated for VIVO 1.6/1.7 
–  Karma, Open (Google) Refine and RDF/semantic 

tools 
–  Python and R, Ruby 

•  Service providers 
•  Important to think through data updates, 

not just a one-time load 



Staging strategy 

•  Allow your techs time to learn Semantic 
Web concepts and tools 
–  Karma is a good way to work with ontologies and 

RDF and work up to producing VIVO data 
–  Enter sample data through the VIVO interface, 

export it, and study what VIVO itself produces 

•  Don’t start with the most complex data 
•  Think through what will be interactively 

updated vs. batch update/replacement 
•  Test and refine at smaller scales 



Resources 

•  VIVO DuraSpace Wiki 
•  VIVO Mailing lists 
•  Weekly dev/implementation and 

biweekly ontology and apps&tools calls 
– Updates 
– Bug reports and issue discussion 
– Demos of implementations 
–  Invited guest presentations 

•  https://wiki.duraspace.org/display/VIVO 



VIVO working groups 

•  Apps & Tools 
•  Development 
•  Engagement 
•  Implementation 
•  Ontology 



VIVO Implementation Fests 

•  Four successful events, 2011-2014 
•  Increasingly about sharing and 

collaboration more than presentations 
•  Emphasis on small-group interactions 
•  Reaching out to related tool providers 
 



VIVO Hackathons 

•  2011 hackathon at University of Florida 
during NIH grant 

•  March, 2014 event in conjunction with 
I-Fest 
– Organized by Apps & Tools working group 

leads Chris Barnes and Ted Lawless 

•  October 13-15, 2014 at Cornell to grow 
the committer base for VIVO and tools 



4 kinds of open source communities 

•  Single vendor open source projects 
•  Development communities 
•  User communities 
•  Open source competence centers 

What are/will be the salient features of 
the VIVO community? 



Starting a VIVO in the context of  
an open source community 

Discussion 



Q&A: technical, policy, or 
strategic issues 

Wrap up 


