
Semantic Modeling of Researcher Networks: 
Applying Linked Open Data for Discovery of 
Bioscience Faculty Profiles and Research

Jason A. Clark
Associate Professor
Head, Special Collections & Archival Informatics
Montana State University (MSU) Library

Montana State University
November 28, 2016



pinboard.in tag

pinboard.in/u:jasonclark/t:sabbatical/

https://pinboard.in/u:jasonclark/t:sabbatical/


Overview

• Is There Magic in the Web?
• The Project and its Players
• Data mining + Ontology Creation
• Researcher Profiles + Machine 

Readability
• Working in the Open
• Results + Next Steps
• Questions + Demo



Project Overview

With this sabbatical project, I created discovery and visualization software based on linked data and Semantic 
Web principles. More specifically, I completed work on a prototype software project that allows one to visualize 
research and networks of expertise based on faculty interests and research collaborations. The current project 
uses faculty data embodied in the work and research of the Montana State University (MSU) - Center For Biofilm 
Engineering (CBE). You can find out more about the initial prototype at the live “Linked Bioscience” demo or in the 
GitHub repository. Within this prototype, one can search and browse on these linked data points centered around 
research and expertise allowing the application to work as a recommendation engine. Beyond this idea of a 
recommendation engine, I found that the additional Semantic Web work of associating people with research topics 
and collaborators has an impact on broader findability in search engines, such as Google and Bing. The net result 
of the project is three-fold: 
1. Creation of a machine-readable, semantic understandings of the people in the CBE resulting in increased 

visibility within discovery settings and search engines.
2. Release of open-source software that provides new visualizations of CBE faculty and staff research 

networks and collaborations. 
3. Publication of a linked open data (LOD) ontology for describing faculty that can be shared and reused 

across all higher education institutions.
This work developed a novel methodology for describing researcher's networks and profiles of expertise through 
the application of linked data and the early research around the project has garnered the support of local, national, 
and international partners like Mozilla. In this presentation, I’ll be talking about the conception and realization of 
the prototype, the data mining processes behind building descriptions for faculty research and faculty profiles, the 
creation of linked data models and how they can be applied to describe all types of researchers, and the goal of 
working on the software release in the open. 

https://arc.lib.montana.edu/linked-bioscience/
https://github.com/jasonclark/linked-people-bioscience
https://github.com/jasonclark/linked-people-bioscience
https://medium.com/read-write-participate/linked-bioscience-90fe4dbb3798


Project Description

“Linked Bioscience” is a research project that connects researchers and the work 
they do by describing each of these objects/actions as discrete moments of 
discovery. The result is an application that works as a recommendation engine for 
discovering the topics, expertise, and research networks present in a particular 
discipline or subject. In this first phase of the project, I secured a partnership with 
the Montana State University (MSU) — Center For Biofilm Engineering (CBE) to 
describe Bioscience data practices and research networks. I’ve built indexing 
routines to mine scientific research data sources and “relink” this data in a 
search/browse interface using a linked data graph model associating researchers 
with research topics and collaborators along with an API interface for machines. 
The prototype software allows one to visualize research and networks of expertise 
based on researcher interests and research collaborations. Beyond the 
visualization component, I’m seeing an impact in how these researchers are found 
and indexed by search engines with the release of each researcher’s profile as 
JSON-LD (a structured data format used by search engines as a means to 
understand the semantics of a web page).



http://stallingsaplit.blogspot.com/2013/02/the-handkerchief.html

http://stallingsaplit.blogspot.com/2013/02/the-handkerchief.html


'Tis true. There’s magic in the web of it.
A sibyl, that had numbered in the world
the sun to course two hundred 
compasses, in her prophetic fury sewed 
the work.

Othello, Act III, Scene IV





This is not a tragedy.



It is a story about the 
magic inherent in the 

Web.



The Web of...



Scholarly 
Communications



Research Topics + 
Expertise



Scholarly Profiles



A project based on the 
idea of a Semantic Web 

Researcher Profile



Linked Bioscience - https://arc.lib.montana.edu/linked-bioscience/

https://arc.lib.montana.edu/linked-bioscience/


Example Profile - 
https://arc.lib.montana.edu/linked-bioscience/about.html?id=100

https://arc.lib.montana.edu/linked-bioscience/about.html?id=100


Mapping out the invisible 
Web of Research



Example Visualization - 
https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html

https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html


Example Individual Network Visualization - 
https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html

https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html


Example Individual Expertise Visualization - 
https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html

https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html


The Project and its Players



Phil Stewart
Former Director of Center for Biofilm Engineering and Professor of Chemical and Biological Engineering

https://arc.lib.montana.edu/linked-bioscience/about.html?id=100

https://arc.lib.montana.edu/linked-bioscience/about.html?id=100


http://linkedjazz.org/







Linked Data is People

Article: http://journal.code4lib.org/articles/12320

Using Linked Data to Reshape 
the Library Staff Directory

www.lib.montana.edu/people

http://journal.code4lib.org/articles/12320


Scott Young: Digital Initiatives Librarian at Montana State University. @hei_scott

Jason Clark: Head of Library Informatics & Computing at Montana State University 
Library @jaclark

Patrick O’Brien: Semantic Web Research Director at Montana State University Library.

Kenning Arlitsch: Dean of the Library at Montana State University  @kenning_msu

Doralyn Rossmann: Head of Collection Development at Montana State University 
Library @doralyn

A Research Team Effort



Data Mining + Ontology 
Creation



Sources for Mining











Web Scraping and Text Mining - 
https://github.com/jasonclark/linked-people-bioscience/tree/master/meta/scripts

https://github.com/jasonclark/linked-people-bioscience/tree/master/meta/scripts


What do (or can) machines 
know about the Center for 

Biofilm Engineering?



Work of reconciling mined 
topics and descriptions for 

...



A Biosciences Ontology



The formal naming and definition of the 
types, properties, and interrelationships of 

the entities that exist in a particular domain. 
In this case, the domain of research objects, 
scholars, and their networks as practiced by 

the Center for Biofilm Engineering.



Release of Version 1 Biosciences Ontology 
https://github.com/jasonclark/linked-people-bioscience/blob/master/ontology.rdf

https://github.com/jasonclark/linked-people-bioscience/blob/master/ontology.rdf


Schema.org + DbPedia.org 
controlled vocabulary







Release of Version 1 Biosciences Ontology 
https://github.com/jasonclark/linked-people-bioscience/blob/master/ontology.rdf

https://github.com/jasonclark/linked-people-bioscience/blob/master/ontology.rdf


Visualization of Abridged Version of Biosciences Ontology 
http://visualdataweb.de/webvowl/#iri=https://raw.githubusercontent.com/jasonclark/linked-people-bioscience/master/ontology

.rdf

http://visualdataweb.de/webvowl/#iri=https://raw.githubusercontent.com/jasonclark/linked-people-bioscience/master/ontology.rdf
http://visualdataweb.de/webvowl/#iri=https://raw.githubusercontent.com/jasonclark/linked-people-bioscience/master/ontology.rdf


Researcher Profiles + 
Machine Readability



Structured Data

Data Model + Machine Readability



Constructing each profile 
as a machine-readable 

endpoint



Example Profile - 
https://arc.lib.montana.edu/linked-bioscience/about.html?id=14

https://arc.lib.montana.edu/linked-bioscience/about.html?id=14


Structured Data (JSON-LD) - 
https://arc.lib.montana.edu/linked-bioscience/about.json?id=14

https://arc.lib.montana.edu/linked-bioscience/about.json?id=14


Structured Data (RDF) - 
https://arc.lib.montana.edu/linked-bioscience/about.rdf?id=14

https://arc.lib.montana.edu/linked-bioscience/about.rdf?id=14


Working on these machine 
tasks, left me feeling...





I needed to find a social 
network for the idea.



Working in the Open



A goal of building this as 
open source software for 

reuse



Mozilla Open Leaders Fellow



Network + Mentorship 



Sponsorship during Global Sprint



https://github.com/jasonclark/linked-people-bioscience

https://github.com/jasonclark/linked-people-bioscience


Results + Next Steps



API + Open Data for 
Analyzing Scholarly 

Networks



Example Profile - 
https://arc.lib.montana.edu/linked-bioscience/about.html?id=14

https://arc.lib.montana.edu/linked-bioscience/about.html?id=14


HTML
https://arc.lib.montana.edu/linked-bioscience/about.html?id=14

JSON-LD
https://arc.lib.montana.edu/linked-bioscience/about.json?id=14

RDF
https://arc.lib.montana.edu/linked-bioscience/about.rdf?id=14

https://arc.lib.montana.edu/linked-bioscience/about.html?id=14
https://arc.lib.montana.edu/linked-bioscience/about.json?id=14
https://arc.lib.montana.edu/linked-bioscience/about.rdf?id=14


Harvestable Research Graph
https://arc.lib.montana.edu/linked-bioscience/sitemap-list-jsonld.xml

https://arc.lib.montana.edu/linked-bioscience/sitemap-list-jsonld.xml


Recommendation Engine







Data Visualization



Example Topic Visualization - 
https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html

https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html


Example Treemap of Expertise Visualization - 
https://arc.lib.montana.edu/linked-bioscience/graph/expertise-treemap.html

https://arc.lib.montana.edu/linked-bioscience/graph/expertise-treemap.html


Example Individual Network Visualization - 
https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html

https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html


Example Individual Expertise Visualization - 
https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html

https://arc.lib.montana.edu/linked-bioscience/graph/network-bubble.html


Machine Interpretation



Interpretation of Researcher Profiles for Discovery in Search Engines



Linked Bioscience in a Google Search Engine Result Page (SERP)



Linked Bioscience in a Bing Search Engine Result Page (SERP)



Linked Bioscience in a DuckDuckGo Search Engine Result Page (SERP)



Where do we go from 
here?



• Continue to benchmark machine 
interpretation by search engines 

• Adding to ontology based on researcher 
feedback

• Develop version 2 of interface with user 
experience testing

• Pilot new researcher profiles with 
additional departments and centers



• Publish research article on prototype

• Seek grant funding for continued 
development

• Incorporate activity into local initiatives 
such as Data Infrastructure & Scholarly 
Communication (DISC)



Reweaving the Web = 
Magic



'Tis true. There’s magic in the web of it.
A sibyl, that had numbered in the world
the sun to course two hundred 
compasses, in her prophetic fury sewed 
the work.





The Scholarly Tissues of Our 
Research...

The Woven Record of How We 
Do Research...



Building analyzable and 
“hackable” datapoints for 
researchers and programmers.



Building transparency around our 
research for our collaborators, 
our administrators, and our 
citizens .



Questions?  
twitter.com/jaclark
www.jasonclark.info



Resources
Harper, Corey. Library linked data: tuning library metadata for the 
semantic web. An ALCTS webcast, March 16. 2011. (open access) 
http://www.ala.org/alcts/confevents/upcoming/webinar/cat/0316
11

Berners-Lee, Tim. The next web. A TED talk, February 2009. (open 
access) 
http://www.ted.com/talks/tim_berners_lee_on_the_next_web

Koster, Lukas (2011) Brief Introduction to Linked Data (open 
access) 
https://docs.google.com/document/d/1W6UOCLgxTyM0BlPfd5hs
58dh4k6CUdLW354AjjtnJfk/edit

*See also LODLAM - Linked Open Data in Libraries, Archives 
&amp; Museums at http://lodlam.net/



"Search engines continue to dominate, 
topping the list of electronic sources most 
used to find online content (93%), followed 
closely by Wikipedia (88%). The key 
difference in usage between search engines 
and Wikipedia is the frequency - 75% of 
students who use search engines do so daily, 
compared to 20% of those who use 
Wikipedia."

Perceptions of Libraries, 2010: Context and Community: a Report to 
the OCLC Membership. OCLC, 2011.
http://www.oclc.org/content/dam/oclc/reports/2010perceptions/2010perceptions_all_singlepage.pdf
http://www.oclc.org/content/dam/oclc/reports/2010perceptions/collegestudents.pdf



Defining Terms and Truths



“a method of publishing structured data so 
that it can be interlinked and become more 
useful. It builds upon standard Web 
technologies such as HTTP, RDF and URIs, but 
rather than using them to serve web pages for 
human readers, it extends them to share 
information in a way that can be read 
automatically by computers. This enables data 
from different sources to be connected and 
queried.”

http://en.wikipedia.org/wiki/Linked_data



What is Linked Open Data?

• Practice of publishing structured, 
machine actionable data with an open 
license for sharing and reuse.



Principles of Publishing LOD

• Use URIs for description
• Make structured data available on WWW
• Allow for machine-actionability and 

sharing through common ontologies

* machine-actionable is a term used by Karen Coyle to mean readable and interpretable by 
computers or software agents. See her Library Technology Report on Understanding the 
Semantic Web at http://www.metapress.com/content/g212v1783607/



Resource Description 
Framework (RDF) 

A structured data format for expressing 
relationships (descriptions) between things 
(resources).

http://www.xml.com/pub/a/2001/01/24/rdf.html



The data model of RDF is based 
on the idea of a triple. 

A triple is a simple statement 
with three distinct parts: 
1. a subject
2. a predicate
3. an object





Linking Open Data cloud diagram 2014, by Max Schmachtenberg, Christian Bizer, Anja Jentzsch and 
Richard Cyganiak. http://lod-cloud.net/
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