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KRISTIN ANTELMAN
University Librarian
University of California, Santa Barbara
Email: kantelman@ucsb.edu

Kristin Antelman is the University Librarian at the University of California Santa
Barbara. Prior to coming to UCSB in 2018 she was University Librarian at the
California Institute of Technology (Caltech) and Associate Director for the Digital
Library at North Carolina State University. While at NCSU, Antelman served as
project lead for the Mellon-funded Global Open Knowledgebase (GOKb) project.
She has published several articles on open access, including “Leveraging the growth
of open access in library collection decision making” (2017) and “Do open access
articles have a greater research impact?” (2004) At the University of California, she is active in the
development and implementation of strategies to advance the transition to open access at scale.
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CHRISTOPHER BARNETT
Senior Geospatial Analyst
Tufts University
Email: Christopher.Barnett@tufts.edu

Chris Barnett has been building geoportals and tools for handling geospatial
data and metadata for about a decade: first at MIT, where he was also an
undergraduate, and currently at Tufts University. He is also a committed
member of the free and open source software community, having served on
the local organizing committee for FOSS4G Boston (2017). His open projects
have included the Open Geoportal and associated tools, as well as being a
contributor to OpenGeoMetadata.
Barnett’s recent work has involved using machine-learning techniques to extract discovery metadata.

Perspective

W

hile discovery in topic spaces might have a lot in common with discovery in geospatial
contexts, there are some additional challenges, particularly in terms of user interface.

Once we have defined a topic space, perhaps using some variety of topic modeling, it is easy to see
how spatial techniques for search have relevance. In fact, we could see geospatial search as a
specialized instance of search in topic spaces, in which the topics are locales.
Yet, how do we extrapolate a spatial search interface to the more general case? Since geographic
maps are a part of our common experience, we know, fairly intuitively, how to navigate and explore
using a map-based interface. Is there a topic map that we can navigate as intuitively, perhaps with a
little training and familiarity?
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WADE BISHOP
School of Information Sciences
University of Tennessee
Email: bbisho13@utk.edu
Wade Bishop is an associate professor in the School of Information Sciences at the
University of Tennessee. His research focus is on geographic information
organization, access and use, as well as the study of geospatial occupations,
education, and training. His book on the same topic, with co-author Professor Tony H.
Grubesic, Ph.D. (Arizona State University), Geographic Information: Organization,
Access, and Use covers information policy, metadata standards, data discovery, and the data lifecycle. His
recent studies have focused on scientist’s information-seeking behavior and their perceptions on the FAIR
Data Principles. In 2018-19, Bishop also serves as the Belmont Forum e-Infrastructures and Data
Management Human Dimensions Champion to study their researchers approaches to data management
for re-use and to develop data management training materials and a toolkit of resources.

Perspective

F

or many researchers and domain scientists the act of data discovery for re-use is
straightforward—discover science data, conduct analyses. Re-use of any data not collected by an
individual, or a trusted colleague, or a research team member requires acquiring data from other
sources without human interaction or assistance. Once found and accessed, data must be in an
interoperable format with the existing data types and formats used in a domain. In most sciences, but
especially the disciplines I have studied since the last Spatial Discovery Expert Meeting—
oceanography, geology, and hydrology—researchers need access to data on a global requires and reuse is necessary for science across organizations, institutions, agencies, and countries. Certainly,
single-point access to research data, across distributed repositories and catalogs, if possible, would
assist in data sharing. Unfortunately, in most information-seeking behavior studies of scientists they
search like anyone else by text using terminology familiar to them. The spatial data discovery that
does occur happens when they know where to go, where to zoom to in a dataset, and extract what
they were after.
There remain user-centered design implications for spatial data discovery related to usability,
functionality, and accessibility, informed by continued study of end-users and how they search for
data. There have been great strides in the arena of discovery tools, but data curation education and
training related to geospatial data remains underserved and underrecruited. The result are
information professionals that do not fully comprehend what makes data discovery of geographic
information unique—positional accuracy, temporal accuracy, attribute accuracy, and so forth—and
continue to treat this data the same as text and numerical data and expect discovery to work in tools
built for other information types.
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With each passing year, more and more domains can benefit from the spatializing of their data. New
discoveries in the humanities and every social science are possible through geo-enabled information.
Regardless of the field or discipline, continued exploration into making spatial data discoverable
cannot be limited to review of the data itself, or discussion with experts alone, but endeavor to reach
beyond to the novice users. In order to understand how the abundance or lack thereof of information
literacy and spatial literacy skills curb and expose the possibilities of data discovery, more study of the
information-seeking behavior of all types of current and potential users is necessary.
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TOM BRITTNACHER
Geospatial Data Curator, Library
University of California, Santa Barbara
Email: tbrittnacher@library.ucsb.edu
Tom Brittnacher is UC Santa Barbara Library’s Geospatial Data Curator. With
respect to spatial discovery, he is participating in the development of the library’s
online geospatial repository based on GeoBlacklight software, specifically regarding
ingest and display of vector and raster data. He is also working with an
international community to develop standards for creating GIS index maps (index
grids for multi-sheet topographic map sets) from which the GeoBlacklight software
can access links to individual scanned maps and accompanying metadata.
Tom has a background in cartography, GIS analysis and transportation planning in addition to GIS
librarianship. He holds a BS in Geography, a MA in Urban Planning and a Master of Library and Information
Science, along with GIS Professional (GISP) certification. He is currently the president of the Western
Association of Map Libraries (WAML).

Perspective

H

ow can we make it easier for users to find spatial materials in university library
repositories? Complex collections of GIS data and of scanned maps pose a variety of
challenges to libraries who are organizing, describing and displaying these collections in
repositories. One area where we are making progress is with digital map sets. A typical map
set includes hundreds or thousands of map sheets covering a large geographic area (such as
a country) that have then been scanned and possibly georeferenced.
A map set’s index map grid can easily be converted into a GIS format that can be displayed
on a repository's map-based search interface to provide a visual representation of the set.
GeoBlacklight software is one such interface that interacts with GIS index maps enabling
users to click on a map grid cell "polygon" and see a thumbnail of the map along with its
metadata, possibly along with a link to download the digital version of that map. Stanford
University has an example of this in their spatial repository, and UCSB Library is working
toward this as well.
How could this method be improved? How could it be applied to other material types? How
might the interface manage overlapping polygons? How could gazetteers work with mapbased search interfaces to help users more accurately determine which map grid cell covers
their area of interest? I am eager to explore these questions and more as we try to improve
discovery of spatial materials.
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JULIEN BRUN
National Center for Ecological Synthesis and Analysis (NCEAS)
University of California, Santa Barbara
Email: brun@nceas.ucsb.edu
Julien Brun is a Scientific Programmer at NCEAS, where he supports and advises
scientists on data modeling, data analysis and data preservation. He is also
involved in NCEAS data science training activities promoting scientific
programming and open science best practices to environmental experts and
scientists. He is member of the science advisory council of the Science for Nature
and People Partnership (http://snappartnership.net/), a partnership between
NCEAS, the nature conservancy (TNC) and the wildlife conservation society (WCS).
Julien’s scientific background is in ecohydrology, remote sensing and process-based models. Prior his
PhD on the ecohydrological impacts of tropical cyclones in the Southeastern US, he conducted several
projects on land cover change, vegetation monitoring and disaster mapping for governmental and
international institutions.

Perspective

S

pace provides a universal reference for any act of observation or measurement, such that an
observation’s location and spatial extent comprise a “key” to relate it with other spatially
referenced objects, helping identify shared attributes or infer causal connections by providing context.
Spatial characteristics of an object are therefore a powerful way to discover and link heterogeneous
data. Although the mathematical expression of a geolocation on Earth is defined in various wellestablished ways, the storage of this information in standardized and interoperable metadata formats
is still a challenge for data discovery across various data archives. Web technologies and standards
should provide inspiration and maybe solutions to tackle these interoperability challenges.
When thinking about spatial discovery, there are several different types of spatial search that come to
mind. For example, the geolocation based discovery mentioned above: it can be based on latitude
and longitude of a coordinate system, but it can also be based on names of spatially well-defined
locations or areas (e.g., administrative boundaries), as well as fuzzier (e.g., neighborhood) or
ambiguous (e.g., different locations with same name) spatial concepts. Another example of spatial
discovery could be a user wanting to search for data using a spatial relationship in regards to another
spatial entity, such as “close by” or “within”. I personally think an important challenge of spatial
discovery is to enable all the different types of spatial data search one could want to do, while
integrating the variable accuracy of the concepts used to conduct the research, the potential
hierarchical relationships among these spatial concepts, as well as their variability in time (e.g.,
changes in species distribution).
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SUSAN BURTNER
Department of Geography
University of California, Santa Barbara
Email: sab00@ucsb.edu
Susan (Su) Burtner is currently a student in the Department of Geography at the
University of California, Santa Barbara (UCSB), as well as a trainee in the NSF-funded
Network Science and Big Data fellowship. She is currently serving as a Research
Assistant for the What Every1 Says Project, which uses topic modeling and other text
analyses to find how different topics and people are positioned by various American
media sources. Burtner is interested in how communities create places through vast
networks of interlinked travel and communication activity, and how network visualizations can challenge
perceptions of boundaries. Her background is in Operations Research and Urban Spatial Analytics, and she
spent two years at Oak Ridge National Laboratory before coming to UCSB.

T

Position Statement

he exercise of cataloguing spatial data is no trivial feat, as it carries with it vast assumptions
about the “where” and “who” of a source, versus the “where” and “who” of the content. I am
interested in how techniques in spatial search and discovery can advance the link creation between
what sources are about, where they occur, and the implications for varying geographic distances
between the two. Within this context, I think it is also important to strive for further inclusion of
media from marginalized groups, and the types of changes to geographic information systems and
library infrastructure that might be needed to properly represent these sources.
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SWATI CHATTOPADHYAY
Department of History of Art and Architecture
University of California, Santa Barbara
Email: swati@arthistory.ucsb.edu
Swati Chattopadhyay is Professor in the Department of History of Art and
Architecture at the University of California, Santa Barbara. An architect and
architectural historian, she specializes in modern architecture and urbanism, and
the cultural landscape of the British Empire. She is the author of Representing
Calcutta: Modernity, Nationalism, and the Colonial Uncanny (2005), Unlearning the
City: Infrastructure in a New Optical Field (2012), and the co-editor (with Jeremy
White) of City Halls and Civic Materialism: Towards a Global History of Urban Public
Space (2014) and Critical Approaches to Contemporary Architecture (2019 forthcoming). She is currently
working on two monographs: Geography of Small Spaces, and Nature’s Infrastructure: British Empire and
the Making of the Gangetic Plains, 1760–1880.

Position Statement

I

n the last decade and a half urban studies has radically reconstituted its object of investigation.
Recognizing that infrastructural patchworks, short-lived structures, momentary exchanges and
sensations hold the key to understanding political agency, urbanists have departed from prioritizing
built form’s permanent inscription to focus on the impermanent traces of material culture. The
ephemeral and the contingent have taken central stage in an effort to explain the relation between
the built environment, transient forms of urban popular culture, and the embodied practices by
which we make sense of city space. Yet, few have considered the cumulative impact of a large
number of “temporary” interventions operating within the “permanent” infrastructure of the city.
This lacuna resides in a methodological problem: we do not have a template of how to describe,
“map” as it were, the everyday and the contingent aspects of urban experience that involve multiple
temporalities beyond the usual longer arc of urban studies. One of my current projects, Mapping
Ephemerality, brings together GIS mapping tools, architectural analysis, ethnography, and urban
history, to explain and visualize the relation between the ephemeral/temporary and the
perennial/permanent aspects of city-making through a focused reading of an emergent set of spatial
relations initiated by the annual religious festival of Durgapuja in Kolkata. I am interested in not
simply those aspects of urban form and infrastructure that are amenable to mapping, but also those
aspects of urban experience that resist mapping.
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THOMAS CRIMMEL
MesoAmerican Research Center
Department of Geography
University of California, Santa Barbara
Email: tdcrimmel@gmail.com
Thomas Crimmel is an undergraduate student in the department of Geography at
the University of California, Santa Barbara. Crimmel currently works under Dr.
Anabel Ford at the MesoAmerican Research Center (MARC) assisting with
technical details of mapping the ancient Maya city of El Pilar with LiDAR
technology. In addition to this, he also helped create and now maintains the data
hosted on the Maya Forest Atlas (marc-ucsb.opendata.arcgis.com), an online
repository of the centers data made public. He had a central role in developing
the web-based atlas and is currently working on developing a similar repository for Dr. Swati
Chattopadhyay and her research. Crimmel, in addition to leading a team of eight undergraduates at MARC
and taking a full load of classes, is currently working to understand ancient Maya subsistence strategies
through GIS based models. In the next couple of years, he plans to complete his degree, work a season in
Belize, and take his work into graduate school.

F

Position Statement

or the past 20 years, Dr. Anabel Ford and her team at the MesoAmerican Research Center have
been collecting data at the ancient Maya city of El Pilar on the border of Peten, Guatemala and
Cayo, Belize. The UCSB Maya Forest GIS is a compilation of disparate yet comparative data on the
tropical lowlands of Mesoamerica that serve as a basis for the center’s work. Working with the UCSB
Library’s Geospatial Data Curator Tom Brittnacher, we have identified key areas of weakness and
target areas for improvement in the development of the Maya Forest GIS. Our Digital Data
Acquisition and Testing for Archiving, DDATA, is developing a standard protocol designed to build and
integrate a useable, consistent, and well‐documented file naming and storage system for our GIS.
Implementing our DDATA protocol will ensure that the UCSB Maya Forest GIS has consistency and
validity for use on the El Pilar project. More importantly, the success of the DDATA protocol will serve
as a model tool for research professionals who are ready to effectively utilize and share their stored
spatial data.
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DANIEL FENTON

Arc GIS Hub
Esri
Email: dfenton@esri.com

Daniel Fenton is the lead for information discovery and data interoperability on the
ArcGIS Hub team at Esri. Based in the Washington, D.C. R&D Center, Daniel has
been with Esri for five years. He leads a team of engineers with expertise in GIS,
information retrieval, distributed computing, data science, and user interfaces.
Daniel is a significant contributor to opensource software libraries, including Koop, a
popular JavaScript framework for translating spatial and tabular data from one API format to another.
Prior to joining Esri, Daniel worked as a product manager and research manager at JLL, a global real estate
services firm. He is currently enrolled in the Computer Science Master of Science program at the
University of Maryland. Previously he received a Master of Science degree in Applied Economics from the
Georgia Institute of Technology and Bachelor of Science and Art degrees in Economics and Philosophy
from the College of Charleston.

I

Perspective

currently lead a team of engineers that are responsible for the search system in ArcGIS Hub.
ArcGIS Hub is an easy to configure cloud platform that allows organizations, primarily government,
to publish spatial and non-spatial content on websites. The search system and websites are designed
to be used by users who are familiar with computer technology, but not GIS. As the Hub product is
produced inside and R&D center, I have experimented with different spatial search techniques that
operate on both explicitly and implicitly labeled data. This includes research projects in partnership
with Thomas Hervey and Sara Lafia, both Ph.D. candidates at UCSB.
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MARCEL FORTIN
Map and Data Library
University of Toronto
Email: marcel.fortin@utoronto.ca
Marcel Fortin is the Head of the Map and Data Library at the University of
Toronto (UofT) and has been the GIS and Map Librarian since 1999. He
supports geospatial teaching and research on campus through data
collection development, consultation services and teaching. Marcel is a
sessional instructor in the UofT’s Department of Geography and Planning
where he teaches a course called “The Power of Maps and Geographic
Information.” He is the co-editor of the book “Historical GIS Research in Canada,” published in 2014 by the
University of Calgary Press. In 2015, Marcel was awarded a three year federally funded Social Sciences and
Humanities Research Council (SSHRC) Partnership Development Grant for a project called the Canadian
Historical GIS Partnership (http://geohist.ca). The HGIS Partnership team included Historians, Geographers
and Librarians from both Canada and the United States. Marcel is also a co-investigator on a CANARIE
funded Research Data Management (RDM) project. CANARIE is a non-profit corporation that supports the
digital research infrastructure for Canada’s research, education and innovation communities.

Perspective

A

s a librarian who supports research, and as a researcher myself, I have always been concerned
with the preservation of original data, and I have long-struggled to find appropriate
technologies and workflows that allow for the description, safe preservation, and the discoverability
of original data. Especially worrisome has been the lack of appreciation by most Research Data
Management Programs in academic institutions for the complex and unique nature of the curation
and discovery needs of original geospatial data.
In the last few years, most academic institutions across North America have created Research Data
Repositories. The most popular tool used to build these repositories is the Dataverse platform.
Dataverse is the defacto platform used across Canada for RDM repositories. While Dataverse does
allow for the ingestion of many types of data, including geospatial data, the challenges of exposing
and querying geospatial data or visualizing geographically within this platform are well-known. Out of
the box, Dataverse is currently only searchable via text-based queries and results are returned
textually as well, which seriously limits the discovery of most geospatial datasets.
The Canadian Historical GIS Partnership project’s main aim in 2015 was largely to investigate the
needs of HGIS researchers across Canada and in the United States. We found that issues surrounding
the storage, sharing, preservation and re-usability of geospatial data were also some of the main
concerns of faculty and librarians involved in HGIS research projects.
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In the fall of 2018, Geohist.ca teamed up with a CANARIE-funded research project team based out of
the University of British Columbia to investigate the use of geospatial technology (Geoblacklight and
Geoserver), as an add-on to Dataverse in order to allow for geographic and visual querying of
Dataverse. The completed product will consist of a federated map-based user interface for data
querying. The tool is meant to help discover geospatial data within repositories. But the tool is also
envisioned as enabling the exposure of other Research Data with geographic components attached.
Examples of these types of components include geographic units captured in Survey Data such as City,
Province/State, Postal/Zip codes, etc.
The ultimate goal of this project is to develop a tool to work in the same fashion with Canada’s
Federated Research Data Repository (FRDR, http://frdr.ca), which supports and is the one-stop RDM
search and discovery tool for approximately 30 data repositories in Canada. FRDR harvests metadata
using various protocols, including the Open Archives Initiative (OAI) protocol amongst other feeds to
populate its service.
It is hoped that this CANARIE project will not only fulfil the need for querying spatially RDM
catalogues of data, but that it will also help raise awareness amongst RDM communities of the
necessity of special care and treatment of original geospatial data for long-term preservation and
access.
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NIKLAS GRIESSBAUM
Bren School of Environmental Science and Management
University of California, Santa Barbara
Email: griessbaum@ucsb.edu
Niklas Griessbaum is a PhD student at UCSB’s Bren School of Environmental Science &
Management. Niklas’ thesis is that the inherent heterogeneity of the flow from data to
knowledge in the environmental sciences causes bottlenecks that can be unblocked
through infrastructures leveraging cloud computing. His dissertation address the
“twilight of file-centricity” and technologies required to transition to data-centricity. In
particular, the automatic generation of data citations, and the applicability of
hierarchical spatiotemporal indexes in array database for environmental data management.

Perspective

F

iles package data into logical units and provide an intelligible identity to their content: Their
filename. Files further conceal the structure of the data, which allows repositories to preserve
and distribute data structure-agnostically. While this generalizes and simplifies the task for
repositories, it pushes the responsibility of acknowledging the data’s structure to the user, who have
to extract, transform, and load (ETL) data from files prior to knowledge extraction. The tragedy in this
approach materializes in two bottlenecks: Data movement and data alignment.
Data Movement: A system that is agnostic of the structure of the data it holds is incapable of
performing computations on the data. It merely acts as a point of distribution. Data therefore has to
be moved to the point of computation (Jim Gray’s 3rd Law). Data movement however is undesired
since it results in uncoordinated duplication of data and therefore in storage waste. Further, the
increasing disparity between network speeds and compute power makes it less attractive and
ultimately infeasible to move data to the point of computation.
Data Alignment: Since files allow repositories to be agnostic of data structures, it removes repositories
from the obligation of data alignment. Consequently, it is the user's task to align data during ETL. Data
alignment is to be understood as providing a common method to express (e.g., spatiotemporal)
coincidence throughout datasets. It can be achieved through (re-)projection, gridding, aggregation, or
indexing. Since alignment is not provided from a central point (i.e., the repository), every user has to
manually align data, resulting in redundant effort.
To break these bottlenecks, the file-centric approach has to be replaced by a system that:
●

is capable of providing identity to data independently of the packaging

●

does not require manual data alignment

●

voids the necessity to move data by acknowledging the data’s structure and therefore being
capable of performing computations at the place of storage.

2019 Expert Meeting—Spatial Discovery III

Grossner—14

KARL GROSSNER
World History Center
University of Pittsburgh
Email: grossner@pitt.edu
Karl Grossner is currently serving as Technical Director of World-Historical Gazetteer
(WHG), a three-year NEH-funded project collaboratively conceived and designed at
the University of Pittsburgh’s World History Center. He received a PhD in Geography
at UC Santa Barbara in 2010, and worked within the Center for Spatial Studies from
its founding in 2008 through 2011. Karl’s research interests concern “computing
place” for historical scholarship in the humanities and social sciences, including
knowledge representations in databases, Linked Open Data, and the diachronic analyses of place they
afford.

T

Perspective

he widely noted spatial turn in the humanities continues unabated, and in fact is gathering
momentum. Researchers in numerous fields, including history, literature, fine arts, linguistics,
cultural heritage, philology, and archaeology, are including geographic and/or explicitly spatial
perspectives in their work. This GeoHumanities research is largely historical, and in most cases an
initial goal is mapping references to places gathered from relevant texts and tabular data. That
geographic window on phenomena of interest is often followed by some type of spatial analysis.
A significant hurdle in this process is resolving the place names found in historical sources to locations.
The further back in time one goes, the harder it is to discover geographic coordinates by reliably
matching those names with records in modern gazetteer resources like GeoNames, Getty Thesaurus
of Geographic Names (TGN), or Wikidata. While there are a handful of historical gazetteers and
historical GIS projects, they are typically focused on a single country or region/period combination.
The World-Historical Gazetteer project, as an aggregator of linked open gazetteer data for all regions
and periods in history, will offer programmatic and graphical search services having more
comprehensive spatial-temporal coverage than any existing resource. It is a scholarly resource, in that
virtually all indexed place records are attestations of places derived from cited historical source
material.
The project has a further goal of indexing annotation data for what we are calling “traces”—historical
entities of any kind with spatial-temporal footprints of interest. This linking of research objects
(people, events, texts) by means of place will enable not only directed search, but serendipitous
discovery in rich “place portal” pages on the WHG web site, pedagogical applications, and many kinds
of “platial” analyses.
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KATHERINE HART
Geography & Map Division Reading Room
Library of Congress
Email: kathyw226@gmail.com
Katherine (Kathy) Hart became Head of the Library of Congress’ Geography
& Map Division Reading Room in September 2018. She is participating at
this specialist meeting in her personal capacity, not on behalf of the Library
of Congress. Previously, she was at Rice University’s Fondren Library and
Texas A&M University Libraries, where at both, she managed collections
and services including maps and GIS data. Hart promotes map and
geographic information use and spatial literacy in libraries, and has
developed and led digital historic map projects. She is active in the
American Library Association’s Map and Geospatial Information Round Table and for ten years coedited the Journal of Map & Geography Libraries. In 2013, Hart, along with Karl Grossner, co-founded
and co-chaired the GeoHumanities Special Interest Group of the Alliance of Digital Humanities
Organizations. Hart consulted on the Linked Data for Libraries/Production cartographic sub-group and
is a member of the Pelagios Commons Committee.

Perspective
Single point access across repositories and catalogs is conceptually ideal, but any system would be
complex and likely produce mixed results because geographic metadata is provided in a variety of
standards and levels of granularity. Library catalogs, through subject headings, only provide for
generalized access to administrative entities (cities, counties, states, countries) as well as named
regions and features. Coordinates data is found in library catalogs for maps and cartographic
resources but is absent for textural resources. Library repositories, such as DSpace, use Dublin Core
or other metadata schemes, and while the inclusion of coordinates is possible, it is not often supplied.
True geoportals, such as the Big 10 Academic Alliance Geospatial Data Project, use robust geospatial
metadata, FGDC and ISO 19139. As you can imagine, if one were to conduct a single search across
repositories and catalogs that naturally contain different levels of geographic granularity, the search
results increase recall but decrease precision. Whether this would be helpful or a frustrating
experience for the searcher should be examined.
However, the merging of these worlds may benefit from linked open data. Many agree that an allencompassing common metadata standard is not feasible, so then, a unifier gazetteer, through LOD
and URIs, would be required to bring these two worlds together into a single discovery system.
Library catalogs are now transitioning to a sophisticated linked data environment, “BIBFRAME.” This
evolution will allow library catalog data to be more widely available and integrated into semantic
search. I participated in the multi-institutional Mellon funded Linked Data for Libraries Cartographic
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Sub-Group from 2015–2018. Our goal was to examine cartographic concepts in catalog records in
order to build ontologies that would support BIBFRAME development. This sub-group created a
variety of use cases specific to cartographic or geographic searches which were: cartographic feature
types (elevation, boundaries), geographic feature types (natural features, populated places), a browse
by administrative hierarchy and a search by coordinates (either directly or through LOD vocabularies).
While the system is still in development, BIBFRAME will allow for conceptual relationships between
resources using controlled identifiers for things (among them places but also including people and
languages). Geographic location may represent the place of publication or creation of the resource,
as well as the subject matter (‘aboutness’) or location represented in the resource. I believe that as
library catalogs move to LOD, a single point (from the user’s perspective) discovery system will
become more possible.
The lessons learned, or perhaps not yet learned well enough, are essential to the search itself; that is,
understanding the user experience. The user’s discovery needs should be in the forefront of design
planning. The discovery service must work for the searcher, and at, but not beyond, the level of
complexity to meet their discovery needs. Searchers already experience a degree of confusion when
navigating a single search of library catalogs, indexes, and the web (such as when using the Primo
platform). Any new discovery system would need to be intuitive and flexible. During the development
process, we must ask how might this discovery system assist them? What and how are they
searching? What is their knowledge of geographic concepts and geographic metadata? Do they
approach the search for something known (a particular location with particular characteristics), or is it
the unknown— something being sought due to its spatial relationship (What is nearby to . . . ? What
is contained in . . . )? Spatial search is a solution for uncovering information about places where the
place is not already known. A meaningful discovery service will need to meet both needs, that of the
known location and the not yet known.
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Senior Project Manager
Esri
Email: mhogeweg@esri.com
Marten Hogeweg joined Esri in 2001 as a Consultant and Project Manager
focused on products and solutions for spatial data infrastructures (SDI), open
government, and enterprise information sharing programs. He has extensive
experience in geospatial industry standards from ISO, the Open Geospatial
Consortium, United States Geospatial Platform, and European INSPIRE programs.
Since 2007, Hogeweg has supported the Group on Earth Observations initiative
to increase discovery and access to Earth Observation data. Hogeweg managed the design and
implementation of the National Spatial Data Infrastructure networking system in Indonesia between 2010
and 2015. The NSDI connects various government organization who can share geospatial information
between themselves, as well as provides public users access through a public information portal.
Hogeweg has served as project manager for the Geospatial One-Stop program from 2003 to 2011. He was
responsible for the operation and maintenance of the portal as well as for the development of
enhancements and outreach to the user community. He managed the successful retirement of the portal
and the transition to its successor site as part of Data.gov. He was instrumental in building the relationship
between the Geospatial One-Stop and Data.gov programs. He is currently working with the US
GeoPlatform, AmeriGEOSS, as well as various organizations who are looking to create data discovery
solutions. Since 2003, Hogeweg has developed the Esri Geoportal Server open source metadata catalog,
that focuses on facilitating data discovery in heterogeneous SDI. The Geoportal Server implements various
metadata and discovery specifications from both the geospatial domain and the World Wide Web
consortium. Hogeweg has a Master of Science in Geographic Information Systems from the University of
Salford, United Kingdom (2000) and a Master of Science in Mathematics, the Free University of
Amsterdam, the Netherlands (1989).
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University Library
Interdisciplinary Research Collaboratory
University of California, Santa Barbara
Email: jonjab@ucsb.edu
Jon Jablonski is the director of the Library’s new Interdisciplinary Research
Collaboratory, the digital scholarship center at the University of California, Santa
Barbara. The Collaboratory provides access to a wide variety of analytical
software and services, including support for quantitative and qualitative data
analysis and visualization.
Jablonski is also curator of maps, spatial data, and the world’s largest
collection of aerial photography in an academic library. The airphoto collection
of 2.4 million images shows a comprehensive view of the development of the
California landscape beginning in 1927. The paper map collection specializes in global base mapping, and
contains more than 300,000 maps.
As a human geographer, he has been examining the massive changes in China’s urban landscapes and
economy for the past ten years. In 2007 he was awarded the U.S. Department of Education’s Foreign
Language Advanced Study fellowship to study the Chinese language at Peking University and conduct
fieldwork in provincial libraries looking at the human aspects of cultural heritage cyberinfrastructure. In
2011, he taught library and information science as a Fulbright Scholar at Wuhan University’s School of
Information Management. That year, he also began working with the owners and users of Chinese picture
book libraries—part of what he calls the Chinese early childhood industrial complex. Since then, Jablonski
has visited more than 30 libraries in seven cities. He has interviewed the owners of these entrepreneurial
libraries, read books to groups of children, and led discussions with parents and grandparents about how
to encourage an early love of reading. This work builds knowledge of how Chinese middle-class families
struggle to negotiate contemporary life inside of an authoritative one-party political system.
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Associate Director, Center for Spatial Studies
Professor, Department of Geography
University of California, Santa Barbara
Email: janowicz@ucsb.edu
Krzysztof Janowicz is an Associate Professor for Geographic Information Science
and Geoinformatics at the Geography Department of the University of California,
Santa Barbara. He is the program chair of the Cognitive Science Program, one of
two Editors-in-Chief of the Semantic Web journal, a Faculty Research Affiliate of
the Center for Information Technology and Society, and the community leader of
the 52° North semantics community. He currently runs the STKO Lab, which
investigates the role of space and time for knowledge organization. Prior to coming to UCSB, Janowicz was
an Assistant Professor at the GeoVISTA Center, Department of Geography at The Pennsylvania State
University. Before moving to the United States, he worked as a postdoctoral researcher at the Institute for
Geoinformatics (ifgi), University of Münster, Germany, for the international research training group
on Semantic Integration of Geospatial Information and the Münster Semantic Interoperability Lab (MUSIL).
Methodologically, his niche is the combination of theory-driven (e.g., semantics) and data-driven (e.g.,
data mining) techniques.
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MICHAEL JOHNSON
Department of Geography
University of California, Santa Barbara
Email: jmj00@ucsb.edu
Michael (Mike) Johnson is a student in the Department of Geography at the
University of California, Santa Barbara (UCSB), working with Keith Clarke. He is
interested in California water resource problems and challenges of data
representation, modeling, and application. He has worked with the NOAA National
Water Center and NCAR on the application of WRF-Hydro and the National Water
Model with a recent focus on representation, sensitivity and impacts of land cover on water resource
systems. Johnson has worked with the University of California Global Health Institute and the VU
Amsterdam on studying how farmer behavior impacts large scale water resource concerns in California’s
Central Valley within an Agent Based context; and with the USGS on issues of data discoverability, linkage
and applications for scalable and reproducible hydrologic research. In this vein, he has authored a number
of R packages focused on earth system and hydrologic data acquisition.

W

Position Statement

ater concerns pose some of the most pressing issues facing modern populations. Issues range
from severe drought to severe flood and the need to develop methods, understanding and
data resources are becoming more urgent. To date, hydrologic research has been advancing rapidly
with uptake in high performance computing environments, greater data availability. These advances
pose three great opportunities for research: (1) making data inputs and outputs more easily found,
linked, and utilized (2) reevaluating the geospatial assumptions that have gone into geofabric
generation and (3) leveraging these new data sources to better understand the processes driving
water resource concerns bot today and in the future. My recent research has aimed to look at how
these three opportunities are interrelated and how geographic thought and spatial data science can
play a more prominent role in federal, regional, and local water management.
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Aalto Online Learning
Aalto University
Email: tomi.kauppinen@aalto.fi
Tomi Kauppinen (http://kauppinen.net/tomi) is the project leader of Aalto Online
Learning (http://onlinelearning.aalto.fi) at Aalto University. He has endorsed and
studied linked and semantic science where both data and methods for analysing data
are made public and represented in a reusable way. Tomi holds a title of docent (2014)
and Ph.D. (2010) in media technology in Aalto University. He is Privatdozent in
geosciences (since 2015) and holds venia legendi, i.e., habilitation (2014) from University of Münster. His
passion is to create information visualizations, and cognitive and ubiquitous systems to help us to
understand, learn and act in the world. Tomi teaches explorative information visualization at Aalto
University, and the geoinformation in society course at University of Münster.

T

Perspective

he idea of topic spaces trigger imagination in very fruitful ways. Topics spaces as information
landscapes call for studying what kind of forms, shapes and different elements there are, what
connections can we evidence, or how information is flowing from one location in the space to
another. The interesting question is also how these forms, shapes and connections relate to our
visible world, and how they can be made to augment the reality for learning, understanding or acting
in a useful way. In our Aalto Online Learning project (see http://onlinelearning.aalto.fi/pilots) we have
made use of augmented and virtual reality settings to create combined information landscape
realities. One of our pilot projects, 3D-Chem, by our chemistry teachers, supports immersive learning
of 3D atomic level structures by allowing to interact with and create molecules with bare hands in
virtual reality.
Further on, we have employed augmented reality for enabling learning at the campus area beyond
classrooms, for instance to learn languages in situ via location-based triggers and related exercises.
Here spatial search is done by physically moving around places within the campus, engaging with
exercises and other learning tasks. The location can enable also a single-point access to many
different kinds of research or learning contents. We are now studying how to create a rich
augmented experience about the campus, and beyond, by georeferencing a wide range of
information objects (like research data and settings, learning materials, pieces of art) and enabling
storytelling, spatial search and discovery. This should facilitate learning of spatial thinking.
In another of our pilot projects teachers have asked students to create connections between study
topics as they see them, and allowing them to alter the statement over time during a course.
Students can also express their emotions related to topics or connections: for instance, whether
some topic to be learned makes them happy, angry or sad— and how their emotions concerning
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topics change over time. For a teacher the topic connections created by students communicate about
their position within their learning path.
Recently I started a project with my AI student to create a course recommendation system for our
university. The courses seen as a topic space allows for testing for different ways to bridge a student’s
learning goal to course offerings. This requires also data about the student’s path and place within
her studies. This transforms the challenge to a navigation task. Where is the student now in topic
space, where does she want or need to go, and how can we make the path enjoyable & useful?
How can we spatialize topic spaces to facilitate search and discovery? Information visualization
approaches provide a fruitful way in communicating characteristics of a topic landscape, such as
connections, groupings, proximity or continuity within and between topics. As we know from gestalt
psychology, these spatial means and configurations provide a shortcut for supporting understanding.
Here also higher-level spatial metaphors turn out to be useful: for instance, we have recently started
to visually communicate our project’s story over time similarly as how year rings of a tree are spatially
organized to visualize the growth of that tree
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Department of Geography
Center for Spatial Studies
Email: kuhn@ucsb.edu
Werner Kuhn holds the Jack and Laura Dangermond Endowed Chair in Geography
at the University of California, Santa Barbara, where he is professor of Geographic
Information Science. He is also the director of the Center for Spatial Studies at
UCSB. His main research and teaching goal is to make spatial information and
computing accessible across domains and disciplines. Before joining UCSB in late
2013, Kuhn was a professor of Geoinformatics at the University of Munster,
Germany, where he led MUSIL, an interdisciplinary semantic interoperability
research lab. Kuhn is described as a leading expert in the area of geospatial semantics and especially
known for his work on Semantic Reference Systems as well as his work on interaction metaphors for
Geographic Information Systems. Recent research projects include the Linked Open Data University of
Muenster (together with the university library), and a series of EU projects on geospatial services in the
semantic web.
Kuhn holds a doctorate from ETH Zurich (1989) and was a post-doctoral researcher with the National
Center for Geographic Information and Analysis (1989–1991) as well as with the Vienna University of
Technology (1991–1996). He is a co-founder of the COSIT Conference Series (since 1993) and of the
Vespucci Initiative for Advancing Science through Geographic Information. His publications range from
GIScience and usability engineering through cognitive science to formal ontology. He is a member of
several editorial boards of peer-reviewed international journals, such as the International Journal of
Geographical Information Science (IJGIS), the Semantic Web Journal (SWJ), Applied Ontology (AO), Spatial
Cognition and Computation (SCC), the International Journal of Spatial Data Infrastructures Research
(IJSDIR) and the Journal of Spatial Information Science (JoSIS).

Enabling the Spatial Discovery of Research Data in Libraries
SARA LAFIA AND WERNER KUHN

Abstract
The Department of Geography at the University of California Santa Barbara (UCSB), in partnership
with the UCSB Library and Esri, has studied the opportunities of spatially enabling the discovery of
research data in a library setting. It has developed strategies that use location to integrate research
data from diverse campus departments like Marine Biology, Archaeology, and Political Science in a
web GIS platform. A protocol for spatially-enabling metadata links the research data to associated
publications, references them by the geographic location of their contents, and assigns them
locations in thematic spaces. This work has resulted in an open portal of campus research, supporting
the spatial discovery of data and publications through a world map, a spatialized topic map, and a
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network of thematically related research. The outlook for spatial discovery at UCSB and any other
library foresees improving researchers’ understanding of what places and themes research is about.

Putting University Research on the Map
In the 1990s, the University of California, Santa Barbara established and advanced the vision for a
spatially enabled digital library through the Alexandria Digital Library project, providing access to
diverse materials with functionality for spatiotemporal search. Starting in 2015, a team of researchers
around Professor Werner Kuhn, supported by the UCSB Library, the Center for Spatial Studies, and
the Spatial Discovery Fund, revived and vastly expanded this vision by making research datasets and
publications spatially discoverable. Diverse materials, ranging from imagery and scanned
environmental impact reports, to dynamic citizen science data, have been made available through a
geographically-enabled search interface: ArcGIS Online’s Open Data. Since the launch of UCSB’s site,
over 160 datasets have been exposed, including layers from the university’s Interactive Campus Map,
along with feature services, reports, and imagery used by campus researchers. These data have also
been used to build applications, like a Campus Bicycle Feedback service collecting volunteered
geographic information (VGI).

Figure 1. UCSB Open Data (via ArcGIS Online) offers users insights into the geographic distribution of research
data.
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The UCSB Open Data site bridges disciplines by identifying areas of the world about which research
data are available, regardless of discipline or format. Research data are too often siloed by discipline
or by theme (i.e. biology portals, art catalogs), whereas the spatial organization of research cuts
across discipline and format, offering interdisciplinary views and promoting collaboration. For
example, campus researchers from several departments work in the Mesoamerican region, yet data
about archaeological excavations, contested political borders, and land cover types have not been
discoverable in one place until recently (Figure 1). Datasets that overlap in their geographic extents
are now discoverable, which encourages data sharing and linking across disciplines. Relevant
publications or other documents that reference the datasets are linked to them, providing additional
context that aids in their discovery (Lafia et al., 2016).

Sharing and Discovering Research Spatially
To support spatial discovery, the UCSB Library and the Center for Spatial Studies have developed a
protocol that allows researchers to provide key metadata elements to geographically reference their
resources, making geographic location explicit (Lafia and Kuhn, 2018). In this way, diverse resources
hosted across various university or external repositories can be made spatially discoverable. UCSB’s
open data site supports a wide range of data formats, including URL links to externally hosted content
and non-geographic data, such as documents, images, and tables. Once described spatially, datasets
referenced in research publications are indexed and made discoverable. Complementary work on a
crosscutting base vocabulary describing the data themes shared through ArcGIS Online also improves
users’ ability to discover data by using keyword-based search in spatial portals (Lafia et al., 2018).
Because all data contributed by researchers are supported by Esri Open Data, they are also amenable
to exploration and analysis in various web-based Geographic Information Systems. Access and
contributions to the UCSB open data site are mediated by ArcGIS Online. Users do not need
credentials to browse, download, or manipulate data from the site. To contribute, researchers follow
a simple, extensible, and ultimately automatable workflow to describe and expose their research as
data services. This approach also offers a more dynamic sharing of research products, allowing
researchers to publish and maintain control of their original material through any means mandated
by academic journals or grants, while sharing their research with a much broader audience. It also
reduces demand for libraries to provide data hosting through repositories. Data shared through
UCSB’s Open Data site increases the visibility of research by enabling geographic views and
connecting research data to publications about them, allowing users to learn more about the
research data regardless of which department or repository hosts them.
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Figure 2. A self-organizing map places related research data (colored by academic department) closer together.

Supporting Research Curation with Spatialization
The latest efforts to spatialize research data have resulted in a self‐organizing map of dissertation
topics (Figure 2), based on thesis titles and abstracts; it has yielded interesting insights into patterns
of related research themes (Lafia et al., 2019). The map is published as a web application through the
same UCSB Open Data site using ArcGIS Online, supporting thematic spatialization on a geospatial
platform. Spatialization can take many forms in support of thematic integration (Bruggmann and
Fabrikant, 2016); thus, a network view of the same repository (Figure 3) tells a different story about
the thematic connections among research theses and dissertations at UCSB. Expanding the notion of
spatial discovery to such thematic spaces offers a spatial view and discoverability of research data
that is non‐geographic; coupling topic modelling with geographic views enables the spatial discovery
and integration of research through interconnected geographic and topic spaces.
The plans for spatial discovery at UCSB in the coming year include continued work on tools that link
campus research data available through public research repositories. Consideration of temporal
search (such as for data about historic periods) will incorporate the concept of events in search and
discovery tools. Efforts to make these tools adaptive to multiple perspectives will also explore the
benefits and challenges of using spatial quality concepts like granularity, accuracy, and provenance.
The work reported here has prioritized spatial perspectives at the university in a timely and concrete
form. The UCSB Library’s Interdisciplinary Research Collaboratory now supports researchers working
to implement spatial analysis methods. Curation activities are also taking a spatial turn; the
Alexandria Digital Research Library, which provides access to diverse research objects (such as
publications), anticipates enabling spatial search for these objects using GeoBlacklight. The university
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Figure 3. A network view links related research data (also color coded by academic department) based on
shared topics.

is also supporting researchers with data curation, which has resulted in the adoption of a
geospatially-enabled DASH repository. As these developments align, they support the long-term goal
of enabling spatial views and integration of university research, and the serendipitous discovery of
university research data across geographic regions and disciplines.
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Sara Lafia is a graduate student in the Geography Department at UCSB. She works in
partnership with the UCSB Library and the Center for Spatial Studies on improving
the spatial discovery of research data and documents. Her research addresses the
question of how to spatially enable discovery of connected data and publications in a
setting that allows for mapping and analysis using a Geographic Information System.
She is also interested in the application of spatialization frameworks to non‐spatial
data, such as text, to gain new insights about themes of contents across data formats. Her background is
in Urban and Regional Planning. She has experience working on projects in collaboration with the U.S. EPA
Region 10, the South Coast Air Quality Management District, and the Jet Propulsion Laboratory, applying
GIS to assess social issues while also improving the accessibility of spatial tools for civic and community use.

Enabling the Spatial Discovery of Research Data in Libraries
SARA LAFIA AND WERNER KUHN

Abstract
The Department of Geography at the University of California Santa Barbara (UCSB), in partnership
with the UCSB Library and Esri, has studied the opportunities of spatially enabling the discovery of
research data in a library setting. It has developed strategies that use location to integrate research
data from diverse campus departments like Marine Biology, Archaeology, and Political Science in a
web GIS platform. A protocol for spatially‐enabling metadata links the research data to associated
publications, references them by the geographic location of their contents, and assigns them
locations in thematic spaces. This work has resulted in an open portal of campus research, supporting
the spatial discovery of data and publications through a world map, a spatialized topic map, and a
network of thematically related research. The outlook for spatial discovery at UCSB and any other
library foresees improving researchers’ understanding of what places and themes research is about.

Putting University Research on the Map
In the 1990s, the University of California, Santa Barbara established and advanced the vision for a
spatially enabled digital library through the Alexandria Digital Library project, providing access to
diverse materials with functionality for spatiotemporal search. Starting in 2015, a team of researchers
around Professor Werner Kuhn, supported by the UCSB Library, the Center for Spatial Studies, and
the Spatial Discovery Fund, revived and vastly expanded this vision by making research datasets and
publications spatially discoverable. Diverse materials, ranging from imagery and scanned
environmental impact reports, to dynamic citizen science data, have been made available through a
geographically‐enabled search interface: ArcGIS Online’s Open Data. Since the launch of UCSB’s site,
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over 160 datasets have been exposed, including layers from the university’s Interactive Campus Map,
along with feature services, reports, and imagery used by campus researchers. These data have also
been used to build applications, like a Campus Bicycle Feedback service collecting volunteered
geographic information (VGI).

Figure 1. UCSB Open Data (via ArcGIS Online) offers users insights into the geographic distribution of research
data.

The UCSB Open Data site bridges disciplines by identifying areas of the world about which research
data are available, regardless of discipline or format. Research data are too often siloed by discipline
or by theme (i.e. biology portals, art catalogs), whereas the spatial organization of research cuts
across discipline and format, offering interdisciplinary views and promoting collaboration. For
example, campus researchers from several departments work in the Mesoamerican region, yet data
about archaeological excavations, contested political borders, and land cover types have not been
discoverable in one place until recently (Figure 1). Datasets that overlap in their geographic extents
are now discoverable, which encourages data sharing and linking across disciplines. Relevant
publications or other documents that reference the datasets are linked to them, providing additional
context that aids in their discovery (Lafia et al., 2016).
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Sharing and Discovering Research Spatially
To support spatial discovery, the UCSB Library and the Center for Spatial Studies have developed a
protocol that allows researchers to provide key metadata elements to geographically reference their
resources, making geographic location explicit (Lafia and Kuhn, 2018). In this way, diverse resources
hosted across various university or external repositories can be made spatially discoverable. UCSB’s
open data site supports a wide range of data formats, including URL links to externally hosted content
and non‐geographic data, such as documents, images, and tables. Once described spatially, datasets
referenced in research publications are indexed and made discoverable. Complementary work on a
crosscutting base vocabulary describing the data themes shared through ArcGIS Online also improves
users’ ability to discover data by using keyword‐based search in spatial portals (Lafia et al., 2018).
Because all data contributed by researchers are supported by Esri Open Data, they are also amenable
to exploration and analysis in various web‐based Geographic Information Systems. Access and
contributions to the UCSB open data site are mediated by ArcGIS Online. Users do not need
credentials to browse, download, or manipulate data from the site. To contribute, researchers follow
a simple, extensible, and ultimately automatable workflow to describe and expose their research as
data services. This approach also offers a more dynamic sharing of research products, allowing
researchers to publish and maintain control of their original material through any means mandated
by academic journals or grants, while sharing their research with a much broader audience. It also
reduces demand for libraries to provide data hosting through repositories. Data shared through
UCSB’s Open Data site increases the visibility of research by enabling geographic views and
connecting research data to publications about them, allowing users to learn more about the
research data regardless of which department or repository hosts them.

Figure 2. A self‐organizing map places related research data (colored by academic department) closer together.
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Supporting Research Curation with Spatialization
The latest efforts to spatialize research data have resulted in a self‐organizing map of dissertation
topics (Figure 2), based on thesis titles and abstracts; it has yielded interesting insights into patterns
of related research themes (Lafia et al., 2019). The map is published as a web application through the
same UCSB Open Data site using ArcGIS Online, supporting thematic spatialization on a geospatial
platform. Spatialization can take many forms in support of thematic integration (Bruggmann and
Fabrikant, 2016); thus, a network view of the same repository (Figure 3) tells a different story about
the thematic connections among research theses and dissertations at UCSB. Expanding the notion of
spatial discovery to such thematic spaces offers a spatial view and discoverability of research data
that is non‐geographic; coupling topic modelling with geographic views enables the spatial discovery
and integration of research through interconnected geographic and topic spaces.
The plans for spatial discovery at UCSB in the coming year include continued work on tools that link
campus research data available through public research repositories. Consideration of temporal
search (such as for data about historic periods) will incorporate the concept of events in search and
discovery tools. Efforts to make these tools adaptive to multiple perspectives will also explore the
benefits and challenges of using spatial quality concepts like granularity, accuracy, and provenance.

Figure 3. A network view links related research data (also color coded by academic department) based on
shared topics.

The work reported here has prioritized spatial perspectives at the university in a timely and concrete
form. The UCSB Library’s Interdisciplinary Research Collaboratory now supports researchers working
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to implement spatial analysis methods. Curation activities are also taking a spatial turn; the
Alexandria Digital Research Library, which provides access to diverse research objects (such as
publications), anticipates enabling spatial search for these objects using GeoBlacklight. The university
is also supporting researchers with data curation, which has resulted in the adoption of a
geospatially‐enabled DASH repository. As these developments align, they support the long‐term goal
of enabling spatial views and integration of university research, and the serendipitous discovery of
university research data across geographic regions and disciplines.
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Christina Last is a scholar at the University of Bristol. Her research focuses on the
computational challenges that geography poses for social science, and the
application of new techniques in computer science to answer the geographic
question ”who you are around” can affect what you do, or “who you are connected
to” can impact what you are able to do. During a sabbatical as an exchange scholar
in the Center for Spatial Studies, she developed computational techniques that produced ”Spatializations.”
Spatializations uses ”core concepts” (Kuhn 2012) to help academics search for important areas of
research, through organizing research thematically or by location.

Key Research Questions
How can discovery by geographic location provide single- point access to research data, across
repositories and catalogs?
We perceive relationships between information in a spatial sense. More specifically, when
phenomena are located close to one another, we believe they are more related than those further
apart. This simple phenomena means that we can use techniques to convey the relatedness of
research themes without requiring scholars to have specific knowledge of disciplinary search
terminology. We find that each space enables distinct visual perceptions and questions about the
relatedness of research themes. For example, a field view enables questions about the distribution of
research objects in the topic space, while a network view enables questions about connections
between research objects or about centrality.

What are the lessons learned for the design of discovery services and the practice of data
curation?
In recent decades, the curation of scholarship and its access mechanisms have shifted from physical
to virtual spaces. Similarly, library shelves with thematically collocated material are today largely
accessed through virtual spaces, such as digital repositories, such as the Seattle Public Library
Visualization. While online library services may provide scholars with access to millions of research
objects, they do not necessarily improve the ability of scholars to serendipitously discover related
objects. Arguably, ”Spatializations” can recreate specially de- signed two-dimensional thematic
spaces, such as neighborhoods and networks of themes.

How can spatialization techniques enable data discovery by location in topic spaces?
Spatializations exploit people’s familiarity with spaces in everyday life to produce intuitive visual
information spaces that convey similarity through distance (Kuhn 1996). Combining spatializations
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with the core concepts of spatial information to enable intuitive exploration and discovery of related
research objects across disciplines. Core concepts focus on the base concept of location, and
introduce four content concepts (field, object, network, event), and a growing set of quality concepts
(granularity, accuracy, provenance) to capture what spatial information is about, “at a level above
data models, but independent of particular application domains” (Kuhn 2012). To do so, Lafia et al.
(2019) introduce two core concepts of Fields using a Self-Organizing Map and Networks using a
Network visualization.
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Gengchen Mai is a Ph.D. student at Space and Time for Knowledge
Organization Lab (STKO), Department of Geography, University of
California, Santa Barbara. His Ph.D. adviser is Prof. Krzysztof
Janowicz. He is primarily focusing on Geographic Question
Answering, Natural Language Processing, Geographical Information
Science (GIScience), Geographic Information Retrieval, Machine
Learning/Deep Learning, and Semantic Web. He is interested in
designing and developing spatially explicit machine learning models
for geographic knowledge discovery, especially geographic question answering, by using graph neural
network, sequence‐to‐sequence model, and so on. Mai has interned at Esri Inc. during 2017, developing a
semantically enriched ArcGIS Online search engine. In the summer of 2018, he interned at Mosiax.ai as an
NLP research intern to develop a reinforcement learning based geographic question answering model to
answering questions about POIs.
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BRUNO MARTINS
Computer Science and Engineering Department
University of Lisbon
Email: bgmartins@gmail.com
Bruno Martins is an Assistant Professor at the Computer Science and Engineering
Department of IST (University of Lisbon), and a researcher at the Information and
Decision Support Systems (IDSS) lab of INESC-ID, where he works on problems
related to the general areas of information retrieval, text mining, and the
geographical information sciences. He has been involved in several research projects
related to geospatial aspects in information access and retrieval (e.g., problems
related to geographical text analysis in application areas such as the digital
humanities or the computational social sciences), and he has accumulated a significant expertise in
addressing challenges at the intersection of information retrieval and the geographical information
sciences (i.e., in an area that is often referred to as geographical information retrieval).

Position Statement

O

ver the last few years, deep learning techniques had a transformative impact in fields such as
natural language processing or computer vision, significantly advancing the state-of-the-art in
problems like parsing natural language, assigning text or images to pre-defined classes, or semantic
image segmentation. These same techniques can also empower a next generation of geographical
information systems, providing the ability to combine spatial analysis with fast and near human-level
perception, this way facilitating location-based discovery of relevant information. At the University of
Lisbon, I have been involved in a variety of projects related to this general objective.
In connection to remotely sensed data, or combining remote sensing with volunteered geographic
information (e.g., from sources such as the OpenStreetMap), recent studies have for instance shown
that deep learning techniques can be used in a variety of applications. Examples include (a) georeferencing ground-level photos in order to complement remote sensing data, (b) iterpolating,
downscalling, or fusing multiple remote sensing products, e.g. to circunvent problems of missing data,
or (c) segmenting aereal imagery, e.g. to support the extraction of building footprints and/or road
segments.
In connection to textual data, or combining text with other data modalities, recent studies have also
described the use of deep learning techniques for geo-referencing vague and imprecise place
references into unambiguous coordinates, so that traditional spatial analysis methods can be
employed over data originally encoded in text. Example applications include (a) automatically georeferencing Twitter users or their textual posts, (b) matching place records combining names and
other attributes, e.g. for gazetteer conflation, or (c) disambiguating place references, presented in
the context of textual descriptions, into the corresponding geo-spatial coordinates.
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Many of aforementioned applications can already highlight important challenges in the use of
machine learning for processing geospatial data, including small sample sizes relative to the
complexity of the problems, the lack of ground truth information, or the high degree of noise and
uncertainty. Despite the many successful applications, overcoming the aforementioned challenges
requires additional developments, so that recent deep learning techniques can be more widely and
easily applicable to a broader range of problems, including problems related to main thematic focus
of the meeting, i.e. geospatial information discovery in university library settings.
Besides advances in fundamental research, and particuarly in connection to exploring legacy data in
university libraries, the adaptation/costumization of existing methods and the corresponding
experimental validation requires significant attention from the community, to assess the use of deep
learning developments in contexts such as (a) the processing of historical maps instead of remote
sensing products; (b) the analysis of old grayscale photos instead of modern high-resolution aerial
images; or (c) the parsing of information within historical documents in a variety of languages, instead
of just modern English text.
To accelerate developments in connection to these challenges, I belive that the organization of joint
workshops, journal special issues, and other forums can assume a particular importance, fostering
synergistic discussions and collaborative research. Perhaps even more importantly, the organization
of joint evaluation efforts in connection to the previous forums, considering challenge tasks and
datasets with crisp problem statements, can be important to accelerate progress and lower the
barriers for more people to get involved. Finally, surveys and curated repositories of learning
materials can help educating new researchers, particularly by reducing the challenges involved in
understanding advanced cross-disciplinary topics.
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Spatial Analysis and Research Center, University Library
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Email: emutch@ucmerced.edu
Erin Mutch is the Director of the Spatial Analysis and Research Center (SpARC) at
University of California, Merced (UC Merced). She supports campus-wide project
development and research support for projects needing spatial analysis support
and implementation. Mutch has also designed and conducted workshops and
training for UC Merced students, faculty, staff, and off-campus partners. Mutch
provides geospatial consultation to faculty and student research projects for
various departments across campus. She assists UC Merced librarians in identifying databases, data
management options, archival map scanning and strategic planning. Previously she worked in GIS private
consulting for more than 15 years and has her MGIS degree from Pennsylvania State University.

Perspective

M

y focus at SpARC is to enhance our ability to support spatial data archiving by collaborating
with the UC Merced Library. We have developed projects which included the archiving
historical maps and integrating digitized vector and raster historical data into an accessible
geographic information system. My challenge is to manage spatially pertinent research data, maintain
data quality and integrity through documentation and data archiving through coordination with our
faculty and library staff. In addition, we are working with faculty staff and students in implementing
geospatial software applications that minimize the need for software training while enhancing
research and visual communications. Our goal is to utilize spatial analysis applications to integrate
and support data archiving and provide spatially oriented portals to access library information.
Another challenge we have identified is the duplication of data creation and the lack of standards and
metadata in storing data sets which could be shared and enhance future research.
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Kalin Librarian for Technological Innovations and Geospatial Services Librarian
Assistant Professor of Geography
The Pennsylvania State University Library
Email: nbp104@psu.edu
Nathan Piekielek promotes spatial research and teaching in all

departments and units at Penn State. Recent activities include
establishing a maps and geospatial information support center from
within the library. His research interests are varied and have
included reproducibility using scientific workflow software and
targeting non-geography academic disciplines for GIS outreach. He is
currently working to develop fully- and semi-automated methods to
convert print geographic resources (e.g. maps and historic aerial photographs), to research-quality
digital geospatial datasets to be published openly. He contribute to the Big Ten Academic Alliance
(BTAA) geoportal project and serves on their collection development subcommittee
(https://geo.btaa.org/). Nathan holds degrees in ecology, conservation ecology and sustainable
development, and geography as well as postdoctoral experience working on the anticipated effects of
climate change.

Perspective Statement

S

•

How can spatially mediated discovery provide single-point access to research data, across
distributed repositories and catalogs?

•

How can the discovery of research objects in general be spatially supported? and

•

How can spatial discovery be applied to topic spaces, not just geographic ones?

patial discovery across repositories/catalogs is often mediated by metadata, specifically metadata
elements that are populated and structured in common (i.e. compatible schemas). The metadata
records and/or the data themselves are then aggregated (and cross-walked if necessary), and
discovery tools built on top of the aggregated metadata records. This has been our approach in the
BTAA geoportal project with the caveat being that we have only aggregated the metadata records—
the data themselves remain in each individual institution’s repository. Issues with this approach are
that it requires a substantial amount of effort (i.e., mediated deposit), to get an item into the
collection and the collection itself requires constant update and maintenance to remain relevant,
which is an expensive proposition over a long-term commitment. When considering applying this
approach to research data one might realize that not every research project interacts with geographic
space or frame of reference in the same way—for example in lab-based experiments, does the
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geographic location of the lab where the experiment took place have meaning? Was there a
specialized instrument used in the experiment with a unique frame of reference that is meaningful to
the results and for which “spatial” search should be enabled? Inconsistencies in representation of
space and frame of reference make it difficult to define and enforce a common metadata element on
which spatial discovery can be performed. For example, searching Penn State’s mediated deposit
research data repository (DataCommons), by geographic search criteria will not produce every
dataset in the result because a few (~30) escape geographic description. Contrast this by searching
Penn State’s self-deposit repository (Scholarsphere), where you cannot search by geography and
where many datasets are not documented well enough for reuse.
The fact that some research datasets escape traditional geographic description and that presumably
future searchers are looking for research data related to what they’re working on more so than data
close to where they are working – provides a perfect lead-in to replacing geography as the frame of
reference with topic space. Or better yet, combining the two somehow? With newfound emphasis at
academic institutions and by funding agencies to engage in inter-and trans-disciplinary research,
there is more pressure than ever to identify collaborators whose research interests are aligned with
your own. Unimaginative attempts at supporting this at universities has included the construction of
institutional “experts databases” that rely on people to subjectively catalog their skills and expertise.
For-profit ventures take this one step further and mine the indexed volumes of scholarly articles for
content that is associated with people and provides a subject, but unambiguous classification of
scholars, although the outputs of these efforts can be difficult to interpret and visualize. Mapping
people’s scholarly work and research outputs by topic space, including visualizations of proximity and
relationships, provides an interesting and intuitive entry-point to discovering data, information, and
potential collaborators.
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GIS and Map Librarian
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Email: smpowell@library.berkeley.edu
Susan Powell is the GIS & Map Librarian at UC Berkeley. She provides reference
support, teaches GIS workshops, and works with instructors to incorporate
spatial data literacy in their courses. In addition to her public service roles, Susan
also manages the library’s geospatial and geography collections, including GIS
data, physical maps and atlases, and books/journals relevant to the discipline of
geography. Susan has been involved in spatial discovery communities for several
years, including OpenGeoPortal and GeoBlacklight. At Berkeley, she leads several
map digitization projects and manages the creation of metadata for the library’s digital geospatial
resources. She recently completed a project to scan historical 20th century maps of Mongolia,
georeference them, and digitize vector layers in order to create a database for researchers to use. Outside
of her work at Berkeley, Susan is involved with the non-profit mapping organization “Guerrilla
Cartography” for which she co-edited the 2017 publication “Water: an atlas” and is the Vice-President of
the Western Association of Map Libraries (WAML).

A

Position Statement

t the moment I am particularly interested in how to create spatial discovery systems that work
well for a variety of users—from people with no experience or background in GIS to experts. A
related topic that I often wrestle with is how much to curate content for our instituion’s geoportal.
How do we decide what is relevant to include? Again, this goes back to the users for which we are
creating the geoportal.
One of the biggest annoyances of searching for spatial data is having to search in so many different
places. Although this works well as a “teachable moment” when getting students to think about
information authority and authorship because they have to consider these questions in order to
effectively search, it remains a frustration, especially for novice researchers.
A last point that I have been thinking about a lot recently is how to make the relationships between
different content transparent for users. For example, one might start with a physical map and make a
scanned copy of it as a TIF file. Next, one might georeference that file, creating a GeoTIFF file, or
perhaps just an accompanying world file with the geospatial transformation information. One may
additionally digitize vector data from that georeferenced file, creating a series of shapefiles or other
feature classes. How do we best represent the relationships between these data objects in a
geoportal so that researchers are able to understand the lineage?
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MARK SCHILDHAUER
National Center for Ecological Analysis and Synthesis (NCEAS)
University of California, Santa Barbara
Email: schild@nceas.ucsb.edu
Mark Schildhauer is currently a Center Associate at the National Center for Ecological
Analysis and Synthesis, NCEAS (http://nceas.ucsb.edu) at UCSB. From 1995-2017
Schildhauer was Director of Computing at NCEAS, where he and his staff developed
and managed NCEAS’ cyberinfrastructure, focusing on meeting the scientific
computing and technical collaboration needs of NCEAS’ associated projects and
researchers. Schildhauer’s technology research interests are in conceptual data
modeling, the semantic web, scientific workflows, and Open Science—all in the
context of facilitating integrative environmental and conservation science.
He is involved in the NSF’s DataONE (http://dataone.org) Provenance and Measurement Semantics
Working Group, developing Semantic Search for the NSF Arctic Data Center (https://arcticdata.io), and
follow-ons to the NSF’s EarthCube GeoLink project (https://earthcube.org/group/geolink)—all of which are
advancing the use of techniques in Linked Open Data and the Semantic Web to describe and confederate
disparate earth science data resources.
Schildhauer has a Ph.D. in Ecology, Evolutionary, and Marine Biology from the University of California,
Santa Barbara, and an A.B. in Biology from Harvard.

Perspective

I

believe that clarification of the spatiotemporal aspects of data is essential in realizing the FAIR
principles for scientific research data. The challenge in developing a semantic web for
spatiotemporal entities and processes, however, is in expressing what are intrinsically multi-scale,
multi-faceted and sometimes unavoidably fuzzy or context-sensitive concepts in more formalized
logical frameworks. Nevertheless, the advantages of taking on this challenge using semantic web
technologies can be huge, starting with promoting standardized gazetteers expressed in RDF/OWL, to
permitting flexible “materializations” of terms, based on geospatial and linguistic considerations, such
as for resolving searches on: valley, glen, or ravine.
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KATJA SELTMANN
Cheadle Center for Biodiversity and Ecological Restoration
University of California, Santa Barbara
Email: seltmann@ccber.ucsb.edu
Katja Seltmann is the Director of the Cheadle Center for Biodiversity and Ecological
Restoration (CCBER) at the University of California Santa Barbara. CCBER houses a
large, regionally focused natural history collection of plants, algae, insects and
vertebrates. Her research focus is the field of biodiversity informatics, or data
science research of digitized natural history collection records, insect biodiversity
and creative science communication.

Perspective

S

cientific data can often be difficult to find using keyword searching, and spatial searching
provides an opportunity to discover otherwise unlikely, but useful, datasets and descriptive
information. I am interested in thinking about how to expose natural history data (specimens from
collections, species observations) and biological data publications in order to better match natural
processes of human inquiry. Many biological questions involve spatial aspects, although those are not
always place-based. Rather, they may involve time, habitat type, ecoregion, or other spatial
connections. Also, many valuable observations about organisms, or the places they are known to
occur, are found outside the scientific literature. This suggests that by crossing intellectual boundaries,
and enabling discovery via historical documents, biography, poetry, photographs and other media, it
may be possible to enable collaborative and cross-disciplinary research that would otherwise be
difficult to realize.
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ANDRÉ SKUPIN
Center for Information and Convergence Strategy
San Diego State University
Email: skupin@sdsu.edu
André Skupin is a Professor of Geography and the Founder and Co-Director of the
Center for Information Convergence and Strategy (CICS) at San Diego State
University. He is vice chair and co-host of Left of Boom, the annual conference on
proactive threat mitigation strategies. Skupin serves as Associate Director of the
Center for Data Analytics and Intelligence (CENDAI) at the Czech University of Life
Sciences in Prague and Associate Director of the Center for Entrepreneurship and
Innovation at the University of Dubai. He combines a classic cartographic education with long-standing
interests in the application of data visualization and analytics in diverse domains, from biomedicine to
finance, demography, and criminology. He has been engaged in the visualization of knowledge spaces for
more than two decades, combining traditionally disparate approaches from natural language processing,
machine learning, and cartography. These efforts have been funded by diverse sponsors, including the
White House Office of National Drug Control Policy, National Science Foundation, and National Institutes
of Health. Skupin is co-inventor of several patent-pending technologies involving ontologies and text
mining for knowledge engineering. As co-founder of commercial spin-off BigKnowledge®, he has a strong
interest in accelerated transition of technological innovation into diverse application areas.

T

Position Statement

he spatial patterns and relationships expressed through formal ontologies, concept networks,
term spaces and topic spaces are today exploited in numerous ways, from search engines to
recommender systems. Spatialization aims to make the underlying spaces more accessible to human
cognitive abilities and much progress has since been made in this regard, namely:
(1) approaches have been put forth that explicitly combine methods from cartography,
information science, network science, text mining, and machine learning,
(2) a robust empirical body of evidence regarding the cognitive mechanisms of spatialization has
emerged,
(3) the visual mapping of knowledge spaces has been widely popularized, such as through the
“Places & Spaces—Mapping Science” exhibit (http://scimaps.org/), which has been shown at
200+ venues world-wide and is now in its 15th annual iteration, and
(4) efforts at applying geographic thinking and spatial computing to knowledge spaces have
moved beyond academia into the commercial realm, based on diverse scenarios of use.
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JULIE SWEETKIND-SINGER
Geographic and Cartographic Services
Banner Earth Sciences Library and Map Collections
Stanford University
Email: sweetkind@stanford.edu
Julie Sweetkind-Singer is the Associate Director of Geospatial and Cartographic
Services and the Head of the Branner Earth Sciences Library & Map Collections at
Stanford University. In this role she is chiefly responsible for determining the
library's policies and approaches in a range of areas, including the acquisition,
maintenance, preservation, accessibility, and support for the library's geospatial and
cartographic holdings. This specifically includes a special interest and engagement
with transformation of the paper content into useful digital representations for the map collections.
Sweetkind-Singer is a member and past Chair (2016–2018) of the National Geospatial Advisory Committee,
an Advisory Committee to the Federal Geographic Data Committee. The role of the Committee is to
provide advice and recommendations related to national geospatial program and the development of the
National Spatial Data Infrastructure. From 2004 through 2009 she served as Co-Chair for the National
Geospatial Digital Archive, a Library of Congress National Digital Information Infrastructure and
Preservation Program partnership. She was named a Digital Preservation Pioneer by the Library of
Congress. She is a member of the Board of Review at the Leventhal Map Center, Boston Public Library. She
serves as the Secretary for the Western Association of Map Libraries. She periodically teaches classes on
the history of maps for the California Rare Book School.

G

Position Statement

eographic discovery catalogs using search mechanisms optimized to handle spatial search are
well-established and in use at many institutions. GeoBlacklight is one such platform now in use
by dozens of universities across the United States. This open source platform has been built to not
only display the content available through the holding institution, but to pull in the metadata for
other institutions creating a union catalog of geospatial data, scanned maps, and imagery. For
example, Stanford’s instance, Earthworks, displays content held locally and by 19 other groups who
participate in the OpenGeoMetadata effort. This provides a single point of access for those using
Earthworks to look across repositories to find content that may meet their needs.
It works well because the goal for all participants is the same – spatial search for explicitly spatial
information. Geographic search gets much harder when using geographic location to look for
information that is not inherently spatial in nature in general repositories and catalogs. The vast
majority of end users are not familiar with spatial searching either using text or within a map
interface. While these ways are part and parcel of the kind of searching geospatially knowledgeable
people carry out, the general user will stumble on roadblocks they won’t even know exist. Names
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change over time. Places are spelled differently depending upon the language in which the text is
written, different terminology is used to describe geographic locations and features. Good geographic
metadata including coordinates and the integration of gazetteer information may help level the
playing field, but this is not always there and people may not know how to search well enough to
understand how to use it.
The design of such systems requires a deep understanding of one's audience and their goals when
searching for information based upon geographic location. This understanding comes about by
employing the user experience design process with the creation of personas designed to unpack user
needs. Though we built Earthworks for the Stanford community most people get to our data through
a search on Google—not through the text searching or the spatial search interface on our carefully
designed platform. We create robust metadata to aid in searching and monitor our resources to
ensure that the content is available. We have learned that we must manage user expectations for our
resources and those in our federated catalog. We have created customized status updates to explain
what to do next when federated resources are not available. We have clearly stated use restrictions
for those who want licensed content for which they are not authorized to access. We also understand
the importance of serving out our content from our broader library repository infrastructure creating
persistent access to it over time.
Spatial discovery across repositories and catalogs is a challenge that speaks to more than simply
searching by place name or coordinates. This gets to the issue of “aboutness.” If one is searching for
information about St. Joseph, Missouri to understand the impact of the floods of 2019, one would
want to know about the surrounding topography, the crops grown in the region, previous flood
mitigation efforts, ownership of the farms, and the list goes on. Spatialization techniques may allow
one to capture broader knowledge than simply asking for all information about St. Joseph using the
town name or geographic coordinates. But, it requires robust standardized metadata with the ability
to search across formats including text, video and data.
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JOSHUA WELLS
Department of Anthropology and Social Informatics
Center for Excellence in Research and Scholarship
Indiana University South Bend
Email: jowells@iusb.edu
Joshua Wells is an associate professor of anthropology and social informatics, and
director of CERES, the Center for Excellence in Research and Scholarship, at
Indiana University South Bend. He works on big data issues in heritage
management and archaeological science, science-technology-society interactions,
and affordances and limitations of technological strategies in evolving disciplines.
He is especially interested in the ethical and community power of ”free” and
“open” software and data strategies, including geospatial resources. Wells is a member of the editorial
board for the primary archaeological data publishing group, Open Context. From 2010–2018 he
chaired the Digital Data Interest Group for the Society for American Archaeology. He has reviewed grant
proposals for numerous research agencies, including NSF and NEH. He has consulted on big data, open
science and technology access with groups as small as county libraries and as large as the European Union.

A

Perspective Statement

s an anthropological archaeologist, I am interested in the ways that geographic location
provides an entry point to contextualize information about the past across a variety of
potentially intersecting sociocultural and physical science vectors. Within anthropology and allied
social sciences, the understanding that cultures and societies are bounded spatiotemporal
phenomena provides the potential to categorize the scope of a particular belief system or social
order in time and space and to illuminate processes of change as elements of group behavior
accumulate change to form seemingly distinct horizons of human experiences. With this in mind,
geographic location becomes key to understanding the longitudinal persistence or change in
particular sociocultural behaviors, through time in a particular area (whether from the scale of a
village or city-state to a geographic region). In a complementary fashion, geographic location
becomes key to understanding transmission of sociocultural behaviors from one place to another
through combinations of communication, trade, syncretism, or population movement. Thus, in
archaeology, the sociocultural phenomena described to define past peoples have salient geographical
aspects that range from local points to large polygonal areas of interest, and often including
overlapping areas of combined definitional sets. Furthermore, such phenomena are often deduced
from physical science investigations in discrete locations, including areal surveys, excavations, and
proveniences of particular materials used to derive information based in astronomy, biology,
chemistry, geology, and physics. Subsequently, the communication of location is important, but the
definition of that information may have to consider a mixture of possibilities, including how that
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location was represented by past peoples, how that location was understood by archaeological
investigators in a research agenda, and how that location is defined in a modern geopolitical context
where jurisdictions from the local to the international have salient characteristics.
In practice, enabling discovery of research data in archaeology, per the geographic qualities described
above, may seem thorny. However it is important to remember that all of those qualities may be
represented in some fashion on the face of the Earth, and the solution involves vocabulary control
that defines where particular concepts are important and where they overlap. For instance, about
1200 CE, in Evansville, Indiana, on the Ohio River, was the Angel Site, the fourth largest indigenous
city-state of the Mississippian cultural tradition, a walled town with thousands of inhabitants who
lived in ethnic neighborhoods among monumental earthworks. The Angel Site may be known as part
of the Mississippian phenomenon, in which case key terms and geographic definitions of the extent
of Mississippian peoples from Minnesota to Florida become important. The site may be understood
as the capital of a polity about 50 kilometers in radius, which would have its own spatial boundaries
that fluctuated in time in southern Indiana and northern Kentucky. The site may be understood in
terms of the archaeological investigations conducted there for about 75 years, with changing
geographic contexts as scientific sampling strategies (units, trenches, levels, horizons, features,
samples, etc.) changed in the discipline. FInally, the site may be understood as a protected heritage
resource which is a National Historic Landmark and an Indiana State Park, with a Smithsonian
Trinomial Number of 12VG1 (an alphanumeric intelligent key, 12 refers to indiana, VG to
Vanderburgh County where the site is located, and 1 designates that the site was the first recorded to
the government roster in that county), which will be used to denote information related to the Angel
Site in government documents, in many research journals, and in many museum and archival
collections.
Spatialization techniques that can enable data discovery within the realm of archaeology must then
be able to account for a variety of overlapping and complementary concepts in space. They may also
need to take into account the need for periodization, to recognize that a particular set of concepts
which may have applied to geographic area during one time period may not be appropriate or useful
for all time periods. Archaeology as a discipline is currently engaged in a massive effort to wrangle
ontologies and vocabularies in regions, nations, and across international consortia. Many best
practices currently focus on tagging and accumulating definitions in areas, rather than providing rigid
vocabulary controls that may exclude nuance. More particular temporal and investigative strategy
tools may then be applied to refine and isolate particular instances of information.
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Amy Work is the GIS Librarian at UC San Diego. She supports students, faculty,
researchers and staff with their geospatial needs. She instructs workshops and
helps curate geospatial data within the Library and across campus. She is currently
working on implementing a geospatial discovery tool within the Library that will
enable users of geospatial data to quickly interact with and identify geospatial data.
Prior to this, Work was the Director / co-founder of the non-profit Geoporter,
where she worked with communities in Costa Rica to apply geospatial technologies to solve local issues.
She has also worked with faculty at academic institutions across the U.S. to integrate geospatial
technologies into curricula and research in her role as the GIS Analyst and Education Coordinator for the
Institute for the Application of Geospatial Technology at Cayuga Community College. She has been
involved in many GIS-related grants and projects, including serving as PI and Co-PI on geospatial data
related NSF, NASA, and State-funded research grants.

Perspective

I

am interested in enabling users, both novice and advanced, to find data that is geographic in
nature in a timely and efficient manner. A number of tools exist from GeoBlacklight to ArcGIS
Enterprise and Open Data Portals that enable users to interact with the geospatial data prior to
downloading it and using it in a GIS system. I see it as essential for a user to interact with the data and
dig into the components prior to downloading it. Does the data contain the attribute information that
will help me answer my questions? Is the data at the scale appropriate for my area of interest? Users
spend too much time searching for data that in the end does not help them with their initial question.
I see it as vital to those who curate data to continue to make those datasets as accessible as possible.
In addition to traditional geographic datasets and maps, I see other datasets that are part of our
Library collections have the potential to be searchable through an interactive map interface when
geographic location is included in metadata standards. By geo-enabling existing library collection
content, users will have new ways of navigating traditional content and find documents, manuscripts,
and other materials that otherwise may have taken more time to come across or that might have
never been discovered. Whether the ability to have these two types of data discoverable in the same
interactive interface or as a plugin should be determined by the host institution and the IT
infrastructure and personnel support for these types of tools.
Many institutions that host geospatial data hold many of the same datasets. I am interested to see
how these institutions can work together to share the workload in collecting the data, developing the
metadata standards, and sharing the hosting abilities. Collaborative institutional efforts will help
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ensure that data can be ingested into a geospatial repository without having to re-create some of the
same steps. This will help institutions that may not have the person power, metadata expertise or IT
support structure to support their patrons and can help divide the workload among institutions by
engaging others who are willing to help.

