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How can researchers find related data 
without needing to know disciplinary terms?

Health LawUrban PlanningPolitical Science
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Bookshelves curate books by topics, supporting 
search and discovery.

- Research data: documents 
(Buckland, 1997) and metadata 
(Mayernik, 2016) used or 
generated by researchers

- Curation: organization of data to 
maximize meaningful access 
(Fear, 2013) and to support 
bibliographic objectives 
(Svenonius, 2000)
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Verbalization (Study 1)
How can we map topics of 
interest, expressed in users’ 
terms, onto the language of 
metadata?

Spatialization (Study 2)
How can we elicit and 
spatially represent the 
topics of research data to 
convey their similarity?

Generalization (Study 3)
How can we represent the 
topics of a multidisciplinary 
body of research at multiple 
levels of detail?
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Seeking research data

Information lookup with keywords
(Hearst, 2011; Ithaka S + R Faculty Survey, 2016)
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Exploratory search in a geographic map
(Smith and Frew, 1995)
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Organizing research data
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Multidisciplinary research data 
(Lafia et al., 2016)

Geographic data: location, time, theme
(Sinton, 1978; Durante and Hardy, 2015)



From geographic organization to topic spaces
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Landscape of musical genres from Last.fm 
(Biberstine et al., 2010)

- Spatialization: mapping physical 
space to abstract domains 
through spatial metaphors 
(Kuhn, 1996)

- Distance-similarity metaphor: 
nearby data items are semantically 
similar (Montello et al., 2003)



Making topics explicit: semantic annotation
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Hierarchical classification versus other spatial conceptualizations 
(Gärdenfors, 2000)



Making topics explicit: topic modeling
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Documents as mixtures of topics (Latent Dirichlet Allocation) 
(Blei, 2012)



Verbalization 
Improving Discovery of Open Civic Data (Study 1)

Lafia et al. (2018)



Open data initiatives allow public data access 
but do not guarantee discoverability.
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Source: https://hub.arcgis.com/

https://hub.arcgis.com/


How can we map topics of interest, expressed in 
users’ terms, onto the language of metadata?

1. Select a base vocabulary 
of geospatial categories

2. Extend vocabulary with 
concept hierarchies

3. Tag metadata with terms 
from concept hierarchies

4. Evaluate portal 
implementations
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Vocabulary problem in human system 
communication (Furnas et al., 1987)



How can we map topics of interest, expressed in 
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Curation protocol for semantic annotation
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Verbalization → Spatialization
Enabling the Discovery of Thematically Related Research 
Objects with Systematic Spatializations (Study 2)

Lafia et al. (2019)



Related academic research is often described 
with different terms across disciplines.
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Source: https://www.alexandria.ucsb.edu/collections
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How can we elicit and spatially represent the topics 
of research data to convey their similarity?

1. Collect metadata for 
research documents 

2. Model topics of document 
titles and abstracts

3. Generate spatializations in  
field and network spaces

4. Demonstrate similarity 
relations based on distance

Metadata element Requirement

Title 50 words or less

Year of publication 2011 – 2016

Degree grantor Academic department

Degree supervisor Academic advisor

Detailed abstract
...

Problem statement, 
description of methods 
and procedures used to 
gather data, summary 
of findings; no word 
limit

Overview Background Verbalization Spatialization Generalization Conclusions
19



How can we elicit and spatially represent the topics 
of research data to convey their similarity?

1. Collect metadata for 
research documents 

2. Model topics of document 
titles and abstracts

3. Generate spatializations in  
field and network spaces

4. Demonstrate similarity 
relations based on distance
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Title topic 0
(‘species, 
‘spatial’, 
‘host’...)

topic 1
(‘urban’, 
‘region’, 
‘local’...)

topic 2 …
(species, 
‘population’, 
‘coastal...’) ...

Direct and Indirect 
Contributions of 
Photodegradation to Litter 
Decomposition in a California 
Grassland

0.47 1.54E-04 9.48E-05

Representations of an Urban 
Neighborhood: Residents' 
Cognitive Boundaries of 
Koreatown, Los Angeles

1.00E-04 0.47 1.14E-04

Household and Community 
Organization at Nimatlala, an 
Island Chumash Village on 
Limuw (Santa Cruz Island), 
California...

9.98E-05 0.19 0.33
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How can we elicit and spatially represent the topics 
of research data to convey their similarity?

1. Collect metadata for 
research documents 

2. Model topics of document 
titles and abstracts

3. Generate spatializations in  
field and network spaces

4. Demonstrate similarity 
relations based on distance
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Core concepts of spatial information 
(Kuhn, 2012)
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Field of research topics
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Network of research topics
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Spatialization → Generalization
Mapping Research Topics at Multiple Levels of Detail  
(Study 3)

Lafia et al. (2020)



Research productivity is difficult to quantify 
and compare across disciplines.
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Source: https://www.eri.ucsb.edu/

https://www.eri.ucsb.edu/


1. Analyze and process 
document metadata

2. Select number of topics to 
model based on coherence

3. Spatialize topics at a coarse 
and a detailed level

4. Deploy a map dashboard 
and interpret results
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Frequent terms in ERI’s 3,770 
research documents (2009 – 2019)
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How can we represent topics of a multidisciplinary 
body of research at multiple levels of detail?



1. Analyze and process 
document metadata

2. Select number of topics to 
model based on coherence

3. Spatialize topics at a coarse 
and a detailed level

4. Deploy a map dashboard 
and interpret results

Overview Background Verbalization Spatialization Generalization Conclusions
28

How can we represent topics of a multidisciplinary 
body of research at multiple levels of detail?

Coherence scores for NMF topic models 
with 2 – 100 topics



1. Analyze and process 
document metadata

2. Select number of topics to 
model based on coherence

3. Spatialize topics at a coarse 
and a detailed level

4. Deploy a map dashboard 
and interpret results
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Coarse t-SNE map (9 topics)

Detailed t-SNE map 
(36 topics)

How can we represent topics of a multidisciplinary 
body of research at multiple levels of detail?



1. Analyze and process 
document metadata

2. Select number of topics to 
model based on coherence

3. Spatialize topics at a coarse 
and a detailed level

4. Deploy a map dashboard 
and interpret results
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Source: https://eri-research-dashboard.herokuapp.com/

How can we represent topics of a multidisciplinary 
body of research at multiple levels of detail?

https://eri-research-dashboard.herokuapp.com/


Can these maps support high-level views of 
research at a multidisciplinary institute?

- Review questions: support 
for standard “research 
accomplishment” questions 
(e.g. trends, specialities)

- Researcher survey: ERI’s 
research, their research, 
detection of events (e.g. 
center funding, faculty hires)

Earth Science 
(2009 - 2014)

NCEAS 
(2009 - 2014)
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Geography 
Department

Chemistry 
Department



Verbalization (Study 1)
User terms mapped to 
system terms with a 
hierarchical vocabulary

Spatialization (Study 2)
Research topics elicited from 
metadata configured as 
both a field and a network

Generalization (Study 3)
Research topics elicited from 
metadata configured in 
temporally-sequenced maps
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Vocabulary and 
curation protocol

Expansion of search 
terms across levels of 

government

Combination of topic 
modeling and 
spatialization

Demonstration of 
distance-similarity 
supporting curation

Spatial support for the 
institutional review 

process
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High-level views of 
research topics at 

distinct levels of detail 



Limitations

- Evaluation baseline: innovating 
previously unseen solutions

- Feedback mechanisms: potential 
for cross-study tasks and insights

- Research data proxies: adoption 
of data curation policies
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UCSB joins Dryad Data Repository 
(143 items contributed so far)



Open Questions
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- How can core concepts of spatial 
information further support the 
spatial curation of research?

- Which curatorial actions impact 
data discovery and reuse?

- How can recommendation and 
question-answering support 
data discovery and reuse?

Core concepts of spatial information 
(Kuhn, 2012)
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