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The Center for Knowledge Infrastructures conducts research 
on scientific data practices and policy, scholarly 
communication, and socio-technical systems. Their latest 
project, funded by the Alfred P. Sloan Foundation, is studying 
data practices, policy, and infrastructure of multiple distributed 
scientific collaborations, exploring methods of data collection 
and management, innovations in scaling and workflows, and 
multidisciplinary approaches to complex problems.

Christine L. Borgman, Distinguished Professor and 
Presidential Chair in Information Studies at UCLA, is the 
author of more than 250 publications in information studies, 
computer science, and communication. She directs 
the Center for Knowledge Infrastructures with research 
grants from the Alfred P. Sloan Foundation, the National 
Science Foundation, and other sources.

Bernie Randles (second from left), a second-year PhD 
student, brings her expertise in computer science and 
mathematics to our studies of data and software 
relationships in Astronomy.

https://knowledgeinfrastructures.gseis.ucla.edu/
http://www.christineborgman.info/
http://works.bepress.com/borgman/
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Current Research Sites
Domain Focus Topic

Astronomy sky 
surveys

Place: sky and 
universe

Survey of night sky

Observational 
Astronomy

Problem: data 
infrastructure

Orbits, phenomena, 
data integration

Deep subseafloor
biosphere

Place: under ocean 
floor

Microbial life and 
environment

Craniofacial research Problem: Craniofacial 
birth defects in 
humans

Genomics of four 
model organisms

Computational 
science

Problem: Data 
analysis at scale

Computing platform 
for astronomy, 
genomics, more…
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Knowledge Infrastructures

• What new infrastructures, divisions of labor, 
knowledge, and expertise are required for 
data-intensive science? 

• How are multi-disciplinary, data-intensive 
scientific infrastructures established – and 
dismantled? 

• How do data management, curation, sharing, 
and reuse practices vary among research 
areas? 

5



Research Methods

• Document analysis
– Public and private documents and artifacts
– Official and unofficial versions of scientific practice

• Ethnography
– Observing activities on site
– Embedded for days or months at a time

• Interviews
– Questions based on our research themes
– Compare multiple sites over time

6



Image: Alyssa Goodman, Seamless Astronomy, Harvard-CfA

Astronomy Knowledge Infrastructures



Astronomy Knowledge Infrastructures

• Observations: continuity over millennia

• Astronomy became digital: 1970s-

• Array of stakeholders: international

• Private and public funding: renewal

• Consensus mechanisms: Decadal survey

8
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Astronomy Infrastructure Chronology
Astronomy
Infra-
structure

1960-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2010 2011-

NASA funded 
infrastructure 
observatories 
missions
centers  
archives & 
data tools

GSFC
IPAC
IRAS
STScI

Hubble 
(HST)
NED

ADS
IRSA
SATC

Chandra
HEASARC
2MASS
MAST
NExScI
Spitzer
WIRE

SOFIA
Spitzer
Suzaku
Swift 

Fermi
(FGST)
Herschel
Kepler
Palomar 
(PTF)
Planck
WISE 

NuSTAR

Other
infrastructure 
observatories
centers 
surveys 
data tools
standards

SAO
CfA
CDS/
SIMBAD
FITS

arXiv
VizieR
Keck

Aladin
NVO
IVOA
SDSS
Gemini
Subaru

Dataverse
GitHub
LSST
Pan-
STARRS
VAO
WWT

ADSASS
DDT 
Jupyter
Note-
book
Zenodo
DES
TMT
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Evolution of the Journal Article

1665 1895 2009 2013..230 yr... ...114 yr... ...4 yr...

Slide: Alyssa Goodman, Harvard Astronomy



Astrophysics Data System: 20 years
• 1993: Abstract Service launched implementing federated search to SIMBAD object database
• 1994: First web-based version of the ADS Abstract Service released
• 1995: Fulltext of ApJ Letters digitized and online
• 1996: Citation data incorporated in ADS; links between bib records and datasets created; first mirror site online
• 1997: Indexed astronomy preprints from arXiv
• 1998: The online readership via ADS surpasses the worldwide print readership for the main Astronomy journals
• 1999: Extracted and incorporated 1.2M citations from digitized literature via text mining
• 2000: Incorporated usage data and Citation ranking in search engine
• 2001: ADS’s 10th mirror site comes online
• 2002: Digitized and placed online 300K historical scans from microfilms online
• 2003: myADS notification service launched
• 2004: Introduced fulltext search, private libraries
• 2005: Introduced daily database updates of arXiv content, RSS feeds
• 2006: Launched the ADS basic search, implemented openURL linking
• 2007: Implemented user login system
• 2008: Upgraded content in ADS with color and grayscale scans
• 2009: Introduced the ADS topic search
• 2010: Developed the ADS recommender
• 2011: The ADS Labs website is launched
• 2012: Incorporated metrics, visualizations in ADS Labs
• 2013: The ADS corpus reaches 10M bibliographic records, 3M fulltext documents, and over 50M citations.

http://conf.adsabs.harvard.edu/ADSXX/



Slide: Alberto Accomazzi, ADS
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Slide: A. Accomazzi
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Accomazzi, A., & Dave, R. (2011). Semantic Interlinking of Resources in the Virtual Observatory Era. arXiv:1103.5958 16



Data Standards and Infrastructure Fabric

VO Standards
• Standard Format: 

VOTable
• Access Protocols: 

ADQL, TAP, SIAP, 
SSAP

and others 17



Slide: Alberto Pepe

Seamless Astronomy: ADS All Sky Survey
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Slide: Alberto Pepe

Seamless Astronomy: ADS All Sky Survey
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Sloan Digital Sky Survey (SDSS-I/II)

20

• Survey from 2000-2008

• 160+ TB data total

• Tens of millions of dollars

• Open data 

• Proprietary software

Telescope for the Sloan Digital Sky Survey, Apache Point, New Mexico
Telescope for the Sloan Digital Sky Survey, Apache Point, New Mexico



Large Synoptic Survey Telescope (LSST)

• Survey from 2022-2032 

• 15 TB data per night

• 1+ Billion dollars 

• Data open to partners

• Open source software

https://news.slac.stanford.edu/sites/default/files/images/image/lsst_h_0.jpg
LSST telescope, Chile



Project Timelines
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Local Knowledge Infrastructures
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Astronomy Infrastructure: Durability

• Collaboration and openness
• International coordination
• Long term value of data
• Agreed standards
– Units of measurement
– Coordinate systems
– Data structures

• Shared resources
– Missions, instruments
– Data Archives
– Tools and technologies The Library of Congress

Operating a hand drill at Vultee-Nashville, woman is working on a 
"Vengeance" dive bomber, Tennessee (LOC) Palmer, Alfred T., 
photographer. 1943 Feb. Title from FSA or OWI agency caption. 
Transfer from U.S. Office of War Information, 1944.

https://www.flickr.com/photos/library_of_congress/


Astronomy Infrastructure: Fragility

• Investment in data stewardship
– Varies by mission
– Varies by type of research

• Space-based vs ground based
• Large missions vs observing proposals
• Shared instruments vs custom 

instruments 
• Access to data varies
– Public archives
– Local websites
– Derived data

National Library of Scotland View from north end of gap 
Photograph of wrecked piers after collapse of part of the first 
Tay Bridge digital.nls.uk/74585062

https://www.flickr.com/photos/nlscotland/
http://digital.nls.uk/74585062


• Curation of tools and technologies
– Shared investments
– Open source
– Proprietary tools
– Local tools, scripts

• International coordination
– Investment in new instruments, missions
– Investment in archives, infrastructure

National Library of Scotland View from north end of gap Photograph of wrecked 
piers after collapse of part of the first Tay Bridge digital.nls.uk/74585062

Astronomy Infrastructure: Fragility

https://www.flickr.com/photos/nlscotland/
http://digital.nls.uk/74585062


Conclusions

• Infrastructures are fragile
• Durability is an accomplishment
• Visible infrastructure
– Instruments
– Institutions

• Invisible infrastructure
– Data, metadata, provenance…
– Information work

31
LSST All Hands Meeting, August 2014, Arizona State University. Arrow to Peter Darch

Telescope for the Sloan Digital Sky Survey, Apache Point, New Mexico
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