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Digital Libraries:  
Now here, or nowhere? 

Christine L. Borgman 
Professor & Presidential Chair in Information Studies, UCLA 
JCDL Keynote, Austin, Texas, 2009 
Wordle of Borgman, 1999, What are digital libraries? Compe>ng visions. Informa>on Processing & Management 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library” term usage 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Digital Libraries, defined 
Social Aspects of Digital Libraries, Report of NSF workshop, 1996 

1. Digital libraries are a set of electronic resources and associated technical capabili>es 
for crea>ng, searching, and using informa>on. In this sense they are an extension 
and enhancement of informa>on storage and retrieval systems that manipulate 
digital data in any medium (text, images, sounds; sta>c or dynamic images) and 
exist in distributed networks. The content of digital libraries includes data, 
metadata that describe various aspects of the data (e.g., representa>on, creator, 
owner, reproduc>on rights), and metadata that consist of links or rela>onships to 
other data or metadata, whether internal or external to the digital library.  

2. Digital libraries are constructed—collected and organized—by [and for] a 
community of users, and their func>onal capabili>es support the informa>on 
needs and uses of that community. They are a component of communi>es in which 
individuals and groups interact with each other, using data, informa>on, and 
knowledge resources and systems. In this sense they are an extension, 
enhancement, and integra>on of a variety of informa>on ins>tu>ons as physical 
places where resources are selected, collected, organized, preserved, and accessed 
in support of a user community. These informa>on ins>tu>ons include, among 
others, libraries, museums, archives, and schools, but digital libraries also extend 
and serve other community sedngs, including classrooms, offices, laboratories, 
homes, and public spaces. 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Digital Libraries, deconstructed 
•  Ac>on: create, search, use informa>on 

•  Content:  
–  digital data in any medium 

–  data and metadata 

•  Access: distributed networks 
•  Rela>onships:  

–  links to other data or metadata 

–  internal or external to the digital library 
•  Design: community par>cipa>on 
•  Capabili>es: support community prac>ces 

•  Ins>tu>ons: libraries, museums, archives, schools, … 

4 Image: Christine L. Borgman, 1995 
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Borgman et al.: 
Workshop Report on 
Social Aspects of 
Digital Libraries:  
http://www-lis.gseis. 
ucla.edu/DL/  

Information 
Life 
Cycle 



Digital libraries – consolida>on or connectedness*? 

•  NSF Digital Libraries 
Ini>a>ve 
–  Phase 1, 1994‐1998 
–  Phase 2, 1999‐2004 

•  Search engines 
–  Archie, 1990 
–  Google, 1998 

•  World Wide Web, 1994 
•  Cyberinfrastructure, 2003 

hjp://www.ibiblio.org/hhalpin/homepage/presenta>ons/de2007/webearth.jpg 
6 *Metaphor by Matthew Mayernik 
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Computer networks and ISDN systems, 1998 vol. 30 (1-7) pp. 107-117 

DLI-1 award to Winograd and Garcia-Molina 



World Wide Web 

•  Web architecture and services 
–  Ini>al architecture, 1990 
– Mosaic browser, 1993 

–  “Year of the Web,” 1994 

•  NSF Digital Libraries Ini>a>ve 
–  Phase 1, 1994‐1998 
–  Phase 2, 1999‐2004 

•  Open Archives Ini>a>ve 
–  Protocol for Metadata Harves>ng 

–  Objec>ve Reuse and Exchange 
8 http://www.ukoln.ac.uk/web-focus/events/conferences/ucisa-tlig98/talk/images/web-archi-more.gif 

http://gallery.photo.net/photo/6426520-lg.jpg 



9 
http://gallery.photo.net/photo/6426520-lg.jpg 



10 Shakespeare First Folio, Huntington Library Catalog 



Infrastructure 
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http://www.warwickshire.gov.uk/Web/corporate/pages.nsf/Links/5C513189873EB0B180257122003E3FB3/$file/28_04_06+071.jpg 



Information & knowledge layer  

Middleware 
services layer 

ITC Infrastructure 

Processors, memory, network 

Content 

Applications 
Space 

Cyberinfrastructure:  Layered Model

Digital Libraries 

Scientific DBs 
User 
Interfaces & 
Tools 

Slide courtesy of Stephen Griffin, NSF, and Norman Wiseman, JISC, 2005 
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Scholarly Informa>on Infrastructure 
•  Cyberinfrastructure, eScience, 
eSocial Science, eHumani>es, 
…eResearch 

•  Goal: enable new forms of 
scholarship that are 
–  informa>on‐intensive  
–  data‐intensive 
–  distributed  
–  collabora>ve 
–  mul>‐disciplinary 

13 

http://www.nsf.gov/news/special_reports/cyber/images/noflashintro.jpg 

http://images.iop.org/objects/cern/cern/46/3/14/CCEbig1_04-06.jpg 



New problem solving methods 

14 

<0 1700 1950 1990 

Empirical 

Data 

Theory 

Simulation “Applied computer science is now playing 
the role that mathematics did from the 17th 
through the 20th centuries: providing an 
orderly, formal framework and exploratory 
apparatus for other sciences” 

   – G. Djorgovski 

Slide courtesy Ian Foster, 2009 



Digital libraries  
Consolida>on, Connectedness, Communi>es, Collabora>on 

•  Alexandria Digital Earth, 
1994‐2005 

•  Data prac>ces in 
embedded networked 
sensing, 2002‐ 

•  Cyberlearning, 2008‐ 
•  Cyberinfrastructure, 2003‐ 

–  Life under your feet 
–  Teachingwithdata.org 
–  Rome Reborn 

– Worldwide Telescope 

hjp://www.ibiblio.org/hhalpin/homepage/presenta>ons/de2007/webearth.jpg 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Alexandria Digital Earth ProtoType 

Evaluating a Digital Library for  
Undergraduate Education: 

A Case Study of the Alexandria Digital 
Earth Prototype (ADEPT)  

Christine L. Borgman  
University of California, Los Angeles 

ADEPT PI:  Terence Smith, UCSB 
Co-Investigators, Education & Evaluation team:  

Anne Gilliland-Swetland, Gregory Leazer, UCLA; Richard Mayer, UCSB 
Student Researchers: Jason Finley, Rich Gazan, Laura Smart, Annie Zeidman 

(UCLA); Tricia Mautone, Rachel Nilsson, UCSB 
Research funded by U.S. National Science Foundation, Digital Libraries Initiative

ADEPT presentation, 2002 
16 



Alexandria Digital Earth ProtoType 
Project scope 

•  Alexandria Digital Library 
•   DL-1, 1994-1998, T.R. Smith et al 
•   DL of primary data sources in geography 

• Maps 
•  Satellite Observations 
•  Remote Sensing 
•  Physical observations 

•  ADEPT 
•  DL-2, 1999-2004, Smith, Borgman, et al 
•  Build learning layer on ADL 
•  Study science learning and pedagogy 



Alexandria Digital Earth ProtoType 

Studying digital libraries in context 

•  Instructional applications 
•  Facilitate distributed access to content 
•  Facilitate instructional design 

•  Content in useful formats 
•  Services to construct lectures, labs, lessons 
•  Student learning environment 

•  University infrastructure 
•  Content delivery for teaching 
•  Technical capacity for distributed delivery 

18 
ADEPT presentation, 2002 



Alexandria Digital Earth ProtoType 

ADEPT instruction scenario: river networks 

•  Instructor 
•  Prepare class lecture with ADEPT 

•  Discover relevant geographic objects 
•  Describe objects for personal and shared use 
•  Integrates objects into personal digital libraries 

•  Present lecture to students using ADEPT 

•  Teaching assistants  
•  Review topics in lab sessions using ADEPT 
•  Prepare study sessions using ADEPT 

•  Students  
•  Use ADEPT for lab exercises 
•  Use ADEPT to study for exams 

ADEPT presentation, 2002 
19 



Alexandria Digital Earth ProtoType 

Alpha prototype 

ADEPT presentation, 2002 
20 



Alexandria Digital Earth ProtoType 

What did we learn? 

•  We built it and they did not come… 
•  Why were geography faculty not 

interested in using ADEPT? 
•  Mismatch of ADL content to their courses 
•  Mismatch of ADEPT capabilities to their 

teaching practices 
•  Lack of university infrastructure 

•  What did they like about ADEPT?  
•  Tools to make own data useful for teaching 
•  Construct personal digital libraries 

21 



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

An Ecology of CENS Data 

CENS Data Practices Research Group: 
Christine Borgman, Jillian Wallis, Alberto 

Pepe, Matthew Mayernik, Andrew Lau, David 
Fearon, Katie Shilton   



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

Field Deployment of Embedded Sensor Networks 

Slide by Jason Fisher, UC-Merced 



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

METADATA FOR SENSOR DATA FOR HABITAT MONITORING METADATA FOR EDUCATION MODULES FOR HABITAT MONITORING 

CENS Schema SensorML EML 2.0 LOM GEM ADN 

CENS_Node.Node_Name 
Name of Node 

Sml:IdentifiedAs 
(2.2.2) 

CENS_Node.Node_Desc 
Description of Node 

AssetDescription: 
sml:description 
(2.2.12) 

CENS_Location.Location_ID 
Unique location ID 

CrsID (2.2.5) Eml-Coverage (2.4.4) 

CENS_Location.X_Pos 
(Position on X axis) 

HasCRS (2.2.5) 
ObjectState (3.3.6) 

Eml-Coverage- 
GeographicCoverage 
(2.4.4) 

CENS_Location.Time_Recorded 
Time location was captured 

Eml-Coverage- 
TemporalCoverage 
(2.4.4) 

CENS_Location.Time_Type_ID 
Refers to type of time of Time_Type 
ID table 

Eml-Coverage (2.4.4) 

Educational-Typical Age Range 
(5.7) 

Audience-Age Audience 

Life Cycle-Contribute 
(2.3) 

Creator Resource Creator 

General-Coverage 
(1.6) 

Coverage-Spatial, Temporal Coverage (spatial and temporal) 

Life Cycle-Date  (2.3.3) 
DateTime (8) 

Date Creation date Accession date  

General-Description 
(1.4) 

Description Description  

Educational 
 (5) 

Pedagogy Educational  

Science and Education Data Models 



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

Filtering data for multiple communities 

Sets of Data collected run through  
Filters and Tools 

to produce understandable  
Tables, Charts and Graphs 



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

CENSEI interface 

Sandoval et al UCLA 



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

Use and reuse of CENS research data 

•  Research questions: 
–  What are CENS data? 
–  When, how, and with whom will they share data? 
–  What contextual information is necessary to 

interpret the data? 
–  What resources exist to provide metadata? 

•  Application of results: 
–  Architecture to capture, manage, and provide 

access to CENS data 
–  Leverage data resources for research and learning 



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

Documenting Data for Interpretation 

•  “Temperature is temperature.”  
•  “There are hundreds of ways to measure temperature. 

‘The temperature is 98’ is low-value compared to, ‘the 
temperature of the surface, measured by the infrared 
thermopile, model number XYZ, is 98.’ That means it is 
measuring a proxy for a temperature, rather than being in 
contact with a probe, and it is measuring from a distance. 
The accuracy is plus or minus .05 of a degree. I [also] 
want to know that it was taken outside versus inside a 
controlled environment, how long it had been in place, 
and the last time it was calibrated, which might tell me 
whether it has drifted.."  



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

Sensor Collected 
Application Data 

Sensor Collected 
Proprioceptive Data 

Sensor Collected 
Performance 

Data 

Hand Collected 
Application Data 

Flow 

Water depth 
Ammonium 

Ammonia 
Phosphate 

Water temp 

pH 

Temperature 

Conductivity 

Chlorophyll 

GPS/location 
Time 

Sap flow 

CO2 

Humidity 

Rainfall 

Packets transmitted 

Packets received 

ORP 

PAR 
Motor speed 

Rudder angle 

Heading 

Roll/pitch/yaw 

Soil moisture 

Nitrate 

Calcium 
Chloride 

Water potential Wind speed 

Wind direction 

Wind duration 
Leaf wetness 

Routing table 

Neighbor table 

Fault detection 

Awake time 

Organism presence 

Organism concentration 

Battery voltage 

Mercury 

Methylmercury 
Nutrient concentration 

Nutrient presence 

LandSat images 
Mosscam 

CDOM 

Bird calls 

What are CENS Data? 

Figure by Jillian Wallis, UCLA 



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

What Data Exist to Release? 

•  What are the states of the data? 
–  Raw data 
–  Processed data 
–  Verified data 
–  Certified data 
–  Models 
–  Software & algorithms 

•  Where are the data? 
–  Refrigerators 
–  Hard copies 
–  Computers of individual students, staff, faculty  
–  Lab servers 
–  On CENSWEB, SensorBase 



UCLA   USC   UCR   CALTECH   UCM CENTER FOR EMBEDDED NETWORKED SENSING 

Datasets 

Publications Deployment 
Plans 

Artifacts and the Scientific Life Cycle 
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Borgman, C. L., Abelson, H., 
Dirks, L., Johnson, R., 
Koedinger, K. R., Linn, M. 
C., Lynch, C. A., Oblinger, D. 
G., Pea, R. D., Salen, K., 
Smith, M. S. & Szalay, A. 
(2008). Fostering Learning in 
the Networked World: The 
Cyberlearning Opportunity 
and Challenge. A 21st 
Century Agenda for the 
National Science 
Foundation. Report of the 
NSF Task Force on 
Cyberlearning. Office of 
Cyberinfrastructure and 
Directorate for Education 
and Human Resources. 
National Science 
Foundation. 
http://www.nsf.gov/
publications/pub_summ.jsp?
ods_key=nsf08204  



What Is Cyberlearning? 

•  The use of networked computing and 
communications technologies to  
support learning 

•  Interactions among communities of learners 
across space and time 

•  Customized interaction with diverse materials, 
on any topic, at any age 

Continuing 

33 



Global Warming Recession 

War 

Poverty Epidemics 

Why Is Cyberlearning Important? 

•  Leverages learning through 
–  Communication technologies 
–  Students’ technology skills 

•  Extends capacity of educational institutions  
into life-long learning opportunities  
–  Increases public understanding of science 
–  Prepares citizens for complex, evolving, global 

challenges 

34 



Enable Students to Use Data 

•  Strategy: Transforming STEM disciplines 
and K–12 education 
–  New ways of looking at and understanding content  
–  Preparing students for “computational thinking” 

•  Opportunity: Teaching students and 
teachers how to harness  
large amounts of data 
–  Scientific research 
–  Responsible use of data 

35 



Harness Learning Data 

•  Strategy: Leveraging the data produced by 
cyberlearning systems 
–  Teachers interacting with students and their 

school assignments 
–  Students’ educational histories 

•  Opportunity: Encouraging shared systems 
that allow large-scale deployment, feedback, 
and improvement 

Pittsburgh Science of Learning Center’s DataShop: learnlab.web.cmu.edu/datashop 

36 



Promote open educational resources  

•  Make materials available on the web with 
permission for unrestricted reuse and 
recombination 

•  New proposals should plan to make their 
materials available and sustainable 



Digital libraries  
Consolida>on, Connectedness, Communi>es 

•  Alexandria Digital Earth, 
1994‐2005 

•  Data prac>ces in 
embedded networked 
sensing, 2002‐ 

•  Cyberlearning, 2008‐ 
•  Cyberinfrastructure, 2003‐ 

–  Life under your feet 
–  Teachingwithdata.org 
–  Rome Reborn 

– Worldwide Telescope 

hjp://www.ibiblio.org/hhalpin/homepage/presenta>ons/de2007/webearth.jpg 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Life Under Your Feet 
•  Role of the soil in Global Change 

–  Soil CO2 emission thought to be 
>15 times of anthropogenic 

–  Using sensors we can measure it 
directly, in situ, over a large area 

•  Wireless sensor network 
–  Use many wireless computers (motes), 

with 10+ sensors each, monitoring 
•  Air +soil temperature, moisture, … 
•  Few sensors measure CO2 concentration 

–  Long-term continuous data, >20M measurements/year 
–  Complex database of sensor data, built from the SkyServer 
–  Data on SensorNet 

with K.Szlavecz (Earth and Planetary), A. Terzis (CS)      

http://lifeunderyourfeet.org/  Slide courtesy of Alex Szalay, JHU, 2009 
39 
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Roman Forum, Western End, ca. 400AD, copyright Regents of the 
University of California 

41 
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Why openness majers 

•  Interoperability trumps all 
–  Import and export in open formats 
– Mixup and mashup 
–  Add value 
–  Avoid lock in 

•  Discoverability of related 
–  Documents 
–  Data 
–  Assorted digital objects 

•  Usability and reusability 
–  For research 
–  For learning 

43 hjp://pzwart.wdka.hro.nl/mdr/research/lliang/mdr/mdr_images/opencontent.jpg/ 



Inflec>on point? 

hjp://www.metanature.org/graphics/>me1.jpg 

Digital libraries are a set of 
electronic resources and 
associated technical 
capabilities for creating, 
searching, and using 
information.  

44 

Digital libraries are 
constructed—collected and 
organized—by [and for] a 
community of users, and 
their functional capabilities 
support the information 
needs and uses of that 
community.  



Digital Libraries: Now here, or nowhere? 

•  Is it digital or is it a 
library? 

•  Now here: Scope foreseen 
in DL ini>a>ve 

•  Nowhere: “digital library” 

45 Image: Christine L. Borgman, 1995 



Digital library lessons learned  

•  If we build it they may not come 

•  Communi>es are rarely as 
homogeneous as they appear 

•  Community partnerships in design 
are essen>al 

•  Favor connectedness over 
consolida>on 

•  Interoperability is s>ll a major 
challenge 

•  Be open to new opportuni>es 

46 
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