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Abstract 
While digital library development has greatly 
advanced in the past five years, there is as yet 
little research demonstrating the efficacy of 
digital library technology on teaching and 
learning. This paper presents an initial 
articulation of a model of the critical 
dimensions of digital library implementation in 
educational settings, based on the development 
of the Digital Library for Earth System 
Education (DLESE). It also suggests how such 
a model may contribute to an understanding of 
how digital libraries are used and valued. 
 

1 Introduction 
With the Information Age, our notions of community 
libraries are evolving from bricks and mortar to 
disciplinary digital libraries. The past decade has 
witnessed the increasing ubiquity of the World Wide 
Web in homes and schools, the emergence of new kinds 
of “electronic communities” [11, 47, 50], and the 
widespread creation and distribution of digital 
educational materials. Digital libraries are becoming a 
means for disciplinary communities to share, organize, 
and assess their intellectual holdings. To date, there are 
many digital library efforts underway aimed at 
improving K-12 and undergraduate science education 
[5, 21, 35]. In the United States, the National Science 
Foundation (NSF) and other federal agencies such as 
NASA, the Defense Advanced Research Projects 
Agency (DARPA), and the Library of Congress have 
established a priority for the development of digital 
libraries and related technologies [48]. For the past 
three years, NSF has been supporting the establishment 
of the National Science Digital Library (NSDL), a 
national educational digital library that will constitute 
an online, integrated network of learning environments 
and resources for science, mathematics, engineering, 

and technology (SMET) education at all levels [39, 42]. 
These initiatives are, in part, a response to the larger 
national science education agenda put forth by NSF, the 
American Association for the Advancement of Science 
(AAAS), and others [38, 40, 41, 44-46]. This agenda 
calls for a variety of reforms, including inquiry-based 
science learning, an emphasis on the process of “doing 
science,” and the integration of scientific research into 
education. Digital libraries promise to be a powerful 
tool in realizing the goals of these reform initiatives. 

1.1 Digital library efficacy in educational settings 

However, because educational digital libraries are still 
in their infancy, we lack data about their use and 
ultimate systemic effectiveness [5, 51]. Little research 
has been conducted on the actual implementation of 
educational digital libraries by one of their most 
important targeted classes of end users—educators and 
learners in formal educational settings. In addition, few 
of the technological, logistical, and economic aspects of 
integrating digital libraries into formal education have 
been studied [37]. 

Realizing the potential of digital libraries for 
education will clearly be hampered by the lack of data 
about their implementation in classroom cultures. This 
paper suggests an initial articulation of a model of the 
critical dimensions of digital library implementation in 
educational settings. From this model and subsequent 
research agenda, we anticipate that it will be possible to 
derive implications for “best practices” for embedding 
digital libraries in a variety of educational settings. The 
primary question of how educators in various formal 
educational settings use digital libraries to enable 
teaching and support learning should also, over time, 
yield valuable information about the factors that 
facilitate or inhibit use, as well as how use evolves over 
time and through experience. Without an understanding 
of these basic issues, the ultimate questions of the value 
of digital libraries to the educational enterprise will 
remain unanswered.  

This model and research agenda is driven by the 
issues of how educators use and derive value from 
digital libraries. and the subsequent identification of 
critical variables to begin to explain conditions of 
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digital library use. It is our expectation that this model 
will provide a framework not only for continued 
understanding and development of our own digital 
library development efforts, but also for the efforts of 
others in the broader digital library community.  

2 The Digital Library Agenda 

2.1 A network of learning environments 

A digital library is not merely a portal to collections of 
information; it is an organized and managed system of 
data that can serve as a rich resource for its user 
community. There is currently no standard definition of 
digital libraries; however, the presence of digital 
resources, community networking, managed collections, 
and services are widely held as elements that distinguish 
a library from a portal or search engine, such as Yahoo 
[1, 13]. NSF describes a digital library as “a network of 
learning environments and resources” that will be 
managed to promote reliable anytime, anywhere access 
to content and services. In their fullest sense, 
educational digital libraries should provide “reusable, 
shareable, and interoperable resources that enable 
learners at all levels to access and use reviewed 
materials both within and across traditional SMET 
disciplinary boundaries” [43]. 

Much of the momentum of the digital library 
movement rests on the assumption that, by providing 
ready access to high quality educational resources, 
teachers will teach better and students will learn more. 
While intuitive and appealing, this is a largely untested 
assumption [54]. The little evidence that does exist is 
encouraging: research on the University of Michigan 
Digital Library Project [60] indicates that the primary 
benefit of digital libraries in the classroom is improved 
means and opportunity for inquiry-based learning. 
There is also some evidence to suggest a positive 
correlation between integrating electronic information 
sources into the classroom and increased scholastic 
success [36].  

2.2 Digital library research 

As is the case with any emerging technology, the bulk 
of the digital library research has been conducted at the 
micro and technical implementation level. Studies 
concerning such topics as portal design, ways of 
indexing information, copyright privileges, and 
electronic journal pricing models [30] contribute to 
technical aspects of digital library development. 
Research addressing digital library usage by end users 
such as teachers and learners, however, has been less 
common. 

The ongoing study of the Alexandria Digital Earth 
Prototype (ADEPT) at the University of California, 
Santa Barbara [5] is focused on student use of the 
library based upon geography education standards. 
Preliminary data on ADEPT usage from one year's 
classroom observations of teachers indicates 

considerable variation in teaching styles and course 
content. ADEPT’s research plan will ultimately produce 
a set of student performance assessment instruments for 
quantitative measurement of skills particular to 
scientific thinking in geography. Other research at the 
University of Illinois compared attributes of digital 
libraries and traditional libraries in examining how 
readers used scientific journals in print and digital 
environments [51]. Results of this effort were formative 
and aimed at removing barriers to use. The Perseus 
Project, a body of multimedia materials and tools 
concerned with the ancient Greek world, performed an 
overall system evaluation based on four criteria: 1) 
learning, 2) teaching, 3) system, and 4) content. Their 
results were numerous and included evidence of 
recurring problems with library access due to hardware 
and software reliability problems, the need for guidance 
and support in using digital libraries (both for teachers 
and students), and issues concerning the speed and 
amount of information that digital libraries provide [31]. 

3 Libraries and Learning 
Given the nascent state of digital library implementation 
research, it is reasonable to turn to traditional library 
literature to more fully inform our understanding of 
critical issues in this domain. In the realm of traditional 
library research, several library characteristics have 
been studied in terms of their impact on student 
learning. Size of school library collection has been 
shown to be a positive predictor of student learning 
achievement [15, 18, 28]. In the context of digital 
libraries, the problem shifts from building a collection 
of sufficient size to the problem of filtering an 
overabundance of data and maintaining collection 
quality [20]. 

Frequency of library use has also been shown to be a 
positive predictor of student learning achievement in 
traditional libraries [26]. This result may extend to 
digital libraries; in the similar context of Internet search 
engines, student facility with technology emerges as the 
primary success factor [4, 32], outranking domain or 
topic knowledge, or type of query. Many studies also 
show that well-planned and well-integrated uses of the 
library into the curriculum can have a positive effect on 
such student learning measures as reading 
comprehension, study skills and SAT scores [4, 10, 19, 
32, 33].  

Traditional library research has more recently 
examined the impact of library technology on library 
practices and student learning. Although access to 
library technology varies greatly, Wenglinksy [63] 
reports that it is not the amount of technology or 
computer use that affects student achievement, but how 
it is used and integrated with teaching and learning 
activities that matters. Further research shows the 
importance of the teacher's role in using the library 
effectively with students. “Well-used and integrated” 
implies that teachers know how to use the library and its 
materials. Todd, Lamb, and McNicholas [57] found that 



integrating information skills into subject content with 
collaboration from classroom teachers and library media 
specialists had a positive impact on student learning 
(i.e., better understanding of subject content and 
improved test scores). Integrated information skills 
instruction in a 7th grade science class resulted in 
significantly higher annual science scores for the 
treatment versus the control group [56]. In the digital 
library, the role of the librarian expands to include the 
critical evaluation of information; earlier research 
indicated that although students like digital resources, 
they are less likely to use them as authoritative sources 
[22]. However, more recent studies indicate that this is 
no longer true: college students now use on-line 
resources almost exclusively, and lend significant 
credibility to them [7].  

Lastly, we turn briefly to the growing literature on 
the implementation of technology in schools to inform 
our understanding of digital libraries. This literature is 
consistent with digital library and traditional library 
research and suggests that effective implementation is 
not easily achieved and depends upon access [2], 
teacher training [34, 55], and educational or school 
context [58, 64] —where school context means 
conditions of diversity and economic status, the roles 
and responsibilities of educators in a given school 
environment, and the expectations that are set for 
teaching and learning. 
 

4 Research Questions and Usage Model 
The following questions can guide the development of 
this research agenda. These questions are designed to 
determine how particular strategies and instances of use 
support teaching and learning.  

1. How do teachers in various educational settings 
(middle school, high school, and four-year 
colleges and universities) use a digital library to 
support teaching and learning? 

2. What kinds of use patterns develop and under 
what conditions? What are the specific motivators, 
facilitators, and inhibitors for use? 

3. Do the teachers find the digital library usable and 
useful? And in what ways (e.g., for resource 
discovery, professional development, community 
networking)? 

 
As a starting point, we turn to prior research that 

suggests that educational implementation of digital 
libraries and subsequent student learning could be 
affected by: 

• size of library collection 
• frequency of library use 
• level of curricular integration 
• level of educator training  
• access to technology 
• school context 

 

These factors provide a basis for a use model of digital 
libraries in education. We have expanded these factors 
to develop the initial research framework shown in 
Figure 1. 

4.1 Initial research framework 

Saracevic offers that future digital library research 
should be guided by user-centered and system- centered 
criteria. User-centered criteria can be studied at the 
social, institutional or individual level, while system-
centered criteria can be examined from engineering, 
processing, or content perspectives [51]. Our research 
questions will address both domains—the individual 
level of user-centered criteria, in addition to several 
levels of system-centered criteria, as operationalized by 
our examination of both barriers and enablers of digital 
library use. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Use (What purpose do users have in accessing the 
digital library 

• Finding 
o Learning materials—use as classroom 

teaching and learning materials 
o General background reading or 

knowledge building for users 
o Readings/knowledge or information 

sources for users 
o Datasets for classroom analysis 

 
• Networking/community building 

o Finding a geoscience professional contact
o Finding another user who meets some 

criteria 
o Engaging in a discussion board, message 

board, or email list 
 

• Contributing to the digital library 
o Submitting any type of material for 

consideration for use in the library 
collection 
 

Usability 
• Can users find what they want? 
• Are the searching mechanisms appropriate? 
• How are inquiry and discovery enabled or 

enhanced? 
 
Usefulness 

• Do users value digital library resources? 
• How relevant are the resources to users? How 

are resources used? 
• Does the library provide users with an 

integrated or interdisciplinary view of the 
subject (in this case, Earth system science)?
Figure 1.  Initial research framework. 



 
This research framework is closely coupled with the 

intended outcomes of the first DLESE Evaluation Plan 
[27]. Library evaluation activities are conducted to 
ensure that library services and resources meet 
community needs and contribute to the larger goal of 
educational reform. Library building processes are also 
evaluated to ensure sound technical engineering of 
library infrastructure and to ensure that mechanisms are 
in place for timely and appropriate community 
involvement in library design and development.  
 

5 The Digital Library for Earth System 
Education as a Research Testbed 
 
Over the past four years, the Digital Library for Earth 
System Education (DLESE) has emerged to support the 
specific educational needs of the geoscience community 
within the larger NSDL network. In the tradition of 
community libraries, DLESE can fundamentally change 
how students learn, instructors teach, and researchers 
interact, by providing new ways of sharing information, 
tools, and services. As such, DLESE provides 
unprecedented opportunities for scientific learning and 
discovery, for increased access to and diversity within 
the geosciences, and for revolutionizing teaching and 
learning about the Earth. 

 

6 A Community Framework for Educational 
Digital Libraries 

 
DLESE is a significant undertaking, and our library 
building effort is as much a social experiment as it is a 
technical challenge. DLESE’s community participation 
framework and participatory design process emphasize 
inclusiveness and promote a process of cultural change 
[14], and are essentially the intersection of three 
primary functions: policy, operations, and community.  

      
Policy. Critical to the construction and management of 

DLESE is a governance structure that supports 
wide involvement in policy decisions. Library 
policy is set by the DLESE Steering Committee, 
broadly representative of Earth science education in 
K-16 and informal education, informed by Standing 
Committees reflecting the diverse needs of the 
community DLESE seeks to serve.  

  
Operations. The DLESE Program Center (DPC) 

performs key operational functions for the library, 
and is headquartered at the University Corporation 
for Atmospheric Research (UCAR) in Boulder, 
Colorado. Critical activities underway include the 
development of the DLESE system architecture, 
user interface, and standards and protocols for 
metadata and interoperability. 

 
Community. A third, and crucial, leg of the DLESE 

framework is an informed and engaged community. 
By shaping the conditions of library use, they are 
subsequently better positioned to influence policy 
decisions [62]. Community members have 
contributed user scenarios, resources, developed 
review criteria, reviewed metadata standards, and 
articulated policies for academic recognition and 
intellectual property. 

 
Building on this community development model 

(Figure 2), significant progress has been made on many 
aspects of the library: the community has been 
organized, a governance structure has been established, 
a Strategic Plan has been developed, a useful collection 
is available, and a working version of the library is now 
in use. Version 1.0 of the library was formally released 
at the DLESE Annual Community Meeting in August 
2001. Since that time, DLESE has had significant and 
growing user activity, expanded the resource holdings, 
and released several new tools to assist the community 
in the distributed library development process. Version 
2.0 of the library has just been released at the DLESE 
Annual Meeting in August 2003 (Figure 3).  It enables 
searching by educational standards and by discrete 
thematic collections 

 
 

 
 

Figure 2: Community model 

6.1 Future development  

Future development of DLESE will continue to be 
guided by our development model and by community 
needs and priorities. Library development goals will be 
realized in stages and will be measured against two-year 
and five-year benchmarks outlined in the Strategic Plan. 
These benchmarks are articulated in two major library 
versions. They were crafted with broad community 
input, and articulate the stages necessary for library 
development, growth, and sustainability. In Version 2.0, 
collections development services and resource 
discovery efforts have been extended to support science 



literacy standards and the Earth system science (ESS) 
perspective. Users will be able to search across multiple 
peer-reviewed collections, according to an Earth system 
perspective and a variety of science education 
benchmarks and standards. Community forums and 
library services supporting the effective use of resources 
and professional development will be available. Version 
3.0 represents a significant step toward supporting data 
use in geoscience education. Users will be able to 
search across spatially and temporally indexed 
resources, such as data, maps, images, and field guides.  

Gazetteer services will support user-centered, geo-
referenced discovery interfaces using place names and 
Earth system events. Integrated tools and services to 
assist with age-appropriate exploration of data will be 
available. Users will create and share a variety of 
personalized collections.  

Core activities necessary for realizing Versions 2.0 
and 3.0 will be carried out by both the DLESE Program 
Center and the DLESE community. This distributed 
building approach is essential to harness the 
community’s diverse educational and technical 
expertise, to enable greater participation, and to 
engender the commitment and social capital [49] 
necessary for long-term library success. Active 
community participation in library building will ensure 
that community needs are met and that the library is 
responsive both to changing demands and evolving 
technologies. 

6.2 Evaluation  

To date, our evaluation activities have focused on: (1) 
formative studies of current and potential library users 
to inform library design [3, 54, 61]; (2) ethnographic 
studies of library building processes [24, 25]; (3) 

participant surveys to gauge the usefulness of each 
Annual Meeting and to provide broad input into library 
planning; and (4) on-line survey instruments for the beta 
test program.  

 

Figure 3. Version 2.0 of DLESE (www.dlese.org) was 
released at the DLESE Annual Meeting in August 2003. 
It enables educators and learners to search and browse 
for educational resources by grade level, keyword, and 
educational resource type, in addition to by educational 
standards and discrete thematic collections. Every month 
an educational resource created by a community member 
is featured. 

An example of a recent formative study is the rubric 
evaluation exercise conducted with 22 K-12 educators, 
where the educators analyzed the DLESE discovery 
system using a Portal Evaluation Rubric designed by the 
Long Beach Unified School District. This analysis 
provided significant feedback on the needs of K-12 
educators regarding the design of the discovery system, 
the on-line help functions, and the interface in general. 
We have also established the DLESE Usability Lab and 
instituted task-based design methodology procedures [8, 
29]. Recognizing that evaluation activities within 
DLESE occur on many different levels, and in a 
distributed fashion, we are developing a DLESE 
Evaluation Toolkit that will support users in 
determining the value of DLESE and its resources to 
their curricular goals. 

DLESE will continue these ongoing formative 
activities. We anticipate that there will be several 
community research and evaluation efforts of DLESE 
products and services, and that the DLESE Program 
Center (DPC) will play a supporting role in sharing 
data, instruments, and findings across distributed 
efforts. In Version 2.0, a critical library development 
will be the technical instrumentation of the library 
infrastructure to enable continuous data collection on 
aggregate library use and the use of specific resources, 
services and collections. This instrumentation will 
include: (1) automatically collecting and analyzing web 
server logs to form a picture of aggregate use [52]; (2) 
implementing a ‘referral service’ that will enable us to 
collect data on resources and collections use; and (3) 
embedding into the collections management system 
facilities for automatically describing collections 
coverage, depth, and link availability. This 
instrumentation will enable the DPC to provide metrics 
to inform library design, policy development, and 
community outreach strategies. Referral service metrics 
on the use of resources and collections will be provided 
to library contributors. A survey conducted by the 
DLESE Academic Recognition Task Force indicated 
that the provision of such metrics is important for 
contributor recognition, particularly at the collegiate 
level [6]. Collections metrics will be provided to the 
collections assessment effort, in accordance with the 
Collections Assessment Plan being developed by 
DeFelice [23].  

In a project of this depth and breadth, there will 
undoubtedly be mid-term corrections to meet changing 
community priorities and to accommodate evolving 
technologies. Mid-term corrections will be guided by 
ongoing formative evaluation data, coupled with the 
guidance of the DLESE Steering and Standing 
Committees. In order to determine the overall impact 
and value of DLESE products and services, a 
comprehensive summative evaluation will be funded 
through an independent community solicitation. This 



evaluation will inform the next planning stages for 
DLESE and the DLESE Program Center, and will 
include information about the overall value and 
effectiveness of DLESE, the viability of the 
management structure, and a prescription for long-term 
sustainability. 

7 Relationship to the Broader Digital Library 
Community and Geoscience Education 
By their very nature, the concept of digital libraries 
extends the physical walls of traditional community-
based facilities. We have both contributed to and 
benefited from a variety of ongoing digital library 
efforts, especially the NSF-sponsored NSDL and 
Digital Library Initiative (DLI) projects. The emerging 
NSDL effort holds the promise of creating a nationwide 
network of scholarly and educational digital libraries 
with the potential to transform teaching, learning, and 
research practices across the full spectrum of science 
and mathematics disciplines.  

We anticipate that these linkages between DLESE 
and NSDL will result in improved services to DLESE 
community members, access to greater depth and 
breadth in library collections, and ultimately, cost 
savings in library operations and development. Because 
of our association with NSDL, there are certain services 
and infrastructure currently under development through 
NSDL that DLESE can utilize. These include user-
profiling tools and profiling management systems, 
access rights management systems, automated metadata 
creation tools, and virtual reference desk services. 

7.1 Earth system focus 

Although DLESE is closely aligned to the NSDL, we 
recognize the importance of maintaining our unique 
focus on Earth system science and our service to our 
community. The NSDL serves all STEM disciplines; 
DLESE infrastructure and services are tailored to the 
specific needs of geoscience learners, educators, and 
researchers. DLESE helps its community integrate with 
NSDL by providing tools, services, and technical 
support. NSDL, in turn, provides access to and 
integration with important related disciplines, such as 
chemistry, biology, physics, life sciences, engineering, 
and anthropology, all necessary for the study of an 
integrative field such as Earth system science.  

7.2 Strategic relationships 

We have also made important ties with a number of 
digital library research efforts and international digital 
library projects [16], including technical exchanges and 
partnerships with the UK Office for Library Networking 
[59], the EU-funded DELOS Network of Excellence 
[9], and the National Digital Library of Russia [17]. 

DLESE has established relationships with science 
and science education professional societies, including 
the American Association for the Advancement of 
Science (AAAS), the American Geological Institute 

(AGI), the American Geophysical Union (AGU), the 
Incorporated Research Institutions for Seismology 
(IRIS), the National Science Teachers Association 
(NSTA), and the emerging Center for Ocean Sciences 
Education Excellence (COSEE) and Earthscope efforts. 
These partners inform our library design and provide 
outreach opportunities for DLESE through their 
conferences and workshops.  

Our rapid technical progress to date can be 
attributed to a number of strategic relationships with 
key information technology efforts, allowing us to build 
upon a strong foundation of digital library technology 
research. Partnerships in this area include the University 
of California, Santa Barbara, (UCSB), the University of 
California, San Diego (UCSD), and Cornell University. 
Our partnership with UCSB has resulted in significant 
knowledge and technology sharing to date. We are co-
developing the ADN (ADEPT-DLESE-NASA) 
metadata framework and DLESE is providing the 
ADEPT project with resource cataloging tools and 
catalog management systems. ADEPT is providing 
DLESE with its search bucket middleware and expertise 
in geo-referenced material. We are working with UCSD 
to explore practical and cost-effective solutions to the 
resource persistence problem. We will leverage the 
special expertise of Cornell in the area of metadata 
harvesting approaches to digital library interoperability 
(i.e., OAI), and in turn, we will assist Cornell with 
technical outreach to distributed library contributors.  

In the data arena, we have two important 
partnerships with the Unidata Program Center and the 
emerging Geoinformatics effort [53]. Both are 
developing mechanisms for describing Earth system 
data for discovery and use in educational and research 
settings. In the THREDDS project [12], the Unidata 
Program Center is developing services to enable users 
to create personalized and sharable collections of data 
and data analysis tools. Geoinformatics will create a 
database and a toolbox for the integration and discovery 
of Earth system data on a global scale, with a special 
emphasis on advanced Geographical Information 
System (GIS) capabilities. DLESE will build upon 
Geoinformatics’ data collections and tool development 
efforts, and provide leadership with the educational 
metadata framework and project outreach.  

All of these relationships and synergies are critical 
to our library development. They provide library 
content, digital library development technologies, and 
form the basis of our larger user community. As such, 
they may be considered as part of our evolving research 
plans as the library matures. 

8 Conclusion 
The promise of digital libraries for SMET education 
rests on the implementation and appropriation of digital 
libraries by educators and students. We have little 
knowledge of how educators and students use digital 
library environments: as information spaces to be 
navigated, as community centers in which to participate, 



and/or as pedagogical tools to be mastered and 
appropriated (or resisted). Because DLESE is a new and 
rich digital library for education we have an opportunity 
to study how it comes to be used both by individuals 
and by the Earth system community. The knowledge 
gained in the research proposed here will make it more 
likely that the substantial investments being made in 
digital libraries will lead to improved teaching practices 
and learning outcomes. This knowledge will be reified 
in a description model outlining the critical dimensions 
of digital library implementation. This model will 
provide a baseline understanding for future researchers 
to test and refine, making it easier for subsequent 
research to build on our findings.  

Developing this model not only represents a first 
step in understanding how digital libraries are used, it 
also contributes to our understanding of how to conduct 
research on digital libraries. We anticipate that the 
research design, which includes participants 
representing a broad range of critical characteristics, 
will be generalizable to other educational digital 
libraries. From this study, we will advance 
methodologies for implementation research, as we put 
best methodology practices into play and learn of their 
advantages and constraints in studying digital libraries 
in education. 

Although we recognize that different communities 
will indeed possess varying degrees of cohesion and 
synergy, we are hopeful that our development model 
and research framework will be useful to other 
emerging educational digital library efforts. This model 
builds on the substantive advances of the past four years 
in articulating, prototyping, and refining the vision for 
DLESE, and reflects the high level of community 
interest, involvement, and support. 

References 
 
[1] Arms, W.Y. Digital Libraries. MIT Press, 

Cambridge, 2000,  287 p. 
[2] Becker, H.J., Ravitz, J.L. and Wong, Y.T. Teacher 

and teacher-directed student use of computers and 
software. 
http://www.crito.uci.edu/tlc/html/findings.html (25 
March 2001). 

[3] Bhushan, S., Sumner, T., Hendrix, S., Johnson, G. 
and Vaidyanathan, S., Elen:  Conceptual browsing 
interfaces for educational digital libraries. Poster 
presentation. in 6th European Conference on 
Research and Advanced Technology for Digital 
Libraries (ECDL 2002), (Rome, September 16-18, 
2002). 
http://www.dlese.org/documents/papers/ELEN_Pos
terECDL2002_camera.pdf (28 May 2003). 

[4] Bilal, D. Children's use of the Yahooligans! web 
search engine:  I. Cognitive, physical, and affective 
behaviors on fact-based search tasks. Journal of the 
American Society for Information Science (JASIS), 
51 (7), 646-665 pp. 

[5] Borgman, C.L., Gilliland-Swetland, A.J., Leazer, 
G.H., Mayer, R., Gwynn, D., Gazan, R. and 
Mautone, P. Evaluating digital libraries for teaching 
and learning in undergraduate education:  A case 
study of the Alexandria Digital Library Prototype 
(ADEPT). Library Trends, 49 (2), 228-250 pp. (Fall 
2000). 

[6] Butler, J.C. Academic recognition task force 
document. 
http://www.ldeo.columbia.edu/DLESE/collections/
butler.html (12 December 2001). 

[7] Carlson, S. Students and faculty members turn to 
online library materials before printed ones, study 
finds. Chronicle of Higher Education, Information 
Technology column (3 October 2002). 
http://chronicle.com/free/2002/10/2002100301t.htm
(27 May 2003). 

[8] Davis, L. and Dawe, M., Collaborative design with 
use case scenarios. in First ACM/IEEE-CS Joint 
Conference on Digital Libraries (JCDL '01), 
(Roanoke, VA (June 24-28), 2001), Association for 
Computing Machinery (ACM) and the Institute of 
Electrical and Electronics Engineers (IEEE); ACM 
Press,  146-147 pp. 

[9] DELOS. DELOS Network of Excellence on Digital 
Libraries. http://www.ercim.org/delos/ (12 
December 2001). 

[10] Didier, E.K. Relationships between student 
achievement in reading and library media programs 
and personnel. Doctoral thesis, University of 
Michigan, 1982, 187. 

[11] Doheny-Farina, S. The Wired Neighborhood. Yale 
University Press, New Haven, 1996,  224 p. 

[12] Domenico, B. THematic Realtime Environmental 
Data Distributed Services - THREDDS proposal. 
http://www.unidata.ucar.edu/projects/THREDDS/N
SDL/CompleteProposal.htm (25 March 2002). 

[13] Dowlin, K.E. and Loertscher, D., Web-based 
instruction for continuing education students:  A 
report on the San Jose State University Virtual 
Library School Program and its potential for web-
based instruction for Continuing Education. in 
Proceedings, 65th International Foundation of 
Library Associations and Institutions (IFLA) 
Council and General Conference, (Bangkok, 
Thailand, August 20-28, 1999). 
http://www.ifla.org/IV/ifla65/papers/101-104e.htm 
(25 March 2002). 

[14] Ehn, P. Work-Oriented Design of Computer 
Artifacts. Arbetslivcetrum, 2nd ed., Stockholm, 
1998. 

[15] Elley, W.B. Lifting literacy levels in developing 
countries:  Some implications from an IEA study. in 
Greaney, V. ed. Promoting Reading in Developing 
Countries:  Views on Making Reading Materials 
Accessible to Increase Literacy Levels., 
International Reading Association, 1996,  39-54 pp. 

[16] Fulker, D., Dawes, S., Kalinichenko, L., Sumner, 
T., Thanos, C. and Ushakov, A., Digital library 
collaborations in a world community. in First 



ACM/IEEE-CS Joint Conference on Digital 
Libraries (JCDL '01), (Roanoke, VA, 2001), 
Association for Computing Machinery (ACM) and 
the Institute of Electrical and Electronics Engineers 
(IEEE); ACM Press,  135 p. 

[17] Fulker, D. and Ushakov, A., International 
collaboration in the creation of educational digital 
libraries. Invited lecture. in Third All-Russian 
Conference on Digital Libraries: Advanced 
Methods and Technologies, Digital Collections, 
(Petrozavodsk, Russia (September), 2001). 

[18] Greve, C.L. The relationship of the availability of 
libraries to the academic achievement of Iowa high 
school seniors. Doctoral dissertation, University of 
Denver, 1974, 123. 

[19] Hale, I.W. The Influence of Library Services upon 
the Academic Achievement of Twelfth Grade 
Students at Crestwood Senior High School, 
Chesapeake, Virginia. Georgia University, 
Department of Library Education, 1969. 

[20] Hirsh, S. Children's relevance criteria and 
information seeking on electronic resources. JASIS, 
50 (14), 1265 p. 

[21] Hoffman, E., Yee, S. and Mardis, M. TeacherLib--
Digital community and collections for science and 
mathematics teacher education. 
http://www.teacherlib.org/ (25 March 2002). 

[22] Jacobson, F.F. and Ignacio, E.N. Teaching 
reflection:  Information seeking and evaluation in a 
digital library environment. Library Trends, 45 (4), 
771-802 pp. (Spring 1997). 

[23] Kastens, K., DeFelice, B., DiLeonardo, C. and 
Tahirkheli, S. To Gather, Document, Filter, and 
Assess the Broad and Deep Collection of the 
Digital Library for Earth System Education; 
proposal to the 2000 NSDL Collections Track 
initiative. 
http://doherty.ldgo.columbia.edu/DLESE/collection
s/proposals/collaborative/text.html (25 March 
2002). 

[24] Khoo, M., Community design of DLESE's 
collections review policy:  A technological frames 
analysis. in First ACM/IEEE-CS Joint Conference 
on Digital Libraries (JCDL '01), (Roanoke, VA 
(June 24-28), 2001), Association for Computing 
Machinery (ACM) and the Institute of Electrical 
and Electronics Engineers (IEEE); ACM Press,  
157-164 pp. 

[25] Khoo, M., Ethnography, evaluation, and design as 
integrated strategies:  A case study from the WES 
collection. in 5th European Conference on Digital 
Libraries (ECDL 2001), (Darmstadt, Germany 
(Sept. 4 - 8), 2001), Springer,  263-274 pp. 

[26] Koga, S. and Harada, T., Academic achievement 
and the school library:  An international study. in 
Paper presented at the 59th International 
Federation of Library Associations and Institutions 
General Conference and Council Meeting, School 
Libraries Section, (Paris, 1989). 

[27] Laffey, J.M. DLESE Evaluation Plan, Version 2, 
March 2001, Digital Library for Earth System 
Education (DLESE). 2001. 

[28] Lance, K., Welborn, L. and Hamilton-Pennell, C. 
The Impact of School Library Media Centers on 
Academic Achievement. Hi Willow Research and 
Publishing, 1993,  144 p. 

[29] Lewis, C. and Rieman, J. Task-centered user 
interface design. 
http://home.att.net/~jrieman/jrtcdbk.html (25 March 
2002). 

[30] Lougee, W.P. The University of Michigan digital 
library program:  A retrospective on collaboration 
within the academy. Library Hi Tech, 16 (1), 51-59 
pp. 

[31] Marchionini, G. Evaluating digital libraries:  A 
longitudinal and multifaceted view. Library Trends, 
49 (2), 304-333 pp. 

[32] Marchionini, G. Information-seeking strategies of 
novices using a full-text electronic encyclopedia. 
Journal of the American Society for Information 
Science (JASIS), 40 (1), 54-66 pp. (January 1989). 

[33] McMillen, R.D. An analysis of library programs 
and a determination of the educational justification 
of these programs in selected elementary schools of 
Ohio. Doctoral thesis, Western Reserve University, 
1965, 234. 

[34] Moursand, D. Will new teachers be prepared to 
teach in a digital age?  National survey on 
information technology in teacher education. 
http://www.milkenexchange.org/research/iste_resul
ts.html (25 March 2002). 

[35] Murumatsu, B. and Agogino, A. The National 
Engineering Education Delivery System (NEEDS). 
D-Lib Magazine, 5 (4). 
http://www.dlib.org/dlib/april99/muramatsu/04mur
amatsu.html, (25 March 2002). 

[36] Newnham, R., Mather, A., Grattan, J., Holmes, A. 
and Gardner, A. An evaluation of the use of Internet 
sources as a basis for geography coursework. 
Journal of Geography in Higher Education, 22 (1), 
19-34 pp. 

[37] NRC. Developing a Digital National Library for 
Undergraduate Science, Mathematics, Engineering, 
and Technology Education, National Reseach 
Council, National Academy Press, Washington DC, 
1998, 128. 

[38] NRC National Science Education Standards. 
National Research Council (NRC), National 
Academy Press, Washington DC, 1996,  262 p. 

[39] NSDL. The National Science Digital Library. 
http://www.nsdl.org (13 January 2003). 

[40] NSF. Geoscience Education:  A Recommended 
Strategy, Directorate for Geosciences of the 
National Science Foundation, 1997, 26. 

[41] NSF. Information Technology:  Its Impact on 
Undergraduate Education in Science, Mathematics, 
Engineering, and Technology. Report on an NSF 
workshop, National Science Foundation, Arlington, 
VA, 1998. 



[42] NSF. National Science Digital Library homepage. 
http://www.ehr.nsf.gov/ehr/DUE/programs/nsdl/ 
(13 February 2003). 

[43] NSF. National Science, Mathematics, Engineering, 
and Technology Education Digital Library (NSDL) 
Progarm Announcement, NSF 01-55., National 
Science Foundation, Directorate for Education and 
Human Resources (EHR), Division of 
Undergraduate Education (DUE), 2001, 22. 

[44] NSF. NSF Geosciences beyond 2000:  
Understanding and Predicting Earth's Environment 
and Habitability:  Summary. Report of a long-range 
planning effort for geosciences in the 21st century., 
National Science Foundation, Arlington, VA, 1999, 
24. 

[45] NSF. Report of the NSF Science, Mathematics, 
Engineering, and Technology Education Library 
Workshop., National Science Foundation, 
Arlington, VA, 1999. 

[46] NSF. Shaping the Future:  New Expectations for 
Undergraduate Education in Science, Mathematics, 
Engineering, and Technology, National Science 
Foundation, Arlington, VA, 1996, 90. 

[47] Preece, J. Empathic communities:  Reaching out 
across the web. interactions, 2 (march + april), 32-
43 pp. 

[48] President's Information Technology Advisory 
Committee. Digital libraries:  Universal access to 
human knowledge, President's Information 
Technology Advisory Committee (PITAC), 2001, 
31. 

[49] Putnam, R. Bowling alone:  America's declining 
social capital. Journal of Democracy, 6 (1), 65-78 
pp. 
http://muse.jhu.edu/demo/journal_of_democracy/v0
06/putnam.html, (23 June 2003). 

[50] Rheingold, H. The Virtual Community:  
Homesteading on the Electronic Frontier. Addison-
Wesley, Reading, MA, 1993,  447 p. 

[51] Saracevic, T. Digital library evaluation: Toward an 
evolution of concepts. Library Trends, 49 (2), 350-
369 pp. 

[52] Shim, W., McClure, C.R., Fraser, B.T., Bertot, J.C., 
Dagli, A. and Leahy, E.H. Measures and statistics 
for research library networked services:  Procedures 
and issues, Association of Research Libraries, 
Washington DC, 2001. 

[53] Sinha, A.K. Geoinformatics:  A defining 
opportunity for earth science research. A white 
paper., 2000. 

[54] Sumner, T. and Dawe, M., Looking at digital 
library usability from a reuse perspective. in First 
ACM/IEEE Joint Conference on Digital Libraries 
(JCDL '01), (Roanoke, Virginia (June 24 -28), 
2001), Association for Computing Machinery 
(ACM) and the Institute of Electrical and 
Electronics Engineers (IEEE); ACM Press,  416-
425 pp. 

[55] Tierney, R. Redefining computer appropriation:  A 
five-year study of ACOT students. in Fisher, C., 

Dwyer, D. and Yocam, K. eds. Education and 
Technology:  Reflections on Computing in 
Classrooms, Jossey-Bass, 1996,  169-184 pp. 

[56] Todd, R.J. Information literacy:  Philosophy, 
principles, and practice. School Libraries 
Worldwide. International Association of School 
Librarianship (IASL), 1 (1, January). 

[57] Todd, R.J., Lamb, L. and McNicholas, C. 
Information skills and learning:  Some research 
findings. Access, 7 (1), 14-16 pp. 

[58] Tyack, D. and Cuban, L. Tinkering Toward Utopia. 
Harvard University Press, 1995,  184 p. 

[59] UKOLN. UK Office for Library Networking. 
http://www.ukoln.ac.uk/ (12 December 2001). 

[60] Wallace, R., Krajcik, J. and Soloway, E. Digital 
libraries in the science classroom:  An opportunity 
for inquiry. D-Lib Magazine (September 1996). 
http://www.dlib.org/dlib/september96/umdl/09wall
ace.html, (25 March 2002). 

[61] Weatherley, J. Adapting educational resources for 
collaborative on-line peer review Computer 
Science, University of Colorado, Boulder, 2001, 87. 

[62] Wenger, E. Communities of Practice:  Learning, 
Meaning, and Identity. Cambridge University Press, 
New York, 1999,  336 p. 

[63] Wenglinsky, H. Does it Compute? The 
Relationship between Educational Technology and 
Student Achievement in Mathematics, A Policy 
Information Report, Educational Testing Service, 
1998, 224. 

[64] Wertsch, J. Mind as Action. Oxford University 
Press, 1998,  224 p. 

 
* This material is based upon work supported by the 
National Science Foundation under Grants #9978338, 
#0085600, and #0215640. Any opinions, finding, and 
conclusions or recommendations expressed in this 
material are those of the author(s) and do not 
necessarily reflect the views of the National Science 
Foundation



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


