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Abstract- Digital libraries are quite new — about 20 years
of age. At the same time, they have been growing atfast

pace. Digital libraries have the following charactgstics —

they store, preserve, distribute and protect contes in

different formats and, at the same time, they allow
interaction between the user and the contents; thegre

always present, both geographically and over timethey

can make works internationally known, enhancing
referencing and citations; they can make public the
products of the educational process and let them hgsed

as inputs for further learning. This work addressessome
aspects of digital libraries that make them suital® tools
to support higher education. Examples are presented

Index Terms- Citations, digital libraries, electronic theses

and dissertations, higher education, open access.
INTRODUCTION —A LITTLE ABOUT DIGITAL LIBRARIES

Digital library projects started in the early 1990s

One of the first projects was Vatican Library Acsibte
Worldwide — a partnership of the Biblioteca Apostal
Vaticana, the Pontificia Universidade Catdlica dio Re
Janeiro and IBM (Brazil, Italy and USA). The iterts be
digitized were selected from the manuscript an@ tawok
collections. The prototype server was first testedJuly
1995. Mintzer et al [1] presented some resultsheffroject
in 1996.

Another, at about the same time, was Alexandriatélig
Library (ADL) — a project of the University of Cérnia,
Santa Barbara. It began in 1995 and the digitahsteare
geographically referenced materials. Unlike the idgat
Project, ADL is still operative and information aliat can
be obtained from th&Vhat is ADL?item of the project
website [2].

Both projects involved universities but none foaclsa
materials created either by faculty or by studertkey
aimed at making available collections of very sfiediems
that were produced outside the higher educatioogs®

Almost at the same time, in 1993, at Virginia Teeh
Virginia Polytechnic Institute and State Univers[8], the
first electronic theses and dissertations were yetad be
published [4] following an initiative of the gradea
programs.

After these early activities, a lot has happenedhia
areas of digital libraries, digital publishing anetworking of
electronic educational and cultural resources. ®igeside
with the advancements came a set of challengesoftfeem
are intellectual property rights in the digital andtworked
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arena, and digital preservation, an ever growingcem as
collections migrate to digital formats and traditib versions
are discarded.

In this world of fast change, digital libraries @ffmany
facilities to education in general and to higheuaation in
particular.

This work addresses some of the roles of digitalies
in higher education; comparisons to traditionatdifes are
also presented. The following section is devote@aoh of
them. The third section addresses the two chalenge
intellectual property rights and digital presergati- for the
use of digital libraries in this context. The lastction
comments on the importance of digital libraries atsl
networks for higher education.

DIGITAL LIBRARIES AND HIGHER EDUCATION

Over the centuries, libraries have been the keepeds
distributors of books, journals, maps and otheremals that
are used by students in the learning process. hheg also
been the legal deposit of part of the productsabiokarly
publications — theses & dissertations, articlesshmécal
reports, etc.

In general, students have been patrons of theriisraf
their institutions. In order to make more conteatsilable
and thus benefit students and faculty, pools ofitiut®ons
have engaged in commuting items and/or their copies

There is no reason for digital libraries not to édte
same functions of traditional libraries, excepttttieey can
add functions and value due to their digital antivoeked
nature.

Let the different functions of a digital library ithe
higher education context be examined.

Digital Libraries and Courseware

Books and traditional items have been kept andibliged
by the university libraries. On the other handsslaotes,
simulators, spread sheets and other materials ectelby
faculty have traditionally been made available it
authors through copies in an informal distributsitonation.

The use of ICT — Information and Communicationl4oo
has changed the informal distribution to computed a
networked based solutions. As consequence, a gneatint
of contents became available from computers lackhey
necessary identification and access control. Ifeation
(description of the digital contents) is importaiar the
search and retrieve actions by users.
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The LTSC — Learning Technology Standards Committee
[5] is a committee of IEEE — Institute of Electidicand
Electronics Engineers [6] whose mission is ‘to depe
technical Standards, Recommended Practices and&fod
software components, tools, technologies and design
methods that facilitate the development, deployments
maintenance and interoperation of computer
implementations of education and training composenmtd
systems’, as stated on the LTSC web page. Thefuligital
contents in education has become so important tR&C
has one of its working groups with the specific siua of
addressing metadata for LOs. The work of the LTSC i
heavily based and interrelated to the developmehtthe
Ariadne Project [7], the IMS Global Learning Cortaon
[8] and the actions of NIST — National Institute fitandards
and Technology [9].

Two of LTSC’'s areas of work are closely related to
digital libraries which must comply with the spécittions
for metadata for LO — Learning Object identificatiand
their management functions.

Digital libraries are suitable tools to manage seware
and additional reference items used in class. S@asons
for this use are:

« Management of documents in all formats in a unified
way — texts, animations, interactive exercises,icaud
files, video streams, e-books, e-journals and en@sts
can be stored, described and distributed through
computers and networks. The management is
independent of the type of information, as longtasn
be stored in digital files. It also can be sharatheut
human intervention making the whole process faater
cheaper.

« Access control — contents can be assigned different
types of access according to the classes of usatste
entitled to them. Authors can decide if their woake to
be used by their students only, by any studentgivan

presenting the results of the study “Long Term
Retention and Reuse of E-Learning Objects and
Materials” [11] that was funded by JISC - Joint
Information Systems Committee [12] in the United
Kingdom.

Cross-institution cooperation — digital libraries i
general are connected to the Internet, this alltives
contents be used from different cooperating inttitis,

as long as the LOs are described (metadata) and
managed in a suitable way. An example of the
importance of cooperation is MERLOT — Multimedia
Educational Resource for Learning and Online Teaghi
[13], an organization whose mission, as statedhen t
website, is “MERLOT is a leading edge, user-cemtere
searchable collection of peer-reviewed, higher
education, online learning materials created by
registered members, and a set of faculty developmen
support servicesMERLOT's vision is to be a premiere
online community where faculty, staff, and students
from around the world share their learning matsréaaid
pedagogy. MERLOT's strategic goal is to improve the
effectiveness of teaching and learning by increpdie
quantity and quality of peer reviewed online leagni
materials that can be easily incorporated into Ifgicu
designed courses.” Digital libraries are usefulldom
manage large quantities of LOs.

Any place and at any time — students study in cbffe
hours of the day any day of the week, this is more
significant when distance learning is considered.
Students can be in any country and accessing
courseware anytime. Since digital libraries arelalbe
24/7 (24 hours per day, 7 days per the week) aad th
Internet connects the whole world, coursewareviaps
available from any geography.

At PUC-RIo, there has been some experience inske u
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institution or the public in general. of digital libraries to manage courseware. The lteshave
Content sharing — authors can make their contentBeen satisfactory in terms of access and sharirejsig14].
available for other faculty to aggregate into theirThe Maxwell System [15] allows 5 access levels d@nd
courseware. This can be done without duplicationsharing levels, and this has given faculty a realten
simply by ‘pointing’ to the contents with the sudita set  flexibility in the use of contents, yielding a faamount of
of metadata elements. reuse of basic contents [16].

Interactivity — contents that are managed by digita

libraries can be interactive and based on multimedi Digital Libraries and References

Students can listen to soundtracks, view animated

images, solve exercises and have them checkedepnlinStudents go to libraries to look for materials thatbeyond
write and send comments to authors and/or tutors. course contents. They seek additional books, jdsirtieeses
Customization — some users may require speciak dissertations, technical reports and other itethat
characteristics of the contents and the systems Ehi €nhance the learning process.

true when people with special needs are involved, f This is extremely important in the high undergradua
example, persons who are blind or visually impairedyears and in the graduate level. Research is basedot of

System interfaces and contents in digital formats e ~ Searching, retrieving and reading. So, librariesstmearry

customized to fulfill these necessities. and make available collections to fulfill this neeBlome

Reuse — courseware can be developed with a gritgular €x@mples in the traditional world are the substoi of

that makes it flexible to combine and support rpigti ~ Scientific journals and conference proceedings.

syllabus. Reuse is important because developin% Digital libraries, like their traditional countems, can
old

courseware is expensive and takes time, so incigasi reference materials. In addition they have taie
reuse improves efficiency. An example of theadvantages mentioned in the context of coursewitr¢he

importance of this topic can be seen from a notéhen Same time, the characteristics of being availableha time
Clips & Pinters section of the D-Lib Magazine [10]
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from anywhere and of cross-institutional cooperatwe the
strongest points.

Digital libraries in their role of courseware ardarence
holders and distributors are of paramount impoeait
distance learning and training. A very special atitin
occurs in continued education when focusing onningi
professional staff who works in remote locations, far
example engineers in road and dam constructionsd,
offshore oil drilling. Current trends in continuedlucation
make digital libraries very useful, specially due the
possibility of customization of contents to meediudual
needs [17].

Digital Libraries and the Products of Higher Eduimat

In general, when someone thinks about educatiamkats,
courseware comes to mind. But there are contetsatre
produced by higher education processes. They a@tse
(outputs) of all levels — undergraduate studentiew
projects in other to get their degrees, while nrasted
doctoral  students research, write and
theses/dissertations.

Besides being results of higher education, thesekavo
are reference materials used by other students diteealso
contents that researchers seek.

Theses & dissertations are specially important stem
because the contain state-of-the-art results antb-date
bibliographic reviews. They have received the nattntion
in terms of dissemination among the results.

The use of digital libraries makes theses & disdiens
much more available and, for this reason, much misible.
Besides this, ETDs — Electronic Theses and Didsanta
allow multimedia to be used making the works riched
more attractive.

interoperability, and have joined NDLTD - Networked
Digital Library of Theses and Dissertations [L9DINID is
an initiative that began in 1996 at Virginia Tealdd'is a
collaborative effort of universities around the igorto
promote creating, archiving, distributing and asoeg
Electronic Theses and Dissertations” [20]-[21]. iThe
objective is to make ETDs available worldwide amsdeasy

arto find as possible. Currently, the NDLTD unionataty has

over 300,000 records of online full-text theses &
dissertations from all over the world.

All universities that have ETD digital libraries yea
experienced the
dissertations and also an international interesttfe works.
At PUC-Rio, the access statistics of the Maxwelkt8gn
show that five ETDs had more than 5,000 access280a6.

Following subsections will address the organizatidén

these union catalogs and the open access movement.

Digital Libraries and Scholarly Publications

publisiUniversities have contributed to a class of pulilces

referred to as “scholarly publications”. The avhilidy of
personal computers connected to the Internet Hasved
researchers to report results through these systiems
addition to the traditional printed journals.

Van de Sompel and Lagoze [22]-[23] mentioned that
the fast pace of research results in the scienassdyuired
alternative forms of publication to overcome theetey
times of traditional peer-reviewed journals. At gaame time,
the rising costs of journal subscription have ajsdded the
need for alternative ways of publishing.

According to the authors, these two factors and the
availability of computers and networks paved they ar
scholars to publish research results on the Inteidany

In 2000, Hagen and McMillan [18] presented somerepositories have been created to communicate atyol

interesting points related to ETDs; two are worthrging
mentioned. The first is that much of the researetetbped
during graduate work ends up by not being published
journals and for this reason is not known. Digithtaries
make this knowledge easily and widely accessibleythole
process is much faster than traditional publicatiinginia
Tech started requiring ETDs in 1997; the total exqs for
theses and dissertations rose from 31,171 in 1996
1,090,113 in 1999. The second important point ie th
decrease in administrative costs: paper, bindiramdhing
and shelf space.

results in the form of E-Prints (pre-prints). Thesgibility of

making the repositories interoperable in order tadde

them, so results could be found, lead to a setestimgs, the
first one in Santa Fe, NM, in 1999. The resulthos tactivity

was the broadening of the scope to go beyond HEsPaind
the creation of the Open Archives Initiative [24].

The Open Archives Initiative implemented the OAI-
tPMH — Open Archives Initiative Protocol for Metadat
Harvesting that is used to automatically collecttadata
from repositories and deposit them on union catalfoy
integrated search. OAI-PMH is used for any typaigital

Universities all over the world have engaged in ETDcontents and ETDs use it to build the many unidalogs all

projects. A lot of work has been done in the vasioauntries
and in the international scenario. Some countri¢abtished
national consortia of ETD digital libraries and ational
union catalog, as for example Brazil and Lithuarithers
have national regional consortia, as for exampée Whited
States; a third group is composed by countries tzate
formed regional multi-country consortia like the sialasian
Digital Theses Program; another group of counties
consortia and individual university contributiorigke the
United States; and some countries have only indalid
contribution from the universities.

No matter the type of organization, these instiusi
have decided to establish standards of operatmrallow
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over the world.
Digital Libraries and Open Access

All over the world, intellectual property rightsPR) are
protected by law. This is important because IPR tmsic
rights of democracy and stimulus for intellectuadation.

At the same time, authors may want to share their
works, specially in the academia. This is the idehind the
Creative Commons [25], a non-governmental orgaitunat
created in 2002. The goal of this organizationdshelp
authors share their works under the idea of “soigbts
reserved” instead of “all rights reserved”. Theyitmer

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007

increase of accesses to theses and



suggest that authors’ rights be violated nor tloglycghts be
abandoned; only that works be shared in the exatitors
find suitable. The motto on their website is “Shaeeise and
remix — legally”. This motto contains ideas thamh @asily be
implemented if digital libraries are used to manalggital
contents.

Creative Commons defined a set of six types ohbes
for contents to be shared. When an author decalesé the
CC idea of content sharing, one of the types mesthosen.
The use of CC licenses has become quite populaPUG-
Rio, a book on Engineering Education [26] was mitdd on
the Internet under CC Attribution-Noncommercial.Z8om
the day it was made available (November 11, 2008) u
April 30, 2007, it was accessed 5,269 from 40 difife:
countries. It is important to remark that it is ten in
Portuguese.

Currently, there is a worldwide effort towards Open

Stevan Harnad et al [33] presented interestingltesu
comparing the impact of articles published in OArjmals
when compared to traditional ones. They suggest thee
two roads for articles to be accessed — the galdad of OA
journals and the green, where both traditional W
versions exist (green because the authors grargeser
light” for OA publishing). After examining the nurats,
there is no doubt that OA articles are more cited aven
cited much earlier due to the latency time of tiadal
journals; this generates a positive feedback inmsernof
citations. Another work [34] shows the shift in thehavior
of editor that allows OA versions in parallel te ttraditional
printed article (pre-prints, pos-prints, both).

Therefore, OA is beneficial to higher educationniro
both points of view. Digital libraries are usefabts to OA.

CHALLENGES FOR DIGITAL LIBRARIES

Access (OA) to information. Some remarkable events

towards this goal can be cited.

Digital libraries face many challenges — interopdity;

The first is the event that was held in Budapest24/7 operation; multi-language, multi-culture andultia

Hungary, in 2002 — representatives from variousesypf
institutions signed a document of support of Opecess to
information; later on, over 4,000 individuals and03
institutions subscribed it. This meeting is knovenBadapest
Open Access Initiative [27]. The second is the iBerl
Declaration on Open Access to Knowledge in the ridegs
and Humanities [28]; it was signed during the Cosrfiee on
Open Access to Knowledge in the Sciences and Huiaani
in 2003. The third is an action of the Humboldt \brsity
[29] in Berlin; in May 2006, the Senate of the ity

legislation situations; multiple types of inforn@tiand ever
changing digital formats; information asset segurdigital
preservation; and IPR — Intellectual Property Right

The last two seem to be the most crucial. Worléwid
many efforts have been devoted to the study ofethes
topics and to finding solutions for the problemseyth
represent in the use of digital contents.

Digital preservation can be seen from three diffier
points: (1) the physical preservation of the sufipgmrmedias
(HDs, CDs, DVDs, tapes); (2) the technological preation

approved the Open Access Declaration of the Hunboldo avoid technological obsolescence; and (3) pvesien of

University Berlin [30] encouraging its scientistsggublish in
open access journals and making available techiwalbg
infrastructure for this to happen.

Digital libraries are suitable to hold and disttiwpen
access materials — they can manage contents atidOwi-
PMH data providers, make metadata available fovdsting
for union catalogs. They can multiply accesses lmzaf
interoperability and the existence of an active ldwide
digital library community.

It is important to assess the importance of Opeceés
to higher education. It can be viewed from two efiéit
points of view.

Initially, the student or researcher looking foferences
must be considered — the more contents are madaldea
the better. Knowing previous results avoids dupilices and

access. Some important actions can be mentionéagdas
far as the 1990s.

In 1994, the Commission on Preservation and Access

and the Research Libraries Group [35] created thekT
Force on Digital Archiving. In 1997, the Commissiom
Preservation and Access merged with CLIR — Couaonil
Library and Information Resources [36].

The objective of the Task Force was to investighte
means of ensuring “continued access indefinitely ithe
future of records stored in digital electronic férnThe
group had members from different organizationsragted
in the preservation of digital collections — arasy libraries,
museums, universities, scholarly societies, publishand
industry. In 1996, the Task Force presented thal fieport
of its activities [37], where problems were ideietif related

waste of time and funds. At the same time, theckearust
be efficient and this is accomplished with digitiflraries
that are compliant to standards and best practices.

The second role is that of the author of the worka
the academia citations are a measure of qualitiie@fvorks.
This second vision is directly related to the impéactor
introduced by Garfield in 1955 [31]. A lot of disgions

to both media deterioration and to technological
obsolescence. Analysis was performed on solutioms f
obsolescence; different types of migration of texdbgy
were analyzed along with the issues of integrity of
documents and of the information. This documenb als
addresses costs associated with preservationsffort

In 2003, UNESCO published the UNESCO Charter on

have been devoted to impact factors and how theybea
biased, perfect, etc. An interesting item of thiscdssion
was introduced by Garfiled [32] almost 40 yearsmattis
first work, where he states that review articles more cited
because they contains extensive bibliographies thia
characteristic of ETDs and students always meritignis an
important motivation to access them.
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the Preservation of the Digital Heritage [38] whodgective
is to make governments and all institutions thattz digital
contents aware of the necessity of the preservatfamoth
contents and access.

A special case of preservation challenge is réldate
born-digital contents, i.e., contents that haveeristed on
other media except some type of digital media. Thithe
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case of computer based simulators, on-line inteeact
exercises and animations which are important legrni
objects. Another set of born-digital contents isgant in all
on-line interaction in companies or between comgaind
business partners or clients (e-business and e-eorenand
in government actions (e-government). This is @aavhere
archives and archivists are very active due tontission of
preserving institutional and government archivatudoents.

As higher education migrates from traditional nasdio
the digital formats, these problems will have toféeed. For
example, when theses and dissertations writtenaperpare
no longer used and ETDs become the only formahieat
problems will be present concerning the log
preservation of these works. The preservation of-gdgital
LOs is a current concern specially due to prodtités are
discontinued.

Preservation of access is another big challeAgews
release published by Ascribe [39], on an articlétem by
Dellavalle et al [40], shows the results the awhoitained
after searching Internet based
publications. The numbers are quite surprising:I(igrnet
references accounted for 2.6% of all referenceshore than
1,000 articles published on three medical jourrmsdsveen
2000 and 2003 — New Journal of Medicine, The Jdusha
the American Medical Association and Science; (2%0lof
the Internet references were lost for articles thate 27 or
less months old.

One of the possible solutions to overcome thisbiam
is the DOI — Digital Object Identifier [41]; it ia controlled
name assigned to a digital object that does natgdaeven
if its location changes.

The second challenge is intellectual property hie t
digital world — another point of great attentiorheldigital
world has changed the way information is recorded a
distributed, as well as the roles of the actorshi process.
Anyone can publish a book on a website, or makkraaind

higher education process — technical reports,lastitheses
& dissertations, books and patents are to be prextec

Intellectual property rights come to discussiorewi©A
is considered and/or when an author must chooseati@e
Commons Attribution (license level). So, studerdsaell as
faculty will be involved in the world of IPR. Univsties
will have to adjust their rules and the way thewldeith IPR
in this new environment.

IPR in the digital age will impact higher educatio

COMMENTS

term

Libraries have been the companions of higher educdbr
many centuries. They have preserved and given sitoes|
sorts of materials — books, manuscripts, rare decis)

journals, maps, etc. — that have supported theepsof

learning. They have also been the keepers of raigeri
produced by students, faculty and researchers dugta

reference on medic@lrojects, theses & dissertations, technical repats. — in

this sense they have functioned as the institutiarahive.

It is important to remark that, for institutionaltyeated
materials, the library has to grant access whiés@rving the
documents as an archive. Theses and dissertations a
scientific works but, at the same time, are pafrthe history
of the institution.

When a digital library is created, all the functothat
have been performed by the traditional library wikhve
parallel in the digital and networked environment.

In terms of preservation, the problem is more caxpl
since two types are to be considered — the physical
preservation (as traditional libraries) and thehtexogical
preservation, in a world of fast-changing technglog

At the same time, a digital library can performdtions
that are impossible with traditional situation arniat
aggregate value to higher education. These wesepted in

distribute it through YouTube, or take pictures andthe second section of this work. Accessibility, itkility,

distributed them via e-mail. At the same time, liettual
property laws,
information revolution took place.

In 2006, the British Library [42] launched
Intellectual Property Manifesto [43]. The manifesieals
with the balance between access and authors’ rights
suggests six areas to be addressed.

Another important document is the report writtgnthe
Committee on Intellectual Property Rights and theeEging
Information Infrastructure [44]. The motivation dhe
committee was ‘to assess issues and derive resezpids
and policy recommendations related to the natwelugon,
and use of the Internet and other networks, andh&o
generation, distribution, and protection of contantessed
through networks’. As in the case of the Task Fooce
digital preservation, this committee had repregama from
all interested parties.

Intellectual property is of paramount importanae
higher education. One of the reasons is the stadeost be
taught about IPR and how authors’ rights must Ispeeted,
while research and use of previous works is necgssad
must be encouraged. A second reason is that'stsesiuthe
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its

interaction, customization and reuse are strongomato use

in general, were created before theligital libraries for higher education even wherrth are

challenges in the digital and networked environment
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