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ABSTRACT

The purpose of this paper is to examine the variables that contribute to making a
successful digital library with integrated conceptual framework. The central research
question is what are the characteristics of most successful digital libraries ? and what factors
determine whether a new digital library is likely to survive? Three groups of factors that affect
the success of an digital library can be extracted from previous research: (1) individual characteristics
of the digital librarian: (2) group structural characteristics: (3) conditions characterizing the
environment of a new digital library. provide a brief introduction to this comprehensive model.
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1. Introduction

The digital library is, in broad
terms, a computerized system that
allows a community of users to
obtain a coherent means of access to an
organized, electronically stored repo-
sitory of information and knowledge
(Lynch and Garcia-Molina, 1995).
The information resources and
technologies embodied by the World
Wide Web are now accepted as the
primary example of the digital
library. Since the first digital
libraries began in early 1990s,
between 10,000 and 30,000 different
digital libraries with dozens to
hundreds of participants each are
currently in the world-wide Internet and
are becoming the central source of
information networking.

A considerable body of literature in the
fields of library and information
science and computer science has
recently begun to give digital libraries
serious consideration (see Drabenstott
1993, Communications of ACM April
1995): but the main thrust of this
literature is the technical creation of
digital
libraries. Nonetheless, as the digital

powerful and effective

library becomes established as a
component of library and information

services, and as more individuals
obtain Web access and utilize digital
libraries on the Web, study of the
digital library will become an
important item on the information
research agenda. To date, little
attention has been paid to the role of the
digital library in the new environment
and little opportunity has been
available to assess variables that are
contributing to a successful digital
library. Thus, accepted measures for
evaluation of digital library success do not
exist.

The purpose of this paper is to
examine the variables that contribute to
making a successful digital library
with integrated conceptual frame-
work. The central research question
is what are the characteristics of most
successful digital libraries? and what
factors determine whether a new
digital library is likely to survive?
Three groups of factors that affect the
success of an digital library can be
extracted from previous research: (1)
individual characteristics of the
digital librarian: (2) group structural
characteristics: (3) conditions charac-
terizing the environment of a new
digital library.

The dependent variables of interest all
relate to the success of digital
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libraries, described in terms of
contribution levels (Thorns & Connolly
1987), adoption rate (Markus, 1990),

longevity and usage.

* Contribution level is defined as the
ratio of files contributed in a
week to the total number of
weekly file transactions by users .

* Adoption rate is the ratio of
regular digital library users to
the total number of users .

* Longevity is the duration since the
digital library started.

» Usage is the average number of
page views on an average day.

To avoid a meaningless compilation of
many independent variables, I use
human capital theory to examine the
potential effects of individuals. For
group and contextual factors, public
goods theory, information transfer
theory and organizational ecology
theory provide meaningful variables for
analysis. Some variables that may
be important to another researchers are
not included in my analysis, but I
believe that a  theory-guided
selection of variables yields more
insight than a compilation of all
available variables.

2. The Definition of the
Digital Library

Broadly stated, the digital library
consists of all digitized resources
available to users of a computing
environment (Levy and Marshall
1995). Nevertheless. the obviously
heterogeneous nature of digitized
information resources has led
researchers to define the digital
library variously, as one or another
subset of information in digital
format. Some writers have defined
the digital library as an extension of
resources accessed through traditio-
nal libraries (Levy and Marshall
1995), while other research has
asserted that it consists of all
resources available on the Internet,
whether or not such resources are
accessed within the traditional
library (Adam, Halem, and Naqvi
1995). Adam, Halem, and Nagqvi
(1995) and Arms (1995) are the
primary advocates of this narrowly
bounded perspective, claiming the
digital library consists exclusively of
digitized information resources in
the Internet.

Lynch and Garcia-Molina (1995)
criticize the assumption of Adam,
Halem, and Nagvi (1995) that the
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digital library is based exclusively on
fully digitized Web-based sources.
They suggest that the exclusive
emphasis on resources in distributed
hypermedia format (i.e., fully di-
gitized resources) is too limiting,
and propose that the objective of the
digital
integrative systems “to fully exploit the

library is to develop
opportunities that are offered by
materials in digital format.” Thus,
they suggest that the digital library may
consist of self-contained digitized
resources such as CD-ROM databa-
ses, not only resources available on the
Web. In their view, the digital
library is an interface system, a
gateway, for accessing digitized
information (Lynch and Garcia-
Molina 1995: Drabenstott 1993).
Despite the disagreement concer-
ning which information resources
characterize a digital library, the
research consistently recognizes that the
digital library performs information
search and retrieval functions
(Borgman, et al. 1996). Users of the
digital library are concerned to a
great extent simply with gaining
access to information (Adam,
Halem, and Naqvi 1995), and the
environment functions as a gateway or
access to

interface  providing

information resources (i.e.., video.
audio, and printed information).
Borgman., et al. (1996) asserted
that a digital library should be
defined not only in terms of
information entities that can be
collected and organized into digital
libraries (tangible information
resources), but also in terms of the
communication process used in the
creation and utilization of those
information entities(intangible infor-
mation resources). Borgman, et al.
pointed out that by focusing on the
digital library as a collection of
tangible resources, Adam’ s defini-
tion disregards the communicative
aspects of digital library. Thus,
Borgman. et al. (1996) proposed a
concept that

digital  library

encompasses two complementary
ideas, one emphasizing that a digital
library extends and enhances existing
information storage and retrieval
systems, incorporating digital data
and meta-data in any form, and the
other emphasizing that a digital
library is constructed, collected, and
organized by a community of users
through a form of communication.

In summary, despite the disagree-
ments concerning the definition of

the digital library, information
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retrieval and communication func-
tions are recognized as common
denominators of the digital library
definition.

3. Characteristics of
Successful Digital Libraries

3. THuman Capital Approach

The human capital theory argues
that high human capital endowment of
the founder improves chances for
organizational  success. Several
researchers support this argument.
Psychologists tend to describe the
founder of an organization by
personality traits such as a high need for
(McClelland  1961).

Economists see them as coordinators,

achievement

risk-takers and innovators (Herbert
1989). Sociologists identify socio-
demographic attributes of founders
or see them as “displaced persons’
(Brenner 1987)
The economist Becker (1975)
distinguishes between general and
specific human capital. General
human capital is the sum of
educational level and  work
experience of the founder. The notion of

specific human capital must be

modified and adapted to the context of
an digital library. An important
indicator of digital library-specific
human capital is ‘leadership experi-
ence,” i.e. . experience in managing and
directing people.

The digital librarian is usually a
key person who sets the norms and
procedures of the group, recognizing
members contributions, prompting
them to address certain issues and
summarizing the state of discussion. He
is extremely important to digital
library success (Kerr, 1982). Kerr
(1986) also summarizes -effective
leadership styles and skills for
moderating online meetings and
facilitating electronic groups. The
most effective digital librarian style is
group-oriented (rather than authori-
tarian). The group-oriented digital
librarian includes all group members
interested in the formation of policy and
moves them to consensus. Effective
digital librarians must exert strong
organizational pressures and also be
familiar with the technology. The
digital librarian should set the
agenda and keep the group moving
toward its goal.

HI:
The level of education of the
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digital librarian will be positively
related to digital library success.
The level of experience of the
digital librarian will be positively
related to digital library success.
The leadership experience of
digital librarian will be positively
related to digital library success .

3.2 Public Goods Approach

The main idea of this approach is the
analogy of digital libraries to public
goods. Digital libraries are available to
all members in a community of
interest, regardless of whether the
individual members themselves
contribute to the group. Because no
single individual is required to
contribute to the content of the
digital libraries to benefit from it,
the “rational member’ might be
expected to adopt the strategy of
consuming the medium without
making contributions. Yet, if no one
contributed, there would soon be
nothing to consume. This is the so-called
dilemma of public goods (Ostrom,
1990). Two theoretical perspectives
emerged from this approach discre-
tionary databases theory (Thorn &
Connolly, 1987) and critical mass

theory (Markus, 1990).

Thorn & Connolly (1987) developed a
theory of discretionary databases
from the notion of public goods and used
it to predict rates of contribution to
information database shared within
an organization. In a series of
laboratory experiments, they found
that the lower the perceived value of the
information and the less symmetrical the
benefits to users in a group, the
lower the contribution levels. Fur-
thermore, individuals contributed
less as participation costs and group size
increased.

Critical mass theory (Markus ,1990)
takes a parallel approach. Markus
(1990) attempts to explain the growing
adoption of electronic mail in a
community of interest until a state of near-
total participation, or universal access,
comes to exist. The theory predicts that the
chances of attaining universal access
are inversely related to the resource
contributions (skill, effort or cost)
required from users. On the other
hand, the more heterogeneous the
interests and resources found among
members of a community, the greater the
chance of achieving universal access.
Task interdependence, centralization of
resources, user group size, and
geographical dispersion are hypothesi-
zed to be directly related to hetero-
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geneity and hence to adoption.
Though the two theories share
underlying

commorn assumptions

about human  behavior, they
contradict each other in some areas. For
example, the critical mass theory
makes the opposite prediction
regarding the role of user group size. If
larger user group sizes are also more
heterogeneous, then critical mass
theory predicts that universal access is
more likely to be achieved in larger
groups. According to this view,
participation relates not only
directly to user group size, it is
exponentially related to the number of
participants (Markus 1990 ) .

In my view, the more users there are,
the more each user can safely
assume that someone else will
contribute to the group. This could even
be a positive factor when making an
adoption decision. When considering
whether to adopt a new digital
library, potential users may find
larger systems more attractive
precisely because they seem to
require a smaller investment of
resources in terms of their own

contribution than small user groups.

H2:
The wuser group size will be

negatively related to contributed
levels but positively related to
adoption measures of digital
library success.

The diversity of contents will be
positively related to the success of

digital library.

3.3 Information Transfer Approach

Two applicable concepts can be
borrowed from this approach:
technical gatekeeper (Allen,1967)
and invisible college (Price, 1963:
Crane, 1972).

The technical gatekeeper (TG) is a key
person whom average people in an
organization rely on for outside
information. TG’ s contribute directly to
a group s technical goals, in that
they are typically high performers.
They also tend to be highly cited,
front-line supervisors. According to
organizational information flow
model (Allen,1967), new informa-
tion is brought in through the TG. It can
then be communicated to other TGs in
the organization through the TG
network and disseminated outward
from one or more points to other
members of the organization. This is a
spontaneous process, without mana-

gement intervention. TG networks
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tend to be highly specialized.

The invisible college (IC) is a
concept which was introduced by Price
(1963) in which he likened it to an
‘ingroup”. Crane (1972) embraced the
view that interactions could be plotted as
a social circle and that the influential
figures in the group hold the informal
network together. Mullins (1973) defi-
ned IC as concentrations of interest
ties without clear boundaries. They
encourage feedback, provide filtering
function, facilitate boundary spanning and
have a bonding effect. Parker (1982)
suggested the wuse of informal
communication channels and media
was the single best predictor of
research group productivity. The
existence of IC can be elucidated from
(Griffith,1972),
sociometry (Crane, 1972), and micro-
sociology (Mulkay, 1980).

citation  analysis

H3:

The existence of technical
gatekeeper and/or invisible college will
be positively relate to the success

of digital library.

3.4 Organizational Ecology Approach

Organizational ~ ecology  theory

(Hannan and Freeman, 1989) addresses

evolutionary  processes within or
between populations of organizations
observed over periods of time. The
analysis of organizational mortality is an
important topic in this field, and I
believe that organizational ecology and its
associated empirical research offer a
background framework to derive
hypotheses regarding the determinants of
the survival chances of new digital
libraries.
Organizations begin with a
“liability of newness’ (Stinchcombe
1965). Many

young, and organizational ecologists

organizations die

have elaborated on this age-
dependent pattern of mortality in
considerable detail (Hannan and
Freeman 1983). Young organizations
have a higher risk of failure than
older organizations.

Organizational ecologists often
discuss the ‘liability of smallness” in
connection with the liability of
newness (Aldrich and Auster 1986 ).
The assumption is that large, new
organizations have better survival
prospects than small, new organiza-
tions. Initial size may be measured by
the number of people participating
at the time of founding. A large pool of
improves the

human resources

chances of a new organization to
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survive the critical start-up period
and to cope with random shocks from the
environment.

A third feature of organizational
ecology that is useful for my analysis is
arganizational strategies in connection with
the concept of “niche’. Hanan and
Freeman (1977) distinguished between
generalist and specialist strategies.
Generalist organizations aim to occupy a
broad niche, whereas specialist
organizations aim for a narrow niche. In
a study of small organization, they
examined whether generalist and
specialist organizations have various
survival chances under different

environmental circumstances.

H4:

The age of digital library will be
positively related to the survival of
digital library.

The size of digital library will be

positively related to the survival of

digital library.

The domain specialty will be
positively related to the survival of
digital library.

4. Summary

Previous research on determinants of
survivor chances of new digital libraries has
concentrated on individual characteri-
stics of the digital library founder.
Human capital theory captures most of
these individual characteristics in a
theoretically meaningful way. Public
good approach and information transfer
approach address the group structural
attributes. For organizational and
environmental determinants of
survival, the organizational ecology
approach promises theoretical progress.
These theories yield a rich set of

testable hypotheses.
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Conceptual Model of Successful Digital Libraries

Digital Libraries

Contribution

Adoption Rate

+ work experience

+ domain-specific
expereince

» leadership role

task dependence
concentration
group compaosite
group diversity

* no. of members
» speciality of topic
domain scope

Longetivity
Usage
Individual Var Group Var Context Var
+ education level group size + group age

Preliminary Analysis of Most Successful Digital Libraries

Independent Variables PACs-DL STAT-DL TQM-DL QUAL-DL { CWIS-DL

g exp of educate PH.D PH.D PH.D PH.D PH.D

U |exp of work 17 15 14 12 10

I]\)I exp of domain 15 15 12 5 8

E exp of leader YES YES YES YES YES
Group size 15,000 12,000 6,500 3,000 13,000
Task-dependence mostly mostly mostly mostly Mostly

% Task-concentra. mostly mostly mostly mostly Mostly

8 Technical gate. 5 7 4 3 8

P Mndivisible coll. 3 5 2 2 5
Task-diversity high high medium medium High

C | Group age 36 mon 38 17 24 22

S [No. of members 800 1200 200 600 400

E Speciality level medium high medium high high

)t( Domain scope high high medium low medium
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