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Abstract. We synthesize diverse research in the area of digital library (DL)
quality models, information systems (IS) success and adoption models, and in-
formation-seeking behavior models, to present a more integrated view of the
concept of DL success. Such a multi-theoretical perspective, considering user
community participation throughout the DL development cycle, supports under-
standing of the social aspects of DLs and the changing needs of users interact-
ing with DLs. It also helps in determining when and how quality issues can be
measured and how potential problems with quality can be prevented.

1 Introduction

Hundreds of millions of dollars have been invested since the early 1990s in research
and development related to digital libraries (DLs). Further R&D is needed worldwide
[17] if the tremendous potential of DLs is to be achieved. Hence, determining the key
characteristics of DL success is of the utmost importance.

What qualifies as a successful DL, and what does not? As this question begins to
be analyzed, more questions arise. Who is the intended user of a DL? What is the
user’s goal for using the DL? What are individual organizations trying to get from
their DLs?

For several years, researchers from various disciplines have studied different
perspectives of DL success and have generated many interesting yet often isolated
findings. Some findings have provided different although sometime overlapping per-
spectives on how to evaluate DLs. One of them is the DL quality model developed by
Gongalves [11]. For each key concept of a minimal DL, [11] lists a number of dimen-
sions of quality and a set of numerical measurements for those quality dimensions.

Though many would consider a DL to be a type of information system (IS), it often is
forgotten that there is a long tradition in IS research of evaluating the success of a ge-
neric IS. A variety of measures have been used. Two primary research streams, the user
satisfaction literature and the technology acceptance literature (i.e., the technology ac-
ceptance model, or TAM) have been investigated. User satisfaction is based on users’
attitudes toward a system. We define satisfaction as a user’s affective state presenting an
emotional reaction to an entire DL and the consequence of the user’s experiences during
various information-seeking stages. Therefore, we seek to understand the changing
needs of users interacting with the DL, and the users’ information-seeking behavior
during these stages [1]. Fortunately, too, information-seeking behavior has been studied
for decades, and many models have been generated.
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A system succeeds when its intended users use it as frequently as needed. User
satisfaction prompts user acceptance of the system and leads to higher system
usage, because attitude leads to action. Thus, DL user satisfaction can lead to DL
success.

The rest of this paper is organized as follows. Section 2 presents the background
for our proposed model, which is described in Section 3. Section 4 presents a case
study of our model in a domain specific DL. Section 5 concludes the paper.

2 Prior Work

Library and information science researchers, such as those attending the workshop on
“Evaluation of Digital Libraries,” have investigated the evaluation of DLs [2, 18].
Saracevic [21] was one of the first to consider the problem. According to his analysis,
there are no clear agreements regarding the elements of criteria, measures, and meth-
odologies for DL evaluation. The challenge is made more complex by the various
classes of users [4]. In an attempt to fill some gaps in this area, Fuhr et al. [10] pro-
posed a description scheme for DLs based on four dimensions. However, a focus on
usability of DLs has lagged, especially regarding the non-user-oriented technical
topics in the DL literature. There are a few reported studies: inspection of NCSTRL
was described in [13]; evaluation of the ACM, IEEE-CS, NCSTRL, and NDLTD
digital libraries was reported in [15]; evaluations of ADL and ADEPT were docu-
mented in [14] and [6], respectively.

Theories regarding DLs, IS success and adoption, and information-seeking behav-
ior have evolved in parallel. They provide foundations that can be integrated to help
answer the question: what is a successful DL? The prior research suggests the need
for a more comprehensive view of DL success. There also have been calls for re-
search to empirically validate and extend IS success and adoptions models into vary-
ing contexts [25]. Motivated by these calls for research and the increasing number of
DL users with varying skills and from different backgrounds and cultures, we seek to
answer the question: what is the appropriate model of DL success from the perspec-
tive of end users (DL patrons)?

DLs are complex information systems; therefore, research on generic IS may be
applied to DLs. The most prominent IS success models existing in the literature
today are by Venkatesh [25], DeLone [7], and Seddon [22]. They are discussed in
subsections 2 and 3 below. But first we should consider how system usage relates
to success.

1. System Usage as a Success Measure

System usage has been considered to be an important indicator of IS success in a
number of empirical studies, for many systems. However, simply measuring the
amount of time a system is used does not fully capture the relationship between usage
and the realization of expected results. The nature, extent, quality, and appropriate-
ness of the system use also should be considered. The nature of system use should be
addressed by determining whether the full functionality of a system is being used for
the intended purpose. Accordingly, we believe that log analysis could be beneficial to
the measurement of DL usage.
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2. Technology Acceptance Model (TAM): Predict Intention to Use

TAM provides predictions of intention to use by linking behaviors to attitudes that
are consistent with system usage, in time, target, and context. Venkatesh’s model [25]
predicted behavioral intention to use a system and is a unified model of the eight most
popular behavioral IT acceptance theories in the literature. It consists of four core
determinants of intention and usage, as shown in Fig. 1. They are: performance ex-
pectancy, effort expectancy, social influence, and facilitating conditions.

Despite its predictive ability, TAM provides only limited guidance about how to in-
fluence usage through system design and implementation. Venkatesh et al. stressed the
need to extend the TAM literature by explicitly considering system and information
characteristics and the way in which they might indirectly influence system usage.

| performance expectancy

| effort expectancy |—>| intention to use system I—’
usage
| social influence |/'

| facilitating conditions

system

Fig. 1. Venkatesh’s model [25]

3. Satisfaction: Attitude toward the System

In contrast to TAM, system and information characteristics have been core ele-
ments in the literature on user satisfaction. The DeLone study [7] is one of the first
attempts at a comprehensive review of the literature on IS success. It organized a
broad base of diverse research (180 articles) and presented a more integrated view of
IS success. DeLLone’s model consists of six interdependent constructs for IS success:
system quality (SQ), information quality (IQ), use, user satisfaction, individual im-
pact, and organization impact (see Fig. 2). It identified IQ and SQ as antecedents of
user satisfaction and use.

| System Quality H Use \

Individual Impact H Organization Impact
| Information Quality User Satisfaction /

Fig. 2. DeLone’s IS success model [7]

Seddon suggested that DeLone et al. tried to do too much with their model; as a re-
sult, the model is confusing and lacks specificity [22]. Seddon’s major contribution is
a re-specified model of IS success. Seddon defined success as a measure of the degree
to which the person evaluating the system believes that the stakeholder is better off.
The model shows that both perceived usefulness and user satisfaction depend on 1Q,
SQ, and benefits (see Fig. 3). Both DeLone and Seddon made an explicit distinction
between information aspects and system features as determinants of user satisfaction.
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| System Quality Perceived Usefulness Net Benefits to:

Individuals
Organizations
| Information Quality User Satisfaction Society

Fig. 3. Seddon’s IS success model [22]

4. Information-seeking Behavior: Identify Temporal Users’ Information Needs

Satisfaction is a consequence of the user’s experience during various information-
seeking stages. The changing needs of users interacting with the DL should be identi-
fied. Therefore, understanding of users’ information-seeking behavior is required.

The information-seeking behavior of academic scholars has been studied for dec-
ades, and many models have been generated. Among them are Ellis’s model [8] and
Kuhlthau’s model [16]. These two models are based on empirical research and have
been tested in subsequent studies. Ellis’s model includes six generic features coded
from E1 through E6 as shown in Fig. 4. As of 2002, there were more than 150 papers
that cite Ellis’s information-seeking behavior model of social scientists [20]. Most of
the information-seeking behavior features in Ellis’s model are now being supported
by capabilities available in Web browsers. Kuhlthau’s model complements that of
Ellis by attaching to stages of the information-seeking process the associated feelings,
thoughts and actions, and the appropriate information tasks. The stages of Kuhlthau’s
model are coded from K1 through K6 as shown in Fig. 4. Kuhlthau’s model is more
general than that of Ellis in drawing attention to the feelings associated with the vari-
ous stages and activities. It also has been applied to support learning from DLs [19].

3 DL Success Model

We further connect Gongalves’” DL quality model and the information life cycle
model [5] with Ellis’ and Kuhlthau’s information-seeking behavior models as shown
in Fig. 4. The outer arrows in Fig. 4 indicate the life cycle stage (active, semi-active,
and inactive) for a given type of information. The innermost portion of the cycle has
four major phases of information use or process: information creation, distribution,
seeking, and utilization. Each major phase is connected to a number of activities.

Gongalves stated that his work took a very system-oriented view of the quality
problem and partially neglected its usage dimension. Our goal is to define the success
of DL from an end user perspective; hence we focus on the ‘seeking’ and ‘utilization’
stages. Behaviors occurring at the ‘seeking’ phase and ‘utilization’ phase are elabo-
rated in Fig. 4 by Ellis’ and Kuhlthau’s models. Each dimension of quality is associ-
ated with a corresponding set of activities. Quality dimensions associated with the
seeking and utilization phases are related to constructs of the DL success model.

Our proposed DL success model consists of four interrelated and interdependent
constructs based on the previously discussed theoretical methods. The general propo-
sition of our model is that DL satisfaction and the intention to (re)use a DL are
dependent on four constructs: information quality, system quality, performance ex-
pectancy, and social influence (see Fig. 5). Arrows in Fig. 5 indicate that a construct
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is affected by each construct that points to it. IQ and SQ can be found in the IS suc-
cess literature, while performance expectancy and social influence can be found in the
IT adoption literature. Since our model incorporates TAM, it is a predictive model,
i.e., it can be used to predict intention to (re)use. We think determinants of success are
goal and user specific. Hence, a measurement instrument of “overall success” based
on arbitrary selection of items from the four constructs is likely to be problematic.
Individual measures from the four constructs should therefore be combined system-
atically to create a comprehensive measurement instrument.

DL Success Constructs

Fig. 4. Connection of DL quality model with information life cycle and information seeking
behavior models

1. Information Quality (IQ)

Information in DLs can be classified from two different perspectives, the DL de-
velopers’ view and the DL patrons’ (end users’) view. Five main concepts related to
DL information within the 5SS framework are: repository, collection, metadata catalog,
digital object, and metadata specification (see Fig. 6). A DL repository involves a set
of collections, each of which is a set of digital objects. Samples of digital objects can
be electronic theses (or dissertations) and records of artifacts (such as bones, seeds,
and figurines) excavated from an archaeological site. Each digital object is assigned
associated metadata specification(s), which compose the metadata catalog.

While the dimensions of quality for each of the five concepts are defined in [11]
and listed in the left part of Fig. 7, they do not fully differentiate end users from DL
developers. We group the five concepts into three categories and develop six items
(factors) to measure the quality for each of the three categories for end users, as
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shown in the right part of Fig. 7. The dashed arrows illustrate that parts of the quality
dimensions discussed in [11] are associated with the six items measuring DL IQ.

| relevance | | adequacy”timelinessl

| reliability || understandability ||scope|
information quality

(IQ) \
performance behavioral
expectancy satisfaction [ |ntention to

(PE) (re)use

system quality
(SQ)

/ social influence (SI)

user '|ease of use” accessibility |
interface <

'| joy of use | | reliability |

Fig. 5. DL success model (integrating Fig. 1- Fig. 3)
associated with
digital object metadata specification
- iated with
e metadata catalog

consist of

Fig. 6. Concepts related to DL information

a) Digital object and metadata specification:

Accuracy and completeness are defined in [11] as quality dimensions for metadata
specifications, however, they are absent in the quality dimensions list for a digital object.
This suggests two other quality measures for digital object and metadata specification:
adequacy and reliability. Adequacy indicates the degree of sufficiency and completeness.
Reliability indicates the degree of accuracy, credibility, and consistency.

Relevance is concerned with such issues as relevancy, pertinence, and the applica-
bility of the information. Pertinence and relevance for digital objects are measured
with Boolean values (0 or 1) in [11]. They are a subjective judgment by users in a
particular context. We use relevance to measure the quality of both digital object and
metadata specification. Significance of a digital object defined in [11] reflects rele-
vance to user needs or particular user requirements. Therefore, significance can be
partially mapped to relevance. Similarity metrics defined in [11] reflect the related-
ness among digital objects. If one of the digital objects is a user’s information need,
then similarity is associated with the relevance item (factor).

Timeliness is concerned with the currency of the information. Understandability
encompasses variables such as being clear in meaning and easy to understand.

Preservability as an important digital object quality property needs to be identified
by DL developers; however, it may not be visible to DL patrons. The accessibility of a
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digital object is managed by DL services, so it is used to measure DL services instead of
information. Therefore, preservability and accessibility are not included in the six items
for DL 1Q that are shown in Fig 7.

digital object | accessibility Information Quality (1Q)
|preservability
pelrtlnence digital object
relevance metadata specification
similarity i ", —
significance |i- “I~..i |understandability
[Ctimeliness fe... e, relevance
----------- e timeliness
metadata [ accuracy | reliability
specification completenes adequacy
conformance
catalog completeness:.... catalog
consistency [i . collection
collection comp|etenessl "'-,!Ml
impact factor
. repository
repository  [completeness
- scope
consistency

Fig. 7. DL information quality (IQ) measurement

b) Metadata catalog and collection

Adequacy is used to measure the degree of sufficiency and completeness of DL
metadata catalogs and collections.
c¢) Repository

Scope evaluates the extent and range of the repository. These address the breadth
of information and the number of different subjects. According to [11], a repository is
complete if it contains all collections it should have. Therefore, completeness defined
in [11] is associated with scope.

2. System Quality (SQ)

Dimensions of quality for DL services are classified as internal (e.g., top three en-
tries) or external (e.g., bottom three entries) in [11], as shown in the dashed box in
Fig. 8. We focus on the external view, concerned with the use and perceived value of
these services from the end users’ point of view. They relate to DL system quality
(SQ) and performance expectancy (discussed in Section 3.3) as indicated by the three
dashed arrows in Fig. 8. We develop four items to measure DL SQ.

Prior research subscales for accessibility include system responsiveness and load-
ing time. The accessibility of a DL refers to not only its speed of access and availabil-
ity but also to its information (e.g., digital objects and metadata accessibility).
Efficiency defined in [11] is measured in terms of speed; it is associated with service
accessibility. A DL needs to be reliable, which means that it is operationally stable.

Ease of use is concerned with how simple it is for users to (learn to) use DLs. Joy
of use is about the degree of user pleasure. These two items are affected by the user
interface through navigation and screen design as indicated by the two solid arrows
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System Quality

- (SQ)
service
composability| .+ accessibility
reusabili reliability

ease of use

extensibility e
efficiency _|i" ‘ / joy of use
effectiveness
expectanc reliability
screen design
navigation

Fig. 8. DL service quality (SQ) measurement

shown in Fig. 8. Navigation is concerned with evaluating the links to needed informa-
tion that are provided on the various pages of a DL website. Screen design is the way
information is presented on the screen. It affects both ease of use and joy of use. Hav-
ing an organized and well-designed screen aids users in locating relevant information
more easily, while an attractive user interface helps increase joy of use. Although we
have a common idea that aesthetic objects should be symmetric, balanced, or well
proportioned, there is no general instruction set prescribing how to create aesthetic
interfaces [12]

3. Performance Expectancy (PE)

Performance expectancy (see Fig. 5) is defined as the degree to which users believe
that a specific DL will help them gain advantage in accomplishing their desired goal.
In [25], it consists of five constructs: perceived usefulness, extrinsic motivation, job-
fit, relative advantage, and outcome expectations.

4. Social Influence (SI)

Social influence (see Fig. 5) is concerned with a user’s perception that other impor-
tant people favor a particular DL. Many studies have been done in the marketing
domain on the role of social influence. Accordingly, it seems appropriate to consider
social influence on DL usage. As reported in [24], DL visibility is considered as an
important factor that may lead to greater user acceptance of DLs. Potential users may
not be aware of the benefits of using the DL, or even its existence. Increasing DL
visibility can help users perceive the DL as more useful, although it will not increase
the functionality of a DL.

5 Case Study

As part of the requirements analysis for an archaeological DL, ETANA-DL [23], email
interviews with 5 prestigious archaeologists, and face to face workplace interviews with
11 archaeologists (including 3 of the 5 interviewed by email) were conducted. Subse-
quent formative evaluation studies were carried out to improve system design. In this
section, we associate the four constructs of the model discussed in the previous section
with the activities occurring in the seeking and utilization phases (see the innermost por-
tion of the cycle in Fig. 4) by analyzing the results of the interviews and the formative
usability studies. These results are shown in Table 1 and may help distinguish issues that
are generic across domains, from those that are domain specific.
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Table 1. DL success constructs associated with seeking and utilization phases

DL success seeking phrase utilization phrase
Construct starting selection formulation | collection |presentation
(E1/K1) exploration (K4) (K5) (K6)
(E2-E6)/(K2-K3)
social influence DL
visibility
information quality adequacy, scope| accuracy
system quality ease of use | accessibility |accessibility| accessibility
joy of use
(interface)
performance usefulness
expectancy (interface)

1. Seeking phase

e EI/KI1

“starting” activity in Ellis’ model (‘initiation’ stage in Kuhlthau’s model) is usually
at the beginning of information seeking. It may help one ‘recognize’ a need for infor-
mation. Users’ information needs may be initiated by a specific active task or condi-
tion, or by requirements identified passively.

Social influence, such as regarding DL visibility, is associated with this stage.
Within the archaeological domain, awareness of DLs is poor. Methods to increase DL
visibility include:

1) Publicize the existence of a DL: One archaeologist said that “... the turning
point for the DL will be when someone has demonstrated in a print publication how
ETANA-DL helped in their research ...”. Some recommended more international col-
laboration, e.g., some suggested that ETANA-DL may consider collaboration with
JADIS (Jordanian Archaeological Data Information System) to increase its visibility.
Since JADIS is one of the main Jordanian cultural resource management systems, con-
necting ETANA-DL with JADIS could allow basic survey and overall information on
Jordanian archaeology to be combined with ETANA-DL’s more in-depth coverage.

2) Provide a DL alert service (e.g., press alerts): Archaeologists may want alerts
when new artifacts from others arise on their subjects of interests.

e (E2-E6)/(K2-K3)

These five feature activities in Ellis’s model (‘chaining’, ‘browsing’, ‘differentiat-
ing’, ‘monitoring’, and ‘extracting’) occur in the ‘selection’ and ‘exploration’ stages in
Kuhlthau’s model. In the ‘selection’ stage, a general area for investigation is identified
(located). The appropriate task at this point is to fix the general topic of exploration.
Exploration has many cognitive requirements similar to browsing and search tasks.

1Q, SQ, and PE are associated with these stages. Regarding 1Q, adequacy (degree of
sufficiency and completeness) of DL collections and metadata catalogs and scope of DL
repository should be considered. Some archaeologists pointed out: “Ideally, the system
would include as many types of data as possible, from text summaries to photos, maps,
and other visuals.”

Regarding SQ and PE, interface plays a major role in influencing the usefulness,
easy of use, and joy of use. The quality of the DL interface makes a significant
contribution to a usable DL, and interface problems often are cited by non-users as a
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major reason for not using electronic information retrieval systems [9]. As a virtual
intermediary between users and a DL, the interface is the door through which users
access a DL. The interface characteristics (screen design and navigation) that affect
DL usability include those commonly found in most web GUIs, as well as the ones
specific to archaeological DLs.

1) Screen design: The way that information is arranged on the screen can influence
the users’ interaction with DLs beyond the effect of the information content. Some
archaeologists suggested that ... the interface needs to be more visually stimulating
... should allow to browse visual stacks of the digital library...”. Another issue to be
considered for screen design is the wording for labeling. In the archaeological do-
main, an example could be the terminology for periodization schemas. There are
different periodization schemas based on political, historical, or cultural events. The
archaeologists found it difficult to use a single “standard” periodization schema.

2) Navigation: The navigation should enable archaeologists to explore a DL with-
out having to keep an auxiliary memory aid like a yellow pad at hand.

2. Utilization phase

Information management and utilization was not identified as a category in Ellis’s
study of social scientists. On the other hand, the last three stages in Kuhlthau’s model
involve organizing information into a coherent structure.

e K4

The formulation stage is identified as conceptually the most important step in the
process [16]. Users focus on a more specific area within the topic and make sense of
(or interpret) information in the light of their own needs. A guiding idea or theme
emerges which is used to construct a story or narrative, or to test a hypothesis. This
formulation also will guide the users in selecting appropriate information.

Research has considered the process of interpreting documents (e.g., reading and
annotating them) rather than simply locating them [3]. Within the archaeological
domain, archaeologists formulate a personal perspective or sense of meaning from the
encountered information. However, they usually conduct interpretation offline. Ac-
cess to primary data and data analysis services provided by DLs enable archaeologists
to make interpretations online, if they change work habits. Alternatively, exporting of
results to files or into special formats like for spreadsheets may be helpful to support
subsequent offline management, processing, visualization, and reporting.

Some sample factors affecting formulation are as follows.

1) Information accuracy: Formulation is associated with verifying the accuracy
of the information found. Archaeologists need reputable (trusted) information or in-
formation analysis to support interpretation.

2) Information accessibility: It defines how much effort (time) is required to
find (locate) the information needed. In the archaeological domain, primary data usu-
ally is available to researchers outside a project (site) only after substantial delay.
Some archaeologists said that “... ETANA-DL would be a very efficient way to dis-
seminate and share our research, and in turn, we could utilize the work of others as
much as possible.”

e K5

In the collection stage, information is gathered to support the chosen focus. Infor-
mation accessibility is very important as discussed above.
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e K6

During this final stage, presentation, ideas, focus, and collected resources are or-
ganized for publishing and sharing. Some archaeologist suggested making arrange-
ment with the publishers of obscure journals to include their publications in ETANA-
DL. They found that it is useful for ETANA-DL to provide a discussion forum to
share their interpretation of annotated items.

6 Conclusions

The goals and objectives of a DL differ depending on the DL type, resulting in vary-
ing ideas of satisfaction as well as success. Therefore, to determine success across
DLs from the perspective of users is goal and context specific. The work presented in
this paper lays the foundation for defining success of DLs from the view of DL end
users. Our work assumes a multi-theoretical perspective and synthesizes many related
research areas in terms of theory and empirical work. Our case study illustrates and
further explicates the approach, which we have shown to be helpful with regard to a
DL to support Near Eastern archaeology. We will empirically validate the proposed
model further when we apply it in various domain specific DLs in the future.
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