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Abstract

In this article, we elaborate on the meaning of quality iritdidibraries (DLs) by proposing
a model that is deeply grounded in a formal framework forteldibraries: 5S (Streams,
Structures, Spaces, Scenarios, and Societies). For egoh Diaconcept in the frame-
work we formally define a number of dimensions of quality amdpoese a set of numer-
ical indicators for those quality dimensions. In particulae consider key concepts of
a minimal DL: catalog, collection, digital object, metaaapecification, repository, and
services. Regarding quality dimensions, we consider: ssiloiity, accuracy, complete-
ness, composability, conformance, consistency, effecéss, efficiency, extensibility, per-
tinence, preservability, relevance, reliability, reugh significance, similarity, and timeli-
ness. Regarding measurement, we consider charactelilséiceesponse time (with regard
to efficiency), cost of migration (with respect to preseiligh), and number of service fail-
ures (to assess reliability). For some key DL concepts, goality dimension, numerical
indicator) pairs are illustrated through their applicatto a number of “real-world” digital
libraries. We also discuss connections between the prdatisgensions of DL quality and
an expanded version of a workshop’s consensus view of taeyitle of information in
digital libraries. Such connections can be used to determvimen and where quality issues
can be measured, assessed, and improved — as well as hob@aogsility problems can
be prevented, detected, and eliminated.

1 Introduction

What is a good digital library? As was pointed out in (Fuhrletz001), the answer
to this question depends on whom you ask. Many consider that differentiates
a good DL from a not so good one is the quality of its services @ntent. In
previous work, we have sought to formally elaborate theamodtif digital libraries
using the 5S framework (Goncgalves et al., 2004). Since btieeanain goals of that
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work with 5S was to try to answer (at least partially) the quoes‘What is a digital

library?” our hypothesis in this article is that further é&pment of the theory will
allow us to define critical dimensions and indicators of Dlalify. In contrast to

its physical counterpart, the “digital” nature of digita#bdaries allows automatic
assessment and enforcement of those quality propertieeih supporting pre-
vention and elimination of quality problems. 5S gives a dtad terminology to
discuss these issues in a common framework. Moreover, theafamature of our
DL theory allows us to add precision as we define specific DUityudimensions

and corresponding numeric indicators.

In this article, we will follow the standard terminology wukim thesocial sciences
(Babbie, 1990). We will use the teraomposite quality indicatot (or in short
guality indicatol) to refer to the proposed quantities instead of the stroteyen
quality measureOnly after one has a number of indicators, and they are ataii
and tested for reliability, can they be composed into reliable “measures”. Despite
partial tests of validity (for example, through focus gretipthe proposed qual-
ity indicators do not qualify as measures yet. Also, it sddu stressed that the
proposed quantities are only approximations of or give tjfiad indication of a
guality dimension. They should not be interpreted as a ceta@pecification of a
quality dimension, since more factors/variables coulddbevant than are specified
here. We will, however, reserve the right to use the term ‘sneal’ when talking
about standard measures that have long been used by the G oirimunities.
The distinction should be clear in context.

This article is organized as follows. Section 2 provideskigaeund and context
necessary to understand the remainder of the article dds@ithrough 6 present all
the dimensions of quality, the proposed indicators, ani #pgplications to key DL
concepts. Section 7 deals with the connections betweenrtpmged dimensions
and Borgman et al.'s Information Life Cycle (Borgman, 1996¢ction 8 shows
the evaluation of the proposed quality model with a focusigr&ection 9 covers
related work and Section 10 concludes the article.

1 An indicator composed of two or more simpler indicators aialaes.

2 According to (Babbie, 1990), validity refers to the extemwthich a specific measure-
ment provides data that relate to commonly accepted meamifig particular concept.
There are numerous yardsticks for determining validitgefaalidity, criterion-validity,
content validity, and construct validity.

3 Also according to (Babbie, 1990), reliability refers to tikelihood that a given measure-
ment procedure will yield the same description of a givemglneena if that measurement
is repeated.

4 Atype of face validity.



2 Background and Context

In this section, we summarize the 5S theory from (Goncadtes., 2004). Here we
take a minimalist approach, i.e., we define, according taoatysis, the minimum
set of concepts required for a system to be considered adipitary. Accordingly,
let:

e Streams be a set of streams, which are sequences of arbitrary typesl§#s,
characters, pixels, frames);

e Structs be a set of structures, which are tupl@s, L, F'), whereG = (V, E) is
a directed graph andl : (V U E) — L is a labeling function;

e Sps be a set of spaces each of which can be a measurable, measbedility,
topological, metric, or vector space.

e Scs = {scy,sca,...,5¢q4} IS @ set of scenarios where eaely = (e1x({pix}),
eor({P21})s - - -, ea, ({pa,,. })) is @ sequence of events tha t

also can have a number of parameggfsEvents represent changes in compu-
tational states; parameters represent specific variakfegsmy a state and their
respective values.

e St? be a set of function® : V' x Streams — (N x N) that associate nodes of
a structure with a pair of natural numbérs b) corresponding to a segment of a
stream.

e Coll = {Cy,C,,...,Cy} be a set of DL collections where each DL collection
Cy, ={ do, doay, . . ., doy, } is a set of digital objects. Each digital objelel, =
(hg, Stmyy, Sttor, ) is a tuple whereStmy,, C Streams, Stta, C Structs,

Q;, C St?, andh,, is a handle which represents a unique identifier for the objec

e Cat = {DMc¢,, DMg,,...,DMc,} be a set of metadata catalogs 10bl!
where each metadata catalog\lo, = {(h, mssp;)}, andmssy, = {msp,
MShk2s - - -, MShkn,, + 1S @ Set of descriptive metadata specifications. Each de-
scriptive metadata specificationsy,;; is a structure with atomic values (e.g.,
numbers, dates, strings) associated with nodes.

e RepositoryR = ({C;}_,, {get, store, delete}) be a set of collections along
with operations to manipulate them (see (Goncalves e2@04) for details on
the semantics of these operations).

e Serv = {Sey, Sey, ..., Ses} be a set of services where each servieg =
{sci, ..., scs, 1} is described by a set of related scenarios. Any digital fipra
should contain at least services for browsing, indexind,searching.

e Soc = (Comm, S) whereComm is a set of communities andlis a set of rela-
tionships among communitieSN = {smy, smo, ..., sm;} andAc = {acy, acy,
...,ac,} are two such communities, where the former is a set of semime-
agers responsible for running DL services and the lattersetaf actors that
use those servicés Being basically an electronic entity, a member;, of SM

® In this paper we will focus only on the relationships betwee among actors and
service managers that correspond to interactions medigtdde DL. We will not focus



distinguishes itself from actors by defining or implemegtaset of operations
{op1k, 0pak, - . ., opn, i} C smy.. Each operatiomp;, of smy, is characterized by
a triple (ng, sig, impy), Wheren,,. is the operation’s name;jg;. is the oper-
ation’s signature (which includes the operation’s inpud antput parameters),
andimp;;, is the operation’s implementation. These operations déimeapabil-
ities of a service managefn,. For example, SearchManagematch(q:query,
C:collectiony indicates that a SearchManager contains or defines an mperat
“match” with two parameters: a query and a collection.

According to the 5S formal framework a digital library is duple (R, Cat, Serv,
Soc).

The set of main DL concepts defined above was derived from gmnsive re-
view of the DL related literature as described in Goncabtes. (2004). We started
from these higher level concepts defined above, and fromitasipnocess of com-
prehensive literature review on quality issues in infoliorasystems in general, as
well as from our own experience in building DLs since 1991 dedved the list of
quality dimensions described below.

Table 1 shows a summary of proposed candidate dimensiongbfygfor some of
the most important DL concepts defined above and factorstaftethe measure-
ment of the corresponding quality dimensiénsThe following sections explain
these indicators in detail by:

(1) motivating them and discussing their meaning/utilaat

(2) formally defining them and specifying their correspargdhumerical compu-
tation; and

(3) illustrating their use by applying the indicators/nietrin the context of some
“real-world” DLs (e.g., ACM DL, CITIDEL, NDLTD).

Table 2 connects the proposed dimensions with some ‘Ste@lzoncepts involved
in their definition. In the same way that the formalized 5Stldnelps to precisely
define the higher level DL concepts used here, we will useetf@snalizations to
help define the quality indicators and their correspondmgutations.

on interactions that happen outside of the system, suchcas sderactions among human
actors.

6 To simplify notation, we will represent an operatiap, = (ng,sig.,imp;) by
n.({pzx}), where{p,} is the set of input parameters @f,.. The output parameters and
implementation can be added when a fuller description obfieration is required. Note
that our focus on the input paramaters is in conformance syétifying the context for an
operation.

7 For simplicity, we focus on a DL concept and an indicator, mentioning all other DL
concepts that also relate. Thus, while we assign “relevanciigita object, we are aware
that users and queries clearly are involved too.
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DL Concept Dimension of | Factors/Variables Involved in Measuring
Quality
Accessibility Collection, # of structured streams, rightanagemen
metadata, communities
Pertinence Context, information, information need
Preservability Fidelity (lossiness), migration cost,i@ifobject com-
plexity, stream formats
Digital object . . . .
Relevance query (representation), digital object (repriion),
external judgment
Similarity Same as in relevance, citation/link patterns
Significance Citation/link patterns
Timeliness Age, time of latest citation, collection freseka
Accuracy Accurate attributes, # of attributes in the record

Metadata speci
fication

Completeness

Missing attributes, schema size

Conformance Conformant attributes, schema size
Collection Completeness Collection size, size of the ‘ideal collettio
Completeness # of digital objects without a set of metadataiica-
Catalog tions, size of the described collection
Consistency # of sets of metadata specifications per digijalct
Completeness # of collections
Repository Consistency # of collections in repository, catalog/aiten pair-
wise consistency
Composability Extensibility, reusability
Efficiency Response time
Effectiveness Precision/recall (search), F1 measuredi€ieation)
Services Extensibility # of extended services, # of services in the Blof.
lines of code per service manager
Reusability # of reused services, # of services in the DL, linek
of code per service manager
Reliability # of service failures, # of accesses
Table 1

DL high-level concepts and corresponding DL dimensionsuaflity with respective met-

rics



DL Concept Dimension of | Some ‘S’ Concepts Involved
Quality
Accessibility Societies (actor), Structures (metadatac#jzation),
Streams + Structures (structured streams)
Pertinence Societies (actor), Scenarios (task)
Preservability Streams, Structures (structural metjdeé@aenarios
(process (e.g., migration))
Digital object
Relevance Streams + Structures (structured streams)ctses
(query), Spaces (Metric, Probabilistic, Vector)
Similarity Same as in relevance, Structures (citatiok/patterns)
Significance Structures (citation/link patterns)
Timeliness Streams (time), Structures (citation/linkigraus)
Accuracy Structure (properties, values)
Metadata speciy Completeness Structure (properties, schema)
fication )
Conformance Structure (properties, schema)
Collection Completeness Structure (Collection)
Completeness Structure (Collection)
Catalog
Consistency Structure (Collection)
) Completeness Structure (Collection)
Repository
Consistency Structure (Catalog, Collection)
Composability see Extensibility, reusability
Efficiency Streams (time), Spaces (operations, conthaints
) Effectiviness see Pertinence, Relevance
Services
Extensibility Societies + Scenarios (extends, inhgnsn, redefines)
Reusability Societies + Scenarios (includes, reuses)
Reliability Societies + Scenarios (uses, executes, irsjoke
Table 2

Dimensions of quality and Ss involved in their definitions

3 Digital Objects

3.1 Accessibility

A digital object is accessible by a DL actor or patron, if iisg in the repository
of the DL, a service is able to retrieve the object, and: 1)\arlyg restrictive rights



management property of a metadata specification does nstt fexithat object;
or 2) if such exists, the property does not restrict accesthparticular society
to which the actor belongs or to that actor in particular. Aalgy indicator for
calculating accessibility is a function, which depends brhase factors and the
granularity of the rules (e.g., entire object, structurgdasms). It should be noted
that digital object accessibility as defined here is diffiéfieom the common view
of “Web site accessibility”, which is concerned with creatbetter ways to provide
Web content to users with disabilities (Rowan et al., 2060). reasons of space
we omit discussion of indicators associated with that tyfecoessibility.

Let access constrairtie a property of some metadata specification of a digital ob-
jectdo, whose values include the sets of communities that havegheto access
specific (structured) streams within the object. Alsatetict_streams(do,) = €,

be the set of structured streamsdof,. The accessibilityi.cc(do,, ac,) of a digital
objectdo, to an actolc,, is:

e 0, if there is no collectior in the DL repository R such thab, € C;
o otherwisence = (X, cstruct streams(dos) T=(aCy))/ |struct_streams(do, )|, where:
r.(acy) is a rights management rule defined as an indicator function:
1,if
z has no access constraints; or
z has access constraints ang € cm,, wherecm, € Soc(1) is a
community that has the right to access z; and
0, otherwise.

Notice that, from a broader perspective, the accessilufity given digital object
could be affected, not only by rights management, but alsteblgnological con-
straints, such as lack of Acrobat Reader to open a full-tapep in PDF format,
temporary network disconnection, or restriction on the hamof simultaneous
users, etc. In this work, though, we have tried to focus oflyeaeeasurable intrin-
sic properties of the objects themselves and of the relstipis between the actor
and the objects.

Example of use At Virginia Tech, a student can choose, at the moment of ssfomi
sion, to allow her electronic thesis or dissertation (ET®bé viewed worldwide,
by those at the originating university, or not at all. The Xed” case occurs when
some portions (e.g., particular chapters or multimedia)fileave restricted access
while others are more widely available. The majority of Mg Tech students
choose their documents to be viewable worldwide— someaihjtchoose not to
grant worldwide access, because of concerns regardingtpaie publication of
results in journals/conferences.

Therefore the accessibilityec(etd,, ac,) of a Virginia Tech ETDetd,, is:

e 0, if etd, does not belong to the VT-ETD collection;



o Otherwise(}". cstruct_streams(etds) T=(aCy)) /| struct _streams(etd, )|, where:
r.(ac,) is a rights management rule defined as an indicator function:

1,if
etd, 1s marked as “worldwide access” or
etd, is marked as “VT only” andic, € VT1,,,,, whereVT,,,, is
the community of Virginia Tech ID holders accessinghrough a
computer with a Virginia Tech registered IP address.

0, otherwise.

Table 3 shows a partial view of the number of unrestrictedrigvade, accessibil-
ity = 1 to everybody), restricted to VT campus (accessip#itO worldwide, 1 to
members ol T,,,,,), mixed, along with the degree of accessibility:(etd,, ac,)

of the mixed ETDs for no/1,,,, membersic,, as of March 25, 2003. For exam-
ple, five out of the six chapters (structured streams) ofltivd tnixed ETD under
the letter A were available only to VT. The rights managenratd therefore is 0
for all those chapters, thus making its overall acessyhiitnon-VT actors 1/6 or
0.167. Note that accessibility for the Virginia Tech ETDs iraproved since 2003;
indicators like this may be of help for those who work on cdiilen development
policies.

First letter of au- | Unrestricted | Restricted | Mixed Degree of accessibility for users not in the
thor's name VT community
A 164 50 5 mix(0.5, 0.5, 0.167, 0.1875, 0.6)
B 286 102 3 mix(0.5,0.5, 0.13)
C 231 108 7 mix (0.11, 0.5, 0.5, 0.5, 0.33, 0.09, 0.33)
D 159 54 2 mix(0.875, 0.666)
E 67 26 1 mix(0.5)
Table 3

Accessibility of VT-ETDs (first column corresponds to thesffiletter of author’'s name)

3.2 Pertinence

Pertinence is one of the most “social” quality indicatorscsi it is a relation be-
tween the information carried by a digital object and an &iaformation need.
It depends heavily on the actor’'s knowledge, backgroundgatitask, etc.

Let Inf(do;) represent the “information® (not physical) carried by a digital ob-
ject do; in any of its componentd,N (ac;) be the information need of an actor
ac;, andContext(ac;, k) be an amalgam of societal factors that affect the judgment

8 Information and information need, by themselves, are hatibns to formally define.
One comprehensive attempt is presented in (Mizzaro, 1996).

9 Certain authors such as Taylor (Taylor, 1968) and Mizzarzzhro, 1998) make a dis-
tinction between the “real” and the “perceived” informatineed. We will not make this
distinction here, in the interest of brevity.



of pertinence oflo; by ac; attimek. These include, among others, task, time, place,
the actor’s history of interaction, and a range of otherdecthat are not given ex-
plicitly but are implicit in the interaction and ambient @m@nment. A complete
formalization of context is out of the scope of this work. Trieader is referred to

a workshop on “Context in Information Retrieval” for a numizé papers on the
subject (Ingwersen et al., 2004).

Also, we define, for future reference, two time dependentrmmunities of ac-
tors,usersandexternal-judges- Ac, as:

e users set of actors with an information need who use DL servicdsytto ful-
fill/satisfy that need,

e external-judgesset of actors responsible for determining the relevanee $ec-
tion 3.4) of a document to a query. We also assume that annakteidge can
not be assigned to judge the relevance of a document to a ce@esenting her
own information need, i.e., at each pointin timers N external-judges= (.

The pertinence of a digital objedb, to a uselc; at a timek is an indicator func-
tion'® Pertinence(do;, ac;, k) : Inf(do;) x IN(ac;) x Context(ac;, k) defined
as:

e 1,if Inf(do;) is judged byac; to be informative with regards tdN (ac;) in
contextContext(ac;, k);
e 0, otherwise.

Since pertinence is a subjective judgment made bgexin a particular context it
can ultimately only be assessed by the user herself.

3.3 Preservability

Preservability is a quality property of a digital object thaflects a state of the
object that can vary due to changes in hardware (e.g., newdieg technologies),
software (e.g., release of a new version of the software teseceate/display the
object), representation formats (e.g., new image starslark as JPEG 2000), and
processes to which the object is submitted (e.g., migration

There are four main technical approaches to digital presenv:

(1) Migration: transforming from one digital format to ahet format, normally a
successive subsequent one (e.g., from JPEG to JPEG 20@8p(8 Garcia-
Molina, 1998).

10'\We agree with Voorhees (Voorhees, 2001), Greisdorf (Goeis8003), and others who
argue for non-binary pertinence/relevance functions,sigh is not normal practice. We
will leave extensions to our definitions for these casestiture work.



(2) Emulation: re-creating the original operating envirant by saving the orig-
inal programs and or creating new programs that can emuiateld environ-
ment (Rothenberg, 2000).

(3) Wrapping: packaging the object to be preserved with ghdwman readable
metadata to allow it to be decoded in the future (Waugh e2@00).

(4) Refreshing: copying the stream of bits from one locatmanother, whether
the physical medium is the same or not (Levy, 1998).

Note that here we are not considering physical deteriaratiche medium in which
the object is stored, since this is a property of the mediwalfitnot the object.
However, we acknowledge that this is an important problemyhich “refreshing”
is the normally used approach.

For cost, operational, and technical reasons, migratidimeisnost widely used of
the three techniqgues mentioned above (Waugh et al., 20@®yeter, the ideal

solution should be some combination of all the techniqueau@M et al., 2000;
Hunter & Choudhury, 2003). One example that applies suchmbamation is the

UVC-based approach (Lorie, 2001). Nonetheless, for thpqae of the discussion
below, we will concentrate on migration issues.

A digital object’s preservability can be affected by its olescence and the fidelity
of the migration process (see Figure 1). Obsolescence tetlee fact that a very
obsolete object is really hard and costly to migrate, givendifficulty of finding
appropriate migration tools and the right expertise. Figeéflects the differences
between the original and the migrated object or, in othedwsoreflects the distor-
tion or the loss of information inherent in the migration gees that is absorbed
by the object. The more obsolete the object, and the ledsfuiithe migration
process, the lower the object’s preservability. Preselitsablso is affected by con-
textual issues of specific DLs. For example, while it is ddslie to always use the
most faithful migration process, a DL custodian may not hawi@icient resources
(money, storage, personnel) to apply that process to iisatmpjects during mi-
gration. Based on the above discussion and on the fact tes¢ ttwvo factors are
orthogonal, we can define the preservability of a digitakobjlo; in a digital li-
brarydl as a tuple:

preservability(do;, dl) = (fidelity of migratingdo,, format,, format,), (1)
obsolescence(do;, dl)).

As mentioned before, obsolescence is a complex notion tuegpdepending on
many contextual factors. Since the choice of how to deal witbolescence gen-
erally depends on resources at the disposal of the DL cw@stpdne possible idea
is to approximate its value by using the actual cost of miggathe object (Sanett,
2003). While a complete cost model for preservability/dbscence is beyond the
scope of this work, we recognize many factors that can afffectost, including:

10



Preservability

Obsolescence

Fig. 1. Factors in preservability (all links should be assdrto have “depends on” as their
labels)

e capital direct costs -
- software development/acquiring or license updating fevareversions,
- hardware (for preservation processing or storage);
e indirect operating costs -
- identifying candidate digital objects,
- evaluating/examining/negotiating intellectual progessues and rights,
- storage, and
- staff training (on software / procedures).

Obsolescence then can be definedhsolescendédo;, dl) = cost of converting/
migrating the digital objecio; within the context of the specific digital library.

The fidelity of the migration procesgs of a digital objectdo; from format, to
format, can be defined based on the inverse of the distortion or nois®liced
by the migration processp, i.e.,

1
idelity(do;, £ )= .
fidelity(do;, formaty, format,) distortion(mp( format,, format,)) + 1.0

Distortion can be computed in a number of ways depending ertyipe of ob-

ject and transformation (Sayood, 1996). One very commorsareawhen con-
verting between similar formats, is tmeean squared error (mseln the case of

a digital objectmsecan be defined as follows. Lét:,,} be a stream of a digi-

tal objectdo; and{y,} be the converted/migrated stream; the mean squared error
mse({z,}, {yn}) = & * S0, (@, — yn)?, WhereN is the size of each stream. The
average mean square error for the whole objecttan be calculated as the aver-
age ofmsefor all its streams. This assumes that the other compongraplfs and
fuctions) of a digital object will be converted exactly.

Example of Use.Let us consider the following scenario adapted from (Hu&ter
Choudhury, 2004). In 2004, a librarian receives an emaifying her that a special

11



collection ' of 1,000 digital images, stored in TIFF version 5.0, is in g@mof
becoming obsolete, due to the fact that the latest versidheotlisplay software
no longer supports TIFF 5.0. The librarian decides to megeditdigital photos to
JPEG 2000, which now has become tleefactoimage preservation standard, rec-
ommended by the Research Libraries Group (RLG) (Hunter &u@hary, 2004).

The librarian does a small search for possible migratiomaptand finds a tool,
costing $500, which converts TIFF 5.0 directly to JPEG 2Q@@.us consider that
the amount of time taken by the librarian and the system aidtraor to order
the software, install it, learn it, and apply it to all diditnages combined takes
20 hours. Assume also that the hourly rate in this libraryG6.60 per hour per
employee!?. In order to save space, the librarian chooses to use in thetitin a
compression rate which produces an averageof 8 per image. In this scenario,
the preservability of each digital image would correspangbteservability (image-
TIFF 5.0,dl) = (1/9, ($500 + $66.60 * 20) /1000) = (0.11, $1.83).

3.4 Relevance

A digital object isrelevant(Saracevic, 1975) in the context of an expression of an
information need (e.g., a query) or interest (e.qg., proéite) a service (e.g., search-
ing, recommending). A role of an information satisfacti@rce is to provide
ways to find the most relevant information for the user, whiictihe case of DLs is
carried by digital objects and their metadata specification

The relevance of a digital object to a query is an indicatocfion Relevance(do;, q)
defined as:

e 1,if do; is judged by arexternal-judgeo be relevant tg;
e 0, otherwise.

The most common measures for relevance estimates/pmdicire based on sta-
tistical properties of the streams of the digital object #re@lqueries. For example,
in the vector space model, this relevance is estimated basdde distance be-
tween the vectors representing the objects and queriesdasured by the angle
between them), and the components of these vectors areddrom values such
as frequency of a term in a document, the frequency of the ierime collection,
document size, document structure, query size, colledip®, etc. Note that, in
contrast to pertinence, relevance is a relation betweepr@sentatiorof a docu-
ment and aepresentatiorof an information need (i.e., query). Also, it is supposed

11 preservation of a collection, instead of a digital objetgpanay involve preserving all
the structures (e.g., classification schemes, etc.) inthbose¢he collection.

121800 is the number of hours in a work-year (37.5 hrs/wk * 48/ysand $110,000 the
total annual cost of an employee working for this DL, based@alary, benefits, expenses.
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to be an objective, public, and social notion that can bebéisteed by a general
consensus in the field, not a subjective, private judgmemiden the actor and her
information need (Foskett, 1972; Kemp, 1974).

The distinction we have made between pertinence and releviarderived from
a view held by part of the information science community (Lo& Ingwesen,

2000; Saracevic, 1996, 1975; Kemp, 1974; Foskett, 1972haVe just formalized
the two notions in the context of our framework. In Saraceweork, for exam-

ple, relevance, as defined by us, is called systemic or #tgwic relevance, and
is a relationship between a text and a query. Pertinenceggnitive relevance, is
a relationship between the state of knowledge and cogriitieemation need of
a user and the objects retrieved. Cognitive correspondamfoemativeness, nov-
elty, information quality, and the like are criteria by whicognitive relevance is
inferred.

The external judges should evaluate the relevance of tleetig the query without
the cognitive load resulting from contextual interfergrtberefore their judgments
should be more objective and more generally applicable.

3.5 Significance

Significance of a digital object can be viewed from two pecsipes: (1) relative to

its pertinence or relevance or (2) in absolute terms, igetyge of particular user
requirements. Absolute significance can be calculateddb@seaw citedness-the
number of times a documeidd; is cited, or the frequency of occurence of citations
whose target ido;. Other factors may play a role in the significance of a documen
such as the prestige of the journal publishing the work, $ts in courses, awards
given, etc., but these are very hard to quantify/measure.

Example of Use We used 98,000 documents from the ACM Digital Library, which
corresponded to approximately 1,093,700 (outgoing)ioitat(average of 11.53 ci-
tations per document). Table 4 shows the top five documerth®iACM collection
with the highest values of significance.

Document Publication Year Significance

Computer programming as art CACM 1974 279

A generalized processor sharing approach to flow control iEEE/ACM Transactions on 1993 138
integrated services networks: the single-node case Networking (TON)

The entity-relationship model — toward a unified view of dajaACM  Transactions on| 1976 130
Database Systems

A relational model of data for large shared data banks CACM 1970 121
Revised report on the algorithmic language scheme ACM SIGPLAN Notices 1986 116
Table 4

Documents with highest degree of significance
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Notice that significance, as defined, is supposed to incre@bhetime, as more
people take notice of the work and acknowledge it througdtioims. As such, pub-
lication date affects this indicator (and timeliness, seleWw, as well) since older
publications have more chance of being cited.

3.6 Similarity

Similarity metrics reflect the relatedness between two orenttigital objects. An
object similar to another relevant or pertinent object hge@d chance of also hav-
ing these properties, but an objéad similar to another supposedly different object
can reveal a lack of quality (e.g., plagiarism, which mighftund through plagia-
rism software) unless it is a variant version of duplicatackitan be identified
through a de-duping process.

Similarity can be measured based on the digital object'sezdn(streams) (e.g.,
use and frequency of words), the digital object’s intermghmization (structures),
or citations/linking patterns. For example, similaritytlween two documents can
be calculated using the cosine distance between the veefmesenting the docu-
ments (Baeza-Yates & Ribeiro-Neto, 1999). This idea carxpamded to calculate
similarity between corresponding structured streams ofidents (e.g., using their
title and abstract texts). Other measures, such as “bagpuds” and Okapi can be
used to calculate similarity as well (Baeza-Yates & Ribé\ieto, 1999).

Similarity measures also may use link or citation inforroatio compute the relat-
edeness of two objects. Among the most popular citatioedbaseasures of sim-
ilarity are: co-citation (Small, 1973), bibliographic qaing (Kessler, 1963), and
the Amsler measure. The last one is a combination of the queivo, so we will
explain only the Amsler measure (Amsler, 1972).

According to Amsler, two documents andd; are related if (1), andd; are cited
by the same document, (2) andd, cite the same document, or (@)cites a third
documentd;, that citesd;. Thus, letPd; be the set of parents of, and letCd,

be the set of children af,. The Amsler similarity between two pagésandd; is

defined as:

|(Pd; UCd;) N (Pd; UCdy)| @
max(|Pd; U Cd,|,|Pd; U Cd;|)
Eq. 2 tells us that, the more links (either parents or chifflee and d; have in
common, the more they are related. The absolute Amsler dejr@ document;
in collectionC' is defined a$~, cc— 4,3 Amsler(d;, d;).

Amsler(d;, d;) =

Example of use.Table 5 shows the top five documents in the ACM collection we
studied with the highest absolute values of Amsler.
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Document Publication Year Amsler
Computer programming as an art CACM 1974 69.15
Compiler transformations for high-performance computingl CSUR 1994 64.31
Analysis of pointers and structures Prog. language design and 1990 62.56
implementation
Query evaluation techniques for large databases CSUR 1993 59.81
A schema for interprocedural modification side-effect gsial | TOPLAS 2001 57.90
with pointer aliasing
Table 5

Documents with highest absolute Amsler degree

3.7 Timeliness

Timeliness of a digital object is the extent to which it isfaiéntly up-to-date for
the task at hand (Pipino et al., 2002). It can be a functiorhefttme when the
digital object was created, stored, accessed, or cited.

Since the timeliness of an object is directly related to tifermation it carries,
which can still be timely even if the object is “old”, a goodatditly indicator of this
quality dimension is the time of the latest citation, sintea measure that:

(1) captures the fact that the information carried by theabis still relevant by
the time the citing object was published;

(2) is independent from the actor that receives the objetitla@ time the object
is delivered; and

(3) reflects the overall importance of the object inside as\munity of interest.

As it is known that many documents are never cited, an altiene to consider
the age of the object itself. Therefore the timeliness ofgatali objectdo; can be
defined as:

e (current time or time of last freshening) - (time of the latagation), if object is
ever cited, otherwise as

e (current time or time of last freshening) - (creation timepablication time), if
object is never cited.

Time of last freshening, which is defined as the time of thatiwe/publication of
the most recent object in the collection to whiéh belongs, may be used instead
of current time if the collection is not updated frequently.

Example of use.Figure 2 shows the distribution of timeliness (0 through ftb)
documents in the ACM DL with citations. Time of last freshsés 2002. It can
be seen, discounting the first set of values (timelinesgh@j,there is an inverse
relation between timeliness and the size of the set of dontsneith that value:
the smaller the value, the bigger the set, meaning that asgasses there is less
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chance that a document will be cited.
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Fig. 2. Timeliness in the ACM Digital Library

4 Metadata Specifications and Metadata Format

Three main dimensions of quality can be associated with dagdaspecifications
and metadata formats: accuracy, completeness, and carfoan

4.1 Accuracy

Accuracy is defined in terms of properties of a metadata Spation for a digital
object. Accuracy of a triplér, p, v) (i.e., (resource, property '* | value)) refers to
the nearness of the valueto some value/ in the attribute range that is consid-
ered the correct one for the (resource, property) pap)((Redman, 1992). Notice
that in 5S, a metadata specification is defined as a strugturg, F'), G being a
graph,L a set of labels, and” a labelling function associating components (i.e.,
nodes and vertices) of the graph with labels. In other wadsgtadata specifica-
tion can been seen as a labeled digraph. The teiple (F(v:), F(e), F(v;)) is
called a statement (derived from the descriptive metadagaification), meaning
that the resource labeldd(v;) has property or attributé'(e) with value F'(v;). A
metadata specification for a digital object is completelyuaate with respect to a
digital object if all the (derived) triples are accurates@®ing some appropriate
accuracy threshold. The degree of accuracy of triple, v) can be defined as an

13 1n this work we will use the terms ‘metadata property’, ‘nutta attribute’, and ‘meta-
data field’ interchangeably.
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indicator function or with specific rules for a particulahema/catalog. It is depen-
dent on several factors, including the attribute’s rangeatiiesv, intended use, etc.
Examples are given below. Thus, the degree of accuiacyns,) of a metadata
specificationms, can be defined as

ZV(r,p,v) from ms, degree of accuracy @f, p, v)
total number of tripleg-, p, v) from ms,

3)

acc(ms,) =

Example of Use.To illustrate the application of such an indicator we used. 08
NDLTD Union Catalog. We chose OCLC’s NDLTD Union Catalog aese of its
numerous problems regarding metadata accuracy, obsehikdoreating a collec-
tion for filtering experiments (Zhang et al., 2003). For epéemauthor information
is very commonly found in the title field (“The concept of tHeuech in the thought
of Rudolf Bultmann — by Paul E. Stambach.”) and sometimesbstract contains
all kinds of information (see below) but not the thesis/ditation’s summary. We
defined the following rules for the dc.authbt, dc.title, and dc.abstract fields.

e Degree of accuracy dk, dc.title, «) for OCLC’s NDLTD Union Catalog = 1, if
dc.title does not contain author information; 0.5 otheewia case it is empty or
null it receives a 0 (zero) value.

e Degree of accuracy @k, dc.abstract, x) = 1 if the field corresponds to the thesis
or dissertation’s summary; 0 otherwise. The decision oftivrea dc.abstract
field corresponds to a summary or not was based on the sizeedkxth and
a number of heuristics. For example, 1) if dc.abstract isabtp “Thesis” or
“Dissertation”, it is not a summary; 2) if dc.abstract consaphrases like “Title
from *” (e.g., “Title from first page of PDF file”), “Documentofmatted into
pages”, “Includes bibliographical references”, “Mode o€ass”, among others,
it is not a summary.

According to these two rules the average OCLC accuracy ffasahetadata records
(approximately 14,000 records, in September 2003vas calculated as around
0.79, assuming a maximum of 1.

4.2 Completeness

Completeness is a pervasive quality dimension that is &gsdowith many of the
DL concepts. The general notion of completeness can be dediste(number of
units of a particular concept) / (ideal number of units ot t@ncept). This notion
can be adapted or instantiated to specific DL concepts.

14 The author field in the Dublin Core standard.
15 Over 250K in Nov. 2006
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Completeness of metadata specifications refers to the elégnehich values are

present in the description, according to a metadata stdnéaifar as an individual

property is concerned, only two situations are possibteeei value is assigned to
the property in question, or not. The degree of completeokeasnetadata specifi-
cationms, can be defined a¥

Completeness(ms,) = 1

no. of missing attributes ims,
total no. of attributes in the schema fars,,

(4)

Notice that the assumption here is that the more completdhetter. However, we
acknowledge that there can be situations, for examplermdeted on purpose in
accordance with local needs, in which this is not always.true

Example of application. Figure 3 shows the average of completeness of all meta-
data specifications (records) in catalogs of the NDLTD Umiochive administered

by OCLC as of February 23, 2004, relative to the Dublin Cor¢anata standard
(15 attributes).
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Fig. 3. Average completeness of catalogs in NDLTD (as of trayr 2004)

4.3 Conformance

The conformance of a metadata specification to a metadaidestiformat/schema
has been formally defined in (Gongalves et al., 2004). Ihdeénition a value of

an attribute is conformant to its schema if it has the data tfithe attribute (e.g.,
string, date, number, etc.). That definition can be exteriddedclude cardinality

(i.e., considering mandatory/optional fields) and multip} (i.e., considering re-

peatable fields) issues.

16 According to the definition of conformance in (Gongalveslgt2004)

18



A metadata specificatioms,, is cardinally conformanto a metadata format if:

(1) it conforms with its schema in terms of the data typesoéitributes accord-
ing to Definition 14 of metadata schema in (Goncalves eR@D4);

(2) each attributett,, of ms, appears at least oncexift,,, is marked as manda-
tory in the schema; and

(3) att,, does not appear more than once if it is not marked as repedtatie
schema.

From now on, we will use conformance to refer to the strongdindion of car-
dinally conformantDifferent from completeness, an attribute may be missrg i
metadata specification, but the attribute still can be atered conformant, if it is
not marked as mandatory in the mandatory schema. The defgreaformance of
a metadata specifications, can be defined as

> degree of conformance aft,,

attributes attyy in schema msy

Conformancéns,) = . -
emsy) total number of attributes in the schema fos,,

(5)

The degree of conformance oft,, is an indicator function defined as 1at¢,,
obeys all conditions specified in the above definition; O otiee.

Example of use Figure 4 shows the average conformance of the metadatadeecor
in the catalogs of the NDLTD Union Archive, relative to the BEMS metadata
standard for electronic theses and dissertatifnsETD-MS, different from the
Dublin Core in which all fields are optional, defines six maodafields: dc.title,
dc.creator, dc.subject, dc.date, dc.type, dc.ident#iso the range for the dc.type

is defined as the sétCollection’, ‘Dataset’, ‘Event’, ‘iImage’,‘ InteractivResource’,
‘Software’, ‘Sound’, ‘Text’, ‘PhysicalObject’, ‘Stillinage’, ‘Movingimage’, ‘Elec-
tronic Thesis or Dissertatiof! If any value other than these words/phrases is used
for the attribute, it is defined as non-conformant.

5 Collection, Metadata Catalog, and Repository
5.1 Collection Completeness

A complete DL collection is one which contains all the exigtdigital objects that
it should hold. Measuring completeness of a collection carxXiremely hard or
virtually impossible in many cases when there is no way temeine the ideal

17 http://www.ndltd.org/standards/metadata/currentlhtm
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Fig. 4. Average conformance of catalogs in NDLTD

real-world collection such as in the Web or in hidden datebagdvanced judi-
cious sampling or probing of alternative repositories véhosmpleteness has been
established manually can give crude estimates (IpeirotiGr&vano, 2002). An
example could be to approximate a measure of the completaries computer
science collection of papers on a specific topic by sampheg¥CM or IEEE-CS
digital libraries, DBLP, and some other commercial puldishon-line databases.
In other cases such as for harvested or mirrored collectioose estimates are
easier to establish. More formally, Completené§$(of a collectionC,, can be
defined as the ratio between the siz&pfand the ideal real-world collection, i.e.,

(&
lideal collection’

Completeness(C,) = (6)

Example of use.The ACM Guide is a collection of bibliographic referencesl an
abstracts of works published by ACM and other publisherg. Ghide can be con-
sidered a good approximation of an ideal computing colbector a number of
reasons including the fact that it contains most of the dbffietypes of computing-
related literature and for each type it can be considerely fzomplete. For exam-
ple, the set of theses in the Guide comes from Proquest-UMthreceives copies
of almost all dissertations defended in the USA or Canadeantimber of technical
reports is close to that of NCSTRL (http://www.ncstrl.qrtf)e largest repository
of CS technical reports, and it contains large numbers asroscfrom many of
the most important publishers in computer science (suchCGi AEEE, Springer,
Elsevier, etc). Table 6 shows the degree of completenesvefa CS-related col-
lections'® when compared with the Guide.

18 All of which are subsets of the Guide. Size of the Guide = 738 s of March, 2004)
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Collection Degree of Completeness
ACM Guide 1
DBLP 0.652

CITIDEL(DBLP(partial) + ACM(partial) + NCSTRL + NDLTD-| 0.467
CS)

IEEE-DL 0.168
ACM-DL 0.146
Table 6

Completeness of several collections

5.2 Catalog Completeness and Consistency

The degree of completeness of a catalogy/ for a collectionC' can be defined
accordingly as

no. ofdo's e C without a metadata specification
size of the collection C '
(7)

Completeness(DM¢) =1 —

Since each object is unique by nature (e.g., each has a ugigbal handle) two
different objects should not have the same metadata déearip catalog in which
this occurs is therefore considered inconsistent. It shbel noticed, though, that
an object can have more than one metadata specificationgégblin Core and a
MARC one).

Consistency, accordingly, is an indicator function defined

e 0, if there is at least one set of metadata specificationgrasdito more than one
digital object;
e 1, otherwise.

Example of Useln April 2004, the NDLTD Union catalog administered by OCLC
tried to harvest data from the Brazilian Digital Library ofeEtronic Theses and
Dissertations (BDTD). Because of problems in BDTD’s impétation of the OAI
protocol and problems with the Latin character set handbing@CLC, only 103
records were harvested from the repository. The BDTD ctileccontained 4446
records. Therefore the completeness of the harvesteagdtal BDTD in OCLC
would be completeness(BDTD in OCLC Union Catalog) = 1 - (44463)/4446 =
0.023. Note that completeness significantly improved by6200
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5.3 Repository Completeness and Consistency

A repository is complete if it contains all collections itald have. The degree of
completeness of a repositofyis defined as

Complet (R) number of collections in the repository
ompleteness = . T
P ideal number of collections

(8)

If the repositorystorescollections with their respective metadata catalogs,ats ¢
sistency can be defined in terms of these two componentsefiner repository
consistency is an indicator function defined as

e 1, if the consistency of all catalogs with respect to thesaldbed collections is
1;
e 0, otherwise.

Example of use.We will use the ACM Guide as the ideal collection. Not consid-
ering the Bibliography and Play subcollections of the Guadd considering each
publisher as a different subcollection, the completené€3TDEL can be calcu-
lated as 4 (ACM + IEEE + NCTRL + NDLTD-CS) / 11 (total number ollections)

or 0.36.

6 DL Services

Dimensions of quality for DL services can be classified agm&l or internal
(Wand & Wang, 1996). The external view is related to inforimatsatisfaction
services and is concerned with the use and perceived valinesd services from
the point of view of societies of end users. The internal vesldresses the con-
struction and operation necessary to attain the requinectifunality given a set of
requirements that reflect the external view. Issues in systastruction, operation,
design, and implementation should be considered here.

6.1 Effectiveness and Efficiency

The two most obvious external quality indicators of DL seed, as perceived by
end users, are efficiency and effectiveness. Efficiency & cammmonly measured
in terms of speed, i.e., the difference between request esgbnse time. More
formally, lett(e) be the time of an event and lete;, andey, be the initial and the
final events of scenarier,, in serviceSe. The efficiency of servic€e is defined as

1
MaTsc, ¢ se (t(€fz) — t(€iz)) +1.0°

Efficiency(Se) = )
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Effectiveness is normally related to information satitifat services and can be
measured by batch experiments with test collections outtiexperiments with
real users. Different types of information services can different metrics, the
most common ones being precision and recall (Baeza-Yatabéimd-Neto, 1999),
extensively used to assess quality of searching or filtesamgices.

6.2 Extensibility and Reusability

Regarding design and implementation of DL services, thexdvao main classes
of quality properties: 1) those regarding composabilitysefvices; and 2) those
regarding qualitative aspects of the models and implentienta The latter include
issues such as completeness, consistency, correctndsmuaminess. In this work
we will concentrate on composability aspects but we ackadgg the importance
and complexity of the latter issues.

Composability can be defined in terms of reusability andresitglity. In short, a
service Yreusesa service X if the behavior of Y incorporates the behavior of X
(in the sense that scenarios of X are also scenarios of Y)nAcgeY extendsa
service X if it subsumes the behavior of X and potentiallyudes additional con-
ditional subflows of events (the scenarios of X are subsempgeaf the scenarios
of Y). A composed service either extends or reuses anotimgceeA composable
service (i.e., a service that can be extended or reusedphssisfy a number of
requirements including exporting clear interfaces, pamg mechanisms/protocols
for connections and passing of parameters, offering gatewanediator services to
convert between disparate document formats and protaudissatisfying circum-
stantial conditions such as satisfaction of any pre-camtitased on the service’s
current state and input values to any called service. Alhese make it very hard to
guantify the composability of a service. However, even ifraticator of compos-
ability can be determined, a service is still only potetfiegusable and extensible.
One more pragmatic indicator of the actual composabilitipiascertain from a
set of services and service managers that run or implemeseé thervices, which
managers are actually inherited from or included by othEngrefore given a set
of servicesServ and a set of service manage¥d/ that run those services, two
quality indicators of extensibility and reusability candfined.

> extended(Se;)

e Macro-Extensibility(Serv)= S<€5er S , WhereServ is the set of

services of the DL andztended(Se;) is an indicator function defined as
1,if 3Se; € Serv : Se; extendsSe;;
0, otherwise.

> LOC (smy) x extended(Se;)
smgESM,Se;eServ
Zs'nLESIVI LOC(sm)

e Micro-Extensibility(Serv)= , Where
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LOC corresponds to the number of lines of code of all openatiof a service
manager andm, runsSe;.
e Since reuse/inclusion has a different semantics of exdanseusability can ac-
> reused(Se;)

cordingly be defined as Macro-Reusability(Serv/yeser e , where
reused(Se;) is an indicator function defined as
1,if 3Se; € Serv : Se; reusesSe;;
0, otherwise.
> LOC (smy) x reused(Se;)
e Micro-Reusability(Serv)= sm”ESM’SeiESES , Where
smeSM

; LOC(sm)

LOC corresponds to the number of lines of code of all openatiof a service
manager andm, runsSe;.

Example of use.Table 7 shows the lines of code (LOC) needed to implement ser-
vice managers that run several services in the ETANA ardbgmal digital library,

in September, 2004 (Ravindranathan, 2004). Let’s assumk i&atlo between the
set of services and set of service managers. Reused sefanmescluded service
managers) are implemented as ODL components (Suleman). 20@%e services
are searching, annotating, recommending, and (unionfocgtg.

Service Component| LOC for | Total LOC reused
Based imple- LOC from com-
menting ponent
service
Searching . Back-end Yes - 1650 1650
Search Wrapping No 100 100
Recommending Yes - 700 700
Recommend Wrapping No 200 200
Annotating . Back-end Yes 50 600 600
Annotate Wrapping No 50 50
Union Catalog Yes - 680 680
User Interface Service No 1800 1600
Browsing No 1390 1390
Comparing (objects) No 650 650
Marking ltems No 550 550
Items of Interest No 480 480
Recent Searches/Discussions No 230 230
Collections Description No 250 250
User Management No 600 600
Framework Code No 2000 2000
Total 8280 11910 3630
Table 7

Analysis of ETANA DL prototype using the metric of Lines of @®

The wrapping services, the ones that really reuse and prakiel services offered
by the DL components, are necessary in order to deal witlesssuch as invok-
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ing operations, parsing results, and interfacing with otleenponents (like the user
interface). However, the additional code for those wrapgeonly a very small per-
centage of the total lines of code required for implementit@gcomponents. In the
ETANA-DL prototype (in September, 2004), only a few importgervices were
componentized and therefore reused (Macro-Reusabili§f& DL Services) =
4/16 = 0.25. However, Micro-Reusability = 3630/11910 = @.8@akes it clear that
we can re-use a very significant percentage of DL code by im@ieing common
DL services as components. Moreover, as more service menggecomponen-
tized, more code and managers are potentially inheriteai/freluded by more
DLs.

6.3 Reliability

Regarding operation, the most important quality critersoreliability. Service reli-
ability can be defined as the probability that the servicénat fail during a given
period of time (Hansen, 1983). We define the reliability oba/geSe, as

no. of failures

Reliability(Se,) = 1 — —————""—
eliability(Se,) no. of accesses

(10)

A failure is characterized as an event that

(1) was supposed to happen in a scenario but did not, or

(2) did happen but did not execute some of its operations, or

(3) did happen, where the operations were executed, buethudts were not the
correct ones.

Example of use.Table 8 shows reliability figures for the most popular sexsiof
CITIDEL, according to a log analysis done on April 1, 2004 eTibw reliability

for the structured searchingervice can be explained by the fact that it was an
experimental one, which ran only for a short period of timewdver, entry points
and links to this service were not removed after the experimyend users kept
using it without getting answers. This also shows how flawgeisign can be found
with such quality-oriented analysis.

CITIDEL service No. of failures/No. of accesses | Reliability
searching 73/14370 0.994
browsing 4130/153369 0.973
requesting (getobject) 1569/318036 0.995
structured searching 214/752 0.66
contributing 0/980 1

Table 8

Reliability of CITIDEL services
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7 Quality and the Information Life Cycle

Given the fact that information in digital libraries is daa by digital objects and
their respective metadata specifications, the proposeeérdiions of quality for
these two concepts can be connected to the life cycle ofrirdtion in digital li-
braries (Borgman, 1996Y . Such connections can be used to determine when and
where quality indicators can be measured, assessed, anovieap- as well as how
possible quality problems can be prevented, detected,lanthated.

Timeliness
Similarity

Preservability

Describing
Organizing
Indexing

Authoring
Modifying

Semi-Active

Retention
Mining

Storing

Accessing

Distribution

Timeliness Filtering

Searching
Browsing
Recommending

Discard
Inactive

Relevance

Fig. 5. Information Life Cycle (adapted from (Borgman, 1996ith respective dimensions
of quality added for each major phase and related activities

The connections are shown in Figure 5. The cycle (see inméiopphas four ma-
jor phases: information creation, distribution, seekiagg utilization. The outer
arrows show in which stage information is active, semivagtor inactive with re-
gard to the phases. Each major phase (see inner ring) is ciedint® a number of
activities or services. Finally (see outer ring), each disien of quality is associ-
ated with the corresponding set of activities/services.

Similarity to other information, digital objects, or vensis can be assessed at time
of creation and modification. Preservability and timels@s relation to modifi-
cations) also are related to this phase. The next subphake itycle deals with

19 Again, since most of the key information content in a DL isrigat by these 2 concepts
(digital objects and metadata specifications) the focus f&eon them rather than all the
other parts of a DL. An expansion to cover others aspectsrioptuture work
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metadata creation and information organization and detsani; therefore all qual-
ity dimensions associated with metadata specificationdomaded here. Special
metadata quality processes such as enforcing filling outasfdatory fields and use
of specific formats (e.g., for dates) as well schema vabaati should be applied
to related activities to guarantee quality (hamely, acoyreompleteness, confor-
mance).

In the next phase of archiving and distribution, the aspettaccessibility and
preservability (e.g., means of storage, format, positicem organizational scheme,
etc.) should be taken into consideration. In the seekingg,(gearching) phase, rel-
evance of information as returned by the several informasitisfaction services
can be measured. Finally, most of the dimensions assocrdtadhe perceived
value of the information (pertinence, significance) can $seased during the uti-
lization phase.

8 Evaluation: Focus Group

In order to assess the potential practical utility of thepm®ed quality model in
the library and information science (LIS) world, we condett focus group with
three librarians with experience in practical library warkd digital libraries.

This focus group meeting included a presentation of apprately 60 minutes
duration about 5S and the proposed quality indicators (ext@mples) by the re-
searchers /moderators followed by a 30-minute discus§aestions, comments,
and discussions were allowed during the presentation.riicphar, the discussions
were focused around four questions:

Are you able to understand the 5S model?

How does it relate to (your) library world?

How do the proposed indicators relate to your practiceserlitbivary?
Would you be willing to apply these measures to your (digitararies?

8.1 Presentation — Discussions

Discussions during the presentation centered around &lfatsd the utility of the
quality model. The discussion started with the basic qoestWhat's a digital
library?” that was raised by one of the participants. The enatbr emphasized that
to precisely define digital libraries was one of the main gadithe work.

When first confronted with 5S, some of the participants fedtt tthe framework
made sense, but the concepts of scenarios and spaces werasthatuitive. Re-
garding streams, it was felt that intuitively they seemwecand dynamic, but the
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ones used in this work were more static, which was a bit counteitive. One of
the participants also said that she had a hard time seeingh®@®S terminology
maps to the concepts normally used in the library world. A piag of conven-
tional library and information science terms into the 53rfeavork was suggested.
For example, another participant raised the question “d@bas a database mean in
this framework?”. After learning that for that participanlatabase means a storage
of documents, we concluded that it corresponded to the 58nwof collections
and repositories.

One of the most discussed aspects was the “minimalist” @gprave took in this
work. There was almost a consensus that this was the rightavgy. One of the
participants suggested adding “reference service” — éasénthe library world —
to the minimal DL. This raised concerns that we were dealiith WLs as some-
thing outside of the library: “shouldn’t the DL be part of thigrary?” asked one of
the participants. It was explained why in a field with so maogstructs we could
be more elegant and precise to clarify terms with our approlbcthe end it was
the consensus that the framework is OK, if the focus is on Dbs(conventional)
libraries. Another participant also raised concerns abdwmihigher level constructs
being understandable by the general public and librari@inslly some of the rela-
tionships among the services (e.g., between indexing aardlsag) and additional
(traditional) DL services were discussed.

In the second phase of the presentation, discussion cdnéeoeind the quality
model. One of the first questions raised was the differented®n pertinence
and relevance. The explanation was accepted by the pamisipAnother ques-
tion which drove part of the discussion was “what do you meafgbod’?” and
“by good you mean only from the user perspective?” This stlithe presentation
to the connections between the proposed quality indicatotsthe several phases
of the information life cycle.

The discussion then shifted to each proposed quality italicBarticipants seemed
to agree with most of the dimensions and definitions. Firsiceons were raised
regarding the “timeliness” indicator for digital objec@ne participant argued that
in some instances it is impossible to find the age of everyabbljewas proposed

to have a categorization for “ageless” objects — those neweewed, reviewed in

5 years, etc. The issue of the age of digital objects thatiaregates for real world

artifacts also was discussed. In the context of collectedated indicators, a par-
ticipant suggested that some of these quality measured beulsed for collection

management mainly as selection criteria to “get rid of tein@s stated in her own
words). There was a consensus that practical aspects afigl@ath storage space
and limited resources are rarely discussed in the field.

The strongest reactions were generated by the issues Wwigatad collection com-

pleteness. It was thought that in some cases, for instariaébga based on the
Dublin Core (15 attributes), this indicator made sense,ibtihe case of MARC
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(with hundreds of attributes) it would not. It was felt thlaétcontext in which those
indicators would be more applicable should be elaborates @gmd that these in-
dicators in some cases had more theoretical value thangakapplication. In the

particular case study presented (viz., OCLC NDLTD Unionaltag), it was con-

jectured whether the low values for completeness of onéatptaMIT — were due

to the fact that objects in the respective collection wesneed, not born digital.
Finally, since we had many indicators for each concept, ogeeal that we really
did need several indicators to get something meaningfgl, (eractically useful in-

dicators might be computable based on some function apjaligaime combination
of several of our indicators).

8.2 Post-Presentation Discussion

The post-presentation discussion started with one of th@enadors encouraging
the participants to think out loud about how they felt abbgtwhole thing. One of
the participants started by expressing his view that thegiwoes of the presenta-
tion were a bit disconnected, i.e., he felt that the qualibdel was not very much
associated with 5S. He suggested that if the discussiors viewed like a novel,
he would think that the “5S” character had disappeared whigtity was consid-
ered. The same participant expressed his view that we wep®ging two kinds of
indicators: 1) some measured against a perfect thing tnatatalways be known
or defined; and 2) others that are highly specific, argualdyulisin the real world,
something in between would be the ideal. The criticism wasr@stricted to our
study, but also applied to most similar studies and othezdyq quality measures
he knows and applies in the library in his work. It was sugethat expressing the
contexts where these indicators would be more or less usefuld help in their
adoption.

Another important question was raised by another partitida her own words:
“What do | do with these measures?”. It was agreed that théigda promote
improvements and make things better. It also was suggelsé¢dhese could be
used somehow in training of digital librarians and DL adrsirators. Thus, we use
these in a curriculum development project launched in 20@@merantz et al.,
2006).

One of the moderators shifted the discussion to the broadestipns of “Which
ideas apply to LIS? Which to DL? Which to both?” The first réattwas that DL
is only a part of the library; some things can not be digitiz&dother participant
said that it helped to hear about our minimalist focus — it dchelp acceptance
within LIS. The same participant expressed the personai@pithat 5S would not
be much use to him but it might be very helpful to IT people Imed with (digital)
library issues; impact on LIS was uncertain. Another sugggka study to correlate
user satisfaction with the quality indicators. For the exgition of the indicators
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themselves it was suggested that the application of allesfitin a running example
would be really helpful. Regarding a proposed quality tdptkne participant felt
more work on services, including infra-structure servieesl preservation, was
necessary’ . The suggestion was that we needed to go beyond a minimal DL fo
this work to be practically useful.

In the end, everybody felt the work was very interesting aseful, with potential

to help the field ofligital libraries. In the words of one of the participants who was
a little bit familiar with the 5S framework: “you have come @b way with 5S
and that is extremely impressive, but more needs to be ddoechihis thing gets
widely accepted and practically used”.

9 Related Work

DL quality and evaluation is a very underrepresented rebearea in the digital

library literature. Saracevic (Saracevic, 2000) was ontheffirst to consider the
problem. He argued that any evaluation has to consider a aeuaflissues such as
the context of evaluation, the criteria, the measuresatdrs, and the methodol-
ogy. However, his analysis concluded that there are no aelg@ements regarding
the elements of criteria, measures/indicators, and metbgeks for DL evalua-

tion. In an attempt to fill some gaps in this area, Fuhr et alh(Fet al., 2001)

proposed a descriptive scheme for DLs based on four dimestsitata/collection,

system/technology, users, and usage. We see the work gaposhis paper re-

garding DL quality issues and evaluation as a next, comphang step in this

area, one that is based on a sound, formal theory for DLs.

Papers in a workshop on “Evaluation of Digital Librariesuttied on some of
the issues discussed here. Quoting one of the papers in ticeqalings of that
workshop (Agosti et al., 2004): “thus it could be worth dissing whether the 5S
is an appropriate model for facing this kind of (evaluatissgue and whether it
could further a better understanding in this research fidiat is exactly what we
have tried to do in this paper.

10 Conclusion

In this article, we have proposed a quality model for diditadaries that is com-
prised of a number of quality indicators for many key formal Boncepts. The

20 Because of time constraints, the taxonomy of DL services mmspresented to this
group. Otherwise, this objection might not have arisen.
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utilization of many of these indicators was illustratediwieal case studies. Con-
nections with the Information Life Cycle and a focus-grdagsed evaluation of the
model were also discussed.

This work may help current managers of digital librariesegii to develop a more
guantitative assessment program. It may help designersvefdigital libraries to
identify constraints and tradeoffs needed to ensure adequality, to plan how
to monitor system behavior in order to facilitate evaluatiand to set priorities
that will help ensure desired levels of performance as welli@sired collection
characteristics. It may help developers of new digitaligrsystems, as they build
in means to measure and ensure system quality, as well astiopat quality of
service.

In future work we hope to extend our efforts toward develg@muality toolkit for
digital libraries that can be deployed for pilot quality essment studies. We hope
to collaborate with others in extending the set of qualityigators, in providing
more formula, in refining the current set of mostly systemhatesl dimensions, in
adding in usage-related dimensions, and in connectinguhik with logging and
log analysis activities. On the usage-related side, we awifisider popularity of
scenarios and digital objects, correctness of scenarieepdsability of services,
and educational potential of resources (Sumner et al.,)2603ally, we hope to
connect this research with the development of curriculuntenrads that will be
helpful for teaching and learning about digital librarid2o(nerantz et al., 2006).

11 Acknowledgments

Thanks go to sponsors of our work, which include: AFOSR (gFat9620-02-1-
0090), AOL, IMLS, NSF (grants DUE-0121679, 11S-032557%-0535057) and
CNPq project 5S-VQ (grant MCT/CNPg/CT-INFO 551013/2005Thanks also
go to those in Virginia Tech’s Digital Library Research Lasiory, and to all those
involved in our various projects.

References

Agosti, M., Nunzio, G. M. D. & Ferro, N. (2004). Evaluation afdigital library
system. Workshop on the Evaluation of Digital Libraries, LES WP7, (pp.
73-76). Padova, Italy.

Amsler, R. (1972) . Application of Citation-based Autoneilassification. Tech-
nical Report. The University of Texas at Austin, LinguistiResearch Center.
Babbie, E. (1990). The Practice of Social Research, 6thdediBelmont, Califor-

nia: Wadsworth.

31



Baeza-Yates, R. & Ribeiro-Neto, B. (1999). Modern InforimatRetrieval. New
York: Addison-Wesley.

Borgman, C. L. (1996). Social aspects of digital libraries-ox, E.A., Marchion-
ini, G. (Eds.), Proceedings of the 1st ACM International feoence on Digital
Libraries, (pp. 170-171). Bethesda, MD.

Cosijn, E. & Ingwersen, P. (2000). Dimensions of relevame®rmation Process-
ing and Management, 36 (4), 533-550.

Crespo, A. & Garcia-Molina, H. (1998). Archival storage fiigital libraries. In
Witten, 1., Akscyn, R., Shipman, M. F. (Eds.), Proceedinfthe 3rd ACM In-
ternational Conference on Digital Libraries, (pp. 69—Htsburgh, PA.

Foskett, D. J. (1972). A note on the concept of relevancerimétion Storage and
Retrieval, 8 (2), 77-78.

Fuhr, N., Hansen, P., Mabe, M., Micsik, A. & Solvberg, I. (0. Digital libraries:
a generic classification and evaluation scheme. In Corggiantos, P., Solvberg,
l. (Eds.), Proceedings of ECDL'01, (pp. 187—199). Darmist@@rmany.

Goncalves, M. A. (2004). Streams, structures, spacesiagos, and societies:
A formal framewrok for digital libraries and its applicatis: Defining a qual-
ity model for digital libraries. Ph.D. thesis, Virginia TecCS Department.
http://scholar.lib.vt.edu/theses/available/etd-121-135923

Goncalves, M. A., Fox, E. A., Watson, L. T. & Kipp, N. (2008treams, struc-
tures, spaces, scenarios, societies (5S): A formal moddiddal libraries. ACM
Transactions on Information Systems, 22 (2), 270-312.

Greisdorf, H. (2003). Relevance thresholds: a multi-stagéictive model of how
users evaluate information. Information Processing anthdgdament, 39 (3),
403-423.

Hansen, J. V. (1983). Audit considerations in distributemtpssing systems. Com-
munications of the ACM, 26 (8), 562-569.

Hunter, J. & Choudhury, S. (2004). A semi-automated digitakervation system
based on semantic web services. In Chen, H., Wactlar, HizenCC., Lim, E.,
Christel, M.G. (Eds.), Proceedings of the Fourth ACM/IEEE-Joint Confer-
ence on Digital Libraries, (pp. 269-278). Tucson, Arizona.

Ingwersen, P., van Rijsbergen, K. & Belkin, N. (2004).
ACM SIGIR 2004 Workshop on “Information Re-
trieval in  Context’. Glasgow Information  Retrieval  Group.
http://ir.dcs.gla.ac.uk/context/IRinContéiiorkshopNotesSIGIR2004. pdf.

Ipeirotis, P. G. & Gravano, L. (2002). Distributed searcleothe hidden Web:
hierarchical database sampling and selection. In BresSarChaudhri, A.B.,
Lee, M., Yu, J.X., ZoLacroix (Eds.), Proceedings of the 28th Conference on
Very Large Data Bases, (pp. 394—-405). Hong Kong SAR, China.

Hunter, J. & Choudhury, S. (2003). Implementing preseorasitrategies for com-
plex multimedia objects. In Koch, T., Solvberg, I. (Ed®j)pceedings of the 7th
European Conference on Research and Advanced Technoloddidial Li-
braries, ECDL 2003, (pp. 473—-486). Trodheim, Norway.

Kemp, D. A. (1974). Relevance, pertinence, and informasigstem development.
Information Storage and Retrieval, 10 (2), 37-47.

32



Kessler, M. M. (1963). Bibliographic coupling between stiic papers. American
Documentation, 14 (1), 10-25.

Levy, D. M. (1998). Heroic measures: reflections on the fmlisi and purpose of
digital preservation. In Witten, I., Akscyn, R., ShipmarME(Eds.), Proceedings
of the 3rd ACM International Conference on Digital Libragjdpp. 152—-161).
Pittsburgh, PA.

Lorie, R. A. (2001). Long term preservation of digital infieation. In Fox, E.A.,
Borgman, C.L, Proceedings of the 1st Joint Conference oidDbigbraries, (pp.
346-352). Roanoke, VA.

Mizzaro, S. (1996). A cognitive analisys of informationrretal. In Ingwersen, P.,
Pors, N.O. (Eds), Information Science: Integration in Pecsive — Proceedings
of CoLIS2, (pp. 233-250). Copenhagen, Denmark.

Mizzaro, S. (1998). How many relevances in informationiegtl? Interacting
With Computers, 10 (3), 305-322.

Pipino, L. L., Lee, Y. W. & Wang, R. Y. (2002). Data quality assment. Commu-
nications of the ACM, 45 (4), 211-218.

Pomerantz, J, Oh, S., Widemuth, B. M., Yang, S., & Fox,
E. A. (2002).The Core: Digital Library Education in Library
and Information Science Programs. DLib Magazine, 12 (11).
http://www.dlib.org/dlib/november06/pomerantz/11pmamtz.html.

Ravindranathan, U. (2004). Prototyping digital librartendling heterogeneous
data sources - an ETANA-DL case study. Master’s thesis,Magrech CS De-
partment.

Redman, T. C. (1992). Data Quality — Management and TechggoMew York:
Bantam Books.

Rothenberg, J. (2000). Using Emulation to Preserve Diditatuments. The
Netherlands: Koninklijke Bibliotheek.

Rowan, M., Gregor, P., Sloan, D. & Booth, P. (2000). Evahmtveb resources for
disability access. In Tremaine, M., Cole, E., Mynatt, E. {BdFourth Annual
ACM Conference on Assistive Technologies, (pp. 80—84)ingtbn, VA.

Sanett, S. (2003). The cost to preserve authentic electrenbrds in perpetuity:
comparing costs across cost models and cost frameworks RgiGews, 7 (4).
http://www.rlg.org/preserv/diginews/uT4_feature2.html.

Saracevic, T. (1975). Relevance: a review and a framewarkhioking on the
notion in information science. Journal of the American 8tcfor Information
Science, 26, 321-343.

Saracevic, T. (1996). Relevance reconsidered. Proceedinpe Second Interna-
tional Conference on Conceptions of Library and Informmaticience, 39(3),
201-218.

Saracevic, T. (2000). Digital library evaluation: towantbkition of concepts. Li-
brary Trends, 49 (2), 350-3609.

Sayood, K. (1996). Introduction to Data Compression. SateblaCA: Morgan
Kaufmann Publishers.

Small, H. G. (1973). Co-citation in the scientific literadua new measure of the
relationship between two documents. Journal of the Amei®aciety for Infor-

33



mation Science, 24 (4), 265-269.

Suleman, H. (2003). Open digital libraries. Ph.D. thesigyixiia Tech Department
of Computer Science. http://scholar.lib.vt.edu/themeslable/etd-11222002-
155624/.

Sumner, T., Khoo, M., Recker, M. & Marlino, M. (2003). Undinsding educator
perceptions of “quality” in digital libraries. In DelcamdarL., Henry, G., Mar-
shall, C.C. (Eds.), Proceedings of the 3rd ACM/IEEE-CS tJGionference on
Digital Libraries, (pp. 269-279). Houston, TX.

Taylor, R. S. (1968). Question-negotiation and informatseeking in libraries.
College and Research Libraries, 29, 178-194.

Voorhees, E. M. (2001). Evaluation by highly relevant doeuts. In Kraft, D.H.,
Croft, W.B., Harper, D.J., Zobel, J. (Eds.), Proceedinghef24th Annual Inter-
national ACM SIGIR Conference on Research and Developmdnformation
Retrieval, (pp. 74-82).

Wand, Y. & Wang, R. Y. (1996). Anchoring data quality dimemss in ontological
foundations. Communications of the ACM, 39 (11), 86-95.

Waugh, A., Wilkinson, R., Hills, B. & Dell'oro, J. (2000). Bserving digital infor-
mation forever. In Nurnberg, P.J., Hicks, D.L., Furuta, BRd$.), Proceedings of
the 5th ACM International Conference on Digital Librarigsp. 175-184). San
Antonio, TX.

Zhang, B., Goncalves, M. A. & Fox, E. A. (2003). An OAl-badétkring service
for CITIDEL from NDLTD. In Sembok, T.M.T., Zaman, H.B., ChegH., Urs, S,
Myaeng, S.H. (Eds.), Proceedings of the 6th Internatiomaif€ence on Asian
Digital Libraries, ICADL 2003, (pp. 590-601). Kuala Lumpi#alaysia.

34



