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1. Introduction

As the digital information environment develops, there is an increasing number of digital resources available via the Web. Many of these have been developed independently as stand-alone resources. However as more and more resources become available, recognition develops that from the user perspective it is important to be able to search multiple resources with a single search. This is referred to variously as meta-search, cross search, federated search or occasionally as distributed search. It is, in the words of Tennant, the Holy Grail of enabling the user to enter a single search request through the local workstation (whatever and wherever that may be) and have that search executed on all relevant resources on the Web; whatever and wherever those resources may be(Tennant 1998). Put another way, for this Holy Grail to be achieved, it is necessary for heterogeneous systems to be interoperable. The purpose of this paper is to explore the concept of interoperability principally from an information management perspective and through the eyes of the user rather than from a computer science perspective.
2. What do we mean by interoperability?

There are various definitions from the computing world of what is meant by interoperability. Here are three.

“the ability of software and hardware on machines from different vendors to communicate with one another” (Penguin Concise Dictionary of Computing)

I

“The ability of two or more systems and components to exchange information and to use the information that has been exchanged.” (IEEE, 1990)

“the ability of a system or a product to work with other systems or products without special effort on the part of the customer.” (Whatis.com http://whatis.techtarget.com ).
From the perspective of networked information retrieval, these definitions are inadequate. For effective networked information retrieval, there must be detailed consideration of the information as well as the compatibility of hardware and software. Taking a simple example, my own name could be presented as any of 

Richard Hartley

Richard John Hartley
R.J. Hartley

Richard J. Hartley

Dick Hartley

Whilst I have attempted over the years to present myself consistently in the single form R.J. Hartley, I am aware that I have not succeeded! Indeed in successive volumes of the conference Libraries without Walls organised by my own Department, I have appeared as both Dick Hartley and Richard. J. Hartley. For that hypothetical (and probably eccentric) person who wished to search for all material by me in a networked environment, there needs to be consistency in the data across systems or that user must search for all possible variants of my name or somehow the network of information resources must be able to work together to enable accurate retrieval to occur. Whilst the example may be unlikely, I believe that it begins to expose the nature of the interoperability problem from the information science perspective.
The technical definitions presented earlier might be referred to as the necessary infrastructure of interoperability; that is to say that it is a necessary but insufficient condition for interoperability. Somewhat disparagingly some information scientists refer to it as the “plumbing” of interoperability. 
In order to demonstrate the difference between the computing view of interoperability and the information science view of interoperability, the views of two eminent information scientists from different sides of the Atlantic are instructive. Bill Moen, from the University of North Texas, has referred to four levels of interoperability namely

Low-level protocol (syntactic): do two implementations interchange protocol messages according to specifications or a standard?

High-level protocol (functional): do two implementations support the common services/functions?

Semantic level: do two implementations preserve and act on the meaning of information retrieval tasks?

User task level: do two systems support the information retrieval tasks of one or more user groups?
To the information scientist it is the last two levels which are of interest and to which we can make a contribution. Accordingly the British information scientist, Paul Miller argues that to be interoperable 

“one should actively be engaged in the ongoing process of ensuring that the systems, procedures and culture of an organisation are managed in such a way as to maximise opportunities for exchange and re-use of information, whether internally or externally.”
He continues by arguing that interoperability consists of

technical interoperability


semantic interoperability


political/human interoperability


inter-community interoperability


legal interoperability

international interoperability [Miller,????]
Technical interoperability has been made possible for many years through the Z39.50 standard (Information retrieval (Z39.50); Application Service Definition and Protocol Specification, ANSI/NISO Z39.50 1995) and the various profiles such as the Bath profile. 

Semantic interoperability across heterogeneous systems is more problematic and will be the focus of this paper. Miller’s notion of political/human interoperability refers to the need for a cultural change in the way in which organisations both think and operate. The simple mantra “think global, act local” will require major cultural changes. Inter-community interoperability refers to the different cultural practices of different professions. In the cultural heritage industries, for example, there are very different traditions of metadata creation in archives, libraries and museums. Legal interoperability relates to the impact of interoperability of the legal environment of data protection, freedom of information and privacy as well as intellectual property law. 

Whilst all facets of interoperability are crucial for effective networked information retrieval; in this presentation I intend to concentrate on semantic interoperability. In order to demonstrate that there is an issue here, I present some data from research undertaken by a former student of mine. Unfortunately in order to so do, I must explain a little background and then introduce some British online public access catalogues (OPACs). My rationale for investigating OPAC interoperability was simple. Librarians have a long history of developing and implementing standards especially for the cataloguing of books. There has been an internationally agreed data structure for the sharing of bibliographic records for more than 40 years. Similarly the English speaking world has had a well-established set of rules for the choice of information to be placed in that structure. Therefore, it seemed to me that because this is an area of activity where there are well accepted and understood standards then this ought to be an area where systems ought to have a high degree of interoperability. If interoperability cannot be achieved in the area of OPACs then there must be considerable doubt if it can be achieved when dealing with heterogeneous datasets such as the collections in libraries, museums and digital libraries or institutional repositories. Accordingly the student undertook some comparative searches across systems.
COPAC is a union catalogue of the holdings of 27 major university and national libraries in Great Britain. It is a single physical database which is created by the merging of records supplied to the COPAC team by the contributing libraries. (http://copac.ac.uk) [Cousins]. Using a single search of the COPAC system it is possible to search any or all of those 27 OPACs with a single search of the single database.
InforM25 is a virtual union catalogue of academic libraries in and around London; so called because the M25 is the motorway which circles London (http://www.m25lib.ac.uk). Using the Z39.50 search and retrieve protocol, it is possible to search any or all of the OPACs within the M25 system with a single search.
If systems are operating in a truly interoperable way and providing the searcher with consistent results then a search conducted on the OPAC of a major university library situated in London ought to give the same results whether the search engine was any of 


The local OPAC


InforM25 with search confined to the named institution


COPAC with the search confined to the named institution

The test which we carried out demonstrated that this was not the case. We took the 15 searches which are shown in Table One. These were real queries which had been used on the COPAC system and which were selected at random out of a COPAC search log which was given to us by the COPAC team. Subject searches were used as these are known to cause more problems though as I noted earlier and as we shall return to queries for items by or about people are not without their problems. The subjects used covered a broad range from law to ecology and whilst mostly in English, we also included queries in Italian and Spanish. It can also be seen that the queries are generally very brief and whilst much shorter than those used in information retrieval experiments such as the TREC tests, they are white typical of the queries presented to OPACs and internet search engines. The queries were run in the three different ways for the libraries  which had both contributed data to COPAC and were members of the InforM25 consortium. The searches took place in the same lab on the same days. Tables Two to Four present the results for the searches as undertaken on the apparently the same data but with different search engines for three of the organisations; two universities and one research organisation. I felt it appropriate to anonymise the organisations. Whilst I have just produced results for three organisations we found a similar pattern in for all the libraries tested. I think it can be argued that these results demonstrate that whilst the searches work to a degree there is something to investigate. It follows too that interoperability across collections whose metadata is created in different ways, according to different traditions and for different purposed is likely to be a major challenge. In the remainder of the paper I consider the issue of semantic interoperability in greater detail and note some of the approaches which are being investigated as means to tackling it.
3. Problems and progress with semantic interoperability
There are two components to semantic interoperability which can be viewed as data elements and data values. By data elements, I mean those fields into which the metadata has been divided and of course by date values, I mean those values which have been given to a particular data element in the metadata associated with a particular information object. Much of the effort to date has gone into tackling the issue of data element interoperability and it can be argued that reasonable progress has been made through the development of the Resource Description Framework (RDF).

Much less attention has been given to the issue of data value variation and to my mind it is here the problems for networked information retrieval lie. I noted earlier possible variations in my own name. Let us look at a much more eminent person whose name is well known to all of you namely your great poet, According to an analysis by Cornell, variations in cataloguing practice and transliteration have meant that his name can appear in the author field in a library catalogue in any of the following variations

Cavafy, C.P. (Constantine P.)

Kabaphes, Konstantinos Petros

Cavafy, Constantine P.

Kavafis Konstantin

Cavafis, Constantinos

Kavaphes, Konstantinos Petrou

Kavafis, Konstatinos Petrou

Kavafis, Constantino

Kavafis, Konstandinos
You can probably add to this list.

Given the variations of names illustrated here it is not difficult to imagine that in different catalogues the name of the same person will appear in different ways not withstanding the fact that the catalogue entries are all created according to the same standard applied by professional librarians. If this is the case where there have been longstanding attempts to standardise the data how much greater is the problem likely to be in a heterogeneous set of resources? 
Librarians and information scientists having long been aware of the problem have sought to tackle it and have done so by producing name authority files which indicate a preferred name and link it to the known variants. A major example of this is the Library of Congress Name Authority File (http://authorities.loc.gov). Interestingly this offers the approved form of Cavafy’s name as
Cavafy, Constantine, 1863-1933

This is different from all of the ones which were presented earlier.

A second important source of name authorities is the Getty Research Institute which offers both the Getty Thesaurus of Geographical Names and Getty Union List of Artists Names. Incidentally the latter lists over 50 variants on the name of your most famous painter, El Greco (http://www.getty.edu/research/conducting_research/vocabularies/ulan/ ). In principle the use of a widely accepted name authority file both at the time when a database is created and when it is searched ought to be a sufficient means of dealing with the problem of name variations. However, even within the restricted area of library catalogues, I am not aware of any research which either tests the validity of this assumption or documents how widely used name authority files are. I do know that in order to gain access to the Library of Congress Name Authority File in order to incorporate it into an OPAC costs several thousand dollars; a cost which will deter many libraries.
If consistent use of names to enable effective searching remains a problem, it should be obvious that networked subject searching is a much more intractable problem. Indeed much of the work of the last 40 years in information retrieval has been concerned with effective subject retrieval from a single source. Effective retrieval from multiple sources in unpredictable combinations presents huge challenges. Research has shown that when ascribing index terms to an information object there is very limited agreement between different indexers and even for the same indexer over time. Given that this is the case within a single system, it is clear that in the networked environment with heterogeneous information sources, the likelihood of representing the same subject matter in a different way is considerably greater. This problem is being slowly recognised and some initial attempts are being developed in an effort to promote effective information retrieval from heterogeneous sources.
It has been argued that one way in which networked subject searching could be achieved would be for all resources to use the same controlled vocabulary such as LCSH and to so do without any local amendments or adaptations(Nicholson and Shiri). Fortunately they also acknowledge that even if this were feasible ( most unlikely), there would be disadvantages. For example it would be subject to cultural biases and would be unlikely to adapt to evolving technical languages. Of course if LCSH had been suitable for all circumstances then there would not have been such efforts in the last 40-50 years in the development of other vocabularies. Other vocabularies have been developed for the very reason that LCSH was not sufficiently detailed in its terminology for the representation of subjects in technical areas hence the development of thesauri such as MeSH (medicine), AAT (Art and Architecture) and the INSPEC Thesaurus (Physics, Electronics and Computing). Furthermore it is now many years since Bates produced convincing evidence that there is often a mismatch in terminology between the language of the generalist, librarian-produced LCSH and the daily language of specialists with a different disciplines: in this case economics and psychology. [Bates.1977]
There appears to be reasonably widespread acceptance in the information science community that one approach to aiding endusers with their searches is to incorporate the relevant thesaurus into the interface. It has been demonstrated both that this is feasible and acceptable though I have not seen evidence demonstrating that it improves search outcome. However it is less clear how this might be extended to the networked environment where there are literally hundreds of thesauri and other controlled vocabularies in existence.

Given that general subject vocabularies such as LCSH or the UNESCO thesaurus are not sufficiently specific for all purposes then it is clear that in order to promote meta-subject searching, there is an urgent need to tackle the terminology problem. Vocabulary mapping is probably the approach which has attracted most attention. Considerable effort has been expended on this approach; that is to say in seeking to map equivalences or at least links between similar terms in different controlled vocabularies since this is seen as a means of providing subject access in a multiple-resource environment. Vizine-Goetz and colleagues report on a decade of work at OCLC where considerable effort has been expended on producing linkages between a range of vocabularies. Some are general purpose vocabularies such LCSH and the Dewey Decimal Classification Scheme but other are specialised subject vocabularies such as ERIC (education) and MeSH (medicine). (Vizine-Goetz, Hickey et al. 2004).  In addition, Zeng and Chan (Zeng and Chan 2004) review arrange of projects of projects which seek to provide interoperability of subject vocabularies across a range of disciplines and languages. They note considerable progress in this effort. A specific example of vocabulary mapping is reported by Tse and Soergel (Tse and Soergel 2003) who have started to tackle the issue of mapping the vocabulary of non-professionals to professionals within the sphere of medicine. Whilst all this vocabulary mapping work is of interest as a potential approach to tackling semantic interoperability, there is, at this time, no report of the use of mapped vocabularies and certainly no evaluation of the retrieval consequences of such vocabulary mapping. 

There are numerous references in the literature to ontologies showing great potential for the resolution of semantic interoperability problems. Unfortunately there is relatively little explanation of how this might occur. A notable exception is the paper by Soergel and colleagues (Soergel, Lauser et al. 2004). They provide a very clear explanation of the limited capabilities of thesauri in information representation and contrast this with the far greater representational capabilities of ontologies using various examples from the AGROVOC thesaurus. They explain an approach to adding the additional processing power of ontologies to the undoubted value of a carefully constructed controlled vocabulary. They report that initial experiments testing the feasibility of their approach are encouraging. Furthermore they explain how the improved power of adding ontological capabilities to an existing controlled vocabulary provides the opportunity to create a tool which can both improve the consistency of indexing and also the accuracy of searching.

Assuming that the problems of developing an acceptable vocabulary, or a series of linked vocabularies, for use in interoperable systems are resolved then these vocabularies must be used consistently be indexers across those systems. However it has long been known that inter-indexer consistency has been limited, for example Jorgensen (p100) has reported numerous studies in inter-indexer consistency in the assignment of terms to visual materials. One study reported inter-indexer consistency between 30% and 60% whilst another reported a high of 27% and a low of 1% with an average of 7% (Jorgensen 2003) Whilst it can be argued that inter-indexer consistency is not of itself a good thing because the indexing could be consistently inaccurate, this data does demonstrate the considerable problem faced in achieving predictability in indexing between different systems and therefore the chances for achieving effective subject access in a networked environment. The consistency and quality of indexing can be improved, as the National Library of Medicine has demonstrated, by the use of knowledge-based indexing systems(Humphrey 1994) but these systems are by no means widespread. 
In recent years the notion of a ‘folksonomy’, that is a “taxonomy” generated by the folk within a community, has attracted some interest. The notion of a vocabulary defined by the relevant community has the obvious attraction that it ought to overcome the perennial problem that vocabularies defined by information professionals often do not reflect the current terminology in the field. However since these vocabularies are not controlled, may not have a hierarchy of terms and do not have an organisation responsible for their maintenance, it is difficult both to accept that the term “taxonomy” is appropriate or that they have any major contribution to make to achieving semantic interoperability. That is not to say that they do not have a useful role to play within a relatively small and closed community such as a research group.
So whilst there has been research and some progress in the area of semantic interoperability, in the absence of any hard evidence it is reasonable to suppose that effective meta-subject research requires considerably more effort.

I hope that I have explained that in the area of networked information retrieval, interoperability is a complex matter which requires much more than just technical interoperability. I hope too that I have outlined at least some of the approaches which information scientists are taking to tackle the issue of semantic interoperability. Clearly there are many challenges to be overcome before Tennant’s Holy grail is realised.
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	Query Number
	Query Subject

	
	

	1
	Ciencias de la información, lang="spanish"

	2
	Modernism theory

	3
	Plant ecology

	4
	Jewish history

	5
	Underground construction – history

	6
	Gentlemen pensioners

	7
	Generation Y

	8
	Bilingualism special needs

	9
	Japanese puzzle box

	10
	USSR

	11
	Cypriot law

	12
	Codicology

	13
	Fish liver

	14
	John Galt

	15
	Uffizi catalogue


Table One: Sample of queries used in tests

	Query
	Number of records retrieved by COPAC from the library of organisation A
	Number of records retrieved by InforM25 from the library of organisation A 
	Number of records retrieved by library OPAC of organisation A 

	Ciencias de la informacion, lang=”Spanish”
	3
	0
	0

	plant ecology
	37
	0
	0

	modernism theory
	52
	2
	2

	bilingualism special needs
	0
	0
	0

	Underground construction history
	0
	0
	0

	fish liver
	0
	0
	0

	USSR
	316
	1
	3

	jewish history
	537
	4
	0

	Gentlemen pensioners
	2
	0
	0

	generation Y
	0
	0
	0

	japanese puzzle box
	0
	0
	0

	cypriot law
	1
	0
	0

	Codicology
	40
	15
	4

	John Galt
	20
	0
	0

	uffizi catalogue
	0
	0
	0

	Table 2. COPAC,InforM25 and the  library OPAC for organisation A searching the library catalogue by subject


	Query
	Number of records retrieved by COPAC for organisation B
	Number of records retrieved by InforM25 for organisation B
	Number of records retrieved by OPAC of organisation B 

	ciencias de la informacion, lang=”Spanish”
	3
	0
	0

	plant ecology
	1
	0
	0

	Modernism theory
	25
	4
	4

	Bilingualism special needs
	0
	0
	0

	underground construction history
	0
	0
	0

	fish liver
	10
	0
	0

	USSR
	154
	0
	0

	jewish history
	85
	0
	0

	Gentlemen pensioners
	0
	0
	0

	generation Y
	5
	0
	0

	Japanese puzzle box
	0
	0
	0

	cypriot law
	0
	0
	0

	Codicology
	5
	1
	0

	John Galt
	0
	1
	0

	uffizi catalogue
	0
	0
	0

	Table 3. COPAC, M25 and the OPAC for organisation B searching the library catalogue by subject


	Query
	Number of records retrieved by COPAC from the Library of organisation C
	Number of records retrieved by InforM25 from the Library of organisation C
	Number of records retrieved by the OPAC of organisation C 

	Ciencias de la informacion, lang=”Spanish”
	0
	0
	0

	plant ecology
	100
	0
	109

	modernism theory
	85
	0
	10

	Bilingualism special needs
	0
	0
	0

	underground construction history
	0
	0
	0

	fish liver
	0
	0
	0

	USSR
	229
	45
	44

	jewish history
	265
	29
	323

	gentlemen pensioners
	1
	0
	0

	generation Y
	1
	0
	0

	japanese puzzle box
	0
	0
	0

	cypriot law
	0
	0
	0

	Codicology
	8
	0
	0

	John Galt
	4
	3
	3

	uffizi catalogue
	1
	0
	0

	Table 4. COPAC, M25 and the OPAC of organization C searching the library catalogue by subject


