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A reference model for user-system interaction in

thesaurus-based searching

Abstract

This paper discusses a model of information searching in thesaurus enhanced search systems, intended as a reference model for system developers. The model focuses on user-system interaction and charts the specific stages of searching an indexed collection with a thesaurus. It was developed based on literature, findings from empirical studies and analysis of existing systems. The model describes in detail the entities, processes and decisions when interacting with a search system augmented with a thesaurus. A basic search scenario illustrates this process through the model. Graphical and textual depictions of the model are complemented by a concise matrix representation for evaluation purposes. Potential problems at different stages of the search process are discussed, together with possibilities for system developers. The aim is to set out a framework of processes, decisions and risks involved in thesaurus-based search, within which system developers can consider potential avenues for support.
Introduction

Thesauri in information searching

Thesauri are controlled vocabularies which organize concepts for indexing, browsing and search. A thesaurus structures concepts by means of a set of standard semantic relationships (ISO 2788, ISO 5964, NISO Z39.19). In addition to the controlled (‘preferred’) terms, major thesauri hold a large entry vocabulary of terms considered equivalent for retrieval purposes (Aitchison et al., 2000). They have attracted renewed attention recently due to interest in metadata for the Web (Rosenfeld and Morville, 2002); metadata standards, such as Dublin Core (1), recommend that the Subject of a resource be taken from a controlled vocabulary, such as a thesaurus.
Information searching can be enhanced considerably through the integration of thesauri into search systems. Although there are costs in vocabulary construction, a thesaurus can improve search performance (e.g. Greenberg 2001). Thesauri assist users through their entry vocabulary and in term selection by providing an overview of the domain (Brajnik et al., 1996; Spink and Saracevic, 1997). Indexers and searchers can make use of the hierarchical structure when deciding on the specificity of terms and retrieval mechanisms can also make use of the semantic structure for expanding queries (Beaulieu, 1997; Greenberg, 2001; Järvelin et al., 2001; Tudhope et al., 2002). 

A model of thesaurus-based  searching

This paper describes a model of information searching in thesaurus enhanced search systems, which is intended as a reference model for system developers. The model was developed as part of a research project investigating user behavior in thesaurus-enhanced systems (Blocks, 2004), the objectives of which were to examine the impact of thesauri on end-users’ information searching and to investigate methods for better exploitation of such tools. 

Background on information seeking and searching

The term “information seeking” often refers to the broader context of an information need, while “information searching” denotes interaction with a computer for a specific search, although the distinction sometimes becomes blurred (Marchionini, 1995; Spink et al., 2002; Wilson, 1999). Information seeking takes into account environmental issues, for example the users’ profession or organizational structure within which the information seeking takes place, as well as the underlying reasons for the information seeking task. It can also include the acquisition of information from non-electronic sources, such as colleagues and paper-based records. 
Traditionally, models tended to represent the users’ relationship with the system as two prongs (user and computer), which converged only in the comparison of the user’s query formulation and the system’s object representations. Recent models allow for interaction between the user and the system. Saracevic’s stratified model (Saracevic, 1997) provides an understanding of how hidden changes in cognition can affect observable changes on the surface, for example in the shape of query reformulation. Other researchers view the interaction between users and system as a dialog where the user and the system take it in turns to communicate (Belkin et al., 1995). Some research has focused on user-intermediary interaction (eg Ellis, 2002), while Beaulieu (2000) discusses various models of user interaction with a retrieval system, locating them at different levels of abstraction.
We are concerned with information searching. This paper describes a low-level model which focuses on user-system interaction and particularly on interaction with the thesaurus. Although much research on information searching has been reported, relatively few researchers have focused specifically on interactions with thesauri (exceptions include Bates (1986), Beaulieu et al. (1997)). Bates (1979a,b) and Fidel (1985) identified a number of tactics or moves respectively which are employed by professional searchers in order to modify queries, for example moving to a broader or related term. These tactics and moves describe interactions which apply at the query reformulation stage. Fidel (1991a-c) developed a selection routine based on professional searchers controlled vocabulary and free text term selection behavior.

Purpose of the model

Designing search systems incorporating thesauri or related controlled vocabularies poses some practical problems for developers since there may be an extra step in query formation or reformulation of selecting controlled terms and possibly navigating the thesaurus. Seemingly trivial issues, such as spelling mistakes, at this stage can derail a thesaurus-based search by failing to identify any appropriate controlled terms in the thesaurus. 

Information seeking models, such as Choo et al. (2000), Ellis (1989a), Kuhlthau (1991) and Saracevic (1997) provide useful frameworks of information seeking behavior and can assist with higher-level design aims. However, it is difficult to apply information directly from such models to the lower-level design context of a particular thesaurus-enhanced search system. 
The model described here focuses on user interactions with search systems which involve selection of terms from a thesaurus, in order to search collections indexed by the thesaurus. The model attempts to show in detail the various processes and decisions which may be involved in interacting with the thesaurus during a search.  Some interfaces may omit some of the processes or the outcome might be defaulted. In the interfaces we considered, the processes were required of the searcher. However, in certain circumstances it is possible to imagine that a system might perform some processes automatically. For example, a search system might try to map automatically from a user search term to controlled terms in the thesaurus. The model charts the specific stages of searching an indexed collection with a thesaurus. We also discuss some potential problems at different stages of the search process. The ultimate aim is to provide a reference model of thesaurus-related interactions that may be useful to those designing search systems incorporating thesauri or planning evaluations of such systems. 

Ellis (1989a, 1989b) critiqued the restrictive assumptions of controlled laboratory evaluations, regarding the behavioural and cognitive aspects of the context within which the search occurs. He emphasised an empirical, behavioural approach to information seeking studies, interviewing academic searchers for the specific practices they employed when looking for information. This led to the identification of basic information seeking patterns, such as browsing, chaining, monitoring, etc.

While the model presented here does not focus on cognitive aspects nor the wider information seeking context, it draws on an empirical study of end-user interaction with a thesaurus-based system and may serve to complement higher level, cognitive and behavioural models. Since it is partly based on studying behaviour with a particular system, it is oriented to interfaces of that general type and future advances in automated use of the thesaurus may affect parts of the model. However, as considered below in the development of the model, system-specific interactions were generalized to the processes they represented. The model was then validated (and evolved) by comparison against five other interfaces.

Research has shown the importance of strategic or conceptual support (e.g. Brajnik et al., 1996; Fidel 1995). In an early online study, Penniman (1982) analyzed Medline transaction  log data, with a view to identifying patterns of interaction and ultimately facilitating automatic support. Bates (1990) discusses possibilities for system support of search activities at different levels of granularity, within a framework of end-user control of the search steps. She argues that one reason current interfaces are difficult to use is that they tend not to be designed around typical search behaviours that promote strategic search goals. She particularly recommends that research be directed to system support for end-user searching at the mid-level range of tactics and stratagems, as opposed to basic moves and high level strategies.  Along similar lines, the DAFFODIL project (Klas, Fuhr & Schaefer, 2004) aims to demonstrate the usefulness of strategic support in tools for (academic) information searching tasks. Our model is intended to contribute to this general research direction by setting out a framework of processes, decisions and risks involved in thesaurus-based search, within which system developers can consider potential avenues for support.
Model development

Empirical basis of the model

Drawing on the literature on information searching, the model was developed from empirical data collected during two in-depth studies of a search system where a thesaurus was used for controlled vocabulary indexing and searching (2). Inductive, qualitative methods combining application logging, screen capture and observation with interviews, “think alouds” and content analysis, were used to analyse the information searching behaviour of 23 library and museum professionals on set tasks, in a total of 20 sessions lasting on average about 1 hour. 

These studies were conducted with FACET, a research prototype developed by the Hypermedia Research Unit in the University of Glamorgan (3), in collaboration with the Science Museum in London. The collections are indexed with the Art and Architecture Thesaurus (AAT), which is used in FACET for semantic query expansion and best match ranking of results (Tudhope et al. 2002). Some findings from the first study which resulted in significant changes to the FACET interface are reported in Blocks et al. (2002). While the FACET project investigated query expansion methods, the model focuses on basic search stages where a thesaurus is the source for the query terms.

Development of the model

The model was developed by consideration of the literature on information searching, together with analysis of the data collected primarily during the in-depth studies. Kuhlthau’s (1991) and Marchionini’s (1995) models of the basic stages in the information searching process were used as a starting point in the development of the model, in particular the stages of problem definition, query formulation and execution and examination of results. These were elaborated into the finer-grained expression of the model by consideration of the empirical data from the user studies. The incidents and comments collected during the first in-depth study were grouped into the proposed stages, and then ordered sequentially within each stage. Different search approaches by subjects were compared. Search-related ‘entities’ such as the free text expression of a concept, controlled thesaurus terms corresponding to a concept, query and result set were identified, along with the activities required to move between these entities (the ‘processes’ in the model). The individual phases were fitted together resulting in a basic structure for the model. Data collected during the second in-depth study were used to develop the model further, for example by including alternative approaches or interactions. Normally, several interactions can be performed on each entity. These were established by inspecting the data for evidence of how and why users moved between entities (the ‘decision points’). Various problematic search- or system-related situations (user errors and confusions) observed during the sessions were associated with decision points as ‘risks’. 
FACET-specific interactions were generalized, and the model tested against other thesaurus-based interfaces (see below) and data from the preliminary studies, in order to verify it, make potential corrections and expand it by clarifying processes and refining definitions. Modifications were minor - different implementations for example affected the description of the process of mapping free text terms to controlled terms and making a selection for the query.
Overview of the model

Figure 1 presents a graphical representation of the model, showing entities, decisions and processes involved in the different stages of the model. An illustrative search scenario, described in the following section, is highlighted (in black) for presentational purposes.

(Figure 1 here.)
Basic search

We now illustrate the model by describing a basic search process, which might for example constitute the beginning of a longer session. It moves from entity (1) sequentially through to (7) and (8), i.e. from identifying concepts via free text terms, mapping them to Controlled Terms, using these to construct a query, executing the query and evaluating the results (see figure 1). If more free text terms and concepts are identified during this sequence, the cycle restarts. Decision points also allow iteration of earlier search stages or processes, for example the assessment of several result records. Due to space limitations, it is not possible to present all interaction choices in this scenario and the most common have been selected for a basic search. Other possibilities can be identified in the model diagram and Appendix 1, which describes the processes in some detail.

Three Starting Points exist from which a search can begin, entity (1a) Concept or free text term, (1b) Record and (1c) Query. The latter two entities could be suggested as sample items in a search interface, but normally stem from previous analysis of the topic, for example a previously saved query or bookmarked record. 

A basic search starts with an Information Need, which can consist of one or more concepts.  Each concept (4) is expressed through entity (1a) Concept or free text term. These are expressions which are not necessarily in the system’s language or terminology and which thus need to be mapped to Controlled Terms. This is represented by process 1a-1 and normally requires the searchers to enter their free text phrase into a mechanism provided by the interface. Based on this information, the system retrieves Controlled Terms that could potentially represent the concept, referred to as entity (2), a Set of Candidate Terms.  Conceivably a system could select the terms automatically, in which case the Set of Candidate Terms might not be accessible to the searchers. In this description, it is assumed that the searchers make the selection themselves. Generally, this entails prioritizing candidate matches (5) and resolving homographs. In any case, the assessment of whether any terms have been retrieved (process 2-1, leading to decision [0]) has to be made. The selection of Candidate Terms for the query is represented by processes 2-3 and 2-5 to 2-11 and decision point [1]. This decision can be broken down into three sub-decisions (not discussed here in detail), which result in three processes leading from decision [1] to entity (3) Selected Controlled Terms (i.e. Candidate Terms selected for the query). Process 3-1 describes the query set-up (where this is necessary) which results in entity (4) Query. This entity represents the query the searchers are currently working with as opposed to entity (1c), an Existing Query. A query consists of at least one concept, which is expressed through one or more terms from the controlled vocabulary. A query can be modified or reformulated, which is represented by decision point [2], which can also be broken down into separate decisions. The model only contains a preliminary description of reformulation as not enough specific data was collected in order to model these interactions reliably.

Process 4-2 is the execution of the query, which in a dynamic system is triggered by modifications or even the selection of a Candidate (Controlled) Term. The system retrieves records matching the query and presents them as entity (5) Results to the searchers. In our studies, searchers’ first reaction tended to be an assessment of the number of results ([3]). If no records are retrieved, the searchers either reformulate the query, which they can do manually or by triggering automatic processes, or abandon the search. 

If any results have been retrieved, searchers can inspect the list of results ([4]) and select a record to view in detail. Entity (6) Record thus represents a record from the set of results retrieved by the query. Records consist of a number of different aspects, controlled indexing terms (or metadata) being the most important in the context of this model. Other elements might include a textual description, a photograph, information on the location of the item represented by the record, etc. Based on the aspects of a record, searchers can assess its relevance and make decisions on its use ([5]). For example, indexing terms might be useful to refine the query (process 4-5), or completely new concepts might be extracted, say from a free text description, (process 6-5).  Alternatively, the record can be added to (7) Collection of relevant records (process 7-1). This entity represents a set of records selected from the databases accessed by the system. They can serve as a basis for a subsequent search.

Process 6-5 leads to entity (8) Current search information. Although not strictly an entity in its own right, it was felt that this context should be made explicit in order to represent some of the wider processes that take place, for example when generating free text terms. As mentioned earlier, this model focuses on the immediate search session. However, problem definition and intended use of the required information, different levels of goals, etc. form the wider context of the current search session. Knowledge about the collection is for example acquired by (mentally) comparing two sets of results, or a record’s indexing terms to the query terms, and can feed directly back into query reformulation.

Main model diagram: context of the current search

Starting from the outside of the model diagram in figure 1, the outer area represents the context of the search. The shaded oval represents information within this context that is more pertinent to the current search. These two layers place the current search session, the white oval in the centre, in relation to information seeking behavior, which takes place outside of the search session and is, for example, discussed in models by Ingwersen (1996) and Wilson (1999). 

This model is only concerned with the search session itself, but needs to encompass the context of the search in order to take into account dynamic changes of the information need during the search session. The larger context of the search is equivalent to the “situational level” in Saracevic’s stratified model (Saracevic, 1997) or the long-term search goal in Xie’s research (Xie, 2002). For example, Xie’s ‘leading’ and ‘current’ search goals might be expressed through the shaded oval, i.e. the problem definition and the existing knowledge related to the search. This layer influences the current search session in terms of relevance of terms and records. Information viewed while searching is fed back into this existing knowledge about the topic (block arrows represent this reciprocal influence) and new relevant concepts and free text terms can be developed during the search.

Evaluating the model against other interfaces

Five web-based interfaces were used in testing the coherence and completeness of this model. The interfaces considered in this evaluation are mainly thesaurus-based front-ends to complete systems which have been available online over a number of years. OVID (6) provides an interface to commercial citation databases. ERIC and CHIN are public interfaces which provide access to online resources, Flamenco is an experimental system specifically developed to facilitate faceted data retrieval (7). The subject search facility of the OPAC of the University of Glamorgan does not employ a thesaurus but was included to broaden the range of interfaces.

The tabular representation of the model

(Insert figure 2 here)

In order to assess the model systematically, the model matrix was developed (figure 2). The entities and decisions of the model correspond to rows and columns. Intersections of rows and columns represent processes. The tabular layout thus allows the representation of connections between any pair of elements even if these do not exist currently in the model. Moving from a free text term to the set of Candidate Terms is for example presented in cell A2, where the row for entity (1a) Concept/Free text term intersects with column (2) Set of Candidate Terms.  This cell contains the reference to process 1a-1, which corresponds to this interaction. Some cells contain several references because the row or column summarizes two entities or decisions (for example column 7 represents entities (1c) and (4), which are both queries; decision [1] in column 4 can on a more detailed level be broken down into three separate decisions).

The search progress for each Internet interface was charted on the same table. The initial model matrix was then compared to the entries in the tables for each interface. Some processes existed in the model but not in the interfaces and vice versa. The causes for each difference were examined and missing or new connections noted if appropriate. For example, the Flamenco interface allowed users to move from a selected controlled term to the number of records, because postings give information on how many records the term will retrieve. 

The initial model derived from a consideration of the literature and the empirical studies of the FACET standalone system. The evaluation of the web interfaces against the model was intended to serve as a formative test of generalisability (8). Although none of the web interfaces investigated corresponded exactly to the model, the comparison resulted in the clarification of some processes and the correction of others. One potential difference between stand-alone and web interfaces is that interaction mechanisms requiring high bandwidth may be limited in web systems. Thus one of the main (and sometimes only) differences in the evaluation tables derived from the web interfaces limiting sub-windows and not keeping the set of candidate terms available to the user. In one web interface, after the initial query had been executed, the controlled vocabulary could not be accessed, unless the searchers used the back button or started a new search. This was reflected in that interface missing connections in the model. 

Other missing connections were linked to optional components which did not exist in the systems concerned. One example is entity “(7) Collection of relevant records”. Out of the interfaces inspected (including FACET), only OVID provided users with the functionality to create such a collection. In many of the interfaces, the users did not have the choice of whether or not to add more Controlled Terms (process 4-6). In some interfaces, selecting the Controlled Term executed the query, so that users could only consider more terms after the query had executed (processes 5-11). In interfaces where queries cannot be saved, it was not possible to assess the use of an existing query (1c-1). In interfaces like Flamenco, where selecting a term effectively executes a query, no zero hit results occur if only terms which have been used in indexing are displayed. This means that the process 5-6, the reaction to reformulate a query that retrieves zero hits, does not exist in this interface. Users can still find the results unsuitable and reformulate without viewing any. This process is represented by the sequence of processes 5-4 and 5-11. In some of the interfaces, users cannot easily move from a record to reformulating their query (process 6-7) as indexing terms are not shown explicitly in the records, so that the users can only take a free text concept (6-5) and map it to controlled vocabulary terms to use in the query.

 Decision Points and Risks

A basic search process has been illustrated earlier and Figure 1 shows the processes and decision points in the model that connect the various search entities. The processes are outlined in more detail in Appendix 1. In this section, we consider the decision points and potential risks associated with them of trouble or confusion for the searcher. Table 1 outlines the decision points in the model (numbers correspond to diamond shapes in Figure 1, while the text outlines the different decision issues).

 (Table 1 here)

During the user studies, problems and confusions associated with thesaurus interaction were noted and associated with the appropriate place in the model. They are presented here as ‘risks’ associated with the stages of the model, together with a discussion of issues surrounding the Decision Points and suggestions of some approaches to ameliorate potential problems (9). 
Identifying controlled vocabulary terms

This search stage concerns decisions [0] and [1]. To construct a search in a controlled vocabulary enhanced system, searchers are often required to map potential query terms to the controlled vocabulary. If due to spelling mistakes, syntax errors or unrecognized concepts no candidate terms are retrieved, this presents a first obstacle that can potentially lead to frustration (e.g. Peters 1989). If candidate terms are retrieved, then selection itself can be difficult if a large number of controlled terms are returned. Here options for visualizing terms in their hierarchical context may help, as well as inclusion of additional information from the thesaurus (e.g. scope notes), or even presentation of example results from the database indexed with the term. If this context is not easily available users may be tempted to assume they know the meaning of the controlled term and shortcut examination of the hierarchical context. This led to confusion and suboptimal search moves in a few instances in the studies, when an uninspected term was a homograph and the wrong sense was selected by the user. Tools for inspecting the controlled term list are another possibility. This may include sorting mechanisms and string search options. In our studies, users tended to first evaluate controlled terms lexically similar to their initial search terms (the same concept can have several synonyms) and this could be assisted via sorting mechanisms. In the first empirical study, the system had no facility for mapping multi-term phrases to controlled terminology and this proved to be a drawback on several occasions. This was incorporated into the second prototype with resulting benefits. Another option is to search scope notes for candidate term matches. This can be helpful but can also bring up long lists of non-relevant controlled terms. In our view, this stage of the search process is one where investment of resources in the thesaurus search system can pay dividends since failure to find appropriate controlled terminology may block all progress. Bates (1986) has outlined the benefits of an ‘end-user thesaurus’ with a very large entry vocabulary which includes very colloquial terms.
Query set-up

Query set-up refers to decision [2]. When constructing their query, searchers normally are required to select options. In complex or unfamiliar systems, it can be difficult to predict how the selection will affect retrieved results. The influence of knowledge on searching acquired through other systems, in these days particularly the Internet, should not be underestimated. During the second FACET study, it was found that even after an hour of searching a best-match system, one user still assumed an underlying Boolean logic. This had a direct influence on searching behavior in that the user was concerned that adding too many concepts might result in zero matches. Similar results have been reported by other researchers, see for example Beaulieu et al. (1997) – participants were surprised to find that adding terms did not narrow down the results but rather increased their number. Making information available on the matching algorithm, either through the help system or training, will reduce the risk of mistaken assumptions by the user. 
Assessing results retrieved

This stage concerns decision [3] regarding the number of records retrieved and decision [4] regarding the relevance or suitability of retrieved records. A well-known problem after query execution is the retrieval of too few or too many results. The latter is now often dealt with by best match approaches, sometimes combined with use of thresholds. Automatic modification of the query can help situations with few relevant results, including lexical or semantic term expansion, although user comprehension of the changes must be taken into account (see for example Beaulieu, 1997; Järvelin et al., 2001; Ruthven, 2003; Tudhope et al., 2002). Functionality for highlighting, resorting or searching the result set can assist and also speed up the process of selecting records for detailed inspection.
Inspecting individual records

Although in principle similar to assessment of the list of results, inspection of individual records warranted a separate step in the model due to the possible interactions with components of the records (decision [5]). Searchers can, for example, use indexing terms from the record in a query (6-6), derive new concepts from information displayed in the record (6-5), and store records in order to use them at a later point (6-3). Risks are limited at this point. One, well known in hypertext environments, is the chance of getting distracted by an interesting item, especially if access to related records exists via browsing. Options to bookmark records or a query history facility may be helpful in this regard.
Query reformulation

In our empirical studies and generally, query reformulation has been found to be a challenging stage of the information searching process. Typically, a number of options for modifying the query are now available without much guidance on which one would be most efficient or how best to proceed. The amount of flexibility in redefining the task can become critical here. Participants’ misunderstandings of the search process also became clearest at this point. From our studies, reformulation was seen as a key point in the thesaurus search process where automated support can yield potential benefits. Users may be unsure of their options, or unsure which of them (database, query terms, options regarding query set-up) are most efficient. The appropriate balance between system and user agency in reformulation has been identified generally as an important research issue (e.g. Bates, 1990; Beaulieu, 1977). Tools drawing on co-occurrence techniques that assist searchers become familiar with the indexing practice in a particular collection would be helpful. These need not be fully automatic. For example, sorting or visualization techniques that highlight potentially fruitful records or terms could assist inspection of results for reformulation purposes. In more complex systems, highlighting the effects of query modifications can function as a means to support end user comprehension and facilitate evaluation of the modifications.
Scope and limitations of the model

Due to the complexity of the search process, as discussed above the model does not include all possible influences, which could for example include search experience, knowledge of the subject area or the collection, organizational constraints on the search or the information use, and others. The influences presented in the model are those which reside within the search session, or which have a direct effect.

The model discussed here is primarily based on usage data of a ranked search system, integrating a controlled vocabulary for both searching and indexing. No data from free text or hybrid (both free text and controlled query terms) searches nor searching by browsing was available to test the model’s applicability to those types of system. The scenario discussed here assumes that the user starts from a free text search statement before browsing the vocabulary. 
The current model does not claim to be exhaustive but may be applicable to different types of controlled vocabularies. Tests were for example conducted with the OVID interface to Inspec which provides an index of author names based on the records in the collection. In future work, the model could be slightly extended to encompass use of thesauri in free text and hybrid systems. More details could be specified on processes for browsing behaviour and the types of interfaces popularized by Flamenco with query preview (Hearst, 2002). We will consider whether related knowledge organization systems, such as faceted classifications (Broughton, 2001) and gazetteers (Hill, 2002) have any special requirements. Query reformulation is a complex issue, involving aspects of the broader context beyond the immediate focus of the research conducted by the author and consequently, this model. Aspects of the decision making process were not expressed explicitly by participants and not captured by the data collection methods. It is hoped that future studies will focus more specifically on the use of thesauri and controlled vocabularies in reformulation. 

Conclusions

This paper discusses a model of information searching using a thesaurus, intended as a reference model for system developers. The model focuses on user-system interaction and charts the specific stages of searching an indexed collection with a thesaurus. Search process entities may be represented through one or several components in the interface. The model includes processes and decisions that may be involved in interacting with a thesaurus during a search and various risks have been identified at different stages in the process. The model can also be used to identify possible functionality limitations. As described in the testing of this model, evaluators can identify how elements of the interface or system in question correspond to entities and processes in the model. The analysis of differences permits a reflection on the cost/benefits of including different features in a particular system. 
The user’s awareness of the search process needs to be raised, be it through training or display of information. The use of controlled vocabulary tools can assist in some of the steps, for example refining query terms or analyzing results. Our aim has been to detail a framework of processes, decisions and risks related to the individual stages of the thesaurus-assisted search process, in the hope that this may contribute to investigation and implementation of future support mechanisms for end user searchers.
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URLs to interfaces

Interfaces were used to test the model in spring 2003 and were last accessed in September 2005.
CHIN - http://www.chin.gc.ca/English/Artefacts_Canada/index.html 
ERIC - http://searcheric.org/scripts/ewiz/amain5.asp

Flamenco - http://bailando.sims.berkeley.edu/flamenco-famuseum.html

LRC OPAC - http://waclient.lrc.glam.ac.uk/www-bin/www_talis1

OVID Inspec - http://edina.ac.uk/inspec/index.shtml

References

Aitchison, J., A. Gilchrist & D. Bawden (2000). Thesaurus construction : a practical manual. London:  AsLib.

Bates, M. J. (1979a). Idea tactics. Journal of the American Society for Information Science, 30(5), 280-289.

Bates, M. J. (1979b). Information search tactics. Journal of the American Society for Information Science, 30(4), 205-214.

Bates, M. J. (1986). Subject access in Online Catalogs - a Design-Model. Journal of the American Society for Information Science, 37(6), 357-376.

Bates, M. J. (1990). Where should the person stop and the information search interface start? Information Processing & Management. 26(5), 575-591.
Beaulieu, M. (1997). Experiments on interfaces to support query expansion. Journal of Documentation, 53(1), 8-19.

Beaulieu, M., T. Do, A. Payne & S. Jones (1997), Enquire Okapi Project. British Library and Innovation Report 17. London, City University.
Beaulieu, M. (2000). Interaction in information searching and retrieval. Journal of Documentation, 56 (4), 431-439.
Belkin, N. J., C. Cool, A. Stein & U. Thiel (1995). Cases, Scripts and information seeking strategies - on the design of interactive IR systems. Expert Systems with Applications, 9(3), 379-395.

Blocks, D. (2004). A qualitative study of thesaurus integration for end-user searching. Doctoral thesis. School of Computing, University of Glamorgan, UK. 

Blocks, D., C. Binding, C. Cunliffe & D. Tudhope (2002). Qualitative evaluation of a thesaurus-based retrieval system. In M. Agosti & C. Thanos (Eds.), Research and Advanced Technology for Digital Libraries : Proceedings of the 6th European Conference (ECDL 2002) (pp. 346-361), Berlin: Springer. 
Brajnik, G., S. Mizzaro & C. Tasso (1996). Evaluating user interfaces to information retrieval systems: A case study on user support. In P Frei, D. Harman, P Schaübie & R. Wilkinson (Eds.), Proceedings of the 19th annual international ACM SIGIR conference on Research and development in information retrieval (SigIR 96) (pp. 128-136), New York: ACM.

Broughton V. (2001). Faceted classification as a basis for knowledge organization in a digital environment: The BLISS Bibliographic Classification as a model for vocabulary management and the creation of multi-dimensional knowledge structures, New Review of Hypermedia and Multimedia, 7, 67-102.

Choo, C. W., B. Detlor & D. Turnbull (2000). Information seeking on the Web: An Integrated Model of Browsing and Searching. First Monday, 5(2).

Ellis, D. (1989a). A behavioural model for information retrieval systems design. Journal of Information Science, 15(4&5), 237-247.

Ellis, D. (1989b). A behavioural approach to information retrieval systems design. Journal of Documentation, 45(3), 171-212.
Ellis, D. , Wilson T., Ford N., Foster A., Lam H., Burton R., Spink A. (2002).Information seeking and mediated searching. Part 5. User-intermediary interaction. Journal of the American Society for Information Science and Technology, 53(11), 883-893.

Fidel, R. (1985). Moves in online searching. Online Review, 9(1), 61-74.

Fidel, R. (1991a). Searchers' selection of search keys: I - The selection Routine. Journal of the American Society for Information Science, 42(7), 490-500.

Fidel, R. (1991b). Searchers' selection of search keys: II - Controlled vocabulary or free-text searching. Journal of the American Society for Information Science, 42(7), 501-514.

Fidel, R. (1991c). Searchers' selection of search keys: III - Searching styles. Journal of the American Society for Information Science, 42(7), 515-527.

Fidel, R. & E. N. Efthimiadis (1995). Terminological Knowledge Structure For Intermediary Expert- Systems. Information Processing & Management, 31(1), 15-27.

Greenberg, J. (2001). Optimal query expansion (QE) processing methods with semantically encoded structured thesauri terminology. Journal of the American Society for Information Science, 52(6), 487-498.

Hearst, M., Elliott, A., English, J., Sinha, R., Swearingen, K. & Yee, K. (2002). Finding the Flow in Web Site Search. Communications of the ACM, 45(9), 42-49.  
Hill, L. (2000). Core elements of digital gazetteers: placenames, categories, and footprints. In J. Borbinha & T. Baker (Eds.), Research and Advanced Technology for Digital Libraries : Proceedings of the 4th European Conference (ECDL 2000) (pp. 280-290), Berlin: Springer.
Ingwersen, P. (1996). Cognitive perspectives of information retrieval interaction: Elements of a cognitive IR theory. Journal of Documentation, 52(1), 3-50.
Järvelin, K, J. Kekäläinen & T. Niemi (2001). Expansion tool: concept-based query expansion and construction. Information Retrieval, 4. 231 – 255.

Klas, C. P., N. Fuhr & A. Schafer (2004). Evaluating strategic support for information access in the DAFFODIL system. In R. Heery & L. Lyon (Eds.), Research and Advanced Technology for Digital Libraries : Proceedings of the 8th European Conference (ECDL 2004) (pp. 476-487), Berlin: Springer.
Kuhlthau, C. C. (1991). Inside the search process - information seeking from the users perspective. Journal of the American Society for Information Science, 42(5), 361-371.

Marchionini, G. (1995). Information seeking in electronic environments. Cambridge: Cambridge University Press.

Penniman, W. D. (1982). Modeling and evaluation of online user behavior. In Proceedings of the 45th American Society for Information Science (ASIS 1982) (pp. 231-235). Silver Spring: ASIS.
Peters, T. A. (1989). When smart people fail - an analysis of the transaction log of an online public-access catalog. Journal of Academic Librarianship, 15(5), 267-273.
Rosenfeld, R. and Morville, P. (2002). Information Architecture for the World Wide Web, (second edition), Sebastopol, CA: O'Reilly.
Ruthven, I. (2003). Re-examining the potential effectiveness of interactive query expansion. In C. Clarke & G. Cormack (Eds.), Proceedings of the 26th annual international ACM SIGIR conference on Research and development in information retrieval (SigIR 03) (pp. 213-220), New York: ACM.
Saracevic, T. (1997). The stratified model of information retrieval interaction: Extension and applications. In C. Schwartz & M. Rorvig (Eds.), Proceedings of the 60th Annual Meeting of the American Society for Information Science (ASIS 1997) (pp. 313-327). Silver Spring: ASIS.
Spink, A. & T. Saracevic (1997). Interaction in information retrieval: Selection and effectiveness of search terms. Journal of the American Society For Information Science, 48(8), 741-761.

Spink, A., Wilson T., Ford N., Foster A & D. Ellis (2002). Information-seeking and mediated searching. Journal of the American Society for Information Science and Technology, 53(9), 695-703.

Tudhope D., C. Binding, D. Blocks & D. Cunliffe (2002). Compound Descriptors in Context: A Matching Function for Classifications and Thesauri. In G. Marchionini & W. Hersh (Eds.), Proceeding of the 2nd ACM/IEEE-CS Joint Conference on Digital Libraries (JCDL 2002) (pp. 84-93) New York: ACM.

Wilson, T. D. (1999). Models in information behaviour research. Journal of Documentation, 55(3), 249-270.


Appendix 1 - Information searching processes

Some information, for example on conditions has been left out for brevity and can be found in Blocks (2004). Terminating search sessions (processes 2-5, 5-8 and 6-4) is not listed separately. It is understood that searchers will perform necessary actions to make use of relevant records (for example saving or printing them) as well as saving the query or logging out of the system. “(” refers the reader to entities and decisions elsewhere in the description.
Identifying Candidate Terms

1a-1 – From Free Text Terms/concepts

Process of mapping a free text term or concept to a Controlled Term which can be used in the query, normally by entering a phrase into a mechanism provided by the system, which then retrieve entity (2) Set of Candidate Terms.

1b-1 – From an existing Record

Similarly to records retrieved by a query, existing records can serve as a source of query terms (( (3) Selected Controlled Terms).

1c-1 – From an existing Query

The consideration of an existing query as a basis for a search leads to decision [6].

[6] Assessment of an existing query
1c-3

Searchers select query terms from the existing query to include in the current query. (( (3) Selected Controlled Terms).

1c-2

When reformulating an existing query, it can then be treated as entity (4) Query (current query).

From Candidate Terms to Selected Controlled Terms

“Selection” of Candidate Terms refers here to considering terms and assessing their suitability. The decisions and their sequence can be modified if executed by a system.

2-1

The Set of Candidate Terms is returned (( decision [0]). 

2-2

This process exists in systems where searchers can browse and select Controlled Terms without having to map concepts to the controlled vocabulary. (( decision [1]).

[0] Number of Candidate terms retrieved
2-4

Searchers return to the starting point, (1a) Concept or Free Text term.

2-3

Searchers look for the expected term, i.e. the phrase entered into the mechanism, or one that is close (( decision [1]).

[1] Relevance of Candidate Terms
2-8, 2-10, 2-11

Decision [1] can be broken down into three separate decisions linked by these processes (not described here) which represent the selection of appropriate Candidate Terms for the query.

2-12

Searchers return to the Starting Point, (1a) Concept or Free Text term and modify the entered phrase or think of a new one and recommence the mapping process.

From Selected Controlled Terms to the Query

3-1

Some systems allow searchers to execute queries by clicking a term, for example implemented as a hyperlink. Searchers are not involved in the query set-up and modifications are made after the query execution (( (4) Query). 

3-2

Searchers add a Selected Controlled Term to the query. 

Selection of a Controlled Term leads to decision [2].
[2] Considerations regarding set-up and modification of the query
 Options for identifying and including more terms in the query

In order to identify more query terms, searchers can return to:
-       the result records (decision [4]) (process 4-4).
-       the record they were looking at (process 4-5).
-       entity (2), the Set of Candidate Terms (process 4-6).
-       entity (1) starting point or reconsider the task definition (process 4-7).
Options for query set-up

4-1

Searchers set up the query. All steps for query set-up are interface and system-dependent, i.e. not all are required, the system can take some of the decisions and impose a sequence in which they have to be selected. Possible options are applying syntax or limitations (language, document type), selecting a collection and setting term options, for example weights or expansion.

4-3

This process allows for the fact that several options might have to be set by returning to decision [2].

Executing the query

4-2

Searchers submit the query. In dynamic systems, execution is triggered by modifications.

5-1

The system retrieves records which match the query and presents them as entity (5) Results to the searchers (( decision [3]).

[3] Assessment of number of results retrieved by the query
Modifying the query

5-3

Searchers return to entity (1) Starting point or reconsider the problem definition.

5-6

Searchers decide to make modifications to the query.

Inspecting the results

5-4

Searchers consider the results retrieved by the query as a whole. (( decision [4]).
5-5

Searchers open a retrieved record in a random manner (( decision  [5]).

5-9

Searchers add useful or suitable records to entity (7) Collection of relevant records.
[4] Relevance of results retrieved by the query
Options for modifying the query

5-7

Searchers return to entity (1) Starting point or reconsider the problem definition.

5-11

The assessment of the query results leads searchers to make modifications to the query set-up (( decision [2]).

Inspecting individual records

5-10

Searchers choose to inspect a specific record. This process can involve opening the record or a shift in focus from the set overall to the individual record.

6-1

Searchers inspect a specific record and extract information from it. This can require them to consider various aspects including indexing terms, free text description etc. 

6-8 

In some interfaces, searchers have the option to move from one record to the next without returning to the record set. If the system predetermines the sequence, this move does not require searchers to decide which record to view.

Inspecting the record in detail leads to decision [5], the assessment of whether and how to use the information from the individual record e.g. in reformulating the query.

[5] Relevance of aspects of records
6-2

Searchers return to the record set to select a different record or to take any of the other options possible that that point (( decision [4]).
6-3

Searchers add useful or suitable records to entity (7) Collection of relevant records.

6-5

Searchers return to entity (1) Starting point or reconsider the problem definition. The inspection of individual records is probably the point in the search session where searchers learn the most about the representation of the search topic in the database. Therefore, this process has been explicitly included in the diagram. However, acquisition of knowledge occurs throughout the search.

6-6

After assessing its suitability, searchers select a Controlled Term from the record (( (3) Selected controlled Term).

6-7

Searchers decide to make modification to the query set-up (( decision [2]).

From the Collection of relevant records

7-1

From entity (7) Collection of relevant records, searchers can return to the record they were inspecting in order to interact with other aspects, for example select Controlled Terms, or gather more information (( decision [5]).

7-2

After adding records to the collection, searchers can return to decision [4], for example to choose another record to inspect.

7-3

Searchers can select a record from entity (7) Collection of relevant records to use as a starting point (( (1) Starting point).
8-1

After considering current search information extracted from a record, searchers focus again on the aspects of the record in order to for example select Controlled Terms or gather more information (( decision [5]).

II)

From (8) Current Search Information, searchers can generate new free text terms or concepts and effectively recommence the search cycle by mapping these new terms to the controlled vocabulary (( entity (1a) Concept/Free text terms).

[image: image1]
Figure 1 Main model diagram - To increase clarity, the basic search process is highlighted in black.
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Figure 2 Tabular presentation of the model

	0
	Consideration of the number of Candidate Terms returned by matching mechanism? Have any been returned? Have so many been returned to make it difficult to select the appropriate one?

	1
	Assessment of relevance of Candidate Terms returned by matching mechanism for the search? Are there means to decide if a suitably relevant controlled term can be identified?

	2
	Considerations of query set-up (or modification): Are enough terms included in the query in order to proceed? Are the concepts sufficiently covered? Are the terms appropriate?

	3
	Consideration of the number of results retrieved by the query? Have any been returned? Have so many been returned to make it difficult to choose relevant results?

	4
	Assessment of result list for records of potential relevance? Is enough information displayed to make initial assessments of potential relevance?

	5
	Assessment of individual records and their relevance? Examination of an individual record (indexing terms, description, etc.) leads to a decision on how/whether to use the record, for example identifying indexing terms to include in the query, adding the record to the Collection of relevant records, or reading it in detail as an answer to the query.

	6
	Assessment of an existing query? If it is it to be reformulated, are existing concepts suitable and are individual terms suitable? 


Table 1 Overview of Decision Points
Footnotes
1.  http://dublincore.org/ Dublin Core website

 2. For information on the two preliminary studies conducted to refine research questions and develop methodology, as well as details on the in-depth studies, see Blocks (2004). The first preliminary study, with a University of Glamorgan MSc class (8 students), compared a free text search for multimedia distance learning materials on the ERIC (Educational Resources Information Center) Web database with a thesaurus-based search.  The second study involved four Glamorgan Care Science research assistants in a combination of set task and own tasks with the OVID Medline system and MeSH (Medical Subject Headings) data. Among methodological findings: a general purpose key logging tool was found not to give sufficient detail, it was impractical for the researcher to complete a detailed record sheet in real time and subject motivation was an important issue. 

3.  http://www.comp.glam.ac.uk/~FACET/facetproject.html - FACET Project

4.  For multi-concept queries, the procedure of mapping terms to the controlled vocabulary needs to be completed for each concept. This poses additional complexities to the untrained searcher but is beyond the scope of this paper. 

5.  Selecting the best matching controlled term can involve judgment when the controlled vocabulary does not precisely align with the searcher’s terminology. In our studies, searchers first looked for a close lexical match to the free text term employed before considering other alternative expressions of the concept.

6.   URLs at the end of the paper

7.  Note that the search rather than browsing mode of Flamenco has been considered here. 

8.  Unfortunately no other standalone system was available for testing – further validation testing against other systems and extending to controlled vocabularies other than thesauri forms part of future work.

9.  For a fuller discussion, see Blocks (2004), which has a more comprehensive presentation of risks, where various attributes are delineated, including context, potential causes, solutions and support options, etc.
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