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ABSTRACT


This paper will discuss past, present and future designs of information retrieval user-interfaces.  It will touch on the constraints and advantages in hardware, software and networking capabilities, and what they imply for user-interface design theory.  It will also address the browsing and query models of searching in relation to the user-interface and in conjunction with each other, and then move on to present some of the specific criteria designers must keep in mind while creating user-interfaces in the future.  These criteria include the need to recognize the difficulties of problem definition and the likelihood of information-overload on the part of the user.

INTRODUCTION

While information retrieval theory continues to progress, so to do the theories about how a user will interface with information – at both the query and response level.  Information retrieval theories have had to incorporate increase in both the amount and types of data and objects available.  User interface theory has begun to reflect this increase via multi-level, multi-tiered access and display information and tools.  We have moved from a single point in the historical trend (that of command-driven inquiries) to the present (additionally, menu-driven and graphical user interfaces).  Finally, we look to the future:  a network of web-like access points and views (multiple and movable windows and interfaces).  The path has brought us from the static to the dynamic, from the traditionally linear and hierarchical to the semantic mapping and networked chain of ideas.  To clearly understand the trends, we must look first at the static:  that of least options for the user in regards to interface design.

BACKGROUND

Originally, system and data elements allowed little choice for user access.  The systems could not hold or store large amounts of information, and indexing was, by nature of the system itself, hierarchical and linear.  Such is not the case today.  Information databases have expanded from relatively fixed amounts and types of data to encompass multiple types of objects and an ever-growing larger number of them.  

In the mid-1990s, we saw an increase in metaphoric representation.  A number of programs (Internet Public Library – IPL and Engineering Information Village – Ei Village) used metaphors extensively in their user interfaces.  The metaphors represented the range of resources offered by each system (Tenopir 2003).  This didn’t last long.  While it enabled a novice user to browse the system and find relevant information, it appeared to more able users to be condescending.  It looked “too much like a game or frivolous web site” (Tenopir 2003).

Users clearly wanted systems that were user-friendly, but not “friendly-fun.”  It became apparent that the more usable a system was, the more a user would benefit.  Usability includes: ease of learning, efficiency of use, memorability (is it even easier to use the next time?), error frequency and severity, and subjective satisfaction (Kantor, 2002).    One critical concept arising from this era in information retrieval and user interface development was that the “system should always keep the user informed about what is going on” (Kantor, 2002).  Keeping the user informed was no easy task, and it required a shift in theory for the designers of information retrieval user interfaces.  

With the advent of faster and more capable systems, a transformation began.  The system could do more, requiring the user to do less.  It sounds great, but was difficult to portray in a user-friendly interface.  With the hardware and software capabilities available via advances in technology, researchers moved to focus on the user.  The shift in focus, from hardware capabilities to computing that supported human relationships, moved information retrieval forward (Zillner, 2003).  The move from machine-centric processes toward user-centered services and tools was an even larger step (Zillner, 2003).  This transformation enabled a different view of the overall structure: from static to dynamic, from single to multi, from human or machine to human and machine.

CURRENT TRENDS


Today’s systems have more access points, more browsing options, multiple catalog arrangements in a single source, provide better search results, provide remote access, increase the utilization of library resources and create greater user enjoyment and satisfaction (Hildreth, 1995).  The systems are hybrid card catalog (browsing) and Boolean (query) systems (Hildreth, 1995).  Systems are more usable.  With the current increase in both system ability and user access, it was necessary to reconsider how best to serve the information-seeking user with the new tools at hand.  It is necessary to go “back to basics” to understand exactly what users need from an information retrieval user interface.

While others have come up with a myriad of lists and definitions for information retrieval user interfaces, what it boils down to is this:  can you see it, can you use it, can you get what you need.  Each of these three elements can be broken down further.  “See” could also represent hear, touch, smell, and move, encompassing all the elements of users’ various learning styles (Murrell, 1998).   “Use” is a highly subjective word, but in this connotation will represent navigation – can a user move around the screen, into and out of other screens or sections, with an understanding of the navigation and how to get elsewhere?  The third element is the most nebulous.  Can the user get what he or she needs?  (An implied part of this question is that the user knows what she or he needs and while this is not yet addressed in current trends, there is hope for the future.)  To define whether or not a user interface meets these three criteria (and to what level), we need to understand the underlying concepts of information retrieval, in relation to both system design and user interface.  One critical aspect that is currently under consideration is what level of user-ability will be required to navigate the system.

It has been necessary to determine a user’s level of ability (regarding computer interface and information retrieval system use).  The grid below represents the different types of users one can expect to access an information retrieval system (Buckland, 1991).  Not represented are the levels within each section (i.e.: how skilled is the user with the system and/or subject area?).

	
	Layperson
	End-User
	Intermediary
	Elite

	Knowledge of System
	
	
	X
	X

	Knowledge of Subject Area
	
	X
	
	X


(X represents the user has experience in this area)

Users at every level of expertise approach information retrieval with a plan, whether it’s to begin a general search or conduct a more specific inquiry.  When users were familiar with a situation or context, they had less degree of plan deviation.  When a user was not familiar with the interface and knew nothing about the subject matter, she or he could not follow his/her original plan (Ng, 2002).  When any users are presented with difficulties during their information retrieval process, it is necessary to take steps to ensure they can overcome them.  According to one theory, there are two sorts of solutions:  to increase the user’s expertise or to simplify the system (Ng, 2002).

Today, user interfaces and system designs are striving to simplify the user-interface (to simplify the system per the perception of the user).  One cannot always be sure users will want to increase the knowledge they have of a particular system, especially if it is one they will not be using frequently.  Therefore, design trends in user interfaces have moved forward in the way best suited to users:  creating multiple levels of use which reflect the various skill levels different users bring to a system.  These current trends integrate situated and planned aspects of information retrieval into one single model (Ng, 2002).  Boolean interfaces can be provided transparently for expert users, but novice users deserve alternative interfaces (Marchionini, 1992).

This trend toward combining elements to create one system that is multi-user friendly was best defined by Korfhage (Korfhage, 1997).  He relates a user interface (and the design of) to the 35mm cameras of today.  A camera user can pick up a camera, point, and shoot.  Oftentimes, he or she is rewarded with a decent (if not good) picture.  The camera (system) has “done the work” for the user as far as determining amount of light, focus, distance, and other factors that make a quality photograph.  In addition to this “point and shoot” mode, however, a more experienced user (photographer) can use the many levers, knobs, and buttons on the camera (that do not disrupt the layperson’s use of the camera) to adjust the shot to his or her liking.  The higher level of knowledge and expertise the user brought to the camera is used.


A good information retrieval user interface can now do the same thing.  The novice user should be comfortable accessing the system with little no-how, and the more adept user should be able to access as many available features and he or she can use.  This “multi-tiered” approach is the current trend in user interfaces for today’s information retrieval systems.  The major methods of information retrieval, browsing, and query have combined.

Another way to ensure a quality user interface for different levels of users and user ability is to restrict the amount of text on higher levels in the visualization hierarchy (Sundman, 2003).  The users need a tool that allows them an overall view of the game (a point-and-shoot snapshot, if you will).  The more experienced user needs to have clearly visible indicators allowing access to higher-level functions.

The browsing and query methods, while often combined, bring easier access to the varying levels of users.  Some people, however, prefer one method to the other.  Browsing is often touted as the “best” method because it assists a user as he or she progresses through the information retrieval process.  Browsing allows the user to determine the direction of the search based on immediate feedback (Cox, 1992).  According to this theory, the browsing method alone will work efficiently and effectively for many information retrieval tasks.  In addition to the fact that browsing allows easy access for a high number of users, there are difficulties with the query-based model: user difficulty with query formulation, null returns, term dependency, and the system-end difficulties of adapting to different forms of information objects and finding good surrogates to represent them (Cox, 1992).

Browsing, on the other hand, leaves the user in control of the interactions so they can create useful conceptual models of the system operation (Cox, 1992).    Another proponent takes this model one step further and references a tree that contains 10,000 files in 600 directories that users can view on a single screen.  In viewing the tree, users can determine their next steps (Marchionini, 1992).  One item Cox does not clarify is how to make the interface reflect the underlying model of how the system works so that it is apparent to the user.  He does, however, indicate that when an item of apparent interest is found, it must be saved (either by an effort on the user’s part or as part of the system interface design). 

Another item not clearly addressed by Cox in his browsing-only model is the information overload that is pervasive in today’s searches, and becoming increasingly more so.  A number of query methods would assist in filtering the information available to the user and keep them from being overloaded.  Work in this area is beginning, and with systems designed to take user input and produce output (a criterion of reference for future searches of the same user), we will see user interface design continue to incorporate both the query and browsing models.  Special prompts, labeling and formatting of the subject data have had a positive influence on the search performance of inexperienced users (Hildreth, 1995).

Today’s models are moving forward with this theory, and one must admit the holistic approach that combines both browsing and query models in an information retrieval system is a vast improvement over simply one or the other.  The combination of the two allows for the novice users (or expert users conducting an unclear query) to browse categories and further their search for needed information based on return feedback from the system (caches of objects selected to meet the browsing categories).  More advanced users (or novice users with a clear definition of their information-seeking purpose) can readily access the query model.  

It’s not just a user’s ability with the system and its user interface that determines what information seeking method he or she will pursue.  Hildreth offers that browse searching is the most useful and preferred approach when the search aim is not specific (Hildreth, 1995).  He suggests that browsing is even less developed and is generally provided as an intermediate or secondary stage in the subject search process (Hildreth, 1995).  This is great for novice users or those not experienced in the subject area being searched, but not so good for the more advanced user.
The problem with creating a system for a variety of users at a variety of levels is, in part, due to the characteristics of the search methods the users employ.  Expert users perceive large, meaningful patterns in their own domains, and their searching reflects the organization of a knowledge base.  They represent problems according to fundamental principles.  A novice, on the other hand, tends to represent problems at a more superficial level, and might have no concept of how the knowledge base is structured (Marchionini, 1993).

Already, there are a number of websites and databases that have begun to employ the combination of both the query and browsing models of information retrieval to better meet the needs of all levels of users.  TheBrain is a visual interface that serves as a platform for communicating information in a network of relationships.  It includes intuitive navigation, end-user authoring, customized information views and contextual searching (Misek, 2003). 

Other current systems, such as Perseus and the Virtual Notebook, combine problem articulation, examination, and extraction in seamless and rapid ways that facilitate ongoing problem definition and clarification (Marchionini, 1992).  The dynamic and fluid nature of the information-seeking process demands no less than a system that is also dynamic and fluid.  The trends have moved us toward this, from separate and distinct models to combinations of models, from linear, hierarchical-only structures to web-like displays of information categorized in groups applicable to the user’s search, and from stand alone, static databases to interconnected “meta-data” storage areas.  

The current trend of interface design continues to look at the picture holistically.  In designing future systems and interfaces, the users, designers, writers, human factors specialists and usability specialists should work together (Kantor, 2002).  Designing the information retrieval system and its user interface is a cyclical process, and reflects the cyclical process of information retrieval itself.  Many others support the view that the design goal is to facilitate user comprehension and decision-making (Hildreth, 1995).

The user interfaces of today’s sites enable people to achieve their goals with a minimum of cognitive load and maximum of enjoyment (Marchionini, 1992).  Users want answers rather than pointers, and document or object delivery rather than information retrieval.  This continued forward movement into the theory and research of user-centered design philosophies has paved the way for future trends (Marchionini, 1992).

FUTURE TRENDS

Third (up and coming) generation systems are defined primarily by the advanced interface search functionality and it’s here where development has stalled (Hildreth, 1995).  The three types of user interfaces to date (command-driven, menu-driven and graphical user interface) have all served their purposes well.  As with the blending of query and browsing methods to better allow a system to reach all levels of end-users, so too must development focus on combining these three methods of user-interfaces to create interface platforms that continue to support all levels of ability.  Users themselves push the research and development in this arena.  Online catalog interfaces have been “acceptance tested” more often in marketplace than the laboratory (Hildreth, 1995).  The users will demand systems more suited to their needs, as with the users of the library and downtown metaphorical interfaces (IPL and EiVillage) who stopped accessing the systems until the design became less condescending and less “fun-like” (Tenopir, 2003).  As with a number of arenas, commercial or market success will drive the future of the interface design.  If it’s more useable by a higher number of people, more people will use it.  The current user interfaces were developed for small personal computers (Nielsen).  Future interfaces will be based on vast networks of metadata.
In the future, the greatest advances will come in software and interfaces (Marchionini, 1992).  There is more than just that, though, as the future will see even greater technological advances in hardware.  These advances will change the way we look at user interfaces.  On the physical level, virtual reality, touch screens, gloves, and optical sensors that track eye movement while reading screens will all play a part in providing feedback to the system of the user’s movements (Marchionini, 1992).  These movements can then be analyzed by a system to determine what to provide next.  If a system provides a map indicating a network of categories, and the user’s eye movement tracks to a corner region, the system (in response to this user input), would provide feedback by enlarging that corner to fill the screen and watching where the user’s eyes track next.  This dynamic, fluid and interactive design closely mimics the dynamic and interactive nature of information retrieval.  Interaction between information-seeking users and the tools to access information itself is important (Hansen, 1996).  Much as information retrieval is an interactive process, the user-interface must be interactive as well (Hansen, 1996).  Some systems are being developed that incorporate the cyclical (process > product > feedback > process) nature of information retrieval, and these systems use the same cyclical process to ensure user satisfaction.

The Answer Garden is a prototype that incorporates many of today’s trends and takes them a step further.  The interface leads a user through a series of diagnostic questions, providing sets of responses based on answers to related questions posed by other users.  If no answers match the user’s query, an expert can be e-mailed and a response is sent out separately to the user.  That response is then added to the database.  The system, the users and the experts have combined to create a dynamic data set that continues to grow and serve the needs of its clientele.

Recently, in Charleston, South Carolina, the first-ever virtual reference service cooperatively staffed by research libraries across a region was started (Burger).  The system, Ask a Librarian, is available through the website of any participating library (Burger).  This trend towards grouping large databases of information together over a network is one that will continue to expand as internet connection speeds continue to increase.  What this type of networked system demands is a common user portal.  The portal requires a user interface designed with an even broader clientele than the interface designed for the users of a single library.  When we are asked to consider the user’s abilities, skill levels and information retrieval needs, we realize they have grown in complexity proportionately to the number of users now on the networked system.  The goal of this new service reflects the ASERL libraries’ mission – to teacher users how to locate the information they seek” (Burger).  ASERL is the largest regional academic library cooperative in the country, with 37 research libraries and six state libraries (Burger).

The National Information Standards Organization (NISO) has started another combined systsem – a MetaSearch initiative.  The goal is to develop strategies and approaches for improving metasearch services and content delivery, while also helping libraries to deliver services that distinguish their services from Google and other free web services (Library of Congress – Standards). 

NISO and Ask a Librarian are not the only metadata projects out there now; there are many.  Another of note is the Nordic Metadata Project.  It consists of thirteen metadata elements (developed in collaboration with a number of entities, including the Library of Congress) (Hansen, 1996).  The ultimate aim of metadata provision is to enhance end-user services by making digital documents more easily searchable and deliverable (Hansen, 1996).

A good interface will take the user input and provide sufficient examples and feedback for the user to continue his or her search.  It will not provide the upper limit of examples, but rather those that are most relevant.  Future technologies will be able to determine the users method of searching and base its responses on that.  If a user inputs a general category, it could return with a manageable number of sub-categories based on that query.  If a user inputs a query search that is more specific, the system would again generate subcategories, but these would be more defined based on the input.

Hildreth points out Potter’s three complementary future paths for online libraries.  They will have more indexes to more sets of collections and more online reference databases.  There will be a gradual inclusion of more full text of journal articles and possibly books.  There will be greater connectivity from online library systems to other systems (Hildreth, 1995).  One must be weary, however, that the amount of data available and retrieved does not overwhelm the user.

Today, with graphic representations available and levels of multi-media interfaces increasing, information retrieval has progressed to multi-tiered, multi-faceted search capabilities.  This is good for the user because it can provide “contextually mapped” images of what is being browsed or queried, indicating adjacent concepts and possible further avenues of exploration; it could also open up a Pandora’s box of “information-overload.”  Computer-augmented information seeking will become increasingly more complex.   As the stores of information grow, information-seeking problems will not be about finding information, but filtering it (Marchionini, 1992).  People have to deal with millions (and soon billions) of information objects in systems that coordinate the actions of millions of concurrent users (Nielsen).

Problem definition is a critical step in the information-seeking process (Hansen, 1996).  It will become more critical as the wealth of information available increases.  Problem definition is one area that is in great need of further development.  One suggestion is the creation of some sort of semantic network construction tool for users (Marchionini, 1992).  This theory extrapolates on the combined browsing and query models, returning again to the less hierarchical and more web-like, networked approach of information retrieval.   

The future of information retrieval user interfaces is here.  A number of items are already being addressed partially, wholly, or in pieces with other components, in a number of interfaces available today.  Going forward, some critical elements should be kept in mind.  The interfaces must support problem definition, collaboration among groups of humans and machines, allow for filtering or masking of information, provide alternative input modes, collaborate with end users in seeking information, and accommodate individual differences and cultural diversity (Marchionini, 1992).  Marchionni states it even more simply:  interfaces that assist users in analyzing problems, examining results, and extracting information must be developed (Marchionini, 1993).  Another critical element to keep at the forefront of research and user interface design is that of information overload.

One way to ensure “information overload” does not occur is the ‘reduce the amount of irrelevant information’ by providing a hierarchical approach that ‘zooms in’ on data sets that fit the user’s search criteria.  (Sundman, 2003) While this assists the novice or information-overloaded user, it does nothing to help the more experienced user, nor does it provide a clear path in the searching strategy without knowing the user’s needs explicitly.  The drawbacks far outweigh the benefits here, and the web-like or mapped and networked visual representations would fulfill the information retrieval needs of a user more clearly, but ideas and methods to keep the retrieved sets of information manageable must be created.

CONCLUSION

We’ve come a long way, from typing DOS commands to clicking graphical buttons as metaphorical representations of actions.  We still have a long way to go.  As technological advances continue to progress, the wealth and types of data and objects available to the user increase.  The software of today has begun to address the multi-faceted, multi-tiered aspect and needs of the user.  The software of the future will continue to keep this in mind while providing multiple ways to assist the user in the difficult stage of problem definition.  Users will all have a 35mm camera with which to take pictures, but they will still be unclear, sometimes, about what they want to shoot.  The software of the future will also need to address the concept of information overload because the wealth of pictures to take may be so overwhelming a user might never pick up the camera.  
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