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Abstract. This paper introduces a memetic visual interface (InOrder) supported by stigmergic knowledge foraging strategies which enables automated creation of virtual collaborative communities of like-minded thinkers in Cyberspace. A synergistic process of knowledge elicitation and conceptual navigation supports continual, high-level evaluation of search progress towards optimal keywords related to the domain of interest which enables teams of searchers interested in the domain at stake to dynamically establish an optimality of meaningful collections of search strategies that ultimately result in relevant knowledge of common interest to the particular community emerged as a result of this process. Cognitive and biological mechanisms observed within social insect systems are used to guide attention towards relevant domain concepts, and this supports conceptual learning and sense making even if queries aren't constructed. Incremental interaction automatically creates maps of associated keywords, and this helps InOrder overcome the “knowledge acquisition bottleneck". Retrieval systems such as Google return authoritative pages matching a query but do not assist requirements specification. InOrder offers such support, assisting the formation of more precise queries when goals require clarification. This keyword recommendation approach enables InOrder to improve the performance of existing search engines and deliver more relevant results to users.
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1. Overview

InOrder (Fig. 1) – www.InOrder.org - is an adaptable visual interface for collaborative search and query reformulation. It is designed such as to create a natural language interface supporting query refinement. Users simply click on anything that seems relevant, and this elicits conceptual refinements and reduces the rating effort required within many collaborative systems. Since it takes less effort to click than type, this reduces both cognitive and physical costs associated with supplying preference, which encourages participation. Information presentation has also been designed to reduce eye and mouse travel as well as feedback effort when performing conceptual exploration. 
As Figure 1 illustrates, in many ways InOrder functions as a "visual search WIKI" (http://www.wikipedia.org/) which represents search intent rather than search of formal articles. InOrder's compos-able query interface encourages users to select keywords to narrow their search, simple selective acts which assist personal search goals while refining a search group. Every action is a refinement offering both personal and collaborative benefit, where personal benefit refers to guidance towards real Information need (as opposed to perceived information need) as per  [6], while collective benefit refers to better characterization of a search domain. 
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Fig. 1: In Order’s Visual Interface

2.  Design Principles

As seen in Figure 2, InOrder integrates research into Search Usability, Data Mining and the Semantic Web within a collaborative visual interface. 
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Fig. 2: How In-Order Relates to other Web research

This integration is motivated by the premise that while the current vision of a Semantic Web built using XML is a valuable one, most research currently focuses on knowledge representation issues rather than interface development. And since most of the web currently consists of unstructured HTML content, this suggests that interfaces that facilitate cooperative translation of unstructured content into structured formats could be of considerable value. InOrder focuses on this interface-centric aspect of Semantic Web design, using an interactive data mining approach to extract meaningful (i.e. “semantic") data from unstructured HTML into InOrder's semantic framework. This web-mining approach enables InOrders keyword recommendation service, and in turn assists the refinement of broad or complex search tasks. Explicit keyword selection validates keyword utility within a given context, so search groups may converge towards more useful semantic structures as interaction occurs. This approach to semantic collaboration helps users explore relevant semantic knowledge when clarifying queries, and builds structured knowledge bases that may support other Semantic Web tools.

To achieve this, InOrder was designed according to the following principles:

· The interface should be platform independent to improve accessibility. This prompted use of server-side PHP solution which supports any forms-capable browser. Barriers to entry are reduced by avoiding signup, login or submission of any personal information.

· Use adaptive hypertext to structure the process of query reformulation. The system should log search tasks within the appropriate context and aggregate relevance opinions from individual users into a shared repository. This semantic blackboard with visual markup should behave in a stigmergic manner.

· Encourage explicit semantic interaction to ensure contributions are consistent and meaningful. A single click should perform actions which offer both personal and collective benefits, such that users participate in a process of conceptual design as they refine personal queries. This will allow casual participation to construct meaningful search maps.

· Prompt selection and evaluation of concepts before pages to assist accurate requirements specification. This is achieved through interaction design which conducts semantic search in parallel with document search. Web mining also supports this procedure, by incrementally extracting relevant keywords from relevant search results.

· Employ the principle of direct manipulation to increase system comprehension and motivate participation. All information should also be presented in a manner that assists visualization of recent interactions and fosters a sense of contribution.

3. System Goals

To successfully implement the system described above, InOrder defines several goals and design criteria which will provide users with an improved search experience when requirements are unclear:

1. Improve search usability for people with vague or complex search goals. 

2. Guide the search process, and reduce time required to accurately specify search requirements.

3. Provide a consistent interface to refine and expand queries, which will improve search

result relevance. 

4. Recommend useful terminology to increase awareness within a domain as search occurs. This leads to longer and more specifc queries which produce more relevant Google results.

5. Help users visualize domain knowledge, so relevant terms may be recognized and utilized more rapidly. Visual states should reflect prior feedback from like-minded searchers within the context (ie. search group), so searchers may effectively \see the insights of others.

4. In-Order’s Foundational paradigms

In-Order operates on the following paradigms of complex adaptive systems functionality:

4.1. Direct Visual Manipulation

As mentioned above, one technique employed by InOrder to increase usability of the blackboard interface is an interaction style called direct manipulation. Shneiderman [8] points out that this approach to user interface interaction usually leads to more usable interfaces, and InOrder allows direct, visual manipulation of all semantic knowledge within a search group. Shneiderman [8] also notes that one of the reasons for the success of direct manipulation interfaces is that visibility of objects of interest enable interaction close to the high-level task domain. Users don't need to decompose tasks and figure out what is going on, they simply interact and receive immediate feedback on the outcome of each action. Each act produces a comprehensible result in the task domain whose effect is immediately visible, reducing user anxiety because the system is comprehensible and actions are easily reversed. This interactive approach elicits meaningful semantic knowledge while helping users understand the purpose and benefits of participation. Direct manipulation supports stigmergic coordination of InOrders' semantic collections. Each click or vote creates immediate visual notification confirming interactive intentions were met. Combined with visual presentation which reflects relevance, this facilitates dynamic visualization of search domain concepts and offers a simple and meaningful way to explore the search advice of others. Ideas are explored before pages, establishing visual semantic trails which adapt to reflect search intent. This technique also preserves a user’s sense of control and contribution, to enable participation without personalization. 

4.2. Orienting Response and Information Scent

In the context of human experience, the Orienting Response (recognized by the Russian physiologist Sechenov in the 1850s, and studied extensively by Ivan Pavlov in 1927) explains why moving objects attract our attention. Early humans took advantage of this reflex not only to hunt and avoid predators, but also to detect fire, lightning and other environmental threats. Colors such as blue or green which are common in nature evoke the least response, whereas rare ones such as yellow or red draw greater levels of attention. Within modern society such behavioral reflexes now also affect activities such as driving automobiles or watching television. Consideration of the Orienting Response has guided the design of red traffic lights, yellow highlighters, terrorist alert systems and television ads, each in an attempt to provide novel stimuli which gain and hold human attention. InOrder instead applies this principle to the exploration and markup of keyword repositories which assist query refinement. Much like ants modify their behavior in response to chemical scents, coloration within InOrder guides the eyes and thus use of suggested semantic information. By combining the visual Orienting Response and the principle of Stigmergy within a simple interface, InOrder faciliates visualization of relevant conceptual information and perceptually guides information foraging activities.

An example of such markup invoking the Orienting Response is illustrated in Figure 1. Brighter terms such as green or yellow ones draw more attention because they have been voted up most often, suggesting they were useful in the past. Such cues direct attention towards promising semantic information within a given context, and support the selective process during query reformulation. This approach is based upon Chi and Pirolli's work on Visual Information Scent and Searching [1]. Visual markup informs users of the Information Scent of potential refinements, with 7 colors and 7 relevance states providing attention guidance. Terms with greater utility within a context influence future exploratory efforts simply because they are noticed more often.

In short, the color draws attention to most relevant information so time is spent exploring the most promising options. Similar to the cognitive maps formed via pheromone trails in ant colonies, the perceptual semantic interface guides conceptual exploration, and explicit semantic use/voting (i.e. explicit moderation) maintaining the relevance of shared semantic structures. This indirect communicative approach enables self-organizing semantic repositories to emerge from query interaction as per Section 4.4.

4.3 InOrder as a Memetic Algorithm

InOrder behaves much like a memetic algorithm, one which adapts according to human choice rather than natural selection. InOrder achieves this by treating query terms as memes, pieces of knowledge which reside within host groups and may be utilized for search. Yet unlike societies where information is spread through selective oral and written discourse and stored within human memory, InOrder uses the open semantic blackboard to share concepts or memes in an indirect and collaborative fashion. Within this framework search interaction deposits keywords into a shared environment where they are subject to public examination and review. Contextual click frequency influences position, color and thus adequacy of a concept, and as domain characterization occurs memes with the greatest contextual utility rise to the top.

Table 1shows the representational analogies between genetic and memetic [4] systems and InOrder's components.
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Table 1: Representational analogies between genetic/memetic systems and InOrder

As a composable memetic interface InOrder facilitates the collection, management and reuse of search memes. The interaction design promotes incremental acquisition of useful ideas, and re-evaluation or re-combination of frequently used terms. This process becomes one of intelligent crossover and mutation as human searchers intentionally explore new conceptual terrain, and “memetic foraging" prior to document evaluation allows the keywords to emerge via cooperative selection. This creates collaborative knowledge communities, in which individuals with similar interests can easily share opinions, attitudes and ideas within a conceptual ‘commmons’. Potential applications of such modes of use include collective brainstorming and strategy formation, in which the shared environment becomes a sketchpad for the exploration of related ideas. In the next section we will examine how this evolutionary/memetic framework has the potential to organize conceptual information without any central guidance.

4.4. Potential for Semantic Self-Organization

As illustrated in Table 2, InOrder's components also have direct analogies to neural and ant systems which both exhibit properties of self-organization. Like these systems, InOrder employs a swarm strategy to coordinate information exchange among system entities. Inspired by the parallels drawn between natural and information systems in [9], InOrder is designed such that actions of many independent agents lead to increasing system organization. Through cooperative memetic exchange and manipulation of textual knowledge, interacting team members may automatically adapt knowledge-bases towards respresentations that reflect group interests. Explicit human choice (as opposed to automatic pheromone secretion) creates persistent but adaptable semantic communities, which evolve according to collaborative selection.
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Table 2: Analogy InOrder and other self-organizing systems

This indicates InOrder's conceptual framework has potential to form self-organizing search maps.

5. Interaction Model

Information Foraging [10] and the StumbleUpon web discovery service [11] have inspired InOrder's interaction model, Fig. 3. These two approaches improve the Standard Interaction Model by applying principles from social and biological systems to the process of information retrieval. InOrder uses a new interaction model combining aspects of Information Foraging with a hybrid rating approach found within StumbleUpon. This interaction model focuses query formation activities by recommending useful associated keywords as potential refinements.
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Fig 3. Standard Interaction Model vs. InOrder Interaction Model

6. System Architecture

InOrder's backend is designed such that casual interaction naturally validates and organizes semantic information into meaningful data structures. The architecture, Fig. 4, helps users incrementally focus search tasks and easily build and manage groups, which assists exploration by like-minded searchers. Within InOrder a domain is represented by a search group, a collective history of query refinements which characterize the needs of users who chose to interact with a group. InOrder utilizes such domain models to assist keyword discovery, using the visual semantic blackboards to present users with concise summaries of interaction history. This assists users when they are unsure of search requirements, as they are able to examine stereotypical selections made by others. InOrder constructs domain models by extracting terminology from pages returned by Google, while using explicit human selection to incrementally associate keywords. This may also be thought of as search task modeling, in which search requirements are elicited from anonymous users and aggregated into contextual repositories. These models are concise and meaningful because they are formed through explicit user validation of extracted suggestions. These search ontologies do not formally specify relationships between entities, simply recording adjacent keyword selections within a given context.
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Fig. 4: InOrder System Architecture

7. Implementation

As shown in Figure 5, InOrders' visual stigmergic interface coordinates this incremental specification process.
Figure 6 illustrates the layout of the InOrder interface for ‘Caribbean travel’ community of interest, and describes 17 interface features. The functionality, purpose and reason behind each interface element is described from a user-centric perspective. This description matches the "instructions" link appearing at the bottom left-hand side of the interface.

1. Suggested Words: Select any of these words to add it to your search query. Terms with higher counts and brighter colors tend to be more useful, as they have been used more frequently in the past. Here the terms 'travel' and 'caribbean' have been selected, and added to the list of recently used keywords.

 2. Suggested Wordpairs: Just like words, you may select any of these to add them to your query. 

3. Explore Button: Click the explore button if you've selected some terms, but would like more suggestions to further narrow a search. In this example, clicking "Explore" would suggest keywords related to traveling to the Caribbean.
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Figure 5: Conceptual Search approach

 4. Google Button: Once you have selected 4 keywords, you will be shown top Google results for these terms. If you don't need all 4, clicking the Google button will popup a window of results for terms you have currently selected. Feel free to delete keywords using the red X buttons. 

5. Clear Button: This removes all your currently selected keywords, so you can start fresh.

6. List of Topics: These are topics within a group you may browse. Simply select the most appropriate one. 

7. Selected keywords: These keywords have been recently used within the selected topic (in this case the default "travel" topic). Essentially this is a log of what you or others have clicked in the past because it seemed useful. 

8. New Topics: If you don't see a topic that interests you, simply create one here by clicking "New". 
9. Topic Sorter: You may sort the list of topics by recency (default), popularity, or alphabetically. 

10. Finding Topics: If you click on a question mark next to a recently used keyword (near 7), you will be shown all the topics in the group which contain similar keywords. This helps you find related topics. 

11. Adding Keywords: If you know of a keyword that is useful but not present, feel free to add it.

12. Keyword Sorter: You may sort sets of keywords in a topic by recency (default), sequence or alphabetically. 
13. Searching for Keywords: At any time you may search for other keywords within the group that are related to what you are looking for. Simply type a word in here, or click

a question mark next to any word/wordpair in the center section of the screen (1 or 2) this will show all similar matching keywords.

[image: image7.emf]
Fig. 6: Interface Layout
14. Useless Terms: These are terms which have been voted down within the group, so they aren't as noticeable. If you see a term which isn't helpful, simply click the minus button next to it. 

15. Interesting Terms: These are helpful terms which have been voted up 1, 2 or 3 times. Feel free to click the plus button next to any term which was interesting or helpful... it will then be noticed more often. 

16. Reset Button: Returns you to the default group view, an overview of all popular keywords within the group. Click at any time to start a fresh search. 

17. Logout Button: Takes you back to InOrder.org, where you can browse/create other groups.

8. Conclusions
InOrder assists the execution of vague or complex search tasks by providing a composable visual interface for semantic knowledge sharing. The collaborative search interface recommends keywords to assist query formation by extracting associated textual knowledge from authoritative search results. This allows users to improve their queries through selective use of associated terms which better specify search requirements, and helps users realize “what to search for" as recommendations are examined. Use of terminology which search peers found helpful is also possible, by examining bold keywords which peers endorsed when examining prior extracted keywords. This service of semantic recommendation prior to document retrieval causes search within InOrder to become a two stage process, in which InOrder displays aggregate semantic interaction guiding term selection behavior. Groups of searchers may use and reuse these search maps to clarify search requirements and construct better queries as they alternate between conceptual and document browsing modes. This creates open semantic indices with open reread/rewrite access in which all participants are moderators, and simple selective acts automatically improve index relevance.

Beyond it's primary purpose of query refinement InOrder also functions as a collaborative interface assisting brainstorming and collaborative inquiry. The open, visual interface helps users not only gather and evaluate search strategies but also survey ideas associated with a domain. Participants may easily forage for ideas and make their opinions known by simply clicking on terms they find interesting. These semantic maps have several potential applications beyond keyword recommendation including classification, personal semantic modelling, and information filtering for e-commerce applications.
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Fig. 7: InOrder in the context of today’s search engines

As shown in Figure 7, InOrders' anonymous, collaborative and semantic approach gives users the benefits of collaboration seen in systems such as StumbleUpon Web Discovery Service (http://www.stumbleupon.com/), and improves conventional search engines such as Google by encouraging exploration of concepts before pages. This knowledge acquisition strategy and semantic recommendation interface allows InOrder to integrate easily with other retrieval systems. 
The semantic collections guide query formation and direct users to more relevant search results, which may then be shared with others using social bookmarking services such as StumbleUpon or del.icio.us [12]. These two approaches improve the Standard Interaction Model by applying principles from social and biological systems to the process of information retrieval. InOrder uses a new interaction model combining aspects of Information Foraging with a hybrid rating approach found within StumbleUpon. This interaction model focuses query formation activities by recommending useful associated keywords as potential refinements. 
From a Recommender Systems perspective, InOrder focuses on conceptual knowledge sharing rather than document discovery. Retrieval systems such as Google return authoritative pages matching a query but do not assist requirements specification. InOrder offers such support, assisting the formation of more precise queries when goals require clarification. This keyword recommendation approach enables InOrder to improve the capabilities of existing search engines and deliver more relevant results to users.

InOrder also uses Google's API and web-mining to acquire lexical resources from over 8 billion WWW pages, rather than IBM's NetQuestion [4] which queries smaller, more specific document collections. This endows InOrder with better usability and greater flexibility. . InOrder encourages collaborative, visual evaluation of semantic relevance which further assists comprehension and scanning of vocabulary. Visual relevance moderation is possible after keyword extraction, allowing participants to validate and reuse only the most useful keywords within the open knowledge bases. This enables the quality of InOrder groups to improve as participation increases, as collective and synergistic organization emerges from personal query refinement activity.
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