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ABSTRACT

Collection understanding shifts the traditional focus from finding specific artifacts in a collection to gaining an overall perspective of the content of the collection. The goal of this tool is to help participants to directly interact with the artifacts in a collection so that they derive their own conclusions and interpretations. In this paper, a study is conducted on one form of visualization, streaming collage, in the collection understanding tool.
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INTRODUCTION

Consider browsing a large image collection, for instance, the image collection of the web with the Google interface, or the Louvre Museum [14]. What was the interface like? Were there collection level descriptions that provided meaningful guides to the content of the collection? From this description, could you see a visual depiction in your mind of the objets d’art? For instance, here’s a description provided by the Louvre [14]:
“The Louvre museum has custody of approximately 6,000 European paintings, completed between the end of the XIIIth century and the middle of the XIXth century. As the conservatory of French painting, the Louvre also aims to reflect all the artistic cultures of Europe. Its origin goes back to the "Cabinet des tableaux" constituted at Fontainebleau by François I at the beginning of the XVIth century, which was greatly enriched from the beginning of the XVIIth century. At the end of Louis XIV's reign it included 1,478 paintings by the masters, making it one of the richest European collections of the time.”

In face to face conversation, we describe our experiences amongst one another and tailor our communication based on feedback and non-verbal cues. We try to illustrate or use instances to clarify our responses, to let the audience get our picture but we always end with, “you gotta be there to know what I mean”. Similarly, to know what the Louvre meant by the above collection description, we need to experience the artifacts to know what was actually in the collection so that we see vividly in the mind’s eye. In the above description, vague collection level summaries don’t afford a personal connection to the notion of “richest” or “all the artistic cultures” of Europe. To get that big picture is to visit the museum, to go beyond a vague collection portrayal, to stimulate the mind with content, to come into contact with the artifacts and to experience for ourselves the rich nature of the collection, to reach that sense of collection understanding.

COLLECTION UNDERSTANDING

Collection understanding shifts the traditional focus of image retrieval in large collections from locating specific images to gaining a comprehensive view of the collection [4]. Current interfaces presuppose that we get the essence of the collection from vague metadata such as title, subject, creator, date, and description [5]. We are conditioned by such interfaces to find particular information, to get to that information quickly with the help of more powerful query engines, faster indexing schemes and efficient hashing tables. But how often do we approach a collection and know what we are searching for or what the metadata values are and what they mean? Collection understanding isn’t about finding specific artifacts, nor is there an assumption that we comprehend the curator’s taxonomy. Collection understanding takes a discovery approach. We “walk around” the collection, freely create our own subsets by expanding or constricting our collection perspective and derive our own conclusions about the artifacts. Through this explorative process, we shift our focus from concentrating on the metadata values to getting the essence of the artifacts that constitute the collection. We begin to see in our mind’s eye how the curator constructed associations between the content and the metadata and we come to our own understanding of the various relationships among the collection elements.
Collection understanding is about creating a fulfilling experience for participants so that they engage with the actual content of the collection by direct manipulation of the artifacts. Participants acquire a gradual understanding when they dynamically interact with the collection through an iterative process of getting feedback from the interface, viewing the artifacts, and incrementally adjusting their collection perspective. Previous results are used to generate subsequent directions and new ideas are found along the way to create an emergent navigation where participants become engaged in incidental learning [17]. With incidental learning, participants become engaged in the context of the situation, use this new understanding to make sense of the experience, evaluate choices and actions based on their insight and formulate their next step.
Collection understanding gives participants the big picture by allowing direct interaction with the artifacts. The goal is to give control to these collection navigators so that they may gradually obtain an overall perspective and derive their own associations and relationships among the artifacts. Participants get to define the content of the display space as they become more familiar and better at interacting with the artifacts. The language of the interface no longer hampers users when they are forced to guess metadata values. They can freely interact with the artifacts of the collection, filter on metadata values and develop their own reasoning from visualizing actual content. 
Collection understanding is geared toward encouraging implicit relationships derived from explicit metadata, that is, insight not described by the metadata. Relationships such as patterns among media used to represent the artifacts, themes, use of form and expression/moods provide novel knowledge about the collection. The goal is to give participants the freedom to acquire a visual depiction of the artifacts and to deduce their own meaning from that “hands-on” experience with the collection.
Getting lost in hypertext [19] continues to be a problem where participants become disoriented in the information space. Navigation is tedious in a large collection of artifacts when pages of information are displayed for scrolling. Participants lose control of their sense of place in the overall collection, in understanding what the collection contains and the direction that they are currently going in their navigation. Collection understanding is about providing that control to participants, letting participants take the driver’s seat and determine the direction of navigation when they experience the artifacts. Through this fluid interaction with the artifacts, participants come to understand the big picture, what Nielsen refers to as the context-in-the-large [19].
RELATED WORK
Current visualizations focus on finding specific artifacts. Image browsers have used time [8] to automatically index a collection of images so that searching becomes less demanding on the collector.  PhotoFinder [11] organized pictures into events based on metadata created by the user which becomes a time-consuming process for a large collection. SenseMaker [1] augments information seeking using the query-by-example approach where user progress from one context to another based on current results. Users build upon, remove or replace search criteria so that they experiment iteratively with the collection and progressively acquire new context for further exploration. Flamenco [6, 23] improves image search by exposing hierarchical faceted metadata within the context of every search query. Both SenseMaker and Flamenco aid participants with specific search queries instead of acquiring the overall sense of a collection. They focus explicitly on the metadata first and then the artifacts.
Collection understanding uses the opposite approach: participants directly interact with the artifacts of a collection first and then use the metadata values to further filter the image collection. When the collection is filtered using metadata values, the result set either expands or constricts, providing a dynamic perspective of sub-collections created by the participant [1]. This process of dynamically and fluidly defining metadata values criteria is known as metadata filtering [4]. In addition, these image browsers focus primarily on searching and finding specific images in the collection and not on gaining an overall collection perspective.
Current interfaces also present query results using thumbnails as the artifact summary or preview [1, 6, 7, 11, 23]. These thumbnails are typically presented on the display screen where participants scroll through pages of thumbnails. These pages separate the resulting images and force participants to lose context within the result set. Scrolling and clicking through isolated result sets become cumbersome and time-consuming [24]. Similarly, browsing using the curator’s taxonomy is a static view of the collection. Participants cannot dynamically define metadata criteria and viewing the collection becomes tedious. The view of the collection then becomes the collector’s perspective when browsing pre-defined category sets.
Information foraging theory [20], as described by Pirolli and Card, analyzes the information space based on efficiency, that is, the time taken to find relevant information. This theory assumes that the user’s task is always well-defined, analogous to optimal foraging theory in biology where organisms have a clear goal of finding food to satiate energy requirements. Thus spending time on information not explicitly defined in the task is viewed as a cost of performing the activity. However, in many real situations, goals are not clearly defined. They are dependent on constant feedback, redefinition and iterations for continuous improvement and cannot be equated to survival techniques, where the task is unchanged in every instance. Collection understanding is not about foraging for relevant information efficiently nor are participants trying to find specific targets to satisfy their information seeking needs. Instead participants are encouraged to explore the information space, gradually learn and come to understand the relationships among the artifacts and then their metadata values.
RESEARCH APPROACH
In this initial prototype, the idea of collection understanding is approached using three different techniques for the Online Picasso Project collection [15], a collection of approximately 7,000 images of Picasso’s works and life:
1. Streaming Collage,
2. Variably Gridded Thumbnails, and
3. Ambient Slideshow.
Streaming Collage
Collage has been used for web browsing [12], forming aesthetic art pieces [7] and creating group awareness [9]. Collage is even found in Picasso’s work (titled “Still Life with Chair Caning”) when paper and a piece of oilcloth was pasted on his partially painted canvas around 1912-1913. The purpose of collage is to evoke some idea or feeling from the audience based on the content of the collage and to invite observers to create their own associations [12, 13].  
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Figure 1: Active Interaction with Picasso
Temporal collage dynamically displays content spatially allowing users to interact with the actual artifacts and become better at acquiring a collection perspective and understanding. As artifacts stream in the information space, participants are encouraged to derive connections and make creative associations among the artifacts giving rise to an activity that supports brainstorming [13].
Participants begin the process of collection understanding by viewing the entire collection or specifying a subset of the collection using metadata. According to the Merriam-Webster online dictionary, a collage is an assembly of fragments or materials from different sources [18]. In this case, the fragments/materials are images that are placed on the screen. Streaming collage places the images on the screen over a period of time, so that a collage is gradually formed. When artifacts are collaged on the screen, metadata associated with the images are easily viewed with a right-click of the mouse (see Figure 1). 
A menu displays showing the metadata and values associated with that particular image. When participants select a particular metadata field, its value is placed in the Metadata Filtering form hence providing fluid interaction with the artifact and then its metadata.
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Figure 2: Metadata Filtering

Figure 1 shows the state of the collage when the participant encounters an artifact of interest (in this case, a little girl), right-clicks on the artifact and a menu showing the artifact’s metadata pops up. The participant then selects the medium “Oil on canvas” on the menu causing the value to appear in the Metadata Filtering form (on the right) to further filter the Picasso collection. The participant may then select the “Create Collage” button on the Metadata Filtering form to create a new collage of artifacts with medium containing “Oil on canvas” (see Figure 2). This interaction gives participants the flexibility to derive their own metadata criteria to further filter the image results by either expanding or contracting the result set. Through streaming collage and metadata filtering, the artifacts are presented in the visualization both temporally and spatially, hence providing direct interaction with the artifacts without the need for scrolling and clicking through several pages of thumbnails. 
This ease of interaction with the entire collection affords collection understanding. Figure 3 shows the streaming collage for the entire Picasso collection. The participant has chosen to view detailed images of artifacts of interest which appears on the right side in a new window. Once participants have gathered their own subset of images, they may choose to delete images in their sub-collection and later save their own perspective of the collection artifacts using the “Save to my SubCollection” menu option. 
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Figure 3: The Participant’s Perspective: Creating a sub-collection
Link structures in hypertext give participants the ability to create lateral associations, to break the traditional hierarchy of information, that is, participants deal with the process of selection by association rather than by indexing [1]. Metadata values explicitly defined by the curator can be viewed as links. When we select metadata values to filter on the collection, we are taking a link to a new “space” of artifacts. We have made an association from the current context. Choosing several metadata values to filter on therefore allows us to create dynamic, conditional links to new spaces of artifacts. We effectively become both author and viewer in defining the direction of links within the navigation space.

Variably Gridded Thumbnails
Current image interfaces use a grid of thumbnails as a direct manipulation interface to retrieve the original artifact. Thumbnails can also be categorized based on feature extraction similarities and text captions to aid users in finding images easily 21. These thumbnails are automatically grouped on the screen to indicate patterns among the images rather than just being displayed in a table [6, 8, 23]. When thumbnails are categorized on the screen into separate subsets within the entire result set, the relationships among the images are readily discernable.
Using variably gridded thumbnails, a relevance measure is returned for each image based on the number of matches found within a particular metadata field. Figure 4 shows artifacts from the Picasso collection where the media is specified as “lead pencil & watercolor on paper” and the year as “1900”. All images completed in “1900” and containing “lead”, “pencil” or “watercolor” are returned with greater preference for images containing lead, pencil and watercolor. A color and a range of relevance values are stored for each bin. Each grid cell’s background is colored to indicate the degree of relevance. Users can vary the number of bins to indicate the number of relevance categories for subdividing the images. In Figure 4, images with yellow backgrounds have the greatest match, with relevance decreasing when background colors are blue, green, purple, orange, grey, etc.
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Figure 4: Variably Gridded Thumbnails
Ambient Slideshow
Ambient displays do not require a user’s undivided attention or continuous real-time interaction [16]. They display non-critical information in the background environment [10, 22], seamlessly integrating into the participant’s periphery. 
An ambient slideshow running in the background surroundings reveals the images of a collection over a longer period of time. Participants do not directly engage with the collection’s artifacts but slowly come to understand the artifacts that constitute the collection without requiring the participant’s direct focus. Figure 5 shows an ambient slideshow with four images that continuously rotate clockwise every minute. 
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Figure 5: Ambient Picasso
USABILITY STUDY
Evaluating Collection Understanding: an Abstract Concept

Collection understanding is largely a qualitative and to some extent a quantitative experience. Participants exercise control of what collection artifacts they view through dynamic interaction. This process conjures an enriching and fulfilling experience where associations are made and meaning is derived from the juxtaposition of the artifacts. In other words, participants fluidly grasp the essence of the collection.
Collection understanding is a challenging and abstract concept. How can an evaluator deduce when an individual has attained an understanding of a collection? In some sense, subjectivity plays a major role. Defining what constitutes new knowledge or insight is a highly personal experience dependent upon individual backgrounds and prior familiarity with Picasso. To gauge a qualitative experience involves a think-aloud protocol where an active conversation with the participant can give the evaluator some sense of what thoughts and creative relationships are formulated in the participant’s mind. 

A quantitative measure for concluding whether collection understanding has occurred is an even fuzzier notion. Again, is there a concrete line of reasoning or some objective conclusions that determine whether the participant has attained an understanding? That is, can right or wrong answers exist? Possibly not but certain derivations can be regarded as novel insights when a highly-specific user domain is evaluated. For instance, consider a class setting where students gain proficiency in Picasso’s art and history. Clearly the test population is not novice. Their background intelligence can be viewed as ranging from intermediate to a more expertise level. Thus, in studying the progression/evolution of Picasso’s art, certain themes, moods, forms, styles and expressions of art will be evident that form connections with respect to how events in Picasso’s life motivated the outcome of his work. These insights require an overall understanding of the collection and an expert analyzing essay responses and collage spaces created by the students can grade the extent of that understanding.
For novice audiences, participants approach the digital image collection with varying knowledge about the contents of the collection based on their background experiences. Participants can start the process of collection understanding by viewing the entire collection or specifying a subset of the collection using metadata values. Thus the collection understanding tool should give a visual depiction in participants’ minds as to what the collection contains by providing effortless navigation through the artifacts.
Development Plan

To determine whether the collection understanding tool was responsible for producing new insights necessitated a comparative interface (a control). Taking into account the current practice for browsing collections, an information retrieval (IR) interface consisting of a search/query form and browsing by metadata fields (such as title, duration, place), was used as the control for the Online Picasso Project [15] collection (see Figure 6). Results are returned in a table containing 5 thumbnails per row and a total of 50 thumbnails per page. Clicking on any thumbnail returns a higher resolution image as well as the image’s metadata and values in a new page. The browser’s “Back” button returned users to their result set. Users can also click through pages of thumbnails for large result sets. 
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Figure 6: IR interface for the Online Picasso Project
10 test subjects were randomly chosen. The first set analyzed Picasso using the collection understanding tool and the second set used the traditional IR interface. My hypothesis is that participants using the collection understanding tool will have more collection insight than those using the IR interface. The basis for this theory is inspired by Bates’ research [1]. Bates describes a “berry-picking” model that suggests an incremental method for acquiring information where users learn how to refine their query based on previous result sets. The goal of collection understanding is to get the big picture, the collection perspective, by direct interaction with the actual artifacts. The current approach for seeking information with IR interfaces allows users to get closer to finding a specific artifact. This IR approach uses static one-time views of the result set encouraging little or no continuous interaction with the artifacts. Users must enter new queries every time resulting in a tedious process of scrolling, clicking and using the browser’s “Back” button.
Research Procedure

Participants completed one specific task by writing a descriptive response in addition to creating a sub-collection that served as a representative set of artifacts to exemplify their conclusions. With the collection understanding tool, users chose, edited and saved their artifacts in the sub-collection window. With the IR interface, users collected images by dragging them into a word processing application. All participants were asked to determine Picasso’s main focus/topic/subject in this collection. Defining this task to illustrate some aspects of collection understanding was critical to the study’s integrity. Although participants may possess varying background knowledge of Picasso’s works consisting of about 50,000 images in his lifetime, this particular Picasso collection had only about 7,000 images, therefore each subject needed to develop some sense or understanding of this collection in order to complete the task. A portion of the task was directed towards participants’ subjectivity in interpreting the task question and coming to their own conclusions about the collection.
The 10 participants chosen were members of the College Station community with ages ranging from 18 to over 55. Two of the participants had an intermediate knowledge of Picasso and had previously visited a Picasso exhibit. The remaining 8 were novices and had never seen Picasso in an exhibit. 4 participants had little interest in learning about Picasso; the remaining 6 had medium interest. All but one participant hoped to acquire new knowledge about Picasso’s works.
Both the IR and collection understanding interfaces produced logs of user actions. Participants were given 5 minutes to familiarize themselves with the interface after they were given a brief tutorial about the features that were available and a verbal summary about what the metadata fields mean. During the task, participants engaged in a think-aloud protocol to elicit their views about the collection. During and upon completion of the task, non-intrusive screenshots were taken to provide context for the user’s experience. When users finished exploring the collection (ranging from 30-65 minutes), they answered the task question whilst simultaneously editing their sub-collection.  A post-task questionnaire was issued to find specific details about their experience and feedback about the task and the interface.
Results

Users generally found both interfaces easy to learn. Most subjects did not find the process of viewing Picasso’s images tedious for either interface. In general, most users felt that they received feedback and had control defining what images they could display on the screen. Both interfaces were equally flexible in formulating user’s collection criteria for browsing and hence users felt they made moderate to a great deal progress viewing and understanding the artifacts. However, 2 users in the IR interface felt that they made little progress in understanding the collection. Only 2 users with the IR interface thought the view of the collection was dynamic; 4 users thought the view was dynamic in the collection understanding (CU) interface.  In addition, more users thought discovering artifacts was easier in the CU interface than in the IR interface. 
Information Retrieval Interface

When participants began the task of exploring the Picasso collection, all users asked for hints to begin searching the collection and were unable to locate a starting point for browsing/querying even though they were told in the tutorial that they could view the entire collection on an empty query form and were told again before starting the task. Only one participant chose to view the collection on an empty query form. The remaining participants browsed by year, medium/technique, place and collection. All IR users commented that they did not understand what the metadata fields mean or what values would produce results. One subject typed in “10 most famous paintings” in the “collection” metadata field and did not understand why the query would not work. Another participant said, “I don’t know much about him [Picasso] or his art techniques so it’s difficult for me to browse around year, places or collection”. A total of only four queries were typed in for all users. Users also reported that viewing the same image again was not easy since they had to keep in mind where they last saw the image. They were unable to compare Picasso’s work done at different times on the same screen unless they had previously copied or pasted the images in the word processing application. However, all participants liked the speed and flexibility of the IR interface when using the metadata categories for browsing the collection and felt that the interface was easy to use.
Collection Understanding Interface

All but one participant started viewing the entire collection using the “Create Collage” button on an empty “Metadata Filtering” form. Three users commented that the collection understanding tool was slow when they right-clicked on artifacts to obtain metadata values. The metadata filtering menu option was only used a total of 19 times for viewing subsets of the collection. One user chose not to filter metadata values at all because he felt that narrowing the entire collection would limit his view/impressions for answering the task question. Most users chose to look at the metadata values for several images and after, type in values into the filtering form to create subsets. Most users left the default speed of the collage to 3 seconds (to display a new artifact) and the Play/Pause/Clear controls were utilized only once in the streaming collage. 2 users felt that the streaming collage space got too crowded and wanted a larger screen display.
General Impressions of Picasso’s work

Users of both interfaces felt that Picasso’s work become more abstract and eccentric in his later years and focused on a variety of themes including human expression, faces, nudity, animals, and sexuality. Users of both interfaces talked about Picasso’s use of form to depict human expression using inanimate objects such as in ceramic plates and sculptures, and his apparent “obsession” with both sex and women.  

The responses from users with the CU interface provided further details such as Picasso’s ability to deconstruct the physical attributes of a person and reassemble them into a seemingly random order, his ability to illustrate split-personality faces (that is, two faces in one head). The two users who had intermediate knowledge of Picasso talked about Picasso’s use of cubism and collage to depict reassembly. Another user commented on the peaceful, religious images he drew in his early years but that his images became more symbolic of death, sex, violence and evil as he progressed in his career. Another subject talked about blue and black periods where most of his paintings were drawn in these colors to illustrate his mood and emotions. 
Discussion

Based on the results obtained, both IR and CU interfaces had their strong points. The IR interface had a faster response time and was very easy to navigate, was flexible and not tedious. However, all users struggled to find a starting point for viewing a collection. Users had difficulty with querying and instead chose to browse the collection using pre-defined browsing categories, hence their conclusion that the IR view was static. The browsing categories chosen by these users were also interesting. Each user chose different metadata fields rather than just selecting to browse by “year”, which was a mutually exclusive category for viewing the images. 
In the CU interface, metadata filtering was not as frequently used as expected since users preferred to right-click on many images, examine the metadata values and after, decide to type in the form once they had acquired a general sense of the metadata values in the collection. Still, some users clicked on the right-click menu to populate the metadata filtering form and found the process of navigating the collection very simple to use. One participant liked the “Filter all values” menu option and chose to delete/edit metadata values on the form to create a new streaming collage. This user also liked to view the metadata values for images in her sub-collection and then type in metadata values from these images to filter the Picasso collection. As previously noted by one participant, the nature of the task question did not afford using metadata filtering to view the collection. This participant preferred viewing the entire collection to get the overall perspective. These results suggest further emphasis should be placed on the usability of metadata filtering and its effects, if any, on collection understanding using a different task. The major drawback of the CU interface was its speed since most users thought that the right-click menu took too long to pop up with the metadata values. 
Forming links and relationships among images in the Picasso collection was simple in the CU interface. One subject observed that she was able to see connections among different paintings. Another wrote he “could quickly see images and get an idea whether they are related or not, and if not, then easily move on to something else.” One IR user complained that he could not compare Picasso’s works at different times on the same screen unless they were copy/pasted elsewhere (on the word processing application).
With respect to forming sub-collections, users with the IR interface had to decide immediately upon viewing an image whether they should drag that image into their sub-collection. As one user commented on the IR interface, finding an image again was difficult since he had to keep in mind where he had last seen the image. CU users had the option of viewing the high-resolution image in their sub-collection window and deleting the image at any time during the task. They were not forced to make an instant decision to keep the artifact in their sub-collection. Most subjects deleted some images immediately and returned at the end of the task to look at their images and further delete from their sub-collection while responding to the task question. IR users did no further edits to their sub-collection at the end of the task. 
Four subjects using the CU interface remarked that the process of viewing the images was fun at the end of the task. One user spent an hour viewing the images because he thought that viewing the collection was very interesting. He enjoyed having the images just pop-up on the display screen while he right-clicked to view the metadata values.

Responses to the task question were similar for both the IR and CU interfaces. However new insights acquired were far more evident in the responses given by CU users. Furthermore, the process of coming to their conclusions in the CU interface was more enjoyable than in the IR interface. 3 users in the CU interface redefined their goals during the task whilst only 2 users did likewise in the IR interface. In addition, 2 users in the CU interface were able to correct their erroneous assumptions. One participant wrote, “I thought that drastic cubism would be in his later years and not as early as 1911. In a few minutes, I was able to form a better understanding about the progression of his style.” 
Future Work

Despite the positive reviews for both interfaces, almost all users had suggestions for improving each interface. Participants thought that the CU interface should be faster, and should have a “color” metadata field especially since Picasso had many blue, red and black paintings. Three users wanted more control of the search parameters, for instance, to look at Picasso’s work using a range of years and not just one year at a time. More screen estate was needed for the streaming collage and one user wanted to control the size of the thumbnails.
While most participants liked the speed of the IR interface and the browsing categories, two felt that the collection had too many metadata values to click to see the images. These categories made browsing moderately tedious and hence these two users felt that they made little progress in viewing and understanding the collection. 
Conclusion

Collection understanding shifts the traditional focus of retrieval in large collections from locating specific artifacts to gaining a comprehensive view of the collection. Users visualize the collection using dynamic interaction to create their own understanding of the collection. As users narrow or expand their view, they acquire the general gist of why the artifacts belong to the collection and what characteristics the component elements share. When users interactively filter the contents of the collection and perceive varying viewpoints of the artifacts, they are then inspired to derive their own relationships among the elements and come to a fuller understanding of the collection.
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