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Abstract
We are building a system that improves browsing and searching access to a
large, growing collection by supporting users to build a faceted (multi-
perspective) classification schema collaboratively.  The system is targeted in
particular to collections of photographs and images that, in general, have few
textual metadata.  Our system allows users to build and maintain a faceted
classification schema collaboratively and have the system help to classify
documents into the evolving facet schema automatically.  This paper focuses
on the evolution of faceted classification schema for a large growing
collection.
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1. Introduction

We are building a system that improves browsing and searching access to a
large, growing collection by supporting users to build a faceted (multi-
perspective) classification schema collaboratively [1,3].
The system is targeted in particular to collections of photographs and images
that, in general, have few textual metadata.  A facet is an attribute
(dimension) of an item in a collection that gives one perspective of that item.
For example, in a collection of wine, “color” could be one facet. Other facets
could be “origin”, “price”, etc. for the wine collection. This allows different
users to navigate the collection using the facet of most interest to them. What
is  a  good  set  of  facets  for  a  given  collection  is  very  much  dependent  on  the
given collection and the target users.  Some example commercial sites that use
facet-based classification are Amazon and eBay. The facets can evolve with
time because of change in target users or change in interest of existing users in
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how they want to navigate the collection. For example, after a given facet
schema has stabilized there may be a need to add another facet, for example,
“healthy ingredients” for the wine collection.  Some example categories in this
facet are resveratrol, flavonoids, and non-flavonoids. For collections that grow
in both volume and variety, a major challenge is to evolve the facet schema,
and to reclassify existing objects into the modified facet schema. Centrally
managed classification systems often find it difficult to adapt to evolving
collections. It is hoped that through users’ collective efforts the faceted
classification schema will evolve along with the user interests and thus help
them navigate through the collection quickly and intuitively. Our system (a)
allows users to build and maintain a faceted classification collaboratively, (b)
enriches the user-created facet schema systematically, and (c) classifies
documents into an evolving, user-managed facet schema automatically.
Readers can explore the current system by browsing the African History
Image Collection on our website (http://facet.cs.odu.edu/), shown in Figure 1.
In order for the faceted categorization to be effective in our system:  (a) there
needs to be a sufficient set of categories; (b) improper categories need to be
removed, and  (c) the schema’s size needs to be regulated.

Figure 1: Screenshot of the system front page

In this paper, we focus on the enrichment and evolution of facet
based classification for a large growing collection.  First, we review the
background of tagging and classification. Then we present an approach on
schema enrichment that utilizes a statistical co-occurrence algorithm to
produce possible new categories based on the existing metadata. In addition,
we present an algorithm that harnesses the lexical power of WordNet in order
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to detect possible anomalies in the evolving category schema. We also present
a statistical algorithm to visually rearrange the schema in the navigation panel
of  the  user  interface  in  order  to  minimize  the  time  spent  finding  relevant
items. Finally, we discuss an approach to capture user feedback on
classifications produced by an automated process in order to control the
quality of the overall classification.

2.   Background

In this section we summarize previously reported related research [1].
Categories represent a way content is organized into a structure that is both
meaningful and traversable and which allows for objects to be easily retrieved
for later usage. Images, in particular, need such organization because an
image itself is not easily searchable for any specific information that is useful
to the requestor. A commonly used approach is “tagging” images with
keywords which can later  be searched for.  However,  tags do not fully allow
for browsing a collection by selecting and narrowing down collective criteria.
It is categories that allow for multiple images that share common traits to be
arranged together and, consequently, found together. Faceted categorization
is an extension to the common category structure. Facets allow for an image to
belong to more than one collective criterion (the facet). Within each facet, a
regular, multi-tier category structure is developed. By allowing an image to
posses several descriptive categorizations, browsing for specific needs
becomes much easier.

Traditionally, tagging and categorization in image classification
systems have been the tasks of two dissimilar human groups. Tagging an
image  with  keywords  is  generally  the  task  of  the  users  of  the  system.  It
represents their ability to associate what they are seeing with an idea or an
object which they can easily recall later and search for. Very little input is
needed by an administrative entity to collect and support such metadata.
Faceted categorization systems, on the other hand, are typically created and
maintained by a central entity. Facets and categories are created by the
administrator and, with the exception of occasional changes, remain very
much the same. As a result, many users’ ideas of new classifications are not
included in the schema which can potentially reduce the intuitiveness of
browsing the collection.

One major obstacle for a user-created facet schema is its initial quality
when compared to a centrally-compiled facet schema. Collaborative facet
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schema building depends on users’ continuous improvement over time.
Initially, a new facet may not contain all pertinent categories it should
contain. The categories may have mixed-level or misplacement problems. For
example, a user may create a “Location” facet with US states and cities as two
levels of categories. Many states may be missing from the user-created facet
initially. Some cities may be listed at the same level as states are listed. Some
cities may be under the wrong states. Such data quality problems in the facet
schema will burden users’ classification efforts, and potentially lead to
misclassification problems.

Several researchers have attempted to build topical ontology using
metadata such as tags from social tagging. Reference [4] built a hierarchy of
Flickr tags. Similarly, [5] built a concept hierarchy on the image collection
provided by the ImageCLEF 2005 conference. Both studies adapted the
subsumption model [2], a simple statistical co-occurrence model that
identifies parent-child relationships: X subsumes Y if: P(x|y >= 0.8) and P(y|x
< 1). For example, suppose X = “glass”, and Y = “stained glass”. If most
documents tagged with “stained glass” are also tagged with “glass”, then
“glass” subsumes “stained glass”. In [7] researchers built a hierarchy of
del.icio.us tags using graph centrality analysis. In [8] a faceted classification of
concepts was built using WordNet, a large lexical database of English [9].
References [9] and [10] have induced ontology using statistical NLP (natural
language processing) techniques for textual documents.

Several research projects have also attempted to categorize items into
a pre-existing ontology utilizing tags from social tagging. In [11] researchers
were able to map about 75% of the tags from social tagging applications to the
Dublin Core metadata standard elements (subject, date, title, description,
format, publisher, etc.), so that the tags could be used for semantic web
applications. The researchers also attempted to augment the Dublin Core
standard with several proposed new elements, such as Action, Utility,
Category, Depth, Notes and User name, so that another 20% of the tags can be
mapped to these new metadata elements. In [12], the researchers built an
image repository based on the hierarchical structure provided by Wordnet,
utilizing search engine and large-scale human labelling efforts. The project
used the service of Amazon Mechanical Turk, an online platform on which
one can put up tasks for users to complete and to get paid. As of 2009, the
repository collected 3.2 million human-labelled images and consisted of 12
subtrees (a small subset of Wordnet): mammal, bird, fish, reptile, amphibian,
vehicle, furniture, musical instrument, geological formation, tool, flower, and
fruit. Quintarelli et al’s Facetag project [13] first manually creates a faceted
classification schema. Then, their system guides users’ tagging by presenting
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the facets to users. The system encourages users to use facets instead of free-
form tags through a thoughtfully designed interface. If a user enters a tag, the
completion  tool  suggests  similar  categories  from  the  pertaining  facet.  Our
research is similar to these projects in that we try to utilize large-scale human
efforts. In contrast to these projects, the multi-faceted category schema in our
approach is created and evolved by users.

3. Schema Evolution

Facet and Category Enrichment
As a collection grows new categories (or even facets) need to be created to
improve the user browsing experience.

We designed an algorithm that adds categories utilizing the metadata
pool and a statistical co-occurrence model. The model identifies parent-child
relationship between x and y if all documents tagged with y are also tagged
with x (so-called subsumption) [2]. For example, if all images labelled with
“liberty bell” are also labelled with “independence”, where “independence” is
an existing category, the algorithm will suggest “liberty bell” as a subcategory
under the “independence” category. For an existing tagword t in the metadata
pool, the algorithm identifies all documents with tag t.  If these documents
have a common category c, the rule of subsumption implies that t is a possible
subcategory of c. We adapted the tool to our system and ran it on an African
American History image collection and found the results encouraging enough
to include this in future version. For example, the following suggestions were
made:

Category Suggested sub-category
American Civil War military life
China boxer rebellion

The suggestion feature will be added to the user interface in the future so that
any user who is in the process of modifying the schema can receive instant
recommendations for the particular facet or category she is modifying.

Schema Cleansing
In a collaborative classification system, it is likely that categories are created
under the wrong facet, or child categories might represent a broader concept
than the parent category. –To detect such anomalies we utilize WordNet [4].
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WordNet is a semantic lexicon, which stores hierarchical relationships among
words. The example below shows a hierarchy in WordNet starting with the
search term “dog”.

dog, domestic dog, Canis familiaris
     => canine, canid
           => carnivore
                => placental, placental mammal, eutherian, eutherian mammal
                      => mammal
                           => vertebrate, craniate
                                 => chordate
                                       => animal, animate being, beast, brute, creature, fauna
                                             => ...
This example describes the relation hyponymy. It is commonly known as “is
a” relationship (“dog is a mammal”). An anomaly detection algorithm detects
issues by running a number of administrator-defined rules against the facet
schema.  An example of real anomalies detected is:

Category Parent Cat     Grandparent   Category Problem
President Holiday                Politics more closely related to
                                                                                          grandparent than to parent

4. Ordering of Schema Display

In a collaborative classification system, it is possible that a significant number
of categories are created under a given facet (or another category), or large
number of facets are created.

For usability the system displays only a limited number of child
categories under a parent. The number of visible children, v, can be
configured through the administrative user interface. While the initial display
(see  Figure  2)  is  limited  to  the  first  v  categories,  a  “More”  link  (Figure  3)
expands all categories under a node. A proper display order is critical to the
usability of the system. The simplest display order would be an alphabetical
one.
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Figure 2: Limiting category display using the “more…” link

Our system orders the display by a popularity (P) measure, which
favors the biggest, most used, and fastest growing facets and categories. The
total number of items in a category (including subcategories) PN determines
the biggest category. The growth rate of a category is produced by the
number of new (recent) items for a unit of time (PR). Finally, a popular
category  will  see  a  larger  number  of  browsing  hits  (number  of  clicks  on  the
category  link  in  the  browsing  menu)  which  are  measured  over  a  period  of
time (PC). We combine the measure by adjustable weights and a normalizing
function f:

P = 0.5*f(PN*PC)+ 0.5*PR (1)
The retrieval effort against a category is –in proportion to their size and the
number of times they were accessed. Therefore, the first part of the popularity
measure is a product of the atomic popularity values for size and browsing
clicks. The latter, representing the number of new items in a category,
symbolizes the categorizing effort. We believe that retrieval and
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categorization are two equally important user actions that consume roughly
equal user efforts. Therefore, they are assigned equal weights after the
normalizing function f is applied. The weights can be adjusted for different
environments where browsing and categorizing consume unequal amount of
user efforts.

Figure 3: Expanding category display using the “more…” link

5. Quality Assessment through User Feedback

Our Faceted classification system uses user feedback to assess the quality of a
classification and to remove it if needed. It is collected in the form of “thumb-
up” and “thumb-down” buttons available for every association (see Figure 4).
Users can vote up or down for the association between an image and a
category on the basis of how relevant and accurate they think it is. The value
of this explicit feedback determines when a classification can be deleted or,
conversely, when it becomes “hard”, i.e., it is confirmed. Each feedback action
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will update the confidence value of an association by increasing or decreasing
it by 0.05 based on whether a user believes it is a correct classification or not.
If the confidence value reaches 1.00, it is hardened and essentially becomes a
user-created classification. On the other hand, if users vote an association
down below the threshold value, the system will allow them to delete it.

Figure 4: Feedback on category associations

6. Conclusions and Future Work

In an open community, management is needed to avoid problems created by
the multitude of diverse users. This paper has presented several algorithms in
the areas of schema enrichment, cleansing and ordering. With these
automated algorithms, the burden on the administrator is reduced to
responding to alarms and suggestions rather than laborious manual efforts.
Future improvements include recording actual administrator actions for
training purposes.
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