Eliciting Inductive User Preferences for
Multimedia Information Retrieval
David Zellhöfer
BTU Cottbus
Postfach 10 13 44
03013 Cottbus

david.zellhoefer@tu-cottbus.de
ABSTRACT
Preferences have gained a tremendous impact on the personalization of user queries. In this paper, we present an
approach for preference elicitation in a multimedia information retrieval scenario. The approach is based on inductive
preferences, which provide an intuitive means for stating
preferences on actual result documents. Additionally, they
do not demand further knowledge of the underlying retrieval
system of the user. This work focuses on the user interaction of preference formulation and presents a prototype for a
preference-based multimedia information retrieval system.

Categories and Subject Descriptors
H.3.3 [Information Storage and Retrieval]: Information
Search and Retrieval—Relevance Feedback ; H.5.2 [Information
Interfaces and Presentation]: User Interfaces—Theory
and Methods, User-centered Design; H.2.4 [Database Management]: Systems—Query Processing

General Terms
User Preferences, Relevance Feedback, User Interface, Condition Weighting, DB & IR, Machine-based Learning

1.

INTRODUCTION

Over the past years, preferences gained a tremendous impact on the personalization of user queries. Originally having a strong background in economics [2], they have become
a vividly discussed topic in computer science – especially in
databases (DB) [5, 11] or in artificial intelligence [4].
In the domain of (multimedia) information retrieval (IR),
which is the main focus of this paper, personalization is
an important factor to improve user satisfaction. Means
of personalization range from relevance feedback (RF) [16]
to weighting approaches, e.g., in extended boolean retrieval
models [13].
Because traditional approaches for IR that are based on a
combination of low-level features such as histograms or the
like are currently hitting a ”glass ceiling” [1], personalization

is considered the last important contributor to an improved
retrieval performance.
In this paper, we will present an approach for preference elicitation in multimedia retrieval using inductive preferences.
This paper will focus on one aspect of the retrieval process:
user-defined preferences and their interactive modification.
The remainder of the paper is structured as follows. In the
next section, related work will be discussed. Sec. 2 will
present our approach in detail and presents a prototypical
user interface. The paper ends with a conclusion including
issues that we consider important and that we will address
during future research.

1.1

Related Work

Preferences in DB can be subsumed under two categories:
qualitative [5, 11] and quantitative [7, 19] approaches.
Qualitative approaches use partially ordered sets (posets) in
order to model preference queries. Skyline queries [3, 12] are
part of this class. In general, qualitative approaches can be
considered intuitive because they allow users to state preferences in a manner such as: ”I like object A better than B”.
In addition, they are fully compatible with the relational
model. As a consequence, results of such approaches form
sets without an intra-ordering of the elements and ceteris
paribus semantics.
This set semantic contrasts with IR. Here, users usually expect a ranking, i.e., a total order of result objects. This
ranking is ordered by the ”probability of relevance” of result
documents w.r.t. a given query (document). Quantitative
approaches offer this characteristic and are common in IR
[17, 23, 18]. In the DB domain, quantitative approaches are
known as well and rely on numeric weights on logical connected conditions in order to express user preferences [7].
Setting these weights is a complicated task and often hidden from users because of its cognitive burden.
Regarding multimedia IR in particular, another issue has to
be addressed. Multimedia documents can be described with
different representations during the retrieval process, e.g.,
low-level and high-level features such as annotations and
meta data like date of creation, media type or the like. While
the latter can be easily stored within a (relational) DB, the
first representations are usually accessed using traditional
IR techniques. Hence, [19] proposed a framework combining IR- and DB-like queries. This theoretical framework
manifests in CQQL, the commuting query language, which
forms the basis for the preference model discussed through-

out this paper. CQQL contributes to the quantitative approaches. Atop of this query language, inductive preferences
will be used for user interaction. Inductive preferences (see
Sec. 2) have a qualitative characteristic, which links them to
example-critiquing [22]. These preferences serve as input for
a learning algorithm that generates a CQQL query fitting
the specified preferences.
Thus, the presented work is also related to [27], which deals
with formal characteristics and the specification of the utilized learning algorithm that will be used within this paper.

2.

arbitrary result documents using inductive reasoning. The
inductive reasoning is carried out by a machine-based learning algorithm that finds weights for a given CQQL query
that express the user-specified preferences. For a detailed
description of the algorithm see [27]. The direct specification of qualitative preferences on actual result objects to
personalize the query has two major advantages:
1. Stating qualitative preferences is intuitive. Given two
objects, it is easy for a user to state a preference such
as ”I like A better than B”.

USER MANIPULATION OF INDUCTIVE
PREFERENCE QUERIES

2. Preference decisions between result documents without complete knowledge of all underlying facts is known
from daily life. In our scenario this relieves the user
from a confrontation with the document’s attributes
that are used by the retrieval system, thus, lowering
the cognitive burden.

As said before, setting weights within a quantitative query
language imposes a major burden on users. This is due to
three main reasons:
1. All queried attributes have to be known to the user,
i.e., their intrinsic semantics have to be comprehensible.
2. The interaction between these attributes and the user’s
preference amongst them has to be known.
3. The preference has to be expressed with numeric values
by the user.
Qualitative approaches suffer also from the first two problems, which is due to their deductive nature. This becomes obvious if trade-offs for skylines [15, 14] are considered. Here, trade-offs are specified between certain attributes resulting in a relaxation of the skyline. To state a
trade-off, the semantics of an attribute has to be known to
the user in order to be able to express a preference such as
a green car is preferred to a red one.
Unfortunately, attributes in multimedia IR are more complex. Commonly used attributes representing multimedia
documents rely on various kinds of low-level features such
as histograms, spectrograms or correlograms, high-level annotations in natural language and meta data. Note that natural language will be represented internally with the means
of IR such as the vector space model [18] that are not necessarily generating comprehensible similarity values of a document w.r.t. a query. It can be argued if the latter, the meta
data, is comprehensible when stored within a DB. Nevertheless, even if all attributes could be understood by the user
it can be doubted if a clear preference amongst an arbitrary
combination of them can be formulated easily. While this
problem is not this severe in qualitative approaches because
relations between attributes like ”better-than” can be formulated, quantitative approaches need the user to express these
preferences on a numerical basis between the attributes.
To overcome these problems, our approach uses a hybrid
method combining both qualitative and quantitative preference paradigms.

2.1

This way of eliciting preferences is related to example-critiquing [22], which utilizes a similar mechanism. In contrast
to this approach, inductive preferences are used to learn
weights for a CQQL query, i.e., a logical deductive query
using boolean operators. The usage of such a structured
query improves the retrieval performance, which has been
shown in IR [10, 21]. [22] address preferences on attributes
alone that – additionally – must be comprehensible to the
user because a decision tree-like mechanism is used for preference refinement.
Fig. 1 illustrates the embedding of the aforementioned inductive preference elicitation into an iterative RF process.
Given a weighted CQQL query, an initial ranking R0 is generated1 . Based on this ranking, the user can state inductive
preferences between sample documents ultimately creating
a preference poset P1 . An inductive preference pi,j between
two documents in a document collection D is defined as an
element of a binary ordering relation R ⊆ D×D, e.g. di ≥ dj
whereas di , dj ∈ D. In a following learning step, this poset
is used to derive new weights for the CQQL query fulfilling the preferences. This process is iterated until the user is
satisfied with the results. See [27] for a detailed explanation.
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Inductive Preferences

In order to offer an intuitive means for preference elicitation that can be used in multimedia IR scenarios, we introduced the concept of inductive preferences [25]. Their name
is due to the fact that we derive a deductive and quantitative CQQL query from qualitative preferences between

Figure 1: Refinement process for preferences [27]
1

For a discussion of possible initial weighting schemes see
[26], although further knowledge is not needed to understand
this paper.

2.2

Conflict Detection

Although inductive preferences are an intuitive means for
preference elicitation, they contain the risk of including conflicting assertions. This is mainly due to the free user interaction with the result documents in an iterative manner. To
clarify this, we have to consider the process of preference
specification from a graph-theoretical point of view.
As said before, all preferences eventually form a poset, which
serves then as input for the learning algorithm. The poset
can be regarded as a directed graph with nodes representing documents and edges depicting preference relations between these documents, i.e., we obtain a Hasse diagram if
no conflicting assertions have been made. In order to detect conflicting assertions introduced by the user, we have
to focus on one major characteristic of a Hasse diagram:
its acyclicity. If the graph is not acyclic it can be shown
that a conflict has been specified, i.e., a poset of preferences
such as d1 > d4 > d2 > d1 ; d2 > d5 ; d6 > d3 (Fig. 2). In
other words, cycles being present in the graph mirror violations of antisymmetry and transitivity, which are required
for a poset. The detection of cycles within a graph is an
old problem in computer science [8] and can be solved by a
topological sorting of the graph. Although topological sorting has a bad complexity class (O(n2 ), average O(n)), it is
likely that the graph will not contain a lot of nodes because
users tend to avoid excessive interaction with systems [20].
In addition, the size of the result is limited, thus restricting
the amount of possible preferences.

2.3

Conflict Resolution

Because of the iterative nature of the presented approach,
preferences will be added, modified, or removed by the user
during each step. That means that the preference graph has
to be checked after every user interaction. While it may
seem tempting to check the graph within fixed intervals,
this will lead to usability issues. If we check the graph after
every, e.g., 10 user interactions, the user may have created 10
new preferences. These preferences will be included into the
old poset Pi using the set union operator, which will ignore
possible conflicts [6]. If we now show the conflicts to the user
she will have to decide how to resolve them. Unfortunately,
there will be different possibilities to remove the cycles of
which some will introduce new cycles. In consequence, the
actual removal will become a tedious and error-prone task.
Hence, we check for conflicts parallel to the user interaction
with the system in order in support users with the reversal of
their actions and to prevent additional errors as demanded
of the golden rules of interface design [20].
In order to help the user with the conflict resolution, some
conflicts can be resolved automatically. The automatic resolution of conflicts has been studied for qualitative approaches
[15, 14] and focuses mainly on the prioritization of some attributes, i.e., the definition of a trade-off. As said before,
trade-offs rely on the comprehensibility of attributes, which
can not be guaranteed in a multimedia IR system. Hence,
these contributions cannot be used directly in the presented
scenario.
Our approach features two conflict resolution techniques of
which one is automatic and one is semi-automatic. The simplest automatic technique for conflict resolution is the prioritization of one conflicting preference over another, i.e., if
a conflict has been discovered, the user has to decide be-
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Figure 2: Hasse diagram of preferences including a
conflict between document 2 and document 4
tween two preferences (Fig. 3, a or b). The preferences will
be shown to the user based on the sample documents that
were chosen (c). This approach can be executed fully automatic if the system decides, which preference has to be
prioritized. This conclusion is based on the user interaction,
e.g., which preference has been chosen first or how long a
user has looked at a certain document being involved in a
conflict preference. In order to determine, which technique
is more consistent with the user expectations, user studies
have to be conducted. Alternatively, [6] suggested a Pareto
composition of preferences. This conflict resolution technique can be carried out automatically.

2.4

Prototypical User Interface

In order to test the utility of our approach, we are currently
working on a graphical user interface (GUI) for preference
elicitation in an image retrieval system. As said before, the
preference poset can be visualized as a Hasse diagram, which
has been done, e.g., by [24]. Nevertheless, using a Hasse
diagram is not feasible as a means of interaction in a nonexpert system. This is due to two main reasons:
1. Hasse diagrams can become complex, which increases
the cognitive workload for a users because of the sheer
amount of nodes and edges that are present for a decent number of preferences lowering the visual separability of preferences.
2. The modification of a preference in a Hasse diagram is
a error-prone and cognitively demanding task.
To clarify the second issue, consider the following example.
The modification of preferences within a Hasse diagram involves the creation of new edges or nodes. Hence, the user
is likely to introduce cycles into the diagram, which are forbidden and have to be communicated. In order to modify
preferences without introducing new cycles such interfaces
require users to stress their short-term memory and act consistently in order to prevent or foresee errors. This poses a
tremendous cognitive workload on users eventually lowering
the overall usability of such a system.
For the first prototype, we decided to implement a user interface that prevents the input of conflicts during user interaction. In our approach, preferences can be modeled using
”concentric circles”. Here, the query document is depicted
in the center of the concentric circles (Fig. 4, right) while
preferred documents are arranged around this center. Every
ring serves as a preference level, i.e., a document on an inner
ring is preferred to a document on an outer ring. Documents
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Figure 3: Conflict resolution by prioritized composition on basis of user interaction with the document
collection (based on the conflict in Fig. 2)
that will participate in an inductive preference are simply
dragged from the result list (Fig. 4, left) to the preference
area (right). In order to prevent conflicts, the prototype allows documents being present only once in the preference
area. Therefore, cycles cannot occur. In addition to fine
granular inductive preferences, the prototype is also capable of dealing with traditional binary relevance/irrelevance
judgments in RF that are widely used in IR [9]. In fact,
the presented poset approach forms a generalization of such
judgments. Binary judgments can be modeled by considering all relevant documents as the upper bound of the poset
and all irrelevant as the lower bound.

Fundamentally, some additional issues need further investigation. We plan to conduct user tests to gain reliable
insights about expectations w.r.t. automatic conflict resolution techniques. Regarding the learning algorithm, first
results show that it can be extended to formula learning. To
conclude with, our main goal is to develop a user-centered
and supportive multimedia IR system utilizing a RF mechanism without increasing the user’s cognitive workload.

4.

5.

Figure 4: Prototype with ”concentric circles” for
preference elicitation

3.

CONCLUSIONS AND FUTURE WORK

This contribution combines strengths from qualitative and
quantitative preference approaches and discusses its application in multimedia information retrieval. It amalgamates
qualitative inductive preferences that are known from daily
life with a quantitative query language using a machinebased learning algorithm. These inductive preferences can
be modified by users interactively and directly on result documents. Because this can lead to conflicting preference assertions, methods for conflict resolution are presented and
evaluated.
The presented approach is embedded into a relevance feedback mechanism that has been implemented in a first graphical prototype. The current prototype addresses layperson
users and provides a simple means to elicit preferences in
an error-preventing and simple way using concentric circles.
Hence, it integrates the user-friendly notion of inductive
preferences with a ranking model that is commonly used
in IR.
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