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ABSTRACT

Music Information Retrieval (MIR) is an interdisciplinary research
area that has grown out of the need to manage burgeoning
collections of music in digital form. Its diverse disciplinary
communities have yet to articulate a common research agenda or
agree on methodological principles and metrics of success. In
order for MIR to succeed, researchers need to work with real user
communities and develop research resources such as reference
music collections, so that the wide variety of techniques being
developed in MIR can be meaningfully compared with one
another. Out of these efforts, a common MIR practice can emerge.

1. INTRODUCTION

Music Information Retrieval (MIR) is a rapidly growing
interdisciplinary research area encompassing computer science
and information retrieval, musicology and music theory, audio
engineering and digital signal processing, cognitive science,
library science, publishing, and law. Its agenda, roughly, is to
develop ways of managing collections of musical material for
preservation, access, research, and other uses. In this way it
resembles traditional library science, and indeed, libraries have
historically led the development of music collections. The idea of
applying automatic information retrieval (IR) techniques to music
dates back to the 1960’s (Kassler 1966). But in particular, MIR
has grown recently out of an explosion of interest in networked
collections of musical material in digital form, precipitated by the
development of compression technologies such as mp3, online
services such as Napster, advances in optical musical recognition
(OMR), and the ever-plummeting costs of digital storage and
bandwidth. In this sense MIR is closely related to Digital
Libraries.

As in other interdisciplinary fields, discourse in MIR is impeded
at disciplinary boundaries by unfamiliar jargon, differing
methodology, and even philosophical and ethical differences. To
understand the field, it is currently necessary to acquire at least a
cursory understanding of each of the disciplines, and MIR
researchers are undertaking this as they begin to develop a
common practice (Downie 2001).

This paper investigates MIR’s interdisciplinary communities and
research issues by surveying the proceedings of the International
Symposia on Music Information Retrieval (ISMIR 2000 and
2001). The ISMIR series of meetings is an explicit attempt to
gather together all of the disciplines and research areas pertinent
to MIR. ISMIR can also claim to be the only conference series
exclusively devoted to the advancement of MIR research. For
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these reasons, we believe the proceedings of ISMIR provide a
representative “snapshot” of the major issues comprising MIR
research and development. Based on these proceedings and with
reference to components of their supporting literatures, this paper
will characterize the field, outline the major research communities
involved in the field, assess the state of the art in each community,
identify coverage gaps, and propose a research agenda aimed at
addressing those gaps.

2. WHAT IS MIR RESEARCH?

What are MIR researchers trying to build and what problems are
they trying to solve? MIR researchers often characterize their
motivations by pointing out that the increasing volume of digital
music available necessitates new retrieval techniques (Durey et al.
2001; Hoos et al. 2001; Kornstadt 2001; Yang 2001). However,
the lack of effort to assess this volume, its rate of growth, and/or
compare its rate of growth against the cost of bandwidth, storage,
and processing power, and the relative scarcity of research such as
Jang et al. (2001) focusing on scaling existing techniques, indicate
that MIR researchers are primarily concerned with larger, more
fundamental problems.

MIR researchers understand that the increasing availability of
digital music is merely an aggravating factor of a more significant
issue: few effective retrieval techniques exist for digital music
collections. The problem has existed since music was first
encoded digitally, but has become pressing only recently as the
cost of storing large digital music collections has dropped to
almost nothing and the number of such collections has
consequently exploded. For MIR, developing effective retrieval
techniques is basic research, which continues to advance on a
number of interrelated fronts.

Developing IR techniques for music is challenging because of the
wide variety of ways music is produced, represented, and used
(Smiraglia 2001). Basic research in MIR can be categorized
roughly by the kind of music representation employed.

Table 1 shows some representations and the kinds of MIR
research being applied to them.

In addition to the variety of music representations, their
complexity presents a problem as well. Like language, music in
virtually all of its representations contains difficult-to-extract
layers of significance, such as harmony, polyphony, and timbre.
Even the most robust representations still require sophisticated
processing techniques to extract some of these features, and
developing these techniques is an active area of MIR research.
This area is often called “content-based” MIR, to distinguish it
from more traditional digital and pre-digital approaches based on
manually-produced metadata of bibliographic and related
varieties.

As basic MIR research begins to produce results, it raises the
questions of what kind of MIR systems can be built, what their
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user interfaces would be, and what their institutional or economic
contexts would be. These questions occupy a broad swath of MIR
research, ranging from system architecture and testbeds (such as
VARIATIONS (Dunn et al. 1999; Dunn 2000; Dunn et al. 2001),
MELDEX (Bainbridge et al. 1999; Bainbridge 2000), and the
Levy Sheet Music Collection (Choudhury et al. 2000)) to
Intellectual Property rights (Levering 2000).

Table 1: Music Representations in MIR

Representation Description Research
Symbolic Notation (scores, Matching,
charts), Event-based Theme/Melody
recordings (MIDI), Extraction, Voice
Hybrid representations Separation, Musical
Analysis
Audio Recordings, Streaming Sound/Song
Audio, Instrument Spotting,
Libraries Transcription,
Timbre
Classification,
Musical Analysis
Visual Scores Score Reading
(“Optical Music
Recognition™)
Metadata Cataloging, Library Testbeds,
Bibliography, Traditional IR,
Descriptions Interoperability

3. MIR COMMUNITIES

Understanding a multi-disciplinary field requires understanding
the disciplines involved and the variety of research interests they
represent. Table 2 summarizes the research communities involved
in MIR along with their typical home institutional settings and
typical areas of research.

Table 2: MIR Communities

Community Type of Research Areas
Institution(s)

Computer Science, Academic, Representation,

Information Commercial Indexing, Retrieval,

Retrieval Machine Learning,
User Interface Design

Audio Engineering, | Academic, Compression, Feature

Digital Signal Commercial Detection, Pitch

Processing Tracking, Machine
Learning,
Classification, Musical
Analysis

Musicology, Music Academic Representation,

Theory Musical Analysis

Library Science Libraries, Academic | Representation,
Metadata, User
Studies, Classification,
Intellectual Property

Rights, User Interface

Design
Cognitive Science, Academic Representation,
Psychology, Perception, User
Philosophy Studies, Ontology
Law Government, Legal Intellectual Property
Profession, Rights
Academic

Table 3 describes major research areas in MIR, along with basic
research questions and exemplar papers in those areas.

Table 3: MIR Research Areas

Research Area

Description

Representation

How should musical material be
represented in digital form? What aspects
of music are critical to represent for the
purpose of building music collections? At
what level of granularity can we represent
music? What kinds of representation are
the most efficient? How can markup
languages be applied to music? (Good
2000; Hoos et al. 2001; Lindsay et al.
2001; Maidin et al. 2001)

Indexing

How can database indexing techniques be
applied to musical material so it can be
retrieved effectively and efficiently?
(Downie 1999; Chen 2000; Pickens 2000)

Retrieval

What kinds of queries can we perform on
indexed collections of musical material?
How can the performance of these queries
be evaluated and improved? (Hsu et al.
2001; Lemstrom et al. 2001)

User Interface Design

How can user interfaces be built which
enable users to effectively find and use
digital musical material from a collection?
(Fernstrom et al. 2001; Kornstadt 2001;
MacMillan et al. 2001)

Compression

How can audio be encoded more
efficiently? What are the implications for
MIR of various emerging compression
technologies? (Lindsay et al. 2001)

Feature Detection

How can distinguishing features of music
be detected from audio signals? How can
these techniques be applied to MIR
systems? (Foote 1999; Ismirli 2000;
Logan 2000; Nam et al. 2001; Tzanetakis
et al. 2001)

Machine Learning

How can we deduce or induce aggregate
musical features of collections, so that they
can be organized for retrieval? What are
the most efficient and effective ways of
representing these aggregate features? (cf.
Classification)

Classification

What kinds of classification techniques
and schemes can/should be applied to
digital music collections? (cf. Machine
Learning) (Herrera et al. 2000; Reiss et al.
2001)

Musical Analysis

How is a musical composition organized?
How is it similar to, or different from,
other pieces of music? How can MIR
systems meet the needs of musicologists?
(Bonardi 2000; Larson 2000; Cope 2001;
Kornstiddt 2001)

Metadata

What kinds of descriptive or contextual
information about musical material can
and/or should be managed by an MIR
system, and how should such metadata be
represented? (cf. Representation)
(Choudhury et al. 2000; Smiraglia 2001)

User Studies

What kinds of MIR capabilities do users
need? How do users search for musical
material, and why? What would be the
ideal MIR system for a given user
community? (Itoh 2000; Selfridge-Field
2000; McPherson et al. 2001)
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Intellectual Property ‘Who owns musical material? Under what
Rights conditions? Under what arrangement can
digital libraries of musical material and
owners of IP rights for musical material
peacefully coexist? (Levering 2000)

Perception How to people perceive music? How can
music perception inform the design of MIR
systems? What is music? How is musical
similarity perceived? (cf. Ontology) (Perrot
et al. 1999; Huron 2000; Hofmann-Engl

2001)

Epistemology/Ontology | What is music? What is a musical
composition? What is the relationship
between different representations of “the
same” piece? How do improvised aspects
of music relate to composed aspects with
respect to collections of musical material?
(Smiraglia 2001)

3.1 Computer Science, Information Retrieval

Of course, virtually all MIR research employs techniques from
computer science. But there is an important subset of MIR
research whose origins can be traced back to the Information
Retrieval research on bibliographic text retrieval systems in the
early 1960’s. This ongoing research emphasizes techniques for
locating items in a collection or index which match a query, rather
than techniques for analyzing aggregate properties of collections
of items (e.g. data mining). For an overview of traditional IR see
Baeza-Yates et al. (1999). MIR research based on traditional IR is
typically aimed at supporting a scenario in which users know
characteristics of the music they desire, and use an MIR system to
locate musical material that most closely matches those
characteristics. Downie (1999) calls this a “locating” MIR system.

In traditional IR, a query on a collection can be thought of as a
fragment or reduced form of the desired item from the collection.
For text collections, the query is often a word that occurs in the
desired document. MIR researchers have taken some pains to
devise MIR systems which fit this model, most notably Downie
(1999) who reduces the music in his collection to n-grammed
sequences of intervals, which can then be indexed using inverted
files. Other research on locating MIR systems uses other
traditional IR strategies, such as probabilistic modeling (Pickens
2000) and approximate string matching (Lemstrom et al. 2001).
Some work also addresses IR issues such as relevance and ranking
(Uitdenbogerd 2000). Most of this research is based on symbolic
music representations, but it has also been applied to audio which
is pre-processed and converted to symbolic sequences of audio
feature classes as in Aucouturier (2001) and Batlle et al. (2000).

A great deal of attention has been paid to so-called “Query by
Humming” (QBH) systems, which retrieve pieces based on
melodic fragments sung by the user. QBH systems typically
combine melody extraction from an audio query with a locating
MIR system to match the melody against a target database. In the
ISMIR 2001 proceedings, 10 out of 43 papers, posters, and talks
(23%) concerned QBH systems.

3.2 Audio Engineering, Digital Signal

Processing

A major category of MIR research concerns audio representations
of music (i.e. recordings, audio streams, or live performance).
Techniques used in this area grow out of decades of work in
Digital Signal Processing (DSP) and speech recognition. A good
overview of these techniques is found in Foote (1999). The
techniques are applied to an interrelated set of problems:

e What are the most important features of audio
representations of music for MIR, and how can they be
extracted from audio? (e.g. melodies, harmonies,
instrument timbres, etc.)

e Given a set of features extracted from audio, what
techniques can be used to understand the relationships
between those features in an audio collection?

e  How can we use audio to perform structural analyses of
music, and how can these be used to improve MIR
systems?

A number of audio features have been used in MIR research.
Virtually every audio MIR system uses some kind of frequency-
domain transformation of the signal, such as the Fast Fourier
Transform (FFT) (Brigham 1988) or its more musically-relevant
derivative, mel-frequency cepstral coefficients (MFCC) (Logan
2000). A number of other features are used, including time-
domain autocorrelation (mostly used for pitch tracking) and
wavelet transforms (Tzanetakis et al. 2001), but most of the
features employed are statistics computed from the FFT. The
reason frequency-domain transformations are so prevalent is the
primacy of periodicity in the perception of musical aspects such as
pitch, timbre, and rhythm.

Once a set of features is selected and can be reliably extracted
from audio, the problem is essentially one of multivariate analysis,
in which each piece of music in a collection can be conceptualized
as a vector in n-dimensional feature space. Traditional
multivariate techniques as well as probabilistic machine-learning
techniques such as Hidden Markov Models (HMM) and neural
networks can be applied to identify salient features and perform
data reduction, often through classification. A good overview of
these and other classification techniques for audio can be found in
Herrera et al. (2000).

3.3 Musicology, Music Theory

The study of music is an important application area for MIR, and
thus drives much of MIR research. Musicology is an ancient and
interdisciplinary field which has been transformed by
computational techniques (Bel et al. 1993) and promises to be
further transformed by ready access to large digital music
collections.  Musicology-related MIR research ranges from
computational music analysis, as in Cope (2001), to MIR systems
specialized for musicologists, as in Bonardi (2000) and Kornstidt
(2001). An interesting tension exists in MIR between musical
analysis which concerns the nature of music per se and is often
qualitative as in Larson (2000), and approaches that attempt to
empirically demonstrate improved retrieval performance and thus
rely on quantitative techniques such as statistical analysis and
machine learning. Cope’s work with computational musical
analysis (Cope 2001) and algorithmic composition (Cope 1992)
interestingly bridges these two very different perspectives by using
computational techniques to divine aspects of music, such as style,
which have traditionally been investigated qualitatively or with
exhaustive manual effort as in Van der Merwe (1989). There is
clearly some middle ground that remains unexplored, since
aspects of music that have currently only been characterized by
musicologists may yet prove useful in the design of MIR systems.

3.4 Library and Information Science

Libraries and library scientists are involved in MIR as part of their
ongoing effort to cope with ballooning multimedia collections.
Libraries face all of the issues raised by MIR, from basic research
questions such as how to represent and index musical material, to
applied information technology issues such as integrating
traditional bibliographic systems with advanced MIR tools, to
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policy issues such as how to manage intellectual property rights
for the producers and users of music collections. Of particular
importance to MIR are a number of testbed projects being
undertaken at academic libraries and digital library research
facilities, including Indiana’s Digital Music Library projects
(Dunn et al. 1999; Dunn 2000; Dunn et al. 2001), the University
of Waikato’s MELDEX digital library (Bainbridge et al. 1999;
Bainbridge 2000; McPherson et al. 2001), and the Levy sheet
music collection at Johns Hopkins (Choudhury et al. 2000). These
testbeds integrate a variety of MIR tools with significant music
collections in order to explicitly address issues such as usability,
scale, and multi-modal access to musical works (e.g. linking
scores with recordings). They also support the application of MIR
tools and collections to specialized use cases such as music theory
education.

Testbeds are a good way to begin to evaluate who the potential
users of MIR systems are and what features they are most
interested in. Preliminary user studies such as McPherson et al.
(2001) indicate a trend away from speculative user requirements
analysis such as that found in, for example, Bonardi (2000)
towards empirically grounded approaches and techniques. The
user modeling methods put forward by Rolland (2001) suggest
that future MIR systems can be tailored to meet the needs of a
variety of user communities.

3.5 Cognitive Science, Psychology, Philosophy
A small subset of MIR research concerns the implications of
music perception on the design of MIR systems. Research efforts
range from models of music perception such as Dannenberg
(2001) and Hofmann-Engl (2001) to epistemological analysis of
music information such as Smiraglia (2001). Much research has
been done on music perception in psychology, music psychology
and cognitive science (Deliege et al. 1997; Cook 1999). There
also have been notable efforts in both music philosophy (Adorno
1973) and cultural studies (Attali 1985; McClary 1991) to
characterize how music is understood as a social and cultural
phenomenon. Significantly, however, MIR researchers have so far
rarely adopted work in these areas as a basis for MIR studies.

3.6 Law

High-profile cases such as Napster demonstrate that MIR systems
are being developed in an uncertain regulatory environment, and
legal issues will continue to be important to MIR researchers until
this situation changes. Issues such as the Digital Millennium
Copyright Act (Levering 2000), intellectual property rights
management, and researcher access to music databases (Byrd
2001; Downie 2001) will be important to the field indefinitely. To
a large extent, copyright law is a policy issue rather than a
technical issue, but legal issues dramatically affect the priorities of
commercial and non-commercial agencies funding MIR research,
and thus are of critical importance.

4. CRITICAL ANALYSIS OF COVERAGE
GAPS IN MIR RESEARCH

MIR’s newness and multi-disciplinary constituency make the field
strong on innovation and basic research, but weak on evaluation
and application to real user communities. The problem is twofold:

1. There are no commonly accepted means of comparing
the efficacy of retrieval techniques; and,

2. There have been few if any attempts to study potential
users of MIR systems to find out what they need.

The two problem areas are interrelated in that meaningful
evaluation of retrieval techniques must be grounded in a
significant understanding of user requirements.

In addition to these evaluation-related gaps, there are also areas of
basic research that are receiving more and less attention than they
should. In particular, the amount of emphasis on QBH systems
appears to be unsupportable given doubts about their usefulness
(McPherson et al. 2001) and scalability (Sorsa et al. 2001).
Research on recommendation systems, common in the DL and
commercial communities, is inexplicably rare in the MIR
community. User interface research, now undertaken most often as
an afterthought to research into retrieval techniques, is clearly
under-emphasized, especially since retrieval interfaces may have
to incorporate complex audio strategies such as those explored by
Fernstrom et al. (2001). And finally, MIR research as a whole
has failed to significantly address music outside of the common-
practice Western music canon.

4.1 Difficult To Compare Techniques

Research into MIR techniques rarely presents results that can be
compared with other research. Some studies such as Spevak et al.
(2001) and Rolland (2001) do not present evaluation results at all.
Others present results based on very small sample sets. For
example, the particular technique of Mazzoni et al. (2001) is
evaluated on a database with less than 20 pieces of music. Other
papers report overall results without reference to any common
measure of significance: for example Yang (2001) reports “90%
retrieval accuracy” without explaining what constitutes “accurate”
retrieval, Nishimura et al. (2001) report a “search rate” computed
by averaging precision and recall together, etc.

We believe this inconsistency largely arises from MIR’s
interdisciplinary nature. Evaluation metrics that are well
understood in one field, such as precision and recall in traditional
IR, are new and unfamiliar to other fields such as audio
engineering. In addition, there are no community-wide music
collections against which researchers can cross-evaluate a wide
variety of different techniques, a problem which the community is
eager to address (Byrd 2001; Downie 2001). So far, the most
sophisticated attempts to rigorously compare a variety of MIR
techniques are being done in limited domains as in Hsu et al.
(2001) and Uitdenbogerd (2000).

4.2 Few Attempts to Assess User

Requirements

Jef Raskin’s talk at ISMIR 2001 about how to make computer
systems more usable was notable in that it suggested using
theoretical models of users to guide user interface design choices
rather than involving users in the design process (Raskin 2001).
This emphasis on basic research over application to, and
involvement with, users is common in MIR research, and may
result from the influence of the computer science and audio
engineering communities.

Already, MIR is beginning to emphasize certain areas of research
without having identified user communities and evaluated whether
the techniques developed will meet the needs of those
communities. As mentioned before, QBH systems are being
intensively developed, but there is virtually no evidence cited that
users prefer these systems, and even some that suggests that they
do not (McPherson et al. 2001). QBH papers typically begin with
speculations that such a system would be useful, such as “singing
is naturally used as input” (Haus et al. 2001), or anecdotal
evidence such as

The potential utility of such systems is attested to by
music librarians, who report that library patrons often
hum or whistle a phrase of music and ask them to
identify the corresponding musical work. (Smith et al.
2001).
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Even MIR research focusing on usability rarely involves user
studies. For instance, Kornstadt (2001) presents a graphical user
interface apparently tailored for the needs of musicologists, but
cites neither research into what kinds of tools musicologists need
nor any evaluation of the system by musicologists. Research into
genre classification from audio (e.g., Tzanetakis et al. (2001))
repeatedly cites Perrot et al. (1999) as a basis for its assumption
that users can make effective genre judgments based on short
musical examples, but does not evaluate the performance of genre
classification techniques against real users’ genre judgments. One
exception to the dearth of user studies is Fernstrom et al. (2001)
which at least attempts a preliminary user evaluation of a new user
interface design based on a perceptual phenomenon known as the
“cocktail party effect”.

To some extent, this is a chicken-and-egg problem; MIR
researchers cannot evaluate techniques that have not yet been
developed. Even worse, it is difficult to meaningfully study user
behavior without users having access to large, relatively
comprehensive collections of music with which they can
spontaneously interact. As testbed projects continue to develop,
they will be in the best position to analyze their own users (e.g.,
McPherson et al. (2001) and Dunn (2000)), which should provide
valuable guidance to basic researchers. However, it still remains to
be seen whether or not real user needs match the interests or
technological capabilities of the many disciplines currently
involved in MIR research.

4.3 Undue Emphasis on Western Music

Another significant coverage gap in MIR concerns non-Western
music. The music used in MIR studies is predominantly common-
practice Western music. This is primarily a problem with symbolic
MIR systems, which tend to use representations derived from
common-practice Western music notation. Notable exceptions
include Linardis et al. (2001) who describe a retrieval system
based on Byzantine neumatic notation. Audio MIR systems are
presumably more flexible than symbolic MIR systems because the
audio representations and features they employ are presumably
more culturally neutral, but no audio MIR research has
specifically investigated this hypothesis.

Addressing the undue emphasis on common-practice Western
music in MIR research requires, finally, a radical rethinking of
MIR research practice. Assumptions commonly made by MIR
researchers about music — that it has melodies, that its rhythm is
metrical, and that it can treated as re-contextualizable information
objects — must be replaced by provisional sets of assumptions
resonant with the cultural milieus of real user communities.

S. FIRST PRINCIPLES AND A MIR
RESEARCH AGENDA

To best overcome the gaps in current MIR research, we believe
that MIR research must embrace as sine qua non the following
three principles:

1. MIR systems are developed to serve the needs of
particular user communities.

2. MIR techniques are evaluated according to how well
they meet the needs of user communities.

3. MIR techniques are evaluated according to agreed-upon
measures against agreed-upon collections of data, so
that meaningful comparisons can be made between
different research efforts.

To realize these first principles, we believe the following steps
must be taken:

First, MIR research should begin by assessing existing MIR
systems (broadly defined to include both digital and traditional
formats), including libraries, music retailers, on-line media
merchants, and individual collections. Existing practice should be
evaluated to establish baselines of usability upon which new MIR
systems must improve. These evaluations should be systematic
and empirical and involve the participation of both users and
maintainers of existing systems, rather than being based on the
opinions and speculations of MIR researchers. These same
techniques can then be used to evaluate new MIR systems, and the
results can be compared. It is imperative that studies of existing
music systems include non-Western resources and their use in
non-Western contexts.

Second, the investigation of existing MIR practice should identify
distinct user communities and investigate what they need from
MIR systems. As MIR researchers have already pointed out, the
musicological community has, for example, quite different
requirements for MIR systems than other communities. Future
MIR research should explicitly identify which community’s needs
it is attempting to address.

Third, MIR research programs should also agree upon evaluation
measures. Retrieval accuracy and system effectiveness should be
measured using clearly delineated, agreed-upon methodologies
and reported consistently across studies. To this end, MIR
researchers should share music collections, so that a variety of
techniques can be applied to the same collection and results
replicated or refuted by independent research teams. The
development of a set of “universal” test collections as called for
by the ISMIR 2001 “resolution” (see http://music-
ir.org/mirbib2/resolution) is an important step in this direction.

Fourth, and finally, MIR researchers should develop under-
represented research areas such as recommendation, browsing,
and user interface design. Advances into these areas should be
grounded in existing knowledge of user requirements and music
perception.

If the MIR research community embraces these principles and this
research agenda, we believe that future MIR systems will better
provide real users with the tools, features, and ease-of-use they
need to get the most out of rich and comprehensive collections of
music in digital form.
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