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ABSTRACT

The need for standardized large-scale evaluation mofsic
information retrieval (MIR) and music digital libga (MDL)

methodologies is being addressed with the recesoluton
calling for the construction of the infrastructunecessary to
support MIR/MDL research. The methodology of ouRWtudy
investigating the use of n-grams for polyphonic mmustrieval
has been based on a small-scale test collecti@monind 10,000
polyphonic MIDI files developed by us. A reviewMiR studies
show that a number of researchers have similarlyeldped
individual state-of-the-art test collections forettpurpose of
metric scientific evaluation. However, there arenamber of
potential problems that are generic to these varismall-scale
test collections. These include the lack of cdesisy and the
completeness of the relevance judgements used.s péper
discusses a number of test collections developedvdrous
researchers and ourselves, and describes how méareo
limitations generic to all these studies could kercome through
the development of standardized large-scale tdistotions.

1. INTRODUCTION

With the advancement in multimedia and network nedbgies,
the interest in music information retrieval (MIR)camusic digital
libraries (MDL) has grown noticeably over the pésiv years.
There already exist an appreciable number of MIResys that
are commercially viable and of a high degree ofhsstjzation.
However, with the lack of standardized, generaliyead-upon
test collections, tasks and metrics for MIR evabratresearchers
and developers are facing difficulties in benchrimagk and
endorsing the performances of their systems. Téed nfor
standardized large-scale evaluation of MIR methogies has
been identified only very recently with the res@ut for the
construction of the infrastructure necessary tgsupMIR/MDL
research [1].

One of the approaches proposed towards MIR evaluasi the
use of test collections based on the Cranfield BREC models
[1, 14] that have been used for many years in ¢xé retrieval
community. A test collection for information retvial (IR)
encompasses (i) a set of documents, (ii) a setiefies, and (iii) a
set of relevance judgments, and aims to model weald
situations, so that one could expect the performaria retrieval
system on the test collection to be a good appratm of its
performance in practice. Of the two series of igsidonducted at
Cranfield University, UK, it is the second seriesducted in the
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1960s that became the exemplar for experimentdliatian of IR
systems (with the first conducted in the 1950s1Q®, The
Cranfield 2 test collection consists of 1,400 doents, mainly in
the field of aerodynamics with 221 search questi¢Bs].

Because of computer storage and processing cbatas inot until
the 1980s, however, that large-scale testing beqaomsible. In
the early 90s the Cranfield 2 paradigm was gragualblaced by
TREC (Text REtrieval Conference), a major initiativn IR

evaluation with an emphasis on large collectione sand
completeness of relevance judgements. It madeilppesthe
large-scale, robust evaluation of text retrievathmdologies and
has been running successfully since [5,9].

An important factor in the success of an evaluai®ithe task
description and the metrics used to score the tyuaflia response.
“Intuitively understandable metrics that map to oaeencially

significant problems” have been described as osgatsde feature
of an evaluation [5, 22]. Query by melody (QBM)task useful
to most classes of MIR users (music librariansc-fiskeys,

music scholars, etc.), has been the research fotus large

number of MIR studies. There are various intedatre these:
query by humming (QBH), text-boxes for contour dis@ute

note letter-names input, or a graphically visualikeyboard. In
our study of full-music indexing of polyphonic masiwe are
concerned with two tasks: QBM for monophonic querand

query by example (QBE) for polyphonic queries [16].

Relevance judgments are what turn a set of docigraeTd topics
into a test collection. Deciding which documents eelevant
given a particular query constitutes an importdwgtetical and
practical challenge. Among the more immediate domestit raises
are: would performances with the melody transpaseglayed in
a different speed be considered similar? Mustoperinces to be
retrieved be in the same genre? Was the melodyl lasapart of
the accompaniment? How does the computer intljtidecide
which is the accompaniment? Can the melody bétbligaried?
If yes, what is degree of variation allowed? Mtist query be
complete in structure musically (theme, motive, g3l fugal
subject, etc)? Is a query with an arbitrary numbérnotes
possibly not complete musically, analogous to taalfvord or
sentence with text? It would be difficult to defirrelevant
documents if the query is not even considered valithese are
only a few of the issues that need to be addressemder to
define relevance, a notion that takes a centraltiposin IR
evaluation.

In developing a list of relevant documents for agu TREC uses
a pooling technique, whereby diverse retrieval eyst suggest
documents for human evaluation. Documents thahaten the



pool, because all systems failed to rank the dootntegh

enough, are assumed to be irrelevant to the todieman

assessors then judge the relevance of the docurmetite pool.
The quality of the judgements created using thdipgaechnique
should be assessed, in particular with respect Heirt
completeness and the consistency of the relevambgeinents.
Completeness measures the degree to which all elevant
documents for a topic have been found while coescst
measures the degree to which the human assessarankesd all
relevant documents as relevant and the irrelevantments as
irrelevant [5].

With MIR, one of the first steps taken towards dtdized music
test collections was to list candidate MIR testieilons. These
collections are useful by themselves for a numiferesearch
projects but would be even more useful if they waseompanied
by a set of well-defined queries and relevance guulgnts. The
Uitdenbogerd and Zobel collection is a notableeption as it
does come with a set of (however incomplete) hunedevance
judgments [14].

The paper is structured as follows: Section 2utises some of
the MIR studies that have based the evaluatioretatively large
test collections. The discussion includes thevesiee judgments
and effectiveness measures used. Section 3 discudse
experiments of our MIR study on polyphonic musidering and
retrieval with n-grams using a test collection weveloped.
Section 4 discusses potential problems of the waritest
collections and re-emphasizes the need for TREE-lik
collaboration.

2. BACKGROUND

In this section, we discuss a number of MIR stud@gswhich

researchers have developed individual small-sesedollections
(using between 3000 to 10,000 documents) for etialua
[3,12,21, 23, 24]. We will focus on issues sucttasplexity of

music data and queries, relevance judgements dadtieéness
measures used.

2.1 COLLECTIONS AND QUERIES

There are a number of additional problems that Md&earchers
face when dealing with music data for computer-tab8iR

systems when compared to text. Music data coulthecas
simple monophonic sequences, where a single musim@ is
sounded at any one time, or as polyphonic sequgendesre
several notes may be sounded at any one time. cMisth is
multi-dimensional with musical sounds commonly dissd in

terms of pitch, duration, dynamics and timbre. Muata can be
encoded in multiple formats: highly structured, sstructured or
highly unstructured. A few studies have includeditonal pre-
processing modules to deal with these various &spEcmusic
data, for the data collection and/or queries. Takection and
queries used in the studies by Downie [3] and Swgdet al [23]

were monophonic. Melody extraction algorithms wased for
the studies by Uitdenbogerd [12] and Kosugi et 2l][to

preprocess a polyphonic collection. The collectomprised the
monophonic sequences obtained from the preprocessiep
along with monophonic queries. The study by Piskenal [24]

used both polyphonic queries and source collectiofhe

collection was encoded in a highly structured fdrmaad a
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prototype polyphonic audio transcription system vwmsgrated to
transcribe polyphonic queries in the audio format.

Collection sizes varied between 3000 and 10,000avilss. The
studies by Downie [3] and Sgdring et al [23] udesl NZDL [14]
collection of about 10,000 folksongs in the monaphdormat.
Uitdenbogerd [12] and Kosugi et al [22] both usesliad 10,000
MIDI files where the former downloaded music ofieais genres
from the Internet and the latter obtained the ctitbe from a
company in Japan. Kosugi et al [22] chose MIBltze format
for their collection as there is a large amounkitidl available in
Japan, where the popularity of karaoke ensures &amss to all
the latest pop hits. Most karaoke recordings dtegenelody data
on one MIDI channel, which makes it easy to recognihe
melody [21]. The test collection developed by Btk et al [24]
used data provided by CCARHht{p://www.ccarh.orly It
consists of around 3000 files of separate movemértm
polyphonic full-encoded music scores by a numbeclassical
composers (including Bach, Beethoven, Handel andzavtp
Three additional sets of variations, from which rige were
extracted, were added with the final collection poising a total
of 3150 documents.

For query acquisition, approaches taken were
simulation/automatic or manual. Faced with the iclifty in
obtaining real-world queries, many researchers lsiteuqueries
by extracting excerpts from pieces within the aziten, and then
using error models to generate erroneous queries.sOch study
is by Downie [3] and consists of two phases. la fist phase,
100 songs of a variety of musical styles were seteand queries
of lengths 4, 6 and 8 were extracted from the itzipf each
song. Thirty randomly selected pieces from théectibn and a
sub-string of length 11 from various locations fie tpiece were
used in the second phase of the study. An errafeinoased on
the study by McNab et al [18] was used for erromation.

Both the automatic and manual query acquisitiorr@ggh were
used in the study by Uitdenbogerd [12]. Automatieries were
selected from the collection by assuming that weisiof a given
piece formed a set of relevant documents. Vessiomre

detected by locating likely pieces of music via firenames and
then verifying by listening to these pieces. Ohthe pieces from
each set of versions was randomly chosen to exdraeiutomatic
query. Manual queries were obtained by asking aictan to

listen to pieces that were randomly chosen fromstteof pieces
with multiple versions obtained from the automatproach, and
then to generate a query melody.

In the study by Sadring et al [23], 50 real musagments were
generated manually on a keyboard by a person witlsian
knowledge before being transcribed into Parsomistation to

form the query set. 258 tunes hummed by 25 pewsete used as
candidate queries for the study by Kosugi et al.[2186 tunes
from these were recognized as melodies availablbdardatabase,
and hence adopted as the query set. For the bjuBickens et al
[24], the audio version of one variation was s&édtom each of
the three sets of variations that had been addetthdopurpose of
query extraction, was used as the query for the @BE. They
were unable to get human performances of all tivesi&tions.

1 An encoding that reflects directions of melodies.

either



Instead, queries were converted to MIDI and a fyjghlity piano
soundfont was used to create an audio “performance”

Looking at a few test collections, we can see therdity in size,
genres, formats, complexity and query acquisitippraaches that
have already been used in MIR studies.

2.2 RELEVANCE JUDGEMENTS

TREC has almost always used binary relevance judgt&m(a
document is relevant to the topic or not). Thexeehbeen studies
investigating the use of multiple relevance le&k The most
recent web track used a three point relevance :seaterelevant,
relevant and highly relevant [6]. To overcome thiiculties in
obtaining agreement on relevance, TREC uses thdingoo
technique to obtain a repository of candidate m¢\documents
and a number of human assessors to judge the nelewd these.
In defining relevance for the assessors, the amsesse told:
Assume that you are writing a report on the pattctopic. If the
document would provide helpful information then knéire entire
document relevant, otherwise mark it irrelevantd@dcument is to
be judged relevant regardless of the number ofrotteeuments
that contain the same informati¢si.

With the need to evaluate MIR systems, a numberelgvance
definitions have been assumed. With the known gearch used
in the first phase of Downie’s [3] study, the do@mhfrom which
100 query sequences were extracted was considel@cnt and
all remaining documents considered non-relevamtthe second
phase, the set of relevant documents for a givenyquas defined
as being the set of those songs in which the gsigrgogenitor
string was found intact.

In the study by Uitdenbogerd [12], “automatic” amcanual

relevance judgements were used. Versions of aepieere

considered to be relevant. Pieces were only cersidto have
distinct versions if there were obvious differences the

arrangement, such as (i) being in a different k@, using

different instruments or (iii) having differences the rhythm,

dynamics, or structure. All arrangements of thecei were
assumed to be relevant versions and all other p@esumed to be
irrelevant, thus giving “automatic” relevance judgmts. For
manual relevance judgements, six judges were askdidten to

the pieces returned by the retrieval system forevaice

assessment.

The pooling approach was adopted by Sgdring &3jItp obtain
a set of relevant documents. The answer set @utafrom
submitting the 50 manually generated queries tadr tMiR
system, was used as the relevant document sehéowdrious
experiments in their study. This approach was sed&e useful in
generating a list of relevant documents for a $eueries without
the need for human relevance judgements.

Audio queries were transcribed and submitted foienaal for the
study by Pickens et al [24] and Kosugi et al [2Being one of
the first studies to use an audio polyphonic quérg, study by
Pickens et al [24] used one variation from eacthefthree query
sets of variations as a query, and any variatiothimi each
corresponding set was considered relevant. Withrtbeophonic
hummed queries for the study of Kosugi et al [2Hlevant
documents were identified by song names.

In this section, we have shown that despite thécdifies in
defining relevance for MIR where human music peticephas to
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be addressed, relevance had been defined withiacihige of the
various MIR studies, based on the need to evathateespective
systems.

2.3 EVALUATION MEASURES

Many measures of retrieval effectiveness have beéined and a
number of these have been adopted for MIR studidf. the
measures are based on the notion of relevance. niBasures
assume that, given a document collection and aygusame
documents are relevant to the query and othersnate The
objective of an IR system is to retrieve relevamtudments and to
suppress the retrieval of non-relevant documents [Botable
performance measures that were used for the Cldinéists and
continue to be widely used in IR are precision eewhll. Recall
is the proportion of relevant documents retrieved precision is
the proportion of retrieved documents that arevesie  Formally,
given a query g, a set of retrieved documents Afg) a set of
relevant documents R(q), then reaadind precisiorp are defined
as

(= [A@) 0 R@)] | A(Q) n R(@)|
|R(a)| | A(Q) |

The official TREC reports several variants of psem and recall,
such as the mean precision at various cut-off e@eld a recall-
precision graph. The mean average precision enafsed as a
single summary evaluation statistic [7]. Anothexasure that has
been used is based on the rank of known-item sedroh quality
of the retrieval mechanism is judged by the readpftoank of the
known item - e.g., if the known (and only relevaitém is
retrieved at B rank, a quality of 0.2 would be assigned for this
query. By repeating this process with many quergsnean
reciprocal rank (MRR) is obtained to assess a qdai retrieval
and indexing method, averaged over the number efiggt The
MRR measure is between 0 and 1 where 1 indicatefegbe
retrieval.

and P =

With the complexities of music data [2], other bemarking
measures beyond precision and recall have beegedp These
include evaluating based on aspects of retrieviatiefficy (e.g.
speed of processing), software quality metrics dndgnan
computer interaction (HCI) and user interface (legtures [13].

For the first phase of Downie’s [3] study, a magtifimeasure of
precision was used. Precision was defined as:1Member of
song titles retrieved. Queries were extracted fi®® songs. For
the purpose of the study, a non-relevant hit was song title
retrieved other than that from which the query egisacted. The
second study used normalized precision and recallThe
normalized precision (NPREC) and normalized re¢sIREC)
metrics capture how closely a ranking system perorelative to
the ideal by including in the calculation, inforrast about the
ranks at which relevant documents are listed. AREE or
NREC value of 1 indicates that the ideal has beafized while a
value of 0 indicates the worst case.

The NPREC and NREC metrics are defined as [25]:

REL REL
> logRank - > logm
m=1 m=1

NPREC =1

log(N!/(N — REL)! REL!)



REL REL

D> RANKn=>"m
NREC =1 -T2 M=l
REL(N - REL)

Where N is the number of documents in the datalREs, the
number of relevant documents contained in the dawband
RANK,, the rank assigned to relevant docunmaf8, 11].

Other standard measures adopted for MIR studielsidac (i)

eleven-point precision averages (recall and prtistan be
averaged at fixed recall levels to compute an divetaven-point
recall-precision average) [12], (ii) precision apieces retrieved
(number of relevant melodies amongst the first tkieeed) [12,

23], (iii) precision/recall graphs [23], iv) meamesiage precision
and mean precision at the top 5 retrieved docunj2dis

For the study by Kosugi et al [21], where relevanes based on
the song names, the percentage of songs retrieiteih\a given
rank number formed the basis for their evaluation.

With relevance judgements defined to a certainrextéthin the
scope of each particular study, standard evaluati@asures
(modified in some cases) have already proved udefuMIR
evaluation. Whether or not such measures are lukeflarge-
scale evaluation in a MIR context is a questiort tieeds to be
investigated further.

3. TEST COLLECTION

This section describes the series of experimentpevidrmed to
investigate the use of n-grams for polyphonic musitieval.
Upon surveying the candidate music test collecfibf] for our
MIR study, one that was closely appropriate was trme
developed by Uitdenbogerd and Zobel. However, vesl h
difficulties obtaining this collection as the welieshad been
discontinued and permission to use the downloaded failed
due to copyright problems. We describe our apgrdawards
the development of a test collection that was neédaieour study.
In particular, the test collection, i.e. the setlotuments, queries,
and relevance judgements, used in the various iexeets are
discussed.

A collection of almost 10,000 polyphonic MIDI penfeances that
were mostly classical music performances had bb&ireed from
the Internet [http://www.classicalarchives.com]. hefe were
organized by composers — Bach, Beethoven, Brahnysd, B
Chopin, Debussy, Handel, Haydn, Liszt, Mendelssdfinozart,
Scarlatti, Schubert, Schumann and Tchaikovsky. eOth
composers’ works were organised in directories abhetically
(midi-a-e, midi-f-m, etc). The rest of the coliect was
categorized as aspire, early, encores and other&. smaller
collection of around 1000 MIDI files of various egbries of
popular tunes - tv and movie themes, pop, oldias fatksongs
was collected from the Internet (no longer avaéqbl Files that
converted to text formats with warning messagethervalidity of
the MIDI file such as ‘no matching offset for a feular onset’,
by the midi-to-text conversion utility, were notr=idered for the
test collection. Various subsets of this collettifiormed the
document-set for the different experiments. Theouertasks and
relevance used in these experiments are discussed.
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3.1 EXPERIMENT 1 — PRELIMINARY

INVESTIGATION

A preliminary study on the feasibility of our appah of pattern
extraction from polyphonic music data for full-meisihdexing

was performed. N-grams were constructed based glidiag

window approach using all possible patterns of plobnic music
data [15]. Data analysis was performed to stuayftequency
distribution for the directions and distances d€lpiintervals and
ratios of the onset time differences that occuhinithe data set.
For query simulation, polyphonic excerpts were aotied from 30
randomly selected musical documents similar to shely by
Downie [3]. The only relevant document for this éypf query is
the music piece from which the query was extractatj not
variants or otherwise similar pieces. In simulgti variety of
guery lengths, lengths of the excerpts extractech the randomly
selected files were of 10, 30 and 50 onset tim@&th no error
models available with polyphonic music queries, tBaussian
error model was used in generating erroneous cuémen the
perfect queries extracted.

3.2 EXPERIMENT 2 — QUERY BY
MELODY, FAULT-TOLERANCE AND
COMPARATIVE STUDY

The second experiment was performed to test theibiéity of
querying a polyphonic music collection with a mohopic
sequence [17]. Monophonic queries are thoughtesemble
query by melody. In particular, we focus on QBHteyns and the
fault-tolerance of the n-gram approach was examioesed on
QBH error models. In order to simulate ad-hoc msemwhere the
collection is kept constant but the information chedanges, we
hand-crafted ten monophonic queries. These wepelaotunes
of various genres. The list of songs and reledmtuments are
listed in Table 1.

With pieces from the classical collection (SongslP4, 6, 7, 8
and 10), using the filename and composer directamye

performance of each tune was identified. Each ludsé

performance files was edited using a midi sequerjaer-4.1.3,
to extract a polyphonic excerpt containing the therRitches for
the themes were referenced using the DictionaryMaofkical

Themes [20]. Using the retrieval approach and dp&mal

parameters identified from the first experimengsth polyphonic
excerpts containing the theme were used as qu&riderm a

relevant document pool. MIR studies that include pooling

approach to relevant document acquisition inclutiesstudies by
Uitdenbogerd [12] and Sgdring et al [23]. The doeats

retrieved were listened to and its relevance wdggd based on
assumptions similar to Uitdenbogerad [12] (seeice@). From

this polyphonic query excerpt, the theme was etethmanually
as a monophonic sequence, using midi to text arsda-vis

conversion utilities.

With the popular music pieces (Songs ID 3 and 9y @ne
version of each was available in the collectiorhe§e were used
to extract monophonic queries using the midi seqgeen
Versions for these were obtained by performing acteon the
Internet using the same relevance assumption. lyl.dsappy
Birthday (Song ID 2), assumed to be a tune thatybeely knew,
was added. This was not available in our collectatnall,
therefore as many versions possible, based on dlevance



assumption defined above, were searched for ofnteenet and
one of the versions with basic chords accompantfiegune was
selected to extract the monophonic query. Quergthes varied
between 15-25 notes for eight of the songs. Thenydor

Beethoven's Symphony No. 5 had just 8 notes and fia
Hallelujah was the most elaborate with 285 notes.

Table 1. Song list

Song ID Song Title No. relevant

1 Alla Turka (Mozart) 5

2 Happy Birthday 4

3 Chariots of Fire 3

4 Etude No. 3 (Chopin) 1

5 Eine kleine Nachtmusik 5
(Mozart)

6 S)_/mphony No. 5 in C 8
Minor, (Beethoven)

7 The WTC, Fugue 1, Bk 2
1 (Bach)

8 Fir Elise (Beethoven) 3

9 Country Gardens 2

10 Hallelujah (H&andel) 7

This test collection enabled us to perform furtineestigation on
the use of n-grams towards full-music indexing ofyphonic
music and a comparative study of various n-gramrsingtegies.
QBH error models were surveyed and used to inwastighe
fault-tolerance of the indexing approach. For qeriance
evaluation, we used the precision-at-15 measureyhith the
performance of a system is measured by the nuntbeslevant
melodies amongst the first k retrieved, with k=a®ur case.

3.3 EXPERIMENT 3 — ROBUSTNESS AND
ENVELOPES

This study performed a more extensive investigat@mn the
robustness of QBM and QBE tasks. The study aigpgsed and
evaluated an approach to reduce the number of elusiords
generated with the n-gram approach to full-musideking of
polyphonic music [16]. Two types of queries wexera&cted from
the music pieces: monophonic queries, where onéy rmote per
onset time was extracted and polyphonic querieserevha
polyphonic subsequence of events was extracted fhemmusic
piece. The approach of extracting the highesthpftom the
several possible pitches for each onset was theobéise several
melody extraction algorithm investigated by Uitdegérd [12]
and was therefore used to extract the monophoneriepl as
query melodies. The MRR measure was used as tilaation
metric for this experiment.

3.4 EXPERIMENT 4 — PROXIMITY
ANALYSIS

This section describes the test collection devetynfor our on-
going work on proximity analysis. Term positionfdrmation
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with indexes is known to improve the retrieval penfiance. An
approach to obtain polyphonic term positions of éidaying”

musical words based on the nature of polyphoniciendata is
introduced. Query formulation using proximity ogers and a
ranking function that addresses the adjacency andurency of
musical words generated from polyphonic data fdatebeetrieval
precision are being investigated.

In order to evaluate this approach, we have extbtlge query set
to 50 queries (40 added to the 10 used in the #mpmkriment).
These were thought to be sufficient, based on dtem of using

50 topics from which queries are generated with TREThese
additional queries were considered as queriesviked amongst
the ‘pop’ of classical music. This query list caasily be
extended to a more comprehensive list, possibljudticg real-

world queries such as collection of queries fronsimuibraries,

music stores, etc [2]. Query acquisition from atnary of

Themes [20] we think is a useful repositoffhe query list, that
comprises works of various composers and periodsnosic

within the scope of tonal music, is deemed suffitie

comprehensive for the QBM task. A separate taskmead to be
defined for contemporary music with its own set ggfecific

problems, such as difficulty to define a melodytlis class of
music [19].

Exhaustive judging, where relevance is determined dach
document, is feasible for a collection of this siZEhe relevance
assumption of versions used by Uitdenbogerd [12 adopted
and the first few seconds of each performance Visgened to for
a judgement to be made. This seemed a reasonaieagh, as
the author was sufficiently familiar with the quemelodies to be
able to recognize a performance within the first &2conds.

4. TREC-LIKE COLLABORATION

It is clear from the MIR studies discussed in Sect?2 and our
work in Section 3, that the use of test collectibas enabled MIR
researchers to evaluate their work. Standardiestidollections
have been a useful benchmark for text retrievaluatmn for
around 40 years now [5]. Manual relevance judgéspetihe
pooling approach, known item searches, relevancesdyg
titles/filenames and exhaustive judging have akrbeised with
MIR test collections. All of these approaches, beer, have
potential problems such as completeness and cenesjsbf the
relevance judgements. These problems have beeasaéd with
the large TREC collections and will need to be adsed when
moving away from the small-scale test collectiomsards large-
scale evaluation.

With so much research evaluated using test callesti the
stability of the test collection is an importansue and has been
addressed by TREC. Relative effectiveness of twoieral
strategies should be insensitive to slight changebe relevant
document set in order to reflect the true meritthed retrieval
strategy being evaluated. The reasons as givé#]bgr stability
of system rankings despite differences in relevgndgements
have been further discussed by [7]. The reasansté&bility are
as follows:

1. Evaluation results are reported as averagesn&py topics

2. Disagreements among judges affect borderlinaumeats,
which in general are ranked after documents tha ar
unanimously agreed upon



3. Recall and precision depend on the relativetiposibf the

5. CONCLUSION

relevant and non-relevant documents in the rel&anc \yi no available standardized test collectionNiR evaluation,

ranking, and changes in the composition of the ¢naent
sets may have only a small effect on the ordering whole

It has been argued that the third reason may ray &p the large
collection sizes of TREC where there could be hedsrof
relevant documents. It has been shown, howevat, fitst and
the second reason appear to hold for the TRECatmltes [7]. In
the context of MIR, it is unclear to what exter¢ fecond reason
will prove valid, for it could be argued that humamusic
perception would generate much larger differenceselevance
judgments. This question clearly needs to be inyasd further.

The investigation into the stability of system rimgs with
different sets of relevance assessments was castiethy NIST
with the following tests [7]:

1. The use of the overlap of the relevant docunsais to
quantify the amount of agreement among differets o
relevance assessments [4]. Overlap is definetieasize of
intersection of the relevant document sets dividgthe size
of the union of the relevant document sets

2. As a different view of how well assessors agné one
another, one set of judgements, say set Y, canvhleaed
with respect to another set of judgements, seA¥sume the
documents judged relevant in set Y are the rettieseat; then
the recall and precision of that retrieved set gisthe
judgements in X can be calculated.

3. The correlation can be quantified by using a suea of
association between the different system rankings
correlation based on Kendal's as the measure of
association between two rankings can be used. &knd
computes the distance between two rankings as hienon
number of pair-wise adjacent swaps to turn oneingniato
the other. The distance is normalized by the nurobi#ems
being ranked such that two identical rankings poeda
correlation of 1.0, the correlation between a ragkand its
perfect inverse is —1.0, and the expected coroglatf two
rankings chosen at random is 0.0.

When looking at completeness, it is also necessaassess the

degree of selection biashat occurs. Relevance judgments need

to be unbiased, i.e. it does not matter how manyhaw few

judgments are made, but the documents that aregusigould not
be correlated with the documents in a particultieeal method.
Having complete judgments ensures that there &etextion bias,
but pooling with sufficiently diverse pools has heshown to be a
good approximation [5].

TREC-like collaboration is clearly needed to cortdube
extensive tests required to address stability ssafeMIR test
collections and to obtain sufficiently diverse modbuch tasks are
formidably difficult for individual researchers tcomplish at a
smaller scale.

2 Selection bias occurs when the subjects studied raot
representative of the target population about wiimhclusions
are to be drawn.
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we have shown how individual researchers have dpeel state-
of-the-art test collections for the purpose of meetscientific
evaluation. However, there are a number of pakptioblems
that are generic to these various small-scaledaictions and
we believe that these can be overcome through THREC-
collaboration.  Collaboration could alleviate prafk in the
following areas:

1. Resources (Collection and queries)

The collection sizes used are a fraction of realdwenusic

repositories [2] and much larger collection sizesrzeeded. The
difficulties in query acquisition may be overcomgtaining real-

world queries such as those available with musiaties, radio
stations, scanning or encoding documented thentestensive

studies in obtaining real-world error models of mugueries

would be one approach towards generating large angisery

repository. A collaborative effort would be neededidentify

potentially relevant documents (via pooling) andrencesources
to assess the relevance of the pooled documentstendtve

testing of the stability of the system rankingsequired. A test
bed created in this manner and made available wiutter the

whole research field of Music IR

2. Relevance

Perhaps within the QBM task, relevance assumptmmh as
those already used in the studies thus far couldxpanded. A
comprehensive representation of user classes mayebded to
reach a consensus on the relevance based on aaskus tasks
need to be identified and the relevance definedoradangly.
Relevance based on a scale is one possibility, lwithan musical
perception of similarity is notoriously difficulotmodel.

3. Copyright

TREC mainly uses old newspaper articles, which hawereal

commercial value, and hence distribution is notbpmatic.

Music pieces have a value, and the test bed woeét o be
protected, either through drastic licenses speufyhe legal use
of the data, or perhaps by storing the test cadlectn a

centralized secure environment that offers comgutervices
such as the downloading of search engine indeximyratrieval

code, which is then executed at the repository raeeives the
ranked lists. Alternatively, one could get premssed “features”
of music pieces which are commercially not relevamit the

original music piece from the audio): a midi-likepresentation,
the volume footprint, a rhythm or pitch extract,etc the test
collection consists of “half’ music pieces, thesfi60 seconds of
each 120 seconds segment of the music piece etc.

4., Generic modules

Collaboration does not have to end with the creatid test
collection. With the complexities of music datac@laborative
effort to develop modules that create featuressaektmelodies,
preprocess data that requires expertise from vardisciplines
would certainly ease MIR research tasks. For elangroups
with an expertise in IR of symbolic representatimight well
benefit from preprocessing that translates rawaurdo symbolic
forms such as MIDI.
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