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ABSTRACT

Analyzing musical performances is a challenging and
emergent field of computational music research, aiming to
reveal performance patterns and link them to musical con-
texts. There exists a modest amount of computational re-
search on Hardanger fiddle performances. The MIRAGE
research project is currently contributing to this scientific
body, developing advanced MIR frameworks that build on
recent musicological research. This paper presents the de-
velopment and evaluation of two Max/MSP/Jitter software
applications 1 2 for music analysis and data visualization
that integrate contemporary research perspectives on the
complex rhythmical structuring of springar performances,
investigating how we can design user-friendly computa-
tional tools that explore performance patterns in Hardanger
fiddle music, in collaboration with MIRAGE.

Based on a small questionnaire and a few operational
tests, the study shows an interest in more effective soft-
ware tools capable of revealing complex interrelations
between musical dimensions in Hardanger fiddle perfor-
mances. Additionally, the study highlights design con-
siderations for tools aiming to increase the availability of
computational music research in the field of musicology,
such as cross-compatibility and integrated features that ac-
tively facilitate nuanced interpretation processes.

1. INTRODUCTION

The Hardanger fiddle (HF) is a vital component of Scandi-
navian and Norwegian folk music heritage, dating back to
the late seventeenth and early eighteenth-century [1]. With
such a long-standing tradition, the unique performance pat-
terns in HF music have interested folk music researchers
and musicologists for some time. Today, researching per-
formance patterns is an increasingly complex task that re-
quires interdisciplinary research approaches, often bring-
ing together musicology, computer science, psychology, li-
brary sciences, anthropology, and more [2–4].

There exists a modest amount of computational research
on HF performances. As result, software frameworks and
analytical tools that consider interdisciplinary and contem-
porary research perspectives on HF music are scarce. Cur-
rent Music Performance Analysis (MPA) studies have also

1 A video demonstration on the basic functionalities of the proposed
toolkit: https://www.youtube.com/watch?v=fMtfsBs5QBw

2 Source code: https://github.com/AleksanderTidemann/hardanger-
fiddle-performance-analysis

suggested that more research is needed to evaluate compu-
tational tools for musical performance assessment, high-
lighting the demand for more precise conceptual and com-
putational frameworks that increase our understanding of
the mechanics behind musical performances [5]. The MI-
RAGE research project is currently contributing to this sci-
entific body utilizing a transdisciplinary approach, devel-
oping advanced MIR frameworks that build on recent mu-
sicological research [4]. In collaboration with MIRAGE,
this paper examines how we can design better and more
user-friendly computational tools to reveal performance
patterns in HF music.

To reduce the scope of the study, the presented work
only considers specific rhythmic traits of springar perfor-
mances, a particular sub-genre/style of Scandinavian folk
music. The springar dance is considered one of the old-
est traditional couples dances in Norway and remains one
the most commonly practiced [1]. Most springar styles
are rhythmically structured in triple meter (3/4), accom-
panied by solo HF performances. Interestingly, some re-
gional variants of springar possess the stylistic feature
of asymmetrical timing patterns, which refers to a sys-
tematic unevenness (asymmetry) in the duration and po-
sition of the musical beats. Recent studies have shown that
beat-level variations in the asymmetrical timing patterns
of springar performances seem to be related to "melodic-
rhythmic" structures, in the sense that particular motivic
segments are associated with particular timing profiles,
suggesting that structural and other expressive features in-
fluence beat duration patterns [6]. Inspired by this novel
research, this study presents the development and evalu-
ation of two software prototypes that offer structural and
multi-dimensional perspectives on the complex rhythmical
structuring of HF springar performances, offering small
contributions to computational music analysis, Scandina-
vian folk music studies, and to the overall preservation of
important cultural heritage.

2. SYSTEM DESCRIPTION

Two standalone applications were developed for this study,
implemented in Max/MSP/Jitter 3 , consisting of three
modules, all designed based on HF performance data ac-
quired from the MIRAGE research project.

3 https://cycling74.com/
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2.1 Hardanger Fiddle Performance Data

One aim of MIRAGE is to provide detailed HF perfor-
mance transcriptions with temporal and metric positions
of notes through polyphonic pitch detection and rule-based
models for automated beat tracking. As shown in Figure 1,
the transcriptions can be represented as spreadsheets with
each row being a note event and each column being a mu-
sical feature.

Figure 1: Excerpt from a performance transcription of "Vrengja". While
the onset and offset columns specify the temporal position of note events,
the upmeter and lowmeter columns (inside the red square) represent
their metric position. Performance transcription by Anders Elovsson and
Olivier Lartillot.

Similarly, another MIRAGE objective has been to de-
tect repeating melodic regions, or motivic structures, in
the performances. Together, this temporal and structural
information provides the data necessary to develop tools
that explore the complex rhythmical structuring in HF per-
formances with structural and multi-dimensional perspec-
tives.

2.2 Application Nr.1

Figure 2: Application nr.1 consists of module 1 (left) and module 2
(right).

2.2.1 Module 1

By turning the MIRAGE performance data into something
meaningful that users can engage and interact with, the first
module aims to increase the data comprehension and gen-
eral availability of HF performance data. This module fea-
tures a graphical score representation that enables users to
manipulate the beat-level rhythmical structuring of perfor-
mances. The beat positions are indicated by vertical green
markers, each with a unique label that identifies the bar and
beat number. For instance, as shown in Figure 3, the green
marker labeled "19.1" indicates the 1st beat of the 19th bar.

The predominant interactive component of the first mod-
ule is the ability to make adjustments to the beat positions.
Generally speaking, in HF music, it is assumed that some
notes are more "responsible" for effecting beat durations

than others, meaning that adjusting beat durations should
ideally affect notes to varying degrees. However, a less
complex solution was chosen for this prototype implemen-
tation. When a beat position is adjusted as response to a
marker displacement, all beat ratios are updated while note
ratios within the beats remain unchanged. Consequently,
when the score is refreshed, all notes are scaled to main-
tain their relative position and duration within the beats.

Figure 3: Manually adjusting green markers (purple when selected) re-
scales note positions and durations, effectively shortening and elongating
the duration of the beats.

2.2.2 Module 2

The second module features an easy-to-use analytical plat-
form for assessing the timing patterns of motivic seg-
ments in particular HF performances. The module con-
sists of a custom-built JavaScript chart integrated with
Max/MSP/Jitter.

Users interact with the plotting interface by entering mea-
sure ranges (from measure A to measure B). The mod-
ule operates by comparing the user-requests to structural
data previously loaded into the application. If patterns are
found, i.e the range requested is subject to repetition, the
module will collect the beat durations ratios from all the
repeating instances and superimposes them in the plotting
interface.

Figure 4: In this module 2 example, a user has requested to inspect a
three-measure range in the performance. The module has identified that
the user-requested range is repeated once. Therefore, the plot consists of
two superimposed data entries.

As illustrated in Figure 4, the plot represents the size of
patterns (number of beats) along the the horizontal (X)
axis, with beat durations on the vertical (Y) axis. Addi-
tionally, color-coding is used to visually enhance the corre-
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