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Abstract. The article introduces the problem of digital preservation for
the scientific data produced within the research in the field of expressive
music performance, assuming that the present and future user commu-
nity would benefit from a shared repository of such data (including mea-
surements, physical or mathematical simulations, and highly specialized
documents reporting the researchers work and conclusions). The article
also draws a parallel between computer systems for expressive music per-
formance (CSEMP) and multimedia artworks, suggesting that CSEMPs
can benefit from the existing models for the preservation of interactive
art, and more specifically from a model inspired by information systems.
Both models are described in the article.
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1 Introduction

The multidisciplinary research field investigating the affective content of a hu-
man musical performance has received increasing attention since the first studies
conducted in the 1980s, namely since the first performance rules defined using
an analysis-by-synthesis method1 [2]. The objective of the research is mainly
twofold: (i) at a human level, the aim is to understand the musical perfor-
mance in its full complexity, and (ii) at a technological level, the aim is to
develop new automated computer systems for expressive music performance
(CSEMPs) [3, p.2]. Both levels require a knowledge advancement to achieve
secondary objectives, which my partially overlap: improving teaching methods,
playing computer-generated music expressively, enabling computer accompani-
ment, and others summarized in [3, p.4].

1 Goebl et al. [1] report that “early attempts at quantifying this phenomenon” – i.e.,
expressive music performance – “date back to the beginning of the 20th century,
and even earlier than that”, but in this article the author limits her attention to the
modern computational approaches.
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“When scientific data is used by a community it develops a history” [4, p.39]

Just like in other research fields, knowledge is often built on the interpretation
of large datasets, which in this field may consist of quantitative measurements
(MIDI controllers, accelerometers, movement sensors, video systems, etc.) or in
recorded audio signals, according to the method for data acquisition [1, p.198].
An example of a large data set used to discover general rules of expressive music
performance from real performance data via inductive machine learning was pre-
sented in [5]. This collections of data, along with the data that is derived from
it, constitute an asset for the scientific community and should be addressed with
preservation programs for the benefit of the present and future scholars. In this
sense, a remarkable work expressing the awareness for preservation issues and
inspired by the spirit of scientific sharing is the CrestMuse Performance Ex-
pression Database (CrestMusePEDB), a music database that describes music
performance expression and is available for academic research [6].
Knowledge and methods in the field of expressive music performance are ex-
pected to evolve in time, therefore preservation has the twofold objective of
maintaining the data and the information to understand it, that is to allow “fu-
ture users to re-analyze the data within new contexts” [4, p.40]. At the same
time, an additional challenge is represented by the preservation of CSEMPs, i.e.
the functioning systems, obviously tightly related to the aforementioned data,
as well as in constant evolution. The annual international competition for com-
puter systems able to generate expressive musical performances (Performance
Rendering Contest, commonly referred to as RenCon [7]) offers an interesting
round up of CSEMPs, and would be the ideal setting to put into practice an
extensive documentation oriented at long-term preservation.

2 The preservation of scientific data

The definition of preservation is not limited to storage: unrestricted access must
be made available “forever” – decades or centuries, or long enough to be con-
cerned about the obsolescence of technology [8]. The preservation of scientific
data conforms to this definition, which includes cultural materials such as digi-
tized audio or traditional sculpture. Scientific data is often structured (e.g., data
captured by sensors), which in many ways makes the preservation task easier,
but it also includes “physical or mathematical simulations and several highly spe-
cialized documents reporting the researchers work and conclusions” [9, p.388].
It might be necessary to preserve the programs that produce simulations, and
to model the high level relations that are not included in the data model. To-
day the community lacks an open repository and, before that, a shared model
for preservation. A strategic mid-term goal would be to define a preservation
information network, that is “a representation of the digital objects, operations
and relationships, which allows a preservation objective to be met for a future
designated community” [4, p.48].
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Fig. 1. The information system view of an interactive multimedia artwork according
to Nardelli [11, p.44].

Digital preservation is a well-established research area classified by the ACM
Computing Classification System2, which can contribute with the knowledge and
the tools necessary to devise a solid and complete preservation plan, including the
choice of the information technology infrastructure [10]. Other mature research
fields from which the preservation of CSEMPs could highly benefit include the
preservation and restoration of intangible and/or interactive cultural heritage.
The next Section presents some similarities between CSEMPs and multimedia
installation artworks, suggesting how these research field could virtuously foster
mutual achievements.

3 Similarities with multimedia installation art

The preservation of interactive multimedia installations is currently one of the
most pressing challenges within the archival community. From the viewpoint
of preservation, installations share the same problems of traditional artworks
(physical degradation), of audio and video media (analogue-to-digital conversion;
obsolescence of software and programming languages; etc.), with the additional
element of complexity represented by interaction. The author has been active
in the field of intangible cultural heritage preservation for nearly a decade [12,
13] and she finds that a parallel between CSEMPs and the model suggested by
Nardelli to represent interactive artworks [11] could prove useful. In the first
place, Nardelli compares interactive artworks to information systems, basing on
the fact that both “process a given input to produce a desired output” [11, p.44].
Most sound installations act precisely like a CSEMP, introducing modifications
in musical parameters as the score is being played/generated. The author is cur-
rently engaged in the documentation of the artistic production by Belgium-based

2 Information systems > Information systems applications > Digital libraries and
archives. Source: ACM Computing Classification System, 2012 Revision, consulted
on July 3, 2014)
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artist Tim Vets3, some works of whom fully comply with the definition just given.
Figure 1 shows the information system view of an interactive multimedia artwork
(adapted from [11]). If we replace the “content” with the score, and the “artistic
output” with the expressive performance, then the “transformation process” will
precisely be the introduction of the deviations in time and dynamics that “bring
the performance to life”, regardless of the method employed to achieve this goal.
This model is flexible enough to represent automated [14] and semi-automated
CSEMPs, as well as interactive [15] and non-interactive CSEMPs (in which case
the bottom arrow in Figure 1 would simply be omitted).

3.1 A multi-level model for the preservation of interactive art

A good model of interactive artistic installations for preservation should be com-
patible with different objectives of preservation:

– support (future) scholarly studies: historical, philological and musicological
analyses;

– enable (future) re-installation: replication and re-interpretation;
– archiving (conservative approach).

At the same time, it should allow for different approaches to the fruition of
the preserved object:

– documental
– aesthetical (re-create the experience, i.e. feel it again)
– sociological (what the installation meant to the people of the era, how it was

perceived)
– reconstructive (replicate the work as faithfully as possible).

Figure 2 shows the type of relations that the preservation bundle representing
the artwork should allow among its elements: depending on the approach to the
fruition, the data should be configured adequately and presented to the user. A
historian interested in the reviews that were published in the national press at the
time of the first exhibition and a Ph.D. candidate in Performing Arts will likely
be interested in different aspects of an installation: the technical notes might be
omitted for the historian, while they are crucial for the Ph.D. candidate. This
example aims at showing why it is desirable to allow some degree of freedom
when browsing the complex object representing an artwork (differing, in this
sense, from the preservation copy of an audio document, which is not accessible
to the user, who is given other types of documents instead: access copies of I and
II level (see [16]); another difference is introduced a few lines below). Considering
that the digital complex object representing an artwork for preservation might
contain a considerable number of documents, the necessity to arrange narrative
paths for the users to explore is basically self-evident. To achieve this objective,
adequate software tools need to be developed, especially innovative interactive
user interfaces.
3 http://www.timvets.net/video/volusonogram.php?page=installation (re-

trieved July 3, 2014)
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(a) All layers (b) Layer 1 (c) Layer 2 (d) Layer 3

Fig. 2. Graphical expression of the multiple relations that should be made possible
between the elements contained in the complex digital object representing an artwork
for preservation. Arrows represent semantic configurations, graphically rendered as
layers. Single configurations are showed in subfigures (b), (c) and (d). Paths and cycles
of each layer never intersect.

According to this model, two forms of preservation are considered: static,
where records are created once and not altered, and dynamic, where records are
changed and updated. The fact that some parts of the preservation bundle might
be changed, enriched or even added at a second moment in time constitutes an-
other difference with the preservation copy of an audio document, which is never
modified once it is archived. The preservation “copy” of an interactive artwork
is an organized set of documents that keeps track of the updated patches, or to
which new interviews to the people involved in the realization of the installa-
tion can be added. In this sense it is made of a static part and of a dynamic
part. One of the most challenging problem is to preserve the knowledge about
the logic and temporal relationships among individual components so that they
can be properly assembled into a performance during the reconstruction process.

The model presented provides four different levels or layers, each of which
serves as a container for specific types of documents. The layers have specific
aims, which are described further in this paragraph. The layers are not necessar-
ily sequential, and they might occasionally show overlapping contents. Finally,
levels may consist of a physical or logical content.
The names of the layers were inspired by a methodological framework for the
preservation of scientific data, and they reflect the approach based on computer
science (in particular, to the field of the relational databases): bits (the lowest
level of representation), data (attributes), record (tuples) and experience (the
knowledge that is obtained by interpreting the data in a correct way).

Preserve the bits – Each part of the original installation that can be di-
rectly preserved: a static and physical level of preservation, with a life expectancy
of 5-10 years. All the data are kept in the original format (the problem of their
interpretation is a matter aside), and the risk of introducing alterations must
be avoided. It is a physical and static form of preservation, and it works in the
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original contexts. It still requires metadata preservation and refreshing. There
can be physical and digital objects. Preserving the digital objects will follow the
general conceptual model defined in the OAIS Reference Model [17]. This means
that each digital object will be accompanied by its representation information,
preservation description information (i.e. reference, context, provenance and fix-
ity) and descriptive information.
It should be noted that some interactive sets provide that objects are used or
consumed during interaction (food, perishable material, . . . ). In this case, one
or more parts of the system may literally not exist after the process of interaction.

Preserve the data – Technical notes, comments and useful information
about the realization of the installation: a dynamic and physical level of preser-
vation, with a life expectancy up to 30 years. Includes high level descriptions of
algorithms and models. No special attention is paid to presentation and context.
It is a physical and dynamic form of preservation, as it could be necessary to
use new design languages, possibly developed on purpose.

Preserve the record – Any element that was modified or updated in re-
spect of original installation: a static and logical level of preservation, with a life
expectancy of 10-20 years. Includes re-interpretation of the patches and infor-
mation about the context. Costs are balanced against utility, and appearance is
not necessarily preserved. It is a logical and static form of preservation. Some
risks are tolerated, if not necessary (e.g., migration to new informatics environ-
ments). The results of each intervention should be checked using philological
instruments. This level needs another layer of information about activities ac-
tually performed in the performance (the actual activities performed during a
performance can be different from the activities mentioned at the bit level).

Preserve the experience – Any document that bears witness to some as-
pect of the installation: a dynamic and logical level of preservation, with a life
expectancy up to 30 years. Includes hardware, software, interviews, audio/video
recordings, usability tests of the original system, as well as information about
people (composers, directors, performers, technicians) involved in the original
performance and their roles. Resembles a museum-like approach, that aims at
keeping track of the history of the installation. It may require emulators or old
computers (emulators reproduce a whole system, or a program; system emulators
require us to use old interfaces; program emulators may use current interfaces)
and/or migration in new systems (reinterpretation). Although emulation has
been known as a method that could create the original look and feel of the
work [18], [19] showed that this was not easily achievable, owing to many differ-
ences between the original hardware platforms and their emulated counterparts,
such as CPU speeds, as well as looks and feels of the new hardware platforms.
Reinterpretation seems to be a preferred approach, where the artworks could
be entirely encoded using a symbolic notation [20]. The existence of this layer
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may be more important than the content, although it does not help re-use, it is
expensive and not fruition-oriented.

4 Conclusions and future work

This article introduced the problem of the preservation of scientific data and
of the computer systems produced within the research field of expressive music
performance. A flexible model comparing CSEMPs to information systems has
been presented. A different model, for the preservation of multimedia installation
art, has been presented by the author because it could also prove useful in the
definition of a preservation information network for CSEMPs. It is desirable that
the international community engage in a discussion about preservation models
for CSEMPs and the related scientific datasets, because past and present systems
are already being lost due to the lack of a shared methodology for preservation.
RenCon’s ultimate goal is the development of a performance-rendering machine
that will win the Chopin Concours by 20504 [3, p.41]: it could be very interesting
to exhibit, on the same occasion, a gallery of CSEMPs from the present day to
2050. The only way to achieve this is to start a preventative preservation today.
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