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Abstract
The preservation of artistic works with technological components, such as musical works, is
recognised as an issue by both the artistic community and the archival community. Preserving such
works involves tackling the difficulties associated with digital information in general, but also raises
its own specific problems, such as constantly evolving digital instruments embodied within software
and idiosyncratic human-computer interactions. Because of these issues, standards in place for
archiving digital information are not always suitable for the preservation of these works. The impact
on the organisation and the descriptions of such archives need to be conceptualised in order to
provide these technological components with readability, authenticity and intelligibility. While
previous projects emphasized readability and authenticity, less effort has been dedicated to
addressing intelligibility issues.
The research into the specification of significant properties and its extension, namely significant
knowledge, offers some grounds for reflecting on this question. Furthermore, the relevance of taking
into account the creative process involved in the production of technological components offers an
opportunity to redefine the status of technological agents in the performative aspect of digital
records. Altogether, the research on significant knowledge and creative processes provide us with a
conceptual framework that we propose to bring together with digital archives models to form a
coherent framework.
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Introduction
From both a theoretical and a practical viewpoint, the preservation of artistic works,
such as artistic works with technological components, raises questions that keepers of
digital archives need to address. Technological components are an integral part of the
work, together with the musical score; as such they require preservation attention.
These technological components of the work, especially digital media processing
software created specifically for each work, seem to epitomize archival issues in terms
of readability, authenticity and intelligibility (Lee, 2000). The music research
literature emphasizes the question of sustainability of this repertoire when confronted
with technological obsolescence:
“Most, if not all, live electro–acoustic works are endangered
today because their sustainability in time is extremely low.”
(Bernardini & Vidolin, 2005).
In the context of such works, preservation relates to the ability to re-perform the
work, rather than preserving the recording of the performance. Media processing
software can be used to transform the sound of acoustic instruments or to synthesise
new electronic sounds during the performance.1 Therefore, it is critical to preserve this
software, kept as is or migrated, together with the ability to use it. Similarly, this kind
of software is used in new media arts. The DOCAM (Documentation and
Conservation of the Media Arts Heritage) project investigated conservation of works
of art featuring technological components such as these.2 The increased popularity of
these technological components in other artistic domains, such as dance and theatre,3
shows the potential impact of this research and the extent of the issues the artistic
domain is facing.
These issues have already partially formed the basis for several digital archives
projects concerned with the preservation of artistic works, such as CASPAR (Cultural,
Artistic and Scientific knowledge for Preservation, Access and Retrieval) and
InterPARES II (International Research on Permanent Authentic Records in Electronic
Systems). Theory and practice must come together in a consistent framework that can
address the preservation needs for artistic works involving technological components
(Boutard, Guastavino & Turner, 2012).
In 2006, Gladney stated that:

1

Examples of software environments used to develop this kind of technological components include
Max/MSP and Pure Data. This kind of software is used to transform the sound of acoustical instruments
or to synthesise new electronic sounds during the performance. Examples of software components
implemented in these environments include sound spatialisation and multiple dynamic audio effects.
For a typology of audio effects, see Verfaille, Guastavino and Traube (2006). Examples of composers
using these technologies include Karlheinz Stockhausen and Pierre Boulez.
2
During the DOCAM project, case studies included artist David Rokeby’s work comprising of video
processing components developed with the Max/MSP software environment.
3
For example, works by choreographer Myriam Gourfink, or collaborations between stage director
Ludovic Lagarde and writer Olivier Cadiot.
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“Many articles about digital preservation come from the cultural
heritage community, which is somewhat unfortunate as the IT
community is not involved.” (Gladney, 2006).
This situation seems to have improved, since projects such as CASPAR are
committed to the preservation of cultural and artistic digital components from an
engineering point of view. Nevertheless, in this context, these technological
components represent testbed documents, which are not essentially different from any
other digital document. The project, based on the Open Archival Information System
(CCSDS, 2002), is primarily addressing readability issues – that is to say, the ability
to retrieve and process a digital file in the future (Lee, 2000).We argue that the
specific preservation issues these technological components raise enlighten digital
curation as a whole, that is to say “the active involvement of information professionals
in the management, including the preservation, of digital data for future use” (Yakel,
2007).
InterPARES II addressed the question of authenticity, focussing on the interactivity
of the records. As regards electronic music, the project categorized interaction as
‘experiential’, that is to say, an environment that provides “user interaction driven not
by pre-programmed options, but by the user’s interests” (Duranti & Thibodeau, 2006).
This relates to Rowe’s (1993) three-dimensional classification system for interactive
music systems4 in terms of stored representation, and specifically to its first
dimension, which ranges from score-driven systems to performance-driven systems.
In this context, Duranti and Thibodeau (2006) argue that preservation is ensured by a
thorough description by the composer of each component’s interaction with the other
performance components.
Lee’s third focus of attention is intelligibility: the ability to understand the meaning
of the preserved file (Lee, 2000). We argue that intelligibility is closely related to
meaningful usability, a term coined by Rothenberg:
“The relationship between digital preservation and authenticity
stems from the fact that meaningful preservation implies the
usability of that which is preserved. That is, the goal of
preservation is to allow future users to retrieve, access, decipher,
view, interpret, understand and experience documents, data, and
records in meaningful and valid (that is, authentic) ways.”
(Rothenberg, 2000).
In the context of the preservation of artistic works involving technological
components, where generally we have to deal with the “consequences of limited
media life expectancy and hardware and software obsolescence” (Gladney, 2009), and
where specifically migration is a fundamental mode of survival (Yong, 2006), we
need to provide digital records with meaningful usability (Rothenberg, 2000) for
reuse, migration and analysis. Building on Duranti and Thibodeau’s recommendation
for thorough documentation, we argue that preservation issues for technological
components, such as digital media processing, need to be addressed in the context of
4

The three dimensions are: score driven to performance driven; transformative, generative, or
sequenced response methods; and finally instrument paradigm systems to player paradigm systems. The
first dimension relates to stored representations, the second to response methods, and the third to the
role of non-human agents in the interaction process.
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the process of their creation – a process that involves many agents, both human and
non-human – as well as that of archival practice (Boutard, Guastavino & Turner,
2012). Thus we need to establish the potential link between creative processes,
meaningful usability and models of digital archives.

Archiving the Creative Process
The Relevance of the Creative Process
Digital sound processing software produced during the creative process of musical
works involving technological components epitomize the complex conditions of
creation and use, as well as the idiosyncratic and obsolescent technological
frameworks involved. It also epitomizes the variability of hierarchies and the
organization of labor, and specifically the creative side of sustaining tasks, described
by Benghozi (1995). It is no wonder that digital sound processing software represent a
challenge to digital archives theories and models: they are the result of complex
knowledge interactions in a creative process involving multiple agents, both human
and non-human, that cannot be reduced to the added value paradigm conveyed by
concepts such as context information and/or, in OAIS terms, Representation
Information. In 2008, Cunningham stated that:
“[Records] derive their meaning and value from a myriad of
contextual relationships surrounding their creation and use –
relationships that have to be documented and understood.”
(Cunningham, 2008).
While this statement relates to the archival lifecycle and to the concept of the
records continuum, it is relevant to the creative process as well. It emphasizes the fact
that a digital object is not merely an isolated object. Indeed, “technology does not
develop according to an inner technical logic but is instead a social product, patterned
by the conditions of its creation and use” (Williams & Edge, 1996). Consequently, the
status we grant to digital object has an impact on the way we manage them within
theories and models.
The InterPARES I project proposed a specification of the necessary constituent
parts of a record (Duranti & Thibodeau, 2006). It consists of the documentary form,
which includes intrinsic elements (such as the place of origin and the chronological
date) as well as extrinsic elements (such as the overall presentation features), the
annotations, the context (i.e. the juridical-administrative context, the provenancial
context, the procedural context, the documentary context and the technological
context), and finally the medium, whose status is undefined and might be part of the
technological context, according to Duranti and Thibodeau. If “the medium is not a
relevant factor in assessing a record’s authenticity” (Duranti & Thibodeau, 2006), we
argue that it is relevant to its intelligibility, since the medium allows us to account for
the active participation of non-human agents in the interaction process.5 The creative
5

In this sense, the medium relates to the third dimension of Rowe’s (1993) classification, which ranges
from instrument paradigm systems to player paradigm systems, namely: “an artificial player, a musical
presence with a personality and behavior of its own ... A player paradigm system played by a single
human would produce an output like a duet.”
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process leading to the creation of digital signal processing software involves, notably,
processes that Latour (1994) refers to as delegation and ‘blackboxing’. The recursive
process of blackboxing6 emphasizes the complex relation between human agents and
technological agents. Delegation is the technological inscription of a program of
action whose goals are defined by agents, both human and non-human; it emphasizes
the active role of technological agents. These processes are critical to the intelligibility
of these musical technological components, and consequently to the musical works of
which they are part. These processes have impact on the software’s potential reuse and
migration. Still, they are difficult to document after the finalization of the technology
intended for preservation, so the documentation accounts for “the state of crisis in
which machines, devices and implements were born” (Latour, 2005). If we do want to
account for this ‘state of crisis’, the curation lifecycle should be informed by creative
processes.
Documenting the Creative Process
Boutard and Guastavino (2012b) have described the creative process of a musical
work involving technological components. They conducted a formal analysis, based
on grounded theory (Glaser & Strauss, 1967), of secondary ethnographic data
previously collected at IRCAM (Institut de Recherche et Coordination
Acoustique/Musique) from 2006 to 2008. These data consisted of two years of
research and artistic production surrounding the composition of a string quartet with
live electronics and a specific focus on interaction. The IRCAM team, APM (Analyse
des Pratiques Musicales), collected video recordings of studio sessions during the
entire process, as well as interviews with the main participants: the composer, the
scientific team leader and the computer music designer. The team also collected
emails, notes, scores and sound processing software at various stages of technological
development. The inductive analysis grounded in the data gave rise to a categorization
scheme (see Figure 1) highly relevant to documentation (Boutard & Guastavino,
2012b).

Figure 1. The first three levels of Boutard and Guastavino’s (2012b) categorization of
the creative process of a musical work involving technological components - the
broadest category is displayed on the left.
6

Latour (1994) states: “each of the parts inside the black box is a black box full of parts. If any part
were to break, how many humans would immediately materialize around each?”
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The categorization scheme is composed of four broad categories:


Organological specifications,



Knowledge lifecycle,



Production process lifecycle,



Electroacoustic composition.

The latter category was considered most idiosyncratic.
Boutard and Guastavino (2012b) consider that each broad category is relevant to
documentation. Organological specifications document logical functionalities, as well
as a network of systemic dependencies, which range from engineering dependencies
and issues of adaptability and reliability to various contextual factors. The knowledge
lifecycle involves knowledge flows, in terms of appropriation (a category relevant to
all human agents of the creative process, both on the part of the performer, and on the
part of the composer, the engineers and the researchers) and in terms of transmission.
Subsequently it involves the specification of the knowledge range – that is to say, the
extent to which this knowledge is relevant to a small or large part of the work, and
also to other works. Appropriation procedures and certain types of transmission
highlight the tacit dimension of the knowledge involved in the creative process. The
importance of tacit knowledge for preservation has already been emphasized in the
musicological literature; Zattra states that:
“Obsolescence and preservation are crucial problems in the study
of electroacoustic music. Therefore, mental texts (of composers,
technicians, etc.) are important to the preservation and analysis
of musical works.” (Zattra, 2007).
In addition, Boutard and Guastavino (2012b) posit that the broad category of the
production process lifecycle is the backbone of the documentation of every other
broad category that emerged from their analysis. The production process lifecycle
describes the lifecycle in terms of production steps (such as development, evaluation,
and decision making) and workflows that account for collaborative and independent
work processes. Production steps support organological specifications, since:
“Central to SST [Social Shaping of Technology] is the concept
that there are ‘choices’ (though not necessarily conscious
choices) inherent in both the design of individual artefacts and
systems...” (Williams & Edge, 1996).
The production process lifecycle also supports the plasticity of knowledge range,
since it may account for the generalization process of a local solution to a broader
extent, a process emphasized by Callon (1981) in the context of the sociology of
science. Similarly the production process lifecycle’s workflows support the broad
range of knowledge flows, either in terms of appropriation or transmission.
These categories have an impact not only on documentation, but also on archives
with regards to digital archives model, such as OAIS (CCSDS, 2002). This impact
needs to be specified in order to provide relevant solutions.
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Impact on Models of Digital Curation and Digital Archiving
Models and lifecycles
In 2008, Higgins proposed a lifecycle in seven phases, namely the Digital Curation
Centre (DCC) curation lifecycle model (2008), based on Pennock’s (2007) lifecycle
approach to digital curation. This lifecycle is composed of the following phases:
create or receive; appraise and select; ingest; preservation action; store; access, use
and re-use; and finally, transform, which links back to the first phase. According to
Higgins:
“[This] lifecycle approach ensures that all the required stages are
identified and planned, and necessary actions implemented, in
the correct sequence. This can ensure the maintenance of
authenticity, reliability, integrity and usability of digital
material.” (Higgins, 2008).
Subsequently, Constantopoulos et al. (2009) combined the DCC lifecycle with a
second model influenced by semantic web technology in order to account for
domain-specific contextual information and user experience.
Higgins posits that the DCC model is a complement to the OAIS model. Indeed,
we may consider the lifecycle approach as an activity scheme on top of the OAIS
logical model, defined with component and class schemes. However, a notable
difference is the recognition of appraisal – a concept that doesn’t appear much in the
OAIS reference model. The DCC model may complement the OAIS model, but we
are still not provided with formal relationships, especially in terms of the SIP
(Submission Information Package), AIP (Archival Information Package), RI
(Representation Information) and PDI (Preservation Description Information).
In order to relate Boutard and Guastavino’s (2012b) categorization to archival
models and lifecycles, we will discuss three broad categories: organological
specifications, knowledge lifecycle and production process lifecycle. The relevance of
the most idiosyncratic category, electroacoustic composition, is closely related to the
other three categories (Boutard & Guastavino, 2012b). Consequently, there is a
general need to identify these three broad categories within digital archives concepts
and to identify potential limitations.
Organological specifications
Organology, in Boutard and Guastavino’s (2012b) categorization, refers to
taxonomies of musical instruments as well as systems that include computers,
software, sensors, etc. (Stiegler, 2003). This category may be the most familiar to
digital preservation systems since it deals with specifications. Therefore, as a premise,
this category can be related to OAIS Representation Information, namely “the
information that maps a Data Object into more meaningful concepts” (CCSDS, 2002).
Representation Information still is a broad category that involves both Semantic
Representation Information and Structure Representation Information.
The first subcategory of organological specifications, namely logical
functionalities, may relate to Semantic Representation Information. Nevertheless,
Structure Information refers to “common computer data types, aggregations of these
data types, and mapping rules which map from the underlying data types to the higher
The International Journal of Digital Curation
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level concepts” (CCSDS, 2002). As regards the last point, we might revise the
categorization of logical functionalities into Structure Information. Interestingly,
papers addressing Representation Information in terms of operationalization
(Matthews et al., 2010) or in terms of mappings to other conceptual frameworks
(Sacchi et al., 2011) do not refer to this distinction between Semantic and Structure
Representation Information. The OAIS model (CCSDS, 2002) acknowledges that:
“Representation Information contains both Structure Information and Semantic
Information, although in some implementations the distinction is subjective.” The
semantic link between both types of Representation Information is specified in the
OAIS logical model of the information object as “adds meaning to” - a very broad
phrasing resulting in a description activity that may be difficult to manage.
Furthermore, logical components and algorithms do not have to reflect physical
components. This affects their relationship to potential Archival Information
Collections (AICs) composed of various Archival Information Units (AIUs). Indeed,
they relate to a more abstract level of description.
The second subcategory, systemic dependencies, offers other challenges. The OAIS
reference model defines two key concepts in its specification of Preservation
Description Information (PDI), namely provenance and context. Context Information
“documents the relationships of the Content Information to its environment. This
includes why the Content Information was created and how it relates to other Content
Information objects existing elsewhere” (CCSDS, 2002). Accordingly, we may want
to relate the part of systemic dependencies that refers to the network of contextual
factors influencing reliability and adaptability, such as inter/intra performer reliability
issues or organological adaptability. These factors may still be difficult to formalize,
which emphasizes the need for a framework able to support such a network of
contextual factors. Furthermore, OAIS Context Information is underspecified and may
require a more extensive framework. Considering the InterPARES specification of the
ambiguous relationship between the medium and the technological context (Duranti &
Thibodeau, 2006), we may want to propose a framework which distinguishes
technological context from other types of context.
Similarly, systemic dependencies also involve engineering dependencies, i.e. the
software architecture, including external libraries and versioning information. The
management of these dependencies, according to Matthews et al. (2010), fits
Representation Information together with Preservation Description Information. We
argue that it relates rather to the formal link between different AIPs. This is critical in
a process where different agents have different agendas, and where solutions
discarded for a project may be useful for other projects, as observed in Boutard and
Guastavino (2012b).
The first point emerging from this analysis is the poor internal semantics of
Representation Information, that is to say, the semantics of its various components.
The second point to emerge is the need for further specification of the relations among
AIPs and specifically between AICs and AIUs. The Context Information, according to
its OAIS definition, may provide a better tool insofar as we provide the formalization
of these relations in the OAIS model.
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Knowledge lifecycle
The second category, knowledge lifecycle, is critical since it accounts for
relationships between multiple agents, human and non-human. It relates to the
blackboxed instrument (Magnusson, 2009), since the category involves appropriation
processes as well as transmission processes.7
Appropriation procedures and context of appropriation are especially relevant to
musical works with technological components, since processes of embodiment are
more complex with digital instruments than with acoustic instruments. With acoustic
instruments:
“The music is performed and perceived through gestures whose
deployment can be directly felt and understood through the body,
without the need for verbal descriptions.” (Leman, 2010).
However, in the digital world mappings between gesture and electroacoustic
outputs are arbitrary (Drummond, 2009). Consequently, the transmission of
interaction expertise with digital instruments is problematic. Matthews et al. (2010)
conveniently specify that user interactions are outside of the scope of the OAIS model.
This point is crucial, since appropriation is not limited to performers’ embodiment
abilities. Indeed, Boutard and Guastavino (2012b) found that appropriation procedures
apply to all human agents (including the composer, the computer music designer and
the scientific team), as well as to the technological environment, and take place
throughout the entire creative process. Appropriation procedures are critical as they
directly relate to the processes of blackboxing and delegation involved in
technological mediation.
Subsequently, Matthews et al. (2010) consider that user interaction “may be
categorized as the Significant Properties of software.” Indeed, there is a longstanding
debate on the conceptual difference between Significant Properties and Representation
information. Adrian Brown, cited by Hockx-Yu and Knight (2008), summarized it this
way:
“While the former are about the intellectual intent and apply to
the abstract information object and properties of the intellectual
intent, the latter are specific technical manifestations of the
information object and apply to the data object, e.g. format,
encoding schemes, algorithms.”
Specifically, this concern regarding abstraction from the object is relevant to
musical works with technological components, since digital sound processing
software “must be documented in an abstract form or, in other terms in an independent
manner by the system used, since the machines have an extremely brief life” (Canazza
& Vidolin, 2001). Considering the definition of Significant Properties, that is to say,
“the characteristics of an information object that must be maintained to ensure that
object’s continued access, use, and meaning over time as it is moved to new
technologies” (Knight & Pennock, 2009), Canazza and Vidolin’s statement is in direct
relationship with the issues addressed by the digital archives community. With regards
7

Specifically, Magnusson (2009) states that “the blackboxed instrument contains the knowledge of its
inventors” and questions the way the knowledge is written into technology and read from it.
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to the OAIS model, Giaretta et al. (2009) acknowledged the relevance of Significant
Properties for migration purposes and proposed to integrate a similar concept into the
OAIS model, namely Transformational Information Properties, defined as: “an
Information Property whose preservation is regarded as being necessary but not
sufficient to verify that the Non-Reversible Transformation has adequately preserved
information content.” However, Transformational Information Properties still do not
account for the potential pertinence of abstraction levels, the fundamental concept of
Significant Properties. Indeed, Hedstrom and Lee advocate for the expression of
Significant Properties at several levels of abstraction (Hedstrom & Lee, 2002). Knight
and Pennock (2009) implemented this proposal with the FRBR model:
“A framework that identifies and clearly defines the entities of
interest to users of bibliographic records, the attributes of each
entity, and the types of relationships that operate between
entities.” (IFLA, 1998).
These entities describe four levels of abstraction for bibliographic records:


The work – A distinct intellectual or artistic creation;



The expression – A specific form for this intellectual or artistic creation;



The manifestation – A physical embodiment of the expression;



The item – A single exemplar of the manifestation.

In 2012, Boutard and Guastavino introduced the concept of Significant Knowledge,
an extension of Significant Properties that accounts for tacit knowledge. Indeed, this
proposal converges with Knight and Pennock’s (2009) implementation regarding the
dimension of abstraction. Specifically, Boutard and Guastavino (2012a)
operationalized a three-dimensional knowledge management model introduced by
Boisot (1995) and tested and validated this operationalization with composers using a
survey on the use of sound spatialization. This model, primarily concerned with tacit
knowledge, provides a conceptual framework that describes knowledge. The three
dimensions of the model are abstraction, codification, and diffusion. Abstraction
represents the synthesis process, which reduces the quantity of categories needed to
account for data, while codification “involves the assignment of data to categories,
thus giving them form” (Boisot & Child, 1999). Thus the more abstract and the less
codified, the more tacit the knowledge. Furthermore, the dimension of diffusion
measures the relevance to a given population (Boisot & Cox, 1999) and, according to
Boisot and Child (1999), accounts for relational complexity. Boutard and
Guastavino’s (2012a) operationalization of the model for musical works involving
technological components relies on FRBR levels for the abstraction dimension. In this
sense, the abstraction dimension of their proposal relates to the state of the art of
Significant Properties research and therefore represents the potential link to digital
archives models. Subsequently, they related codification to the potential level of
formalization of the knowledge described, on the basis of Boisot’s specifications
(1995) and Zander and Kogut’s (1995) operationalization of codifiability.8 The
8

Zander and Kogut (1995) state that: “‘Codifiability’ captures the degree to which knowledge can be
encoded, even if the individual operator does not have the facility to understand it…” and
operationalized it with a design meant to “to capture the extent to which the knowledge could be
articulated in documents and software.”

The International Journal of Digital Curation
Volume 8, Issue 1 | 2013

52

A Digital Archives Framework

doi:10.2218/ijdc.v8i1.237

addition of codification to abstraction provides a fair rendition of the potential tacit
dimension of the knowledge involved in the creative process, a dimension
acknowledged by several authors in music research.9 Finally, they related the diffusion
dimension to the music research work of Donin and Theureau (2007) on the different
cognitive timescales of the creative process in music composition. This dimension is
closely related to the subcategory knowledge range, which emerged from Boutard and
Guastavino’s (2012b) study. An example of a contextual knowledge categorization,
taken from their survey on the use of sound spatialization, is provided in Figure 2.

Figure 2. Categorization example of a knowledge description in the Significant
Knowledge framework (adapted from Boutard & Guastavino, 2012a).
This model addresses Lee’s (2000) intelligibility, and therefore, Rothenberg’s
(2000) meaningful usability, in the sense that it allows the categorization of the
knowledge involved in the creative process and therefore provides a framework to
capture it in a way that reflects its potential tacit dimension, and to relate it to a digital
archives model. In doing so, it may account for appropriations and transmissions that
occur during the creative process. These are relevant in the context of digital records
that have been described as performances (Cunningham, 2008), and especially in
considering performance as a process that involves human and non-human agents.
Indeed, the focus on interaction by the InterPARES II project converges on this
question of performance. However, the project’s conclusion that a “work of digital
music can only be reproduced if the author describes each digital, intellectual and
performing component of it and the interactions among them, by producing a set of
instructions for re-creating each part of the piece and the piece as a whole” (Duranti &
Thibodeau, 2006), accounts neither for abstraction nor codification, i.e. the tacit
knowledge, nor for the multiple agents involved. Similarly, Matthews et al.’s (2010)
framework for performance adequacy is built on a set of pre-defined Significant
Properties evaluated on the basis of an input-output specification.
In 2011, Lee observed that:
9

See for example, Canazza and Vidolin (2001); Zattra (2007).
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“By directly attending to the creation, capture, management and
sharing of contextual information, curators of digital collections
can best ensure that the distributed network of digital collections
will provide not only access to digital objects but also the means
to make meaningful use and sense of the digital objects long into
the future.” (Lee, 2011).
Boutard and Guastavino’s (2012a) framework provides us with an opportunity to
document not only contextual information but also, in a broader way, the knowledge
involved in the creative process. This position allows us to account for the fact that,
according to Latour:
“When objects have receded into the background for good, it is
always possible – but more difficult – to bring them back to light
by using archives, documents, memoirs, museum collections,
etc.” (Latour, 2005).
While the specification of knowledge flows and knowledge range fit adequately the
three dimensions of the Significant Knowledge framework, the mapping of the
Significant Knowledge framework to the OAIS model still needs to be addressed.
Matthews et al. (2010) consider that their narrowed notion of significant properties, as
they put it, is outside of the scope of the OAIS model. Consequently, Boutard and
Guastavino’s (2012a) potentially extended view of Significant Properties is a
challenge to the model. Significant Knowledge requires the inclusion of abstraction
levels in the OAIS model, as well as a mapping for both remaining dimensions,
namely, codification and diffusion.
The production process lifecycle
We previously stated that the production process lifecycle is the backbone of every
other broad category. Thus it is the backbone of a potential ingestion framework.
Together with the knowledge lifecycle, it accounts for knowledge flows during the
creative process and therefore may be used to document blackboxing and delegation
processes. Several authors in various domains, such as engineering knowledge
preservation (Brunsmann & Wilkes, 2009) or video game preservation (Winget,
2011), acknowledged the production lifecycle’s impact on sustainability. The
production process lifecycle category consists of production steps and workflows.
Production steps especially account for the choices discussed previously that Williams
and Edge (1996) refer to, both in terms of evaluation procedures and their
counterparts: development and decision making processes. These production steps
relate directly to the organological specifications, since they track down the creative
process on a longitudinal scale. They support modifications of logical functionalities,
as well as the evolution of systemic dependencies. On the other hand, workflows,
either collaborative or independent, account for a complex division of labor
(Benghozi, 1995). Workflows are also critical, since they emphasize the stakeholders
of the creative process. These stakeholders are essential because they mutually
construct what is significant,10 either explicitly or tacitly, during the creative process
10

See, for example, Angela Dappert and Adam Farquhar (2009), who state: “In the digital preservation
context, significance is determined by the stakeholders involved in the preservation process. These
include the producer of the digital object, the custodian who holds it, and the consumer who will access
it.” The significance of stakeholders is also discussed in the context of fine arts conservation, for
example in, Salvador Muñoz-Viñas (2005).
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in a way that can only be poorly acknowledged by the OAIS concept of a Designated
Community, which is oriented toward consumption rather than production. The
combination of production steps and workflows offers helpful grounding for an
ingestion framework that accounts for the technology as a social product.
This grounding for an ingestion framework in OAIS terms has to deal with the
semantic relationships among Information Packages. The OAIS model is not a
software versioning system, but it may have to provide some of the features of such a
system. Similarly to the management of the engineering sub-category, a potential
solution lies in the semantic link between AIPs and the Context Information.
However, the creative process does not end with the project. Works are migrated for
re-performance purposes, providing new meaning to the work. As MacNeil and Mak
(2007) put it, the authenticity is “also necessarily in a continuous state of becoming.”
In this context, FRBR may again provide a suitable conceptual framework for relating
AIPs to AICs. Furthermore, FRBRoo (Bekiari, Doerr & Le Boeuf, 2010) may be more
relevant since it allows the specification of transversal links between libraries, which
are on the same abstraction level but are a semantically linked unit within the
technological framework elaborated during the creative process.
On the other hand, workflows also have to relate to Preservation Description
Information. This implies further specification on the Provenance Information side. As
with the ambiguity between Semantic and Structure Representation Information, the
distinction between OAIS Provenance and Context Information may be challenging.
The InterPARES specification for the necessary parts of the record11 exemplifies this
ambiguity. While features of the documentary form, such as the name of the creators
of the record or the place of origin, typically relate to Provenance Information,
features of context involve provenancial context. This ambiguity may lead us to
consider Provenance Information as a subset of Context Information. Workflows also
have to be a fundamental part of the ingestion framework, since “to understand
records as evidence of human activity it is necessary to understand how their systems
of creation and use operated” (Cunningham, 2008).
The implications of these various requirements on the modelling are numerous.
Modelling
Representation Information is only one part of the information required for
meaningful use of the Data Object. In addition, according to the OAIS model, the
Transformational Information Property is an Information Property, that is to say, “that
part of the Content Information as described by the Information Property Description.
The detailed expression, or value, of that part of the information content is conveyed
by the appropriate parts of the Content Data Object and its Representation
Information” (CCSDS, 2009). Thus these properties correspond to a pointer to a
specific part of the Content Information. We argue that a different model is required:
one that accounts for Significant Knowledge at different levels of abstraction,
codification, and diffusion.
First, we posit that a data object is not (re)presented but is performed12 to provide
Content Information. This semantic shift emphasizes the technological process
11

For a thorough description, see Duranti and Thibodeau (2006).
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involved in the use of digital records and offers further clarification on the difference
from Preservation Description Information. Therefore, we propose the term
Performance Information rather than Representation Information for the sake of
conceptual clarity. Consequently, the term Performance Information will be used in
both Figures 3 and 4. The Performance Information can be used to (re)create the work.
The link between one Data Object and the associated Performance Information is
in fact multiple, whether this Performance Information relates to Significant
Knowledge, Significant Properties, or the OAIS’ combination of structure and
semantics (see Figure 3). Typically, this last case requires the following information:
Structure Representation Information and Semantic Representation Information.
Whether this is a logical or a physical separation is a question of implementation. In
the specific case of an implementation of Significant Properties on the basis of FRBR
levels, using Knight and Pennock’s (2009) proposal, the four levels of the FRBR
model may require four different Performance Information submissions. Since the
Performance Information is an Information Object (see Figure 4), its own
Performance Information has to be provided according to the OAIS’ recursive
provision.

Figure 3. The relationship between the Performance Information and the
Classification (UML diagram – extensions and modifications to the OAIS model are
displayed in black).

Figure 4. The list of Information Objects.
12

The description of the digital record as a performance is discussed by Heslop, Davis and Wilson
(2002).
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Each Performance Information instantiation of the Classification Scheme is
independent on the data type. However, in the specific case of Significant Knowledge
(the one for which we advocate), the focus on tacit knowledge is especially related to
data collection methodologies. In this context, the relationship between Classification
and data types may be part of the appraisal process.
Like Preservation Description Information and Performance Information,
Classification is an Information Object (see Figure 4). Consequently, it relates to its
own specific Performance Information. Interestingly, if the Classification relies on
Structure and Semantic Information, then the Performance Information of the
Classification may provide the specification with the difference between these two
entities. Generally speaking, a fundamental part of this Performance Information is the
Classification Scheme. Another part of this Performance Information may be the
categorization of the creative process provided by Boutard and Guastavino (2012b).13
The Classification Scheme specifies the model proposed, for instance Significant
Knowledge. In this sense the Classification may be referred to as an instantiation of
the Classification Scheme and the Classification Scheme as an implementation of the
model. As an example of this, Boutard and Guastavino’s (2012a) survey provided an
implementation of Significant Knowledge, that is to say a Classification Scheme, in
the specific context of musical works with spatialization technology (see Figure 2). In
the specific case of Performance Information that addresses the most explicit part of
the Significant Knowledge’s Classification Scheme, this Performance Information
could adequately relate to Costantopoulos and Dallas’ (2008) proposal of domain
specific modelling. The Performance Information of this Performance Information
(since Performance Information is an Information Object and therefore is recursive) is,
in this context, the domain specific model for which they advocate.
Institutions have different needs. TRAC (Trustworthy Repositories Audit &
Certification) observes that:
“Repositories are likely to differ the most in this area of ingest
processes, depending on the type of material they collect and
their relationships with its producers.” (CRL & OCLC, 2007).
The OAIS model considers that standards for ingest methodology used by an
archive and for submission of digital data sources to an archive are outside its scope,
but still acknowledges that they are required. We posit that the Classification Scheme
is the first essential part of a potential ingestion framework. Accordingly, it needs to
be specified with the Submission Agreement (see Figure 5) which the OAIS model
refers to but does not model. In any event, the OAIS model needs to make explicit the
relationship between the Submission Agreement and other entities. Furthermore, a
Submission Agreement may relate to several Classification Schemes – for instance,
Significant Knowledge in addition to the OAIS’ Semantic and Structure Information.
Finally, a Preservation Description Information instance has to be provided with the
Submission Agreement (see Figure 5) to account for “professional assumptions,
concepts, and processes–the profession’s own metanarrative” (Cook, 2001).

13

In this sense, the Performance Information may account for various types of Information, such as
reliability/adaptability or logical functionalities specifications, as well as appropriation and
transmission procedures.
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Figure 5. The Submission Agreement.
The specification of a Submission Agreement thus implies the provision of the
Performance Information for every Classification that may be submitted in the context
of this specific agreement, at least in this fundamental part of the Submission
Agreement that we call the Classification Scheme.

Figure 6. The Information Package content.
Since Performance Information is potentially instantiated several times, each
instance has to be provided with corresponding Preservation Description Information.
This implies a one-to-many aggregation relationship between the Information Package
and the Preservation Description Information (see Figure 6). Thus each instance of
Performance Information, which may be provided in various Submission Information
Packages, relates to the relevant Provenance, Reference, Fixity and Context
Information.
A practical case that relates to our domain is the ingestion of the outcomes of a
work session. The data is provided according to the Submission Agreement, which
includes the classification scheme. It involves the current status of implementation of
the sound processing software to be preserved14 as well as, potentially, video
recordings of the performers during appropriation phases, technological setup
specifications such as the one provided in Figure 2, and so on. Several Submission
Information Packages need to be provided, potentially, at different times. The
Administration entity of the OAIS model will confront each one of these Submission
Information Packages with the Submission Agreement, in conformity with the OAIS
model. Finally, an Archival Information Package will be constituted to reflect this
work session. Each additional piece of information is a Performance Information
instance, which relates to the Data Object – that is to say, the sound processing
14

See Footnote 1.
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software created during the work session. Each Performance Information instance
relates to a Classification instance (see Figure 3) compliant with the Significant
Knowledge’s Classification Scheme. This point is critical since all Performance
Information instances require different data collection methodologies and therefore
need to be appraised accordingly. The consideration of this additional piece of
information as Performance Information, rather than another piece of Content
Information, fundamentally emphasizes the semantic link between the Data Object
and its Performance Information. This semantic link we have transformed with the
term change from Representation Information to Performance Information.
This practical example reflects the lack of a longitudinal dimension of the model
thus far. The model provides us with a relevant link between various submitted
Information Objects, either Content Information or Significant Knowledge (i.e. a
Performance Information instance together with the relevant Classification), in order
to account for a specific work session. As Thibodeau puts it:
“Domain knowledge is also needed to understand records. [...]
This common knowledge includes both specific empirical
information about prior steps in a multi-step process, generic
knowledge about the process, and expectations about both
subsequent steps and the norms for recording and
communicating information about the process.” (Thibodeau,
2002).
Consequently, we still need to address the longitudinal dimension of the creative
process, which we have shown here to be highly relevant. We need a higher level
semantic relationship between Information Packages than the inclusion link that
relates the Archival Information Collection’s Content Information to other Archival
Information Packages.

Figure 7. The Archival Information Collection.
In any event, the Archival Information Collection is a meaningful concept. It
provides us with a tool to define a project-scale collection of Archival Information
Packages. For consistency purposes, a Submission Agreement should be associated
with this specific Archival Information Collection (see Figure 7) as well as its
Preservation Description Information (see Figure 5), which especially documents its
Provenance and Context Information. In doing so, we provide Archival Information
Collections with semantic connotations that are not part of the current OAIS model.
This may be modelled in various ways, but it is still required in order to acknowledge
the longitudinal dimension of the production process lifecycle.
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Creation of a work is a continuous process, and re-performances often imply
technological migration. Each migration requires a new creative process, and thus a
new production process lifecycle and knowledge lifecycle. Consistently with our
previous statements, this leads to the development of a new Archival Information
Collection. Therefore, the semantic link between collections has to be made explicit,
which means providing adequate Context Information for each Archival Information
Package. The Context Information needs to be specified according to a scheme; for
example, the extensive framework provided by Lee (2011) or the InterPARES
framework (Duranti & Thibodeau, 2006). Furthermore, the Context Scheme we
advocate for should address stakeholders of the creative process in order to account
for workflows. This has to be specified in relation to the Provenance Information and
thus to a potential Provenance Scheme. As a consequence, a Preservation Description
Scheme needs to be provided together with the Classification Scheme in the
Submission Agreement (see Figure 5), which in turn relates to an Archival
Information Collection (see Figure 7). This Preservation Description Information
Scheme is the second fundamental part of a potential ingestion framework. Similarly
to the relationship between the Classification and the Classification Scheme, the
Preservation Description Information Scheme provides the fundamental part of the
Performance Information of the Preservation Description Information, since the
Preservation Description Information is an Information object (see Figure 4).
Because of the potential ambiguity between Context Information and Provenance
Information, we propose not to formalize in the model the occurrence of a separate
Scheme for each Preservation Description Information constituent. In this sense, the
InterPARES description of necessary constituent parts of every record, previously
discussed, may be a relevant candidate for the Preservation Description Information
Scheme insofar as the semantic of technological context is further specified. Indeed,
this framework needs to emphasize the difference between Performance Information
and both Provenance Information and Context Information. In order to do so, the
technological context needs to be circumscribed to the engineering part – that is to
say, it needs to provide similar functionalities to software versioning tools (the extent
of which needs to be specified).
The relationship among AIPs, which reflects the longitudinal dimension of the
creation process and its relevance to other creation processes may be adequately
specified in the scope of the InterPARES documentary context, which is “manifested
in, for example, classification schemes, records inventories, indexes, registers”
(Duranti & Thibodeau, 2006). As suggested above, a relevant candidate for the
implementation of this part of the context is FRBRoo.
Another potentially interesting part of the InterPARES framework, which may
relate to Boutard and Guastavino’s categorization of the creative process, is the
procedural context, which is “manifested in, for example, workflow rules, codes of
administrative procedure” (Duranti & Thibodeau, 2006). Indeed, in the context of the
creative process, it may support both production steps and workflows, which reflect
the organizational management of institutions (whenever there is such a management).
In this sense the production process lifecycle and the archival lifecycle are integrated.
We provide a model that can be used in the context of various policies. Still, the
more the semantics are specified, the more they correspond to the relevant policies. As
Smith and Moore put it:
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“If a given preservation environment lacks a particular capability
that a policy implies, the mapping from management policies to
preservation capabilities will fail and the policy will devolve to
an assertion that cannot be verified. This defines one essential
component of a trustworthy preservation environment, that it
support all capabilities required to implement assessment
criteria.” (Smith & Moore, 2007).
In this sense the use of the Classification Scheme for the Significant Knowledge in
conjunction with a detailed Preservation Description Information Scheme, based on
the InterPARES framework, within the Submission Agreement, will improve the
ingestion policies of institutions and support meaningful use of digital records.

Conclusion
The preservation of artistic works with technological components involves issues of
readability, authenticity and intelligibility. Several projects address readability and
authenticity issues while ignoring or minimizing the issue of intelligibility. Latour
(1999) states that the more successful technologies become, accordingly, more
obscure. As a consequence, we argue that intelligibility – and thus meaningful
usability – is a critical concept for the preservation of digital technology. Indeed,
intelligibility is especially relevant to records whose preservation relies on migration
procedures and those that deal with performer-technology interactions, especially
since issues of appropriation are more complex in the digital world. Thus a useful
model needs to incorporate archival lifecycles, together with creative process
lifecycles, within a digital archives framework. In doing so, such a model may account
for a relevant part of the knowledge interactions among multiple agents, both human
and non-human, and provide the means to (re)create the work. We argue that
Performance Information, adequately associated with its relevant Significant
Knowledge classification, provides a framework to capture these knowledge
interactions and support the specification of data collection methodologies and
ingestion policies.
With regards to the curation lifecycle, we emphasize the appraisal, ingest and
transform phases, and provide an implementation of the concepts we present as
relevant to address these issues. The model we propose relies on the specification of
the OAIS Submission Agreement thanks to a Classification Scheme and Preservation
Description Information Scheme. We propose to further specify these schemes
respectively with the Significant Knowledge framework and the outcomes of the
InterPARES project in terms of the necessary constituent parts of the digital record.
The specification of the Classification Schemes, as well as the Preservation
Description Information Scheme, is a requirement for a policy-aware OAIS model,
which supports ingest and appraisal throughout the archival lifecycle.
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