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Abstract
The development of new interfaces for musical expression
has created a need to study how spectators comprehend new
performance technologies and practices. As part of a larger
project examining how interactions with technology can be
communicated with the spectator, we relate our model of
spectator understanding of error to the NIME discourse sur-
rounding transparency, mapping, skill and success.
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1. Introduction
A primary goal of NIME is to foster performances with new
technologies that are judged to be as skillful and expressive
as those of traditional music. Yet the need to address both
the performer-system interaction and the spectator’s cogni-
tion of that interaction is often overlooked. NIME tends to
treat musical expression as an extra-musical quantity con-
tained within a work or performance, with little regard to
the audience’s role in the greater ecology [1]. Past litera-
ture generally priveleges the performer-system interaction
focusing on issues of skill, expression, mapping and gesture
recognition [2, 3, 4], while leaving undefined the systems
through which the spectator assesses and understands per-
formative interactions. It is also commonly assumed that
expression and skill are measurable quantities inherent in
and dictated by the interface [5, 6] rather then a subjective
assessment made by the spectator of the performer-systen
interaction. Without considering the spectator’s cognition
of such interactions, it is difficult to understand how judge-
ments about skill and success are made.

1.1. Five Issues for Spectators
Bellotti identified five issues for designers of interactive sens-
ing systems using a human-machine communication approach
[7]. Reconsidering these from the spectator’s perspective
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Figure 1. Model of spectator understanding of error.

forms the basis of this project [8]. The initial stage of this
project addresses the issue of accident: How the spectator
gains an understanding of error between a performer and
system, its influence on the spectator’s assessment of per-
formance (including skill and success) and how an under-
standing of these may inform future design.

1.2. Model of Spectator Understanding of Error
Previously we developed a model of how spectators under-
stand error in performance [8]. The model (Fig.1) describes
how different sources of error judgement contribute to an
overall understanding of error in observed performative in-
teractions.

2. Mental Models, Transparency & Mapping
A user interacting with a system forms a mental model of
how the system works [9]. We assume that a spectator sim-
ilarly forms a mental model as the basis for understanding
an observed interaction (performance). It is also shown that
mental models directly affect our ability to solve problems
and assess observed physical actions [10, 11]. In past NIME
literature the concept of a user’s or spectator’s mental model
of an interaction with a system has been mostly lost among
notions of transparency and cognition of the technicalities of
gesture to sound mapping [5, 12]. Transparency, considered
initially as a quality of the mapping [5], describes the level
to which a performer or spectator can understand the rela-
tionship between the input (gesture) and output (sound). It is
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postulated that an instrument’s capability for expressive per-
formance is dependant on transparent mapping for both the
performer and spectator [12]. However, the systems through
which the performer and spectator acquire an understanding
of the mapping of an interface are not defined or explored.
Further, it is assumed that the level of transparency is di-
rectly proportional to the degree to which a spectator can
understand the interaction (performance), with no distinc-
tion given to the mechanisms by which the spectator gains
this understanding. In traditional music literature, it is com-
monly assumed that the spectator relies on prior knowledge
and understanding of both the idiom and instrument in or-
der to assess a performance [13]. Similar generalisations
are brought forward into new digital instruments [6]. How-
ever, these generalisations do not necessarily apply due to
the nature of rapidly emerging performance technologies,
instruments and practices in this field. We argue that rather
than transparency, a more useful tool for examining cogni-
tion of interaction is the spectator’s mental model, which has
been shown to directly affect understanding and the ability
to assess an interaction, and is strongly rooted in HCI and
cognitive science literature.

3. Error, Success and Skill
When observing a performance with a new instrument or in
an unknown idiom it is likely that the spectator will form
mental models based on generalisations from context and
past experience. These models may be inaccurate due to in-
adequate sensory information, lack of knowledge [14] and
inappropriate attention distribution [15]. The spectator’s ex-
pectation will also be based on similar generalisations cre-
ating inaccurate predictions of future actions and therefore
misdirected perception [16]. These consequences of novel
performance situations may lead to inaccurate error assess-
ment due to misunderstanding or misperceiving the inten-
tion and result. As NIME promotes performances that afford
greater skill and expression, the challenge for designers is to
ensure that these can be effectively communicated with the
spectator. For a spectator, skill is a judgement based in part
on knowledge, experience and assessments of the degree of
difficulty and success of a performance. We define the spec-
tator’s understanding of success as the continuous proximity
of the spectator’s understanding of the performer’s intention
and the spectator’s understanding of the result, the inverse
of error. This project focuses on error as a starting point for
understanding skill and success, defining the spectator’s un-
derstanding of these as the objective judgement regardless
of the emotional response.

4. Summary and Future Work
Our model shows that understanding error, and assessing
skill and success are dependent on a varied set of environ-
mental and personal factors. This model can therefore be
used as a tool for assessing and designing skilful performa-

tive interactions through understanding the communication
of error. We suggest this research may also be useful for
system design where users are expected to learn through ob-
serving others. Future research in this project will be fo-
cused on testing the model and examining the relationship
between spectator understanding of error and skill. This
will be conducted through iterative digital instrument de-
sign, performance research and human subject experiments.
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