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A B S T R A C T

Much contemporary discourse around "democratization of creativity"
sees technologies supporting creativity as providing access to univer-
sally shared capabilities that are otherwise untapped. This encour-
ages evaluation metrics that assess the emergence or development of
those specific capabilities. These accounts often overlook the diversity
in human capabilities and work styles. This long-standing focus on
identifying universally useful tasks contributes to computational diver-

sity instead of epistemological diversity. By computational diversity, I refer
to instantiations of the same activity through computational means,
as seen in the many variations of commercial drawing tools (e.g. Illus-
trator, CorelDraw, and InkScape), all of which share roughly the same
set of features. In this dissertation, I am interested in exploring an al-
ternative design space: one in which computational support enriches,
rather than erases, epistemological diversity, namely the diversity of
styles in carrying out the same activity. This tension between diversity
and generalizability poses important challenges for design.

In this dissertation, I consider the intellectual foundations that un-
dergird much of the contemporary rhetoric about creativity. I argue
that the traditional stage-based models of the creative process con-
tribute to a disembodied view that promulgate the understanding
that all creative processes, at their core, follow the same structural
rules. I suggest that this view is not only incomplete but that it also
inhibits the emergence of diversity in creative styles. I set out in this
dissertation to reconceptualize the creative process – how might it
look different if we take epistemological diversity seriously? My work
makes three main contributions:

• I develop a conceptual understanding of the intellectual foun-

dations that sustain the current landscape of creativity support
tools in HCI.

• I give two empirical accounts of how creative style is constructed
over time in two different creative settings.

• I reconceptualize the creative process in order to better account
for the diversity of styles observed in my studies.

I give a critical overview of the precepts guiding contemporary un-
derstanding of creative process in the HCI community and how they
give rise to different types of creative tools. I observe that these pre-
cepts, when applied to designing tools, often reify into figures of cre-
ative style that come to be associated with distinct disciplines. For
example, a problem-solving style is linked to the figure of optimization
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and engineering and is often associated with structured design prac-
tices such as architecture, whereas a distributed style is linked to the
figure of bricolage and is often associated with craft work.

I then show, through my case studies of dance improvisation, mu-
sic composition, and choreography, that not only are these creative
styles not tied to a particular discipline, they change over time in re-
sponse to constraints and emergent needs. I introduce two material
dimensions that can condition the emergence of a style and provide
empirical accounts of the strategies used by creative practitioners to
transform these styles.

Finally, I propose to view the creative process as continuous acts of
re-vision, which according to Adrienne Rich, is the act of repeatedly
"seeing with fresh eyes" and "entering .. from a new critical direction".
I then introduce an analytic vocabulary of gaze in order to account
for the diverse ways of seeing in creative contexts. With "gaze" as a
unit of analysis, I extend François Jullien’s notion of "propensity" and
introduce the concept of the propensity of gaze to characterize creative
process.

By seeing different creative styles as the result of different propensi-
ties of the gaze, I foreground the different dimensions that can shape
a creative practitioner’s gaze, such as material conditions and train-
ing backgrounds. This thesis argues for a more critically informed
approach to studying creative process that reveals and acknowledges
the diverse ways in which people create. Doing so lets us imagine
technologies that take diversity seriously.
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S Y N T H È S E E N F R A N Ç A I S

Une grande partie de la rhétorique contemporaine sur la démocratisa-
tion de la créativité considère que les technologies soutenant la créa-
tivité donnent accès à des capacités universellement partagées qui
sont autrement inexploitées. Cela encourage les mesures d’évaluation
qui permettent d’apprécier l’émergence ou le développement de ces
capacités spécifiques. Ces comptes rendus négligent souvent la di-
versité des capacités humaines et des styles de travail. Cet accent mis
depuis longtemps sur l’identification de tâches universellement utiles
contribue à la diversité informatique plutôt qu’à la diversité épisté-
mologique. Cela néglige un espace de conception prometteur : un
espace dans lequel l’assistance informatique enrichit, plutôt qu’elle
n’efface, la diversité épistémologique, à savoir la diversité des styles
dans l’exercice d’une même activité. Cette tension entre diversité et
généralité pose des défis vitaux pour la conception et l’ingénierie.

Dans cette thèse, j’examine les fondements intellectuels qui sous-
tendent une grande partie de la rhétorique contemporaine sur la créa-
tivité. Je soutiens que les modèles traditionnels du processus créatif,
basés sur les étapes, rendent hommage à une vision désincarnée qui
promulgue l’idée que tous les processus créatifs, à la base, suivent les
mêmes règles structurelles. Je suggère que cette vision est non seule-
ment incomplète mais qu’elle empêche également l’émergence de la
diversité des styles créatifs. J’ai entrepris dans cette thèse de recon-
ceptualiser le processus créatif - comment pourrait-il être différent si
nous prenons au sérieux la diversité épistémologique ? Mon travail
apporte trois contributions principales :

• Je développe une compréhension conceptuelle de l’fondements

intellectuels qui soutient le paysage actuel des outils de soutien
à la créativité en IHM.

• Je présente deux comptes rendus empiriques de la façon dont
le style créatif se construit au fil du temps dans deux contextes
créatifs différents.

• Je reconceptualise le processus créatif afin de mieux rendre compte
de la diversité des styles observés dans mes études.

Je donne un aperçu critique des préceptes qui guident la com-
préhension contemporaine du processus créatif dans la communauté
des IHM et de la façon dont ils donnent lieu à différents types d’outils
créatifs. J’observe que ces préceptes, lorsqu’ils sont appliqués à la con-
ception d’outils, se réifient souvent en figures de style créatif qui en
viennent à être associées à des disciplines distinctes. Par exemple, un
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style de résolution de problèmes est lié à la figure de l’optimisation et
de l’ingénierie et est souvent associé à des pratiques de conception
structurées comme l’architecture, tandis qu’un style distribué est lié à
la figure du bricolage et est souvent associé à l’artisanat.

Je montre ensuite, à travers mes études de cas sur l’improvisation
en danse, la composition musicale et la chorégraphie, que non seule-
ment ces styles créatifs ne sont pas liés à une discipline particulière,
mais qu’ils changent au fil du temps en réponse aux contraintes et aux
besoins émergents. Je présente deux dimensions matérielles qui peu-
vent conditionner l’émergence d’un style et je fournis des comptes
rendus empiriques des stratégies utilisées par les praticiens créatifs
pour transformer ces styles.

Enfin, je propose de considérer le processus créatif comme un acte
continu de re-vision, qui, selon Adrienne Rich, est l’acte de répéter
"voir avec des yeux neufs" et "entrer ... à partir d’une nouvelle direc-
tion critique". Je présente ensuite un vocabulaire analytique du regard

afin de rendre compte des diverses manières de voir dans les con-
textes créatifs. Avec le "regard" comme unité d’analyse, j’élargis la
notion de propension de François Jullien et j’introduis le concept de
propension du regard pour caractériser le processus créatif.

En considérant les différents styles créatifs comme le résultat de
différentes propensions du regard, je mets en avant les différentes di-
mensions qui peuvent façonner le regard d’un praticien créatif, telles
que les conditions matérielles et les formations. Cette thèse plaide
pour une approche plus critique de l’étude du processus créatif, qui
révèle et reconnaît les diverses manières dont les gens créent. Ce
faisant, elle nous permet d’imaginer des technologies qui prennent
la diversité au sérieux.
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1
I N T R O D U C T I O N

A word is not a crystal, transparent and unchanged; it is the skin of a living thought and

may vary greatly in color and content according to the circumstances and time in which it

is used.

—Oliver Wendell Holmes, Jr.

1.1 motivation

Early computers were designed to perform complex mathematical
operations that were once carried out by highly proficient workers in
scientific research, to whom the word "computers" originally referred
(Light, 1999). As computational techniques mature, computers grad-
ually move out of the walls of science and engineering, finding them-
selves in the worlds of art. Artists have applied techniques such as
computer graphics, computational simulation, artificial intelligence,
and parametric modeling as tools for art creation. These tools sup-
port the process of art creation – seen in Schumacher’s parametric de-
sign – as well as constituting the artwork itself – such as Anna Ridler
& David Pfau’s Bloemenveiling. As technology becomes increasingly
implicated in art practices, it negotiates between traditions and in-
novations. The question of how technology and practice shape each
other comes to the fore. As technology drives changes in artistic prac-
tices, they also embody the values and assumptions – and conflicts –
of the practices that produce them.

In the 1980s, inspired by Doug Engelbart’s vision of creating sys-
tems that augment the human intellect (Engelbart, 1962) and mobi-
lized by the PC revolution, researchers from academia and industry
alike developed digital applications that extend creative capabilities.
Tools such as Illustrator, Word, and ProTools were first introduced
during this period with the expressed intent of assisting the creator’s
creation process, be it illustration, writing, or music production. In
addition to serving as an assistive tool, technology also introduces
new forms of creating or preserving art. In 1968, an exhibition titled
Cybernetic Serendipity (Fig. 3) showcased works produced with com-
puters. Among them are works by composers Lejaren A. Hiller – who
experimented with computer-generated compositional material in the
string quartet "Illiac Suite" – and John Cage – who employed the no-
tion of randomness to produce live electronic music in "Cartridge Mu-

1









1.1 motivation 5

tacit assumptions held by those who build them. When these forms
of thinking, or epistemological orientations, do not match, conflict re-
sults. One way of interpreting the rejection or embrace of technology
in the examples earlier is to look beyond the simple technophobic or
technophilic dichotomy; instead, one can see them as responses to
how well the tool’s assumed style of working aligns with that of the
user’s own.

Understanding this commonly seen tension this way attunes us to
the different work styles and the creative tool’s effect on them. In
"Epistemological Pluralism" (Turkle and Papert, 1992), Turkle and Pa-
pert vividly illustrate a case where a student whose preferred strat-
egy for organizing work differs from the way that "programming
and problem-solving in computer-related activities" are taught. She
prefers a negotiational approach where she stays close to objects, and
in this case, the scripts the make up a computer application. This
is constrasted with the approach taught in the undergraduate-level
computer science class, which privileges "an analytic, rule- and plan-
oriented style [of thinking]" that biases the construction of abstract
formulae while "maintaining reason at a distance from the objects [of
work]". While perfectly capable of producing well-structured com-
puter programs, the student’s process of getting there diverges from
that of the norm taught in the classroom. Turkle and Papert uses
the case to reevaluate how programming is taught. Here, we can ap-
ply this framework to examine the state of the art in creative digital
tools. What using this framework of epistemological pluralism offers
is the location of accountability. Rather than attributing the moments
of style conflicts to the user’s affinity to technology and using it to
categorize people, it reorients the discussion from whether or not tech-
nology should be adopted in art production (as seen in previous de-
bates) to recognizing and understanding the diverse work styles across
different art practices and using the understanding to inform design.
Additionally, this framework makes apparent that "computer are a
medium througn which different styles of thought can be observed
[and performed]" (Turkle and Papert, 1990). As computers increas-
ingly become the tools we use everyday to design, to think with, and
to write with, we need to take seriously to set epistemological diversity

as "necessary condition for more inclusive" tools (Turkle and Papert,
1990).

Looking at the contemporary rhetoric about commercial creative
tools, we see often phrases like, "unleashing your creativity with" or
"unlocking a new level of creative potential". The heading from a recent
blog post from Adobe reads "Liberating Your Creativity with the Next

Generation of Creative Cloud". This language belies a logic of augmenta-
tion that is prevalent across communities developing computational
tools for creativity. It implies that there exists a "single technology
that subsumes all others" (L. Suchman, 1993): the ultimate tool that



6 introduction

can make anyone more creative (and how that tool is to make one
"think" better, by liberating them from the labor of the "hand"). This
rhetoric assumes universality of a tool and stands in stark contrast
to that of Turkle and Papert in their recognition of the diversity in
the styles of creative expression. It propagates ideas of "universal ac-
cess and objective measure" (Rosner, 2018), disregarding the uneven
capabilities of each individual.

This long-standing focus on identifying universally useful tasks
contributes to computational diversity instead of epistemological diversity.
By computational diversity, I refer to instantiations of the same activity
through computational means, as seen in the many variations of com-
mercial drawing tools (e.g. Illustrator, CorelDraw, and InkScape), all
of which share roughly the same set of features. In this dissertation, I
am interested in exploring an alternative design space: one in which
computational support enriches, rather than erases, epistemological
diversity, namely the diversity of styles in carrying out the same ac-
tivity. This tension between diversity and generalizability poses im-
portant challenges for design.

1.2 aims & research questions

In this thesis, I argue that in order to take epistemological diversity

seriously, we need to develop alternative conceptions of the creative
process that better account for the diverse work styles in creative prac-
tices.

Specifically, I have the following overall aims:

• Aim 1: Develop a conceptual understanding for why there is a
lack of epistemological diversity in tools.

• Aim 2: Empirically account for how creative style is constructed
over time.

• Aim 3: Reconceptualize the creative process to better account
for diversity in creative styles.

Those aims are further articulated by the following research ques-
tions:

• RQ 1: What major paradigms of creative process guide creativity-
oriented research in HCI today? How well do they account for
diversity in creative styles? In what ways do they contribute to
the current landscape of creative tools?

• RQ 2: Do creative practitioners develop different styles of work-
ing given the same creative situations? If so, what gives rise to
styles? Do these styles persist in time or do they change over
time? If they change over time, what transforms them?
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• RQ 3: How might we reconceptualize the creative process in
order to account for the emergence and transformation of diverse
creative styles? What alternative unit of analysis is needed?

1.3 research approach

In this dissertation, I hypothesize that creative styles are not tied to
specific disciplines. In other words, we can observe the formation of
diverse styles within the same discipline; we can also observe the en-
actment of the same style across disciplines. To define style, I adapt
Turkle and Papert’s (1990) definition slightly (i.e. "an approach to
knowledge that encompasses several dimensions of difference") to fit
more specifically to creative contexts: creative style refers to an ori-

entation toward the material world that presupposes how particular actions

may be carried out.
To characterize distinct creative styles, I focus on how individuals

go about generating ideas, exploring them, and manipulating them
over time. By tracing the trajectory ideas take, I identify regularities
in the ways in which people utilize resources, whether they be social
or material in nature.

Contemporary music and dance constitute particularly rich empir-
ical settings that are especially interesting for the study of diverse
styles. Both contemporary music and dance feature diverse individ-
ual artistic practices that often challenge traditional ways of creating.
By pushing the limits of technology and exploring new ways of work-
ing, contemporary artists often shed light on processes that are oth-
erwise hard to uncover but are generalizable across other, different
settings. While traditional technologies are often easily black-boxed
and assumed to be fixed and given, contemporary artists highlight
their contingent nature and render them transparent by deliberately
misusing them or radically appropriating them for specific artistic
purposes. Despite differences in individual practices, contemporary
music and dance share a number of important similarities (e.g. the
final outcome in both practices is a piece of performance) that make
differences between them meaningful rather than trivial. Contempo-
rary music and dance practices, both straddling and questioning the
fine line between inventing and reusing may thus offer particularly
valuable insights to investigations of diversity in creative styles.

1.4 thesis statement

Traditional theories of creative process have tended towards rational
problem-solving, universal design principles, phases, and linear se-
quences. Certain processes, styles, and activities have thus been iden-
tified as defining creative process per se. While such analyses can use-
fully identify regularities, it is important that these be understood as



8 introduction

varieties of practice rather than ideal types. Moreover, there is a dan-
ger that such categorizations become reified as immutable and used
as a standard to structure design of all creative tools. I argue that in
order to rid this one-size-fits-all approach, we must develop an alter-
native conception of the creative process that acknowledges it as on-
going re-imagination. This lets us attend to the diverse ways in which
these processes of re-imagination occur. Moreover, instead of seeing
the creative process as a progression of discrete steps from scratch
to final outcome, we will begin to see the process as reconstruction
of existing practices. This lets us attend to the relations between the
world and the creator during creation instead of the stereotyped im-
age of the creative process as sprouting from the creator’s mind with
a tabula rasa.

1.5 contributions

This dissertation makes the following contributions. I discuss them in
terms of (W. E. Mackay and Fayard, 1997):

theoretical contributions

• I provide a framework for understanding the theoretical foun-
dations behind conceptualizing the creative process in terms of
steps and phases.

• I provide an alternative framework of the creative process that
accounts for the transitions that take place.

• I propose taxonomies for describing relationships between cre-
ators and performers and interaction patterns with material ar-
tifacts.

empirical contributions

• I conducted critical incident interviews to collect stories about
how creators interact with performers and creative artifacts

• I conducted observational study with a technology probe across
three workshops with dancers and choreographers to observe
how they generate movement materials

design contributions

• I designed and implemented Choreoprobe, an interactive visual-
ization for dance

1.6 roadmap

Chapter 2 reviews creativity research literature from psychology, cog-
nitive science, social science, anthropology, HCI, engineering, and de-
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sign. In giving this overview, my goal is to draw connections between
creativity research across different disciplines in order to make salient
emerging patterns. I synthesize the literature into four major precepts:
problem-solving, emergence, distribution, and activity. Each of these pre-
cepts signals a shift in how creativity is framed. Specifically, they dif-
fer in how they conceive cognition and the nature of creative activity,
as well as how they choose the unit analysis for studying the creative
process. In order to contextualize these theoretical works, I start by
outlining the historical and intellectual underpinnings that give rise
to each precept. I then characterize the precepts in terms of the kinds
of research questions asked, the methods of inquiry taken to answer
those questions, and the types of knowledge produced. Finally, I out-
line how these theories influence design of creativity support tools
and design practices in general in HCI.

Chapter 3 describes an observational study with dancers and chore-
ographers on how they generate novel movement material during
improvisation with interactive visuals. After an introduction of HCI
research in movement-based interaction, I describe the design and
implementation of a Kinect-based visualization system called Chore-

oprobe. By analyzing data from three separate dance improvisation
workshops, I develop a taxonomy of interaction patterns dancers
form with the visualization system and with others. I apply the taxon-
omy to the analysis of existing movement-based interactive systems.
I use this case to illustrate how specific materialities introduced by an
interactive technology shape and reconfigure individual practices of
improvisation.

Chapter 4 describes an interview study with contemporary composers
and choreographers on their compositional processes, focusing on
how various artifacts are created, deployed, and used. After an overview
of research on how artists use artifacts, computational and otherwise,
I identify different social relationships creators form with perform-
ers. I then place these relationships in the context of diverse styles
of interaction with artifacts. I offer a descriptive account of creative
collaboration in contemporary compositional practices, arguing that
artifacts carry social weight and that shifting from one type of in-
teraction with artifacts opens and forecloses different collaborative
possibilities.

Chapter 5 begins by revisiting examples from Chapter 3 and Chap-
ter 4. Drawing from examples of other contemporary art practices, I
explore the notion of style as a dynamic, relational phenomenon. I ar-
gue that despite the interaction patterns observed in the previous two
chapters, these patterns are not routinized but rather are enacted and
do change over time. I examine cases in improvisation and composi-
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tion where transitions between roles and interaction patterns occur. I
discuss the strategies creative practitioners use to do so as well as the
conditions that enable these fluid transitions.

Chapter 6 recasts the creative process as continuous acts of "re-vision"
in order to address the dynamic and relational nature of style argued
in Chapter 5. I develop the analytic vocabulary of "gaze" for studying
diversity in creative styles. I show how different ways of seeing affect
how and what one makes. I give examples of different material conse-
quences when different types of gazes are deployed. I then introduce
propensity as a concept to capture the dynamics that shape the ori-
entation of one’s gaze. In contrast to stage-based view of the creative
process that emphasizes the common set of steps one takes to go from
an abstract idea to concrete product, the propensity of gaze highlights
processes of "re-vision" and the different ways these "re-visions" can
be enacted and expressed. In particular, propensity foregrounds the
conditions for sustaining a gaze as well as the consequences of de-
ploying a particular gaze.

Chapter 7 concludes by reflecting on the limitations of this work. I
also consider some methodological, analytical, and design implica-
tions, summarizing a variety of other research projects whose ap-
proaches align with my own. I conclude by discussing possible di-
rections for future work in this topic, followed by revisiting the con-
tributions I intend to make.







2
S T U D I E S O F C R E AT I V I T Y

The goal of this chapter is to chart the intellectual lineage of different conceptions of

creativity. Drawing on literature from psychology, cognitive science, sociology, and AI, I

look at how these fields understand and study creativity, attending to connections between

them and foregrounding shared methodologies. I show how these concepts inform HCI

research and design practices at large. The work presented in this chapter has been largely

unpublished. Some details on material practices of creative work have been previously

published in Hsueh, Alaoui, and W. Mackay, (2019a).

Frich et al. (Frich, MacDonald Vermeulen, et al., 2019; Frich, Mose
Biskjaer, and Dalsgaard, 2018) have done thorough surveys of creativity-
oriented research in HCI. In mapping out dominant trends and their
characteristics, they sample literature from the fields of computing
and information technology as well as psychology that have "cre-
ativity" as their central research focus. They show that these works
vary across methodologies adopted, creative settings (individual, col-
laborative, mix, etc.), and domains studied. As can be gleaned from
their literature review, different notions of creativity serve to encapsu-
late different theoretical commitments, which in turn influence the re-
searchers’ analytical stance, objects of inquiry, methodological affini-
ties, and design practices.

My goal is to disentangle these sprawling theoretical threads – or
what I call precepts – and articulate how they provide conditions for
the possibility of different construals of the creative process and how
each construal affects views on where creativity occurs, what contitutes
creative activity, whom to study, and the role technology plays in the
process, giving rise to the diverse practices that fall roughly under
the umbrella of creativity- and arts-oriented research in HCI. My de-
ployment of the term "precept" is close to Mol’s use of "logic" in her
book The Logic of Care (Mol, 2008):

I am after the rationality, or rather the rationale, of the
practices I am studying. Here the term ’logic’ helps. It asks
for something that one might also call a style. It invites the

exploration of what it is appropriate or logical to do in some site

or situation, and what is not. It seeks a local, fragile and yet

pertinent coherence. This coherence is not necessarily obvi-
ous to the people involved. It need not even be verbally

13
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available to them. It may be implicit: embedded in prac-
tices, buildings, habits and machines. And yet, if we want
to talk about it, we need to translate a logic into language.
This, then, is what I am after. (p. 8; also cited in Ribes et al.,
2019; emphasis mine)

Therefore, similar to Ribes et al.’s goal in their study of domain
(Ribes et al., 2019), the precepts I propose aim to provide conceptual
anchors for reasoning about different styles of organizing creativity-
oriented research practices in HCI.

I identify four characteristic precepts that guide current HCI re-
search in various aspects of creativity: 1) problem-solving, 2) emergence,
3) distribution, and 4) activity. The first two precepts, problem-solving

and emergence, are set against the backdrop of post-World War II land-
scape of technological advances and the prevailing commitment to
building models and formal methods. The next two precepts distri-

bution and activity emerge from a general reaction against the disem-
bodied forms of knowing representative of the postwar era. Theories
guiding these precepts foreground the roles physical environment,
people, and tools play in shaping the way we work and think.

These precepts, while presented as separate categories, are not meant
to be mutually exclusive nor do they necessarily map chronologically
forward. In fact, some of the precepts share overlaps in methods and
intellectual influences, as well as practices. The point here is not to
draw hard boundaries but to gather together research with similar
values and epistemological commitments, as a way to draw attention
to similarities between approaches and the lenses they adopt. Impor-
tantly, by making explicit these connections, I can better position the
questions I ask in my thesis.

2.1 context

In this chapter, I focus on accounts of creativity that moves beyond
the romantic, Platonic view that appeals to the mysticism and won-
der of creativity, where creativity is conceived as existing in a sepa-
rate realm from the everyday, reduced down to a "single glorious mo-
ment" of insight or inspiration (Sawyer, 2011, pg. 72. This contributes
to the "lone genius" myth that is prevalent in popular culture where
processes of creation are "black boxes" out of which "comes myste-
rious creative leap" (Jones, 1992). The suggestion is that creativity
exists solely as subjective experience, in the realm of "feelings, emo-
tions, and intuition" (H. Gibson, 2005) and thus cannot be easily stud-
ied from a behaviorist perspective. Behaviorism dominated American
psychology since the 1920s, and it studies only behaivors that can be
externally observed (Sawyer, 2011, pg. 39). Creativity, given its "sub-
jective" and thus externally opaque nature based on the romantic ac-
count dominant at the time, proved challenging for behaviorists and
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was mostly exluded from psychology as a potential object of study.
Although there were occasional efforts from psychoanalysts (Freud,
1977) and other psychologists (Rhodes, 1961) since the early 1900’s
(Sawyer, 2011, pg. 40) to articulate the "mysterious process" of cre-
ativity, it was not until Dr. J.P. Guilford’s American Pscyhological
Association (APA) keynote address (Guilford, 1950) that the study
of creativity was taken up seriously by psychologists and entered its
modern era. Guilford is often credited with putting forth the first
call for action that creativity can be studied scientifically (Runco and
Jaeger, 2012). Following on the heels of this keynote address in 1950,
psychologists began studying creativity the same way they studied
intelligence, creating tests to identify it in young children and con-
ducting experiments to draw links between personality traits and cre-
ativity (Sawyer, 2011, pg. 44). This period between 1950 and 1970

marks the "first wave" of creativity research (Sawyer, 2011, pg. 55).
Researchers around this time made efforts to develop "an equivalent
to the IQ test for creative potential, one that could be just as easily ad-
ministered adn scored using a pencil-and-paper test booklet" (Sawyer,
2011, p. 54). Kasof (1995) calls this a dispositional attribution error, in
which externally observed creative behaviors are attributed to inter-
nal causes such as personality traits. This approach to studying cre-
ativity lost favor after 1970 when it became clear it was difficult to
obtain a set of personality traits or objective measures that reliably
predicts creative outcome (MacKinnon, 1966). However, as we will
see in the following sections, specters of early-era creativity research,
such as developing objective measures, can still be observed in con-
temporary creativity scholarship.

For the remainder of this chapter, I shift the focus away from the
characterizations of the creative person to investigations of the cre-
ative process. This helps us expand the field of view from psychology
to other fields that study creative work from other angles, such as
social sciences, computer science, and cognitive science. In this the-
sis, I focus on concepts of the creative process that have guided HCI
research, in terms of designing creativity support tools (CST’s), devel-
oping design practices, and providing empirical accounts of creative
work. I use the term process to broadly capture the work aspects of
creativity, as opposed to creative persons or products, similar to the dis-
tinction made by Mel Rhodes in his four P framework (Rhodes, 1961).
However, at this stage, by using the term, I do not invoke Rhodes’ pu-
tative questions about process: "What are the stages of the thinking
processs? Are the processes identical for problem solving and for cre-
ative thinking?" (Rhodes, 1961). These questions assume an analytical
bias for the essence of process of which I wish to suspend. Over the
course of this chapter, I aim to draw out how each precept shapes the
analytical lens and leads us to ask slightly different questions about
the creative process.
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Precept Historical roots View on process Key concepts Influence on HCI Type of creativity concerned

Systematic search
Problem-solving Parsable into rational steps

Design methods
Computational design Scientific or "structured" creativity

Geneplore
Emergence

Cybernetics, cognitive models

Parsable into cognitive processes
Conceptual combination

Tools supporting ideation Everyday creativity

External representation Tangible interaction

Moment-to-moment production User-designs

Social -
Distribution Embodied, situated, distributed cognition Irreducible

Embodiment Sketching tools

Creativity seen in

manual practices

Activity Parsable into common activities Activity theory Tools for design practitioners
Creativity seen in

artistic or design practices

Table 1: Precepts at a glance
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2.2 post-world war ii : "scientizing" creativity

The historical backdrop to the first two precepts I will discuss is set
in the period following World War II in the United States. This osten-
sibly narrow focal point paves way for various interventions detailed
later in the chapter.

The post-war era in the United States was dominated by rhetorics
of rapid technological development, power of systems thinking, and
promise of science. Creativity is connected to discourses of indus-
trial capitalism and political power. In 1954, psychologist Carl Rogers
appealed to US geopolitical interests in the Cold War by making cre-
ativity a military asset, essential to the "leaps and bounds" of "sci-
entific discovery and invention", which would help the US gain a
competitive advantage in the nuclear arms race (C. R. Rogers, 1954).
The instrumental value of creativity is popularly depicted in Richard
Florida’s book, The Rise of the Creative Class (Florida, 2004) in which
Florida writes that creativity is the "defining feature of economic life"
and that it is the "font from which new technologies, new industries,
new wealth, and all other good economic things flow". This senti-
ment is echoed by Ben Schneiderman (2000) who espouses creativity
as the key ingredient to innovation and argues for the need to cre-
ate technologies that "allow more people to be more creative more of
the time". Creativity, as a symbol of cultural and economic strength,
became a subject of great interest to computer scientists and psychol-
ogists alike.

Each discipline brought with it its own set of research tools to study
creativity. Computer scientists, in the heyday of cybernetics, focused
on building universal models of creativity. Cognitive psychologists,
replacing behaviorists and personality psychologists, focused on men-
tal processes that give rise to creativity. These two approaches, similar
in their desire to rationalize – or "scientize" – creativity, differ slightly
in what they codify. For computer scientists, the goal is to codify the
problem so as to facilitate building simulations, whereas for cognitive
psychologists, the goal is to codify the process so as to understand
basic cognitive mechanisms.

2.2.1 Computation

The Josiah Macy Jr. Foundation held a series of conferences named,
"Cybernetics" between 1946 and 1953, with the goal of establishing
unity and common language across different scientific disciplines
(Von Foerster, 1952). Among the conference attendees were Norbert
Wiener and Claude Shannon, who published the two formative texts
in 1948 that paved the way for information theory, titled respectively,
Cybernetics: or Control and Communication in the Animal and the Ma-
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chine (Wiener, 2019) and "A Mathematical Theory of Communication"
(Shannon, 1948).

The recurrent theme during this time is the idea of "universal form"
(Gerovitch, 2004). Geoffrey Bowker (1993) characterizes the sentiment
as such,

"Cyberneticians argued that we were now at an historical
conjuncture where machines were becoming sufficiently
complex and the relationship between people and machines
sufficiently intense that a new language was needed to
straddle both: the language of cybernetic".

Followers of cybernetics saw computer simulation as a universal
method of problem solving and "the language of cybernetics as a lan-
guage of objectivity and truth" (Wiener, 2019). Von Neumann, for ex-
ample, stated that "anything that you can describe in words can also
be done with the neuron method" (Neumann, 1966), arguing that all
complex phenomena are reducible to formal terms of neural com-
putation. By conceptualizing the biological brain as a formal neural
network, he was able to construct a "chain of analogies" (Gerovitch,
2004) that link the neural network to logical functions, and finally,
to the computer. Through building this general theory between liv-
ing and artificial processes, Von Neumann laid the foundation for the
work of modeling cognitive processes.

It was in this intellectual climate that Herbert Simon’s The Sciences

of the Artificial (Simon, 2019) was published. Simon applied the same
ambition to "unifying the social sciences (e.g. design) with problem-
solving as the glue" (Huppatz, 2015). In seeing design as a "scientific
problem solving" activity (ibid.), he was able to establish legitimacy
in a still nascent field of design in scientific communities.

Simon was part of a community of researchers invested in repre-
senting the creative process in computational terms. Simon believed
that creativity can be simulated computationally. In doing so, he
hoped to show that creativity is not "mysterious" nor an act of "di-
vine intervention"; simple processes can make novel discoveries. He
rejected the claim that “discovering a [scientific] theory requires a ’cre-
ative’ step and that creativity is inherently unexplainable in terms of
natural processes" (Simon, Langley, and Bradshaw, 1981). Using the
game of chess a fundamental example, Simon pointed to computers
successfully arriving at a solution as evidence that "the processes of
scientific discovery is cooperation between pattern recognition and
selective search" (Simon, 2001). He used those examples to demon-
strate how scientific discoveries can be made using simulations, turn-
ing "creativity" into a proper field of study.
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2.2.2 Cognitive mechanisms

Cognitive scientists at the outset of 1960s reacted against the person-
ality psychologists who devised tests to pick out creative individuals.
Similar to AI researchers in the previous section, cognitive scientists
held that "generative cognitive processes are commonplace and nor-
mative" (Kaufman and Sternberg, 2010). They do not subscribe to the
thinking that "geniuses use cognitive processes that are radically dif-
ferent from those employed by most individuals and that may not
be accessible to the methods of cognitive science" (ibid.). From the
creative cognition view, these processes underlie creativy in all its
forms, from the most everyday to the most distinguished. Hence, un-
derstanding these processes leads also to an understanding of creativ-
ity. By noting that all observable aspects of creativity is generaliz-
able, the cognitive psychologists believe that individual differences
in creativity can be understood as variations in the use of cognitive
principels such as "combinations of processes, the intensity of appli-
cation of such processes, the richness or flexibility of stored cognitive
structures to which the processes are applied, and the capacity of
memory systems" (Finke, T. B. Ward, and S. M. Smith, 1992).

Similar to Simon’s view of creativity as a scientific problem-solving
activity, the creative cognition view argues that creative thought ulti-
mately stems from quotidian cognitive processes (Perkins and Perkins,
2009). While researchers from the AI tradition (like Simon) tend to
focus on expertise-based theories – or "big-C creativity", cognitive
psychologists more often addresses everyday creativity – or little-c
creativity (Kaufman and Sternberg, 2010).

A popular example of such inquiry into everyday creativity is the
modeling of people’s approach to solving well-formed puzzles like
the "Tower of Hanoi". The goal for cognitive scientists with stud-
ies like this is to generalize the insights into broader understanding
of creativity. However, limited progress has been made by studying
highly-structured problems. To better account for real practices of
creativity, scientists have since shifted from constrained experimental
setups to embrace fuzzier scenarios that foreground the uncertainty
in creative situations.

2.3 precept : problem-solving

A major category of creativity thoeries focuses on problem-solving
processes (Ericsson, 1999; Simon, 1973). This perspective suggests
that creativity follows rational and systematic processes, much like
a computer searching all possible combinations. It emphasizes how
concepts like problem representations and heuristic search through prob-

lem spaces fundamentally explain the ways people generate creative
solutions to problems (Kaufman and Sternberg, 2010).
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Simon’s work is influential in making design as a scientific pur-
suit, "a process that could be thoughtfully achieved, building con-
nections between fields of urban planning, engineering and cogni-
tive science that went on to have an enormous influence on design
scholars" (Rosner, 2018). As a result, propelled by developments in
computers, systems theory, and automatic controls, researchers dur-
ing the 1950s showed great interest in making design rigorous and
systematic (Boulding, 1956) and shared an ambition in making it
a science (Churchman, 1961). These people believed that scientific
methods could transform design and aspired to make design com-
patible with its neighboring disciplines of management science and
operation (Archer, 1964). This eventually led to the Design Methods
Movement in the 1960s.

Champions of this movement stood on the spectrum with regards
to how close they placed design next to science. On the looser end,
design is viewed simply as "systematic design" – "the procedures of
designing organized in a systematic way" (Cross, 2001). Some adopt
a narrower view, seeing design as wholly rational, where design is a
"scientific activity itself" (ibid.). This was challenged by many design
theorists like Grant (1979) who wrote, "Most opinion among design
methodologists and among designers holds that the act of design-
ing itself is not and will not ever be a scientific activity; that is, that
designing is itself a nonscientific or a-scientific activity". Neverthe-
less, design methodologists employed science as a guiding lens to
demonstrate the formalizability of the design process, making it thus
teachable.

In her book Critical Fabulations (2018), Rosner exatracts three in-
tellectual foundations that encapsulate this set of ideas: solutionism,
cybernetic universalism and cognitive modeling. She uses these doctrines
to ground her discussion of dominant design paradigms. I widen the
scope slightly to also include literature dealing explicitly with creativ-
ity in order to track the effect universalism and objectivism also have
on them.

2.3.1 What counts as creative work?

The problem-solving view of creativity holds that "practitioners are
instrumental problem solvers, who select technical means best suited
to particular purposes. Rigorous professional practitioners solve well-
formed instrumental problems by applying theory and technique de-
rived from systematic preferably scientific knowledge" (Schön, 2017).
In other words, creative work is about "devis[ing] courses of action
aimed at changing existing situations into preferred ones" (Simon,
2019). The creative process begins "when a problem has occured"
(Fällman, 2003). This requires formulating creative process as a pro-
cedure that follows a series of steps that go from pre-determined
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objectives to final solution. The process follows a general shape of
divergence and convergence:

"According to Alexander (Alexander, 1964), divergence deals
with analysis of the problem, a kind of ‘breaking down’ ac-
tivity that turns an initially ill-defined problem into more
manageable constituents. Then, in convergence, the designer
is involved in synthesis of a solution. This stage is a ‘build-
ing up’ activity, in which the designer builds upwards to-
wards a solution to the overall design problem by solving
each and every part of the set of smaller problems found
during analysis" (Fallman, 2003).

As such, creative work is simply a "special class of problem-solving"
characterized by "novelty, ... and difficulty in problem formulation"
(Newell, Shaw, and Simon, 1962). From this perspective:

"...methodology and structure are at the heart of under-
standing and practicing design, and the view of the de-
signer is that of an engineer or a natural scientist. A good
designer in this tradition is someone who is able to fol-
low prescribed action and someone who is able to effec-
tively and efficiently traverse the design space. This tends
to deemphasize the role of the designer, striving towards a
disembodied design process built on structured methods
and externalized guidelines rather than on the skills and
judgment of individual designers" (Fallman, 2003).

Cybernetician Gordon Pask captured this sentiment, saying, "Archi-
tects are first and foremost system designers" (Pask, 1969). Therefore,
the problems they work with can be decomposed into a set of "invari-
ants which are to be programmed into the system".

We can see similar lines of thinking among other artists and design-
ers tracing back to the early 20th-century. For example, in the early
1920s, Theo van Doesburg, the leader of De Stijl, expressed that the
process of making a new object requires a "method, ...an objective sys-
tem" (Doesberg, 1923). Architect Le Corbusier echoes the sentiment
about the design of a house, conceiving it as a "machine for living".
An architect, in efffect, is designing the "regular sequence" of actions
and events within each house (Le Corbusier 2nd, 1929). In both in-
stances, we see a "desire to produce works of art and design based on
objectivity and rationality, or, on the values of science" (Cross, 2001).

2.3.2 A fully transparent process

The problem-solving view focuses on the importance of transparency
and structure in the creative process. The process is seen as a "glass
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box" (Jones, 1992), where "every step in the process is rational and
possible to describe" (Fallman, 2003). This "glass box" approach ana-
lyzes creative work based on its logical process and decision sequence.
The creative process is a sequence of events, which includes identifi-
cation, analysis, synthesis, and evaluation. Some useful methods in
this approach include systems analysis, critical path, set theory, log-
ical model (Archer, 1964), and design territory map (Broadbent and
A. Ward, 1969).

For design methodologists, the goal of studying the creative pro-
cess is to represent "how designers work and think; the establishment
of appropriate structures for the design process; the development and
application of new design methods, techniques, and procedures; and
reflection on the nature and extent of design knowledge and its ap-
plication to design problems" (Cross, 1984, p. vii).

For AI researchers, while sharing the same goal of characterizing
design as a stringent process of systematic search, they are interested
in the principles of "logical deduction and mathematical optimization
techniques" (Fallman, 2003) that can simulate creativity computation-
ally.

In the following sections, I cover specific efforts by AI scientists
and design methodologists in formulating the problem and devising
heuristics or procedures to arrive at the solution.

2.3.3 AI: problem representation and heuristic search

Simon and colleagues propagated the idea that "human activities that
appear complex at surface, such as chess, could be broken down to
smaller decisions that form a decision structure in the form of a tree"
(Oulasvirta, 2018). Problem-solving activities, then, are about travers-
ing this tree. As this space is often too vast to traverse, humans rely
on a selective search strategy, or heuristics, to reduce the search space.

In particular, Simon pointed to two computer models based on
the principles of problem representation and search tree to validat-
ing his claim that the theory of creativity is the general theory of
search. These two models, BACON and AARON, differ in problem
contexts: one (BACON) derives scientific laws and another (AARON)
produces drawings.

2.3.3.1 BACON: (re)discovering scientific laws

Simon describes BACON as a computer program that "derives laws
from data solely by induction" (Simon, 2001):

"It is given Kepler’s experimental data, but with no knowl-
edge of what the data represent and no theoretical basis
for predicting them, is able to find Kepler’s Third Law on
its third try. The program relies a heuristic search of the
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problem space combined with recognition of familiar pat-
terns, a process that can be observed in more mundane
problem solving" (ibid.).

Simon considered this a demonstration of the computer program
simulating creativity. However, there is a clear challenge to the point:

"BACON assumes a general theoretical framework that
already exists. It is primed to look for mathematical re-
lationships. But one might say that the greatest creative
achievement of scientists like Kepler was to see that some
observable events can be described in terms of mathemat-
ics at all, for this was the real breakthrough: not discover-
ing which mathematical patterns best describe the physi-
cal world, but asking whether any mathematical patterns
are out there to be found" (Boden, 2009).

In other words, these programs were exploratory rather than trans-
formational. They were "spoon-fed with the relevant questions, even
though they found the answers for themselves" (Boden, 2009).

2.3.3.2 AARON: the artificial painter

What BACON showed was a the computer’s ability to model struc-
tured scientifc problems. To argue for the comuputer’s ability to also
model ill-defined problems, Simon pointed to the computer program
built in 1973 by painter, Harold Cohen, called AARON, that could
draw simple sketches (McCorduck, 1991). Simon describes the pro-
gram as follows:

"The program, when activated, creates a drawing or paint-
ing entirely independently, each successive line or stroke
being determined by its inspection of the drawing’s or
painting’s current status. Its judgments of the balance or
imbalance of the composition lead it to introduce new ob-
jects or to elaborate objects already present until it reaches
a point where other criteria instruct it to lay down the pen
or brush and declare the product finished" (Simon, 2001).

Sawyer (2011) discusses Cohen’s view on whether AARON exibits
creativity:

"However, Cohen says that AARON doesn’t equal human
creativity because it’s not autonomous: an autonomous
program could consider its own past, and rewrite its own
rules (Cohen, 1999). AARON doesn’t choose its own cri-
teria for what counts as a good painting; Cohen decides
which ones to print and display. In one night, AARON
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might generate over 50 images, but many of them are
quite similar to one another; Cohen chooses to print the
ones that are the most different from one another. To be
considered truly creative, the program would have to de-
velop its own selection criteria".

2.3.4 Design methods: rational steps

Design methodologists emphasize orderly approaches to design (Mayer,
1992). Like the AI researchers, they stress the importance of using
systematic techniques to exhaustively explore the possible solutions:
"When a promising solution is found, the designer evaluates strengths
and weaknesses, compares it to existing solutions, and refines the
promising solution to make it implementable" (Shneiderman, 2000.

Fallman (2003), building on Lowgren, characterizes this account of
design:

"...the design process is supposed to progress gradually
from the abstract (design specifications) to the concrete
(designed artifact). Progress is achieved through follow-
ing a series of well-described, discrete, rational, and struc-
tured methodological steps (Löwgren, 1995)".

Seen this way, this account assumes that there is a problem to be
solved, and that "descriptions of this problem can be thoroughly and
accurately produced, in the form of a design requirements specifica-
tion, which is then taken as input into the design process" (Fallman,
2003).

Works from the design methods tradition often contain "box-and-
arrows diagrams", "specifying what activities to perform and in what
order these activities should be performed, as well as generic design
principles such as guidelines" (Fallman, 2003). Figure 6 shows one
such diagram from Archer, (1964).

We can see similarities between design methodologists’ idea that
creative process can be rationalized into a sequence of steps with
other mainstream methods such as "design thinking". An example
is IDEO’s design process, which, described by Brown (T. Brown and
Wyatt, 2010) is "a system of spaces rather than a predefined series of
orderly steps". The process involves three steps: inspiration, ideation
and implementation. It is advertised that by following this, a designer
can ensure quality designs that center the user’s needs.

Overtones can also be found in Thinkertoys (Michalko, 2006) and
TRIZ invention heuristics. These techniques and tools aim to assist
in problem solving and idea generation. Each technique instructs a
particular pathway to a potential solution. Like all previous methods,
these techniques are framed to be applicable to a wide variety of
contexts.
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statistics and experimental findings on typing performance to explore
alternative layouts for an improvied typewriter design, inventing the
Dvorak Simplified Keyboard (DSK)" (Oulasvirta, 2018).

Another historical example can be found in the practice of Karl
Gerstner, who, in his 1963 book, Designing Programmes (Gerstner and
Stephenson, 1964), wrote about the use of programs to create varia-
tions to the typographic grid. He sees designers as taking a curatorial
role of selecting the "solutions" generated by the computer.

In HCI, optimization techniques have been applied to the design of
layouts in web pages and mobile apps, as well as forms and dialogues.
In these projects, design problems are seen as having "exponential de-
sign spaces" and "contradictory objectives" (Oulasvirta, 2018). And
computational approaches offer both high probability of finding the
"best design" (ibid.). For example, in MenuOptimizer (Bailly et al.,
2013), the system aims to predict "good design" when designing in-
terface menus. "Good" is determined by the objective function which
consists of constraints editable by the user such as "relative weight of
user performance", "consistency" of item locations, and "edit distance
to present design" (ibid.).

2.3.5.2 Generative design

Another descendent of the "problem-solving" tradition is "generative
design". According to Michael Hansmeyer in his 2011 TED talk, gen-
erative design allows designers to think about "designing not the ob-
ject but the process to generate objects". This echoes computational
design in that the designer’s position is one of distance, where they
curate the numerous generative outputs of a computational model.
Generative design has been widely adopted in architecture and in-
dustrial design, where efficiency and scalability of a process are often
prioritized. Like computational design, they allow designers to ex-
plore wide range of design possibilities at a glance.

2.4 precept : emergence

Emergence rests on the notion that creative insights emerge from
complex underlying cognitive processes (Finke, T. B. Ward, and S. M.
Smith, 1992).

In 1950, Guilford (1950) noted in his address to the American Psy-
chological Association that there was “considerable agreement that
the complete creative act involves four important steps” (p. 451). The
four steps have been previously identified by Wallas (Wallas, 1926) as:
(1) preparation, (2) incubation, (3) illumination, and (4) verification.
Although widely adopted, Guilford (1950) was not very satisfied by
the four-stage model of the creative process. He wrote, “Such an anal-
ysis is very superficial from the psychological point of view. It is more
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dramatic than it is suggestive of testable hypotheses. It tells us almost
nothing about the mental operations that actually occur” (p. 451).

Guilford encourages instead research that are involved in creative
thinking:

"For example, Guilford noted, “It is not incubation itself
that we find of great interest. It is the nature of the pro-
cesses that occur during the latent period of incubation,
as well as before it and after it” (p.451). These processes
may include problem definition and redefinition, diver-
gent thinking, synthesis, reorganization, analysis, and eval-
uation (Guilford, 1950). Thus, according to Guilford, the
creative process may be effectively studied, at least for a
start, by examining the subprocesses that play a role in
creative work" (Lubart, 2001).

This has given rise to rich psychological literature on the meth-
ods behind processes of "idea generation". For example, pscyhologi-
cal studies of creative proceess suggest that:

"Divergent and evaluative thinking are the basis for the
production of creative ideas (Baer, 2003). Gabora (2002)
finds this consistent with the widely held view that there
are two distinct forms of thought: an associative mode of
perceiving metaphoric connections between correlating items
in memory, and an analytic mode that is conducive to un-
derstanding cause and effect relationships. The first mode
provides us with the ability to associate loosely related
concepts and create novel thoughts, while the second gives
us the necessary focus to assess ideas and make selections.
The stages in Wallas’ model can be roughly mapped to
these modes of thought: Preparation and Verification phases
correspond to the analytic mode, whereas Incubation and
Illumination correspond to the associative mode" (Cough-
lan and Johnson, 2006).

2.4.1 What counts as creative work?

Creative work, in this view, is characterized by the alternating gener-
ative divergent processes and the analytic convergent processes. Meth-
ods such as brainstorming (Osborn, 2012) and collaborative sketching
(Shah et al., 2001) are meant to support the joint development of those
processes.

2.4.2 Creative cognition

Emergence is closely tied to research in creative cognition which fo-
cuses on studying novel combinations of elements (Wisniewski, 1996).



2.4 precept : emergence 29

The creative cognition approach explains creativity by examining
how concepts are combined by the mind (Finke, T. B. Ward, and S. M.
Smith, 1992). Studies have shown that novel properties can emerge
from conceptual combination of existing ideas (Estes and T. B. Ward,
2002). These psychological studies have primarily examined "the cog-
nitive processes that are involved when people comprehend combi-
nations of concepts (such as computer dog), or when people imag-
ine creative interpretations of ideas randomly combined by experi-
menters. The present study tests predictions and implications of these
studies, examining the usefulness of a representational form that en-
courages and enables development of unusual combinations of in-
formation resources, particularly, combinations that have emergent
properties" (Kerne, S. M. Smith, et al., 2008).

2.4.2.1 Geneplore

One example of the result of the creative cognition approach is a
cognitive model called Geneplore. Geneplore breaks creativity down
into two phases (Finke, T. B. Ward, and S. M. Smith, 1992):

• Generate: During the generative phase, one creates preinventive

structures which are mental representations of an idea. These
structures have various properties that lead to creative discov-
ery.

• Explore: One interprets the preinventive structures during the
exploratory phase.

Geneplore frames the creative process as traversing between con-
cept generation and subsequent exploration and interpretation. The
key contribution of the Geneplore model hinges on the idea of prein-
ventive structures. One can understand preinventive structures as the
prelude to "creative ideas". Some examples are visual patterns, men-
tal blends, and verbal combinations.

Conceptual combination as a preinventive structure, in particular,
is heavily studied by creative cognition researchers. Wisniewski (1996),
for example, investigated how people combine nouns to make novel
concepts (e.g. "car boat" is a type of car that operates on water, and
"boomerang flu" is a type of flu that goes away then comes back). As a
explained by Sawyer, these conceptual combinations are "not simply
additive"; they are a "case of emergence" (Sawyer, 2011):

"In such cases, the two component concepts themselves
change when they are combined (the “car” that is a “car
boat” is not exactly like any other kind of car); and this
conceptual change is itself a form of creativity, as each con-
cept guides the creative modification of the other" (ibid.).
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And beause each component part is changed when combined, "the
new concept can’t be understood by breaking it apart into its compo-
nent concepts and studying them in isolation" (Sawyer, 2011).

2.4.3 CSTs influenced by this view

HCI research that can find its intellectual roots in the emergence view
of creativity is generally concerned with helping people create these
preinventive structures. The tools inspired by this approach focus on
augmenting and supporting ideation.

combinFormation (Kerne, Koh, et al., 2008) is an example of a tool
inspired by findings in creative cognition. It is a tool that "integrates
processes of searching, browsing, collecting, mixing, organizing, and
thinking about information" (ibid.), in order to support creative idea
generation. Directly inspired by ideas of conceptual blending, com-

binFormation enables associations between collections of information
resources such as texts and images. It includes a generative agent that
composes space based on elements already on the canvas. The genera-
tive agent is essentially a web crawler that finds web pages that might
be of interest to the user according to inferences made based on what
is already collected by the user. The system also operationalizes the
principle of conceptual combination. When elements are next to each
other, new meanings are suggested through their combination. This
supports generation of new meanings through remix and juxtaposi-
tion.

It operationalizes the principle of conceptual blending: "When ele-
ments are next to each other, new meanings are suggested through
combination. This is like how genes are exchanged through DNA.
The researchers call this effect of generating new meanings through
remix juxtaposition recombinant information" (Kerne, Koh, et al., 2008).

2.5 interlude : reacting against cognitivist frameworks

The unifying features that cut across the previous two lenses of cre-
ativity are that they group around the implicit belief that it is the
individual mind that is doing the creating. That is a narrow view of
creativity that disregards the social context in which creativity takes
place as well as the role the physical world plays during the creative
process. Since the 1980s, creativity research in psychology has moved
away from "univariate, positivist research paradigms" to "more com-
plex, constructivistic, systems-oriented research models" (Friedman
and K. B. Rogers, 1998). These models emphasize the distributed na-
ture of creativity, highlighting the role of social relations and interac-
tion with artifacts over time in creative expression (Glăveanu, 2014).
As a result, creativity research, which had previously been taken up
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by psychologists and AI researchers begin to gather the interests of
sociologists.

2.5.1 Creativity as social phenomenon

As we have seen in the previous "problem-solving" and "emergence"
views of creativity, researchers are primarily in answering the ques-
tions of "What is creativity?" and "Who is creative?". Csikszentmihalyi
(2014) redresses the essentialist overtones of those questions to ask in-
stead, "Where is creativity?":

"Rather than regarding creativity as an intrinsic attribute
of particular artifacts or capabilities of a person, Csikszent-
mihalyi argued that creativity judgments emerge via three
interacting components: 1) the domain, or body of knowl-
edge that exists in a particular discipline at a particular
time; 2) the individual, who acquires domain knowledge
and produces variations on the existing knowledge; and
3) the field, comprised of other experts and members of
the discipline, who decide which novelties produced by
all of the individuals working in that discipline are worth
preserving for the next generation. Each has a say in what
counts as creative" (Kaufman and Sternberg, 2010).

By reframing the basic questions about creativity, this view "de-
emphasizes internal processes and individual contributions and in-
stead places much more emphasis on collaborative creativity" (ibid.).

What this socially-distributed view of creativity does is to recog-
nize "that a creator does not create in isolation but amidst other peo-
ple (e.g. audience, collaborators, or other stakeholders). The interac-
tion and communication with other people are crucial in shaping the
final outcome" (Glăveanu, 2014).

Howard Becker (2008), in his book, Art Worlds, illustrates how this
web of complex social relations play out in artistic productions:

"He proposed to see art-making as a collaborative activity
in which a work of art is the result of an interplay between
the "artist" and a multitude of other people Becker called
"support personnel". The use of the term is to highlight
and challenge the putative position of people who are not
the "artist" as merely assisting the production of a work of
art. As Becker showed, whether cooperation is ephemeral
or is part of an actual work routine, "every art (...) rests on
an extensive division of labor" (H. S. Becker, 2008). Even
in those situations in which the artist paints in complete
solitude all the tools at their disposal have a social origin.
All these social forces play an active role in the making of
the final work" (Glăveanu, 2014).
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One of the key implications of seeing creativity as a social process
is to recognize that "create their world, at least in part, by anticipating
how other people will respond, emotionally and cognitively, to what
they do" (H. S. Becker, 2008).

This dynamic relationship between the creator and the world is
captured by philosopher John Dewey in his book Art as Experience

(2005):

"He defined experience as the encounter between person
and world in which the individual acts ("doing") and per-
ceives the reaction of the world towards his doing ("un-
doing"). For example, a painter working on a canvas of-
ten alternate between applying color and standing back to
look at the emerging picture. At this micro level of action
there are two positions being exchanged: that of actor and
that of audience, of maker and perceiver. In other words,
"the artist embodies in himself the attitude of the perceiver
while he works" (Dewey, 2005, p. 50). Writers often do this
as well. They stop and read back the paragraphs having
readers in mind in ways that hopefully help them appre-
ciate if the text is easily understandable or not. Why are
we capable of changing positions while working? Because
our action performed from the position of a creative actor
does not exclude the fact that we are also audience mem-
bers for the creation of others. I can, for instance, evaluate
my text based on my experience of being the reader of
other texts, including my own. In this sense, we are both
speakers and listeners and, just as it happens in every-
day life, we speak and listen virtually at the same time"
(Glăveanu, 2014).

2.5.2 Creativity as interaction with the world

This shift in perspective toward the social in psychology resembles
an analogous trend in HCI’s "second wave" theories. Bodker (2006)
characterizes the second wave in HCI as concerned with group work
across diverse physical spaces, as opposed to the first wave’s concern
with designing for individuals working at the desktop. Works from
the second wave are informed by the notion that human beings can-
not be understood separately from the world in which they live, act,
and think (Kaptelinin and Nardi, 2006). In other words, people’s in-
teraction with digital environments must be studied simultaneously
with the situated social and material contexts. A particular emphasis
is also placed on how artifacts are used in various activities, as "equip-
ment", or tool (drawing from phenomenology, e.g. Dourish, 2004), as
external representation (drawing from distributed cognition, e.g. Hol-
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Figure 7: A traditional GUI’s model of the user (O’Sullivan and Igoe, 2004)

lan, Hutchins, and Kirsh, 2000), or as mediation (drawing from activ-
ity theory, e.g. Kaptelinin and Nardi, 2006).

The third wave or the third paradigm (Harrison, Tatar, and Sen-
gers, 2007) shares many of the same assumptions as the second wave
– i.e. the centrality of the physical world in our construction of mean-
ing – with a stronger focus on embodiment and the various abilities
of the human body, beyond seeing and simplistic motor control of
our hands (see Figure 7), as assumed by most GUI interfaces. This
paradigm explores the extent to which our physical abilities and other
senses open up design opportunities for new ways of interacting with
technology in everyday settings.

As we will see in the following section, this set of ideas paves the
way for a rich understanding of creative work as a situated, embodied,
and distributed activity.

2.6 precept : distribution

Glaveanu (2014) points out that distributed creativity does not locate
creative phenomena in people or objects, but rather in-between peo-
ple and objects", thus viewing creativity "not as a "thing" but as action
in and on the world". According to him, "to endorse a vision of dis-
tributed creativity means ultimately to recognise the self as an agent
within an ever-changing world" (ibid.).
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2.6.1 What counts as creative work?

One of the implications of such a view on creative work is that it
relies much on tacit knowledge, where "we can know more than we
can tell" (Polanyi, 2009, p. 4). Polanyi gives an example of such knowl-
edge by observing that we can recognize a person’s face among a sea
of faces, yet we cannot usually put into words how we recognize a
face we know. Schon (2017) notes this tacit knowledge is akin to the
sort of know-how seen in musicians playing a musical instrument or
a practiced accountant analyzing a "balance sheet" with considerable
complexity within minutes. According to Schon, these unconscious
processes are central to creative practices, as practitioners’ knowledge
unfolds through spontaneous, skillful performance.

Schon shows that creative work happens in action. In other words,
a practitioner’s (such as a tightrope walker) know-how is revealed
through movement of the body, as they walk across the wire, instead
of stemming from a prior intellectual operation. This stands in stark
contrast with the problem-solving view that creative actions are fully
transparent and hence can be verbalized and subsequently codified.
It also differs from the emergence view where there exists clear sepa-
ration between processes of thinking (e.g. generating representations
and structures in the Geneplore model) and acting (e.g. exploring
structures in the same model).

2.6.2 Creative process as reflective practice

The ineffable nature of much creative work highlights the process
of "thinking about something while doing it" (Rosner, 2018). Schon
(2017) calls this reflection-in-action. It focuses on the "importance of
physical and artifact-centered action in the world to aid thought"
(Klemmer, Hartmann, and Takayama, 2006). From this perspective,
the practitioner engages in a "conversation with the materials of the
situation" (Schön, 2017). For example, instead of thinking through a
particular design problem, the designer works through it by sketch-
ing on paper or building prototypes. These concrete interactions with
the world provide elements of surprise and uncertainty that stimu-
late further reflections and actions, furthering understanding of the
problem as well as contributing to the envisioning of a solution.

2.6.3 External representation

Prototypes serve as an external representation of information in the
designer’s head that help them interpret the design (Purcell and Gero,
1998). It enables expression of tacit knowledge and provides a tan-
gible anchor for discussions around design among team members,
clients, and users (Luck, 2007). Henderson (1998), for example, ar-



2.6 precept : distribution 35

gues that sketches are important because they enable visual thinking,
revision, and communication among designers". Pototypes also pro-
vide backtalk that helps "uncover problems or generate suggestions for
new designs" (Klemmer, Hartmann, and Takayama, 2006). By render-
ing ideas concrete, prototypes embody and hence highlight different
aspects of design that are otherwise hard to access as abstract ideas.
Drawing from a field study in architectural design, Jacucci et al. (2007)
argue that material objects actively contribute to the design process
by providing "resources for persuasive, narrative, and experiential in-
teractions".

In addition to prototypes in traditional product design settings, ex-
ternalization of ideas can also be found in dance. Kirsh (2011) de-
scribes a common dance practice of "marking" to illustrate how dancers
produce external representations of movement ideas. "Marking" refers
to the execution of a dance phrase in a "simplified, schematic or ab-
stracted form" (Kirsh, 2011). In "hand marking", for example, dancers
simulate full-body dance phrases by mapping finger movements to
leg movements. Dancers, through marking, sketch movements for
others and for themselves. Like prototypes, marking can be used for
communicative purposes; it can also be used as vehicle for thought,
drawing attention to particular aspects of the movement.

Both physical prototypes and the technique of "marking" show that
during the creative process, externalizing what is in the mind is a
powerful strategy for working through ideas instead of working with
them in the mind alone. They foreground different patterns, struc-
tures, and cues and guide people to notice different details. They are
examples of distributed thinking (see Hollan, Hutchins, and Kirsh,
2000; Kirsh, 2010), i.e. thinking with the body and with the world.

2.6.4 Object agency

In previous section, objects "talk back" to designers by foregrounding
different aspects of an idea, for both communicative and reflective
purposes. The notion of the material world having a certain sense of
"agency" is widely explored across HCI, art, and social sciences. These
works adopt a wider definition of objects that aren’t solely external
representations of ideas but also various objects encountered during
the creative process such as tools, the final work itself, or the raw
materials (e.g. a wood panel) that make up a work. In these diverse
accounts, creators (e.g. sculptors, painters, programmers, etc.) express
a sense of the object they’re working on "taking over" and "leading"
an action to its completion after a certain point (Glăveanu, 2014, p.
59).

For example, scriptwriters mention moments in which the written
script of a movie, once "materialized" in text, shapes its story and char-
acters, which often turn out more powerful than the planned storyline
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(Glăveanu, 2014). Painter Paul Klee made a similar statement about
the guiding force of the materialized work itself: "the painter...allows
form to arise. He has no intention, no direct one" (Paul Klee 1930, in
Glăveanu, 2014, p. 57). Tim Ingold also argues that the actions get
"swept up in the generative currents of the world" (Ingold, 2013). The
artist, in that world, does not create from scratch, but instead follows
and "join[s] with the forces and flows of material that bring the form
of the work into being" (Ingold, 2013).

These accounts illustrate objects themselves as "participants in their
own creation" (Glăveanu, 2014, p. 59). However, highlighting the "agency"
of objects does not make them "equivalent to persons, or more pre-
cisely, social agents" (Gell, 1998). Object agency acknowledges the ac-
tive role objects play in the creative process. Recent works in HCI
have also built on these works to challenge the ontological separation
between humans and objects in creative work. For example, Low-
gren and Stolterman (Löwgren and Stolterman, 2004) show exam-
ples of artistic practices where artists use the properties and qualities
of the materials they find to guide and constrain their explorations.
Similarly, Tholander et al. (Tholander, Normark, and Rossitto, 2012)
argue that materials are not only "representational objects, but ac-
tants" whose emergent properties and characteristics actively shape
the course of design activities.

2.6.5 Moment-to-moment production

Whereas the previous section considers material roles during the cre-
ative process, this section focuses on the moment-to-moment actions

people take in response to different contingencies. As seen in previ-
ous section, the creator’s intentions are permanently "in a state of
tension in relation to what the material ’allows’ or ’forbids’", and in
following these material forces, the "physical boundaries are being
constantly negotiated within creative work" (Glăveanu, 2014, p. 57).

Lucy Suchman (1987) in Plans and Situated Actions describes how
people change plans in response to the dynamics of a situation. She
shows how people use the "resources and constraints afforded by
physical and social circumstances" to "achieve intelligent action" (L. A.
Suchman, 1987, p. 179). These deviations were used to critically inter-
rogate the procedural logic that drove the expert systems of the late
80s that saw these deviations as noise.

Klemp et al. (2008) give an account of situated action in jazz per-
formance and consider the "coordination of past and future with the
circumstances of the moment". Offered as a critique of the clean divi-
sion between "planning and playing", they show how jazz musician
Thelonious Monk turned a mistaken note during performance into
a creative opportunity – in jazz, plans are "contingent formulations"
(L. A. Suchman, 1987) and are often abandoned for "nuanced innova-
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Figure 8: An old ladder converted into a bookshelf

tion" (Klemp et al., 2008). Therefore, plans and mistakes are not on-
tologically separate phenomena but are interrelated and reflexively
negotiated over time. From an outsider’s perspective, these jazz mu-
sicians appear to respond to complexity in an entirely spontaneous
way. However in reality, these musicians’ ability to spin out long lines
of invention relies on their capacity to facilitate "selective manage-
ment of large amounts of information" and "hold several ways of look-
ing at things at once without disrupting the flow of inquiry" (Schön,
2017). In other words, moment-to-moment creative actions draw from
a large pool of embodied resources whose deployment relies on tacit
analysis of a particular resource’s fit given a specific circumstance.

Gibson’s (1977) theory of affordance also takes a similarly situated
and contextual view of creative action, with specific focus on objects
rather than situations. Affordance is not grounded in the object nor
the person; it refers instead to the inter-relationship between prop-
erties of the object and the capabilities of the individual. Because of
the inherently dynamic nature of this inter-relationship, the use of an
object can change as person or object changes, as well as from one
context to another. For example, stairs afford walking, but if the per-
son is a wheelchair user, stairs can no longer afford the same action.
To discuss affordances in creative contexts means to notice the possi-
bility in any object to be used differently from its canonical, culturally
noramtive uses. For example, using a ladder to climb to the roof may
not be extremely creative but using it as a bookshelf on the wall can
be (see Figure 8).

2.6.6 Incorporation of artifact into bodily practice

The previous section discusses how human capabilities such as em-
bodied skills become resources for situated creative actions. Our bod-
ies play crucial roles in how we think and create. Some practices such
as sculpture and dance rely almost completely on hands or the body
as the primary means of creative expression. One of the embodied
skills often exemplified by these creative practitioners is the "incor-
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poration of an artifact into bodily practice to the point where people
perceive that artifact as an extension of themselves; they act through it
rather than on it" (Klemmer, Hartmann, and Takayama, 2006). Klem-
mer et al. (2006) cite an example from Frank R. Wilson’s (1999) The

Hand of experienced puppeteers who have incorporated the puppet
into their bodily knowledge and who are able to see through the eyes
of the puppet and feel the ground through its feet.

2.6.7 CSTs influenced by this view

The view that creativity is underpinned by social and material forces
has been embraced by HCI, and we can begin to see its influence
on design. Below I detail a few design research programs that have
taken inspiration from the situated, distributed, and embodied nature
of creativity.

2.6.7.1 Tangible interaction

Research practices that fall under the umbrella of tangible interac-
tion are informed by the notion of external representation of ideas in
physical objects and its importance in a creative process.

For example, FinalScratch (Klemmer, Hartmann, and Takayama,
2006) is a DJ tools that "respects the primacy of physical practice"
(ibid.). It lets DJs manipulate digital audio via traditional vinyl records
and turntables. As argued by Klemmer et al. (ibid.), it "affords con-
tinuity of practice – skiills acquired over years of practice still apply
since the physical interface has not changed", providing the "sensory
richness" and the "nuance of manipulation" DJ’s are used to with
vinyl records.

Lumino (Baudisch, T. Becker, and Rudeck, 2010) is another exam-
ple of using external representation to aid design process in a 3D
environment. They are "tangible building blocks that allow the un-
derlying diffuse illumination table to track their 3D arrangement"
(ibid.). These blocks, when applied to a 3D design context, become
the physical representation of the digital 3D model: manipulating the
physical blocks simultaneously manipulates the 3D blocks in the digi-
tal environment. By having the external representation to manipulate
through embodied interaction, Lumino lets designers to utilize the
"reflection-in-action" related to the physical practice, instead of being
bogged down by tweaking the parameters of a digital model.

2.6.7.2 Crafts and everyday re-design

This body of research is inspired by the situated nature of creativity
and highlights the everyday creativity of people, by the way they ap-
propriate objects and by how design unfolds through everyday use of
objects. By conceptualizing the notion of an "everyday designer" (Des-
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jardins and Wakkary, 2013), researchers show that the design process
does not stop with the deployment of an object; it continues after it
reaches the hands of the users, "long after the products have left the
hands of professional designers" (Wakkary and Tanenbaum, 2009).
Users "re-design" the objects-in-use through "customization (Buech-
ley, Rosner, et al., 2009), repair and reuse (Jackson and Kang, 2014),
appropriation (Dix, 2007), and everyday design processes (Maestri
and Wakkary, 2011; Wakkary and Maestri, 2008)" (Desjardins and
Wakkary, 2013).

This research program "moves beyond a task-oriented perspective
of the user in order to encompass users’ creativity and resourceful-
ness" (Desjardins and Wakkary, 2013). This view recasts users not
as passive recipients of a designed artifact but as active designers of
its use against dynamic daily activities. For designers, this expanded
view of the lifecycle of an object brings into fore questions of sus-
tainability and of meaning-making. How might designers provide
resources to accommodate for diverse uses of the object? For clues,
design researchers have turned to study routines of people in varied
contexts. For example, Crabtree and Rodden (Crabtree and Rodden,
2004) investigated routines among family members in the home in
order to explore how ubiquitous technologies can be deployed in a
way that takes into account patterned social habits.

Rosner et al. (2018) also attend to the intricate manual labor in-
vovled in craft practices like weaving and sewing. By reproducing
these practices, they foreground the sophistication and the complex-
ity of manual labor, often depicted to be "inherently different from"
and "often less valuable than the cognitive labor of engineering asso-
ciated with men" (ibid.). These efforts make us question what counts
as creative work and how such work has been fueled by stories of
disembodied cognitive work.

In an effort to move away from such stories, Leah Buechley ar-
gues that her sewable microcontroller "provides a case for shifting
metaphors of engineering development from brittle and mechanical
solutions toward open-ended possibilities (Buechley and Hill, 2010)"
(Rosner et al., 2018).

2.7 precept : activity

This precept is informed primarily by activity theory (see e.g. Bødker,
1991; Kaptelinin and Nardi, 2006). It understands the creative pro-
cess in terms of the activities most commonly observed in real-world
creative practices. Moreover, these activities are mediated by tools.
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2.7.1 What counts as creative work?

Creative work here is often mediated by tools. Tools support people
in performing different creative tasks. Some of these tasks include ex-
ploration, execution, and sparking ideas. The computer, when viewed
as a tool, is something manipulated by users to affect change and to
extend themselves (Hornbæk and Oulasvirta, 2017). Creative work,
then, is about the use of technology for creative aims beyond the
tools itself.

To evaluate how well a tool supports a task, Mackay (see e.g. dis-
cussion in Wanderley and W. E. Mackay, 2019) has sought to move
beyond evaluation criteria that focus solely on technology (e.g. "How
well did X work?") or simplisitic preferences on the human side (e.g.
questionnaires). She has developed three principles to consider when
evaluating technologies (in general but especially relevant for creative
tools), focusing on the details of interaction: Is the technology discover-

able, appropriable, and expressive (Wanderley and W. E. Mackay, 2019)?
Discoverability refers to how well the technology guides the user to
discover its functionalities – "can the user easily and quickly learn
what the technology is designed to do?" – either via visual cues or
progressive guidance (e.g. OctoPocus, Bau and W. E. Mackay, 2008).
Adaptability refers to the extent to which users are able to appropri-
ate the technology and adapt it to accomplish things outside of what
it was originally designed to do. Finally, expressivity asks about the
technology: "Can it capture human variation, both intentional and un-
intentional? Can users control it, but also be surprised by and work
with it?" (Wanderley and W. E. Mackay, 2019). These principles, when
used to look at technology-supported creative work, reveal common
concerns people have when interacting with digital tools.

2.7.2 Mediating roles of tools

Activity theory (Bødker, 1991; Kuutti et al., 1996) is based on the
concept of tools mediating between people and the world. Computer,
from an activity theoretical perspective, is not an object people act
on but rather a mediating artifact people act through. In other words,
"people are not interacting with computers: they interact with the
world through computers" (Kaptelinin and Nardi, 2006).

This emphasis on "acting through the interface" (Bødker, 1991) pro-
motes interaction styles that facilitate direct manipulation (Shneider-
man, 1993) of objects of interest. For example, Jacobs et al. (Jacobs,
Brandt, et al., 2018; Jacobs, Gogia, et al., 2017) created tools that let
people create procedural art (traditionally accessible via text-based
programming languages such as Processing or visual programming
languages such as Max/MSP) through direct manipulation. This com-
bines the expressive potential of procedural systems with the accessi-
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bility of direct manipulation. Xia et al. (2016) explores the other direc-
tion, embuing traditional vector graphics interfaces with procedural
power using object-oriented principles.

2.7.3 CSTs influenced by this view

Adopting an activity theoretical perspective suggests that the primary
concern of designers of creative tools should be supporting mean-
ingful activities in creative contexts. Many HCI research developing
creative tools align with this view. It includes a host of projects devel-
oping tools supporting specific design or artistic practices.

A historical example is Ron Baecker’s Genesys, built in 1969. It is
often credited as the first digital system to support digital anima-
tion. With Genesys, the user can sketch shapes, the paths in which the
shapes follow, as well as the dynamics of the paths. Ron Baecker has
said that the computer can be seen as "a powerful aid in the creation
of beautiful visual phenomena" (Baecker, 1969). The idea that com-
puter can serve as a tool in making art has continued to dominate
current CST research in HCI.

Genesy can be seen as a precursor to HCI research in tools for wide-
ranging creative disciplines, from music composition to graphic de-
sign to choreography. In the context of music composition, Garcia et
al. (2012) explore how interactive paper may be used to support con-
temporary composers in sketching musical ideas on paper as well as
leveraging the power of digital composition software they already use.
Knotty Gestures (Tsandilas and W. E. Mackay, 2010) supports contem-
porary composers in creating custom graphic scores with computa-
tion baked in. Using interactive paper, Knotty Gestures lets users add
audio and video recordings onto hand-drawn sketches. Applying a
similar idea, Knotation (Ciolfi Felice, Fdili Alaoui, and W. E. Mackay,
2018) lets choreographers and dancers draw floorplans on an iPad
and making them interactive by embedding video clips that facilitate
review and discussion during rehearsals.

2.8 summary

This chapter has reviewed wide-ranging theories of creativity from
psychology, cognitive science, AI, and social sciences and investigated
how they inform the design of CSTs or creativity research in HCI in
general. Through the problem-solving lens, diversity is hidden. The am-
bition of that perspective is to show that most or all creative processes
can be conceptualized in terms of problem representaiton, search
space, and steps. What sets one instance of creative process apart
from another is the specific "problem" given the context – the problem-
solving "heuristics" or "procedure" reamins unchanged across differ-
ent contexts. While this lens has been influential in inspiring the de-
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sign of CSTs, its application scope is restricted to practices that can
be formulated in terms of "problems", such as architecture and layout
design.

Concepts in the emergence view have a similar influence on the de-
sign of CSTs, where they directly guide what to design. However, also
similar to problem-solving view, this view does not reveal diversity
across practices, as they all stem from the same cognitive processes.
Whereas problem-solving limits the scope of creative practices to de-
sign for, this view limits the scope of the process to brainstorming and
ideation phases.

To redress limits of universalism, the distribution view provides de-
scriptive acounts of different contexts and practices, painting a rich
and nuanced picture of creative work. It has given rise to a set of sen-
sitizing concepts. However, concepts in this lens focus primarily on
the "particulars" of a setting, thus the emphasis is not on extracting
analytic frameworks and core dimensions that can help us compare
and reason about different practices (Y. Rogers, 2004).

The activity view also assumes diversity in practices. Taking a tools-
centric perspective, it sets out to support people in their diverse modes
of expression. However, these practices are often divided along disci-
pline lines (e.g. graphic design is distinct from architecture which is
distinct from music composition). And similar to the above critique, it
does not offer conceptual tools to compare across different practices.

I hypothesize in this thesis that a particular style is not fixed to
a specific discipline. Therefore, we need some way to compare and
situated one setting against another, which will highlight the charac-
teristics of a setting that gives rise to a particular style or styles. This
could mean "building up a lingua franca" in which "different par-
ties in research and design can use to refer to common referents" (Y.
Rogers, 2004) (which is also similar to Hook and Lowgren’s "strong
concepts", Höök and Löwgren, 2012). The notion of trajectories (Ben-
ford et al., 2009), for example, can be seen as doing this work by draw-
ing together previously separate but related concepts and bridging
understanding across research and practice. Lingua franca has over-
tones of "boundary" in Star’s (1989) notion of boundary object, which
she characterizes as being "abstracted from all domains, and may be
fairly vague. Hoewver, it is adaptable to a local site precisely because it

is fairly vague; it serves as a means of communicating and cooperating
symbolically" (emphasis mine). How might we build toward theories
of creative styles that strikes the right balance of interpretative flexi-
bility? Such a formulation will be able to "sustain key features of the
logic of domains: there are domains, they are specific and heteroge-
nous and yet it is possible to translate or connect across these" (emphasis
mine, Ribes et al., 2019). This might help us understand diversity in
creative work better as well as informing us what we could do to
sustain diversity.
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S T Y L E S O F I N T E R A C T I O N I N
T E C H N O L O G Y- M E D I AT E D D A N C E
I M P R O V I S AT I O N

The work presented in this chapter has been previously published in Hsueh, Alaoui, and

W. Mackay, (2019b). I proposed the initial research questions and refined them with

feedback from co-authors, designed and implemented the technology probe, and conducted

the study. I transcribed the video and interview data and analyzed them with Sarah Fdili

Alaoui; Wendy Mackay provided regular feedback that shaped the direction of the analysis.

Sarah Fdili Alaoui contributed significantly to the related work section of the paper. I wrote

the first draft and subsequent revisions.

Chapter 1 sets up the tension between the need to generalize in de-
signing tools that can be used by large groups of people and the need
to accommodate diverse capabilities. Chapter 2 shows that most com-
mercial tools for supporting creativity are influenced by the problem-

solving view of creative process, for it aims to provide accounts of
creativity that can be universally applied. The distribution view seeks
to redress the universal accounts by providing thick descriptions of
real-world practices, showing nuances of specific practices. The activ-

ity view adopts a similar orientation and aims to design tools that
support situated creative activities. However, there is still a need for
developing a language that lets us reason about differences within prac-
tices as well as similarities across pracctices. I propose that comparing
epistemological styles within and across practices is a promising avenue
for moving us in that direction.

This chapter tackles the first part of that aim in seeking to un-
derstand the differences in styles within the practice of improvisa-
tion. Specifically, I am interested in understanding material roles in
the emergence of these styles. To interrogate this, I focus on dance

improvisation in a technology-mediated context. I seek to explore
how introducing an interactive technology reconfigures the rehearsal
space as well as shapes dancers’ movements during improvisation.
To probe this process, I developed a technology probe called Choreo-

probe that consists of a series of parameterized interactive visuals and
asked dance practitioners in three different settings to use them in
generating movement material. I present findings from these work-
shops after discussing related work, Choreoprobe design details, and
study methodology. The six modes of interaction identified are sub-
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sequently used to analyze existing movement-based interactive sys-
tems.

3.1 context

I first review general literature in HCI studying technology use in
dance contexts. I then zoom in on systems supporting movement
ideation in particular.

3.1.1 Studying dancers and choreographers

Multiple design approaches have emerged in HCI to support dance-
making, favoring improvisation (Loke and Robertson, 2013), annota-
tion (Cabral et al., 2011), documentation (Ciolfi Felice, Fdili Alaoui,
and W. E. Mackay, 2018), or visualization (L. A. Hansen and Mor-
rison, 2014; Mentis and Johansson, 2013). Alternatively, theories in
modern dance (Moen, 2007) and studies with expert dancers and
choreographers have opened new ways to formalize the body in HCI
and to explore new paradigms for interaction (Fdili Alaoui et al.,
2013; Fdili Alaoui, Caramiaux, et al., 2012). The most common sys-
tem that comes from dance, and that is used to articulate movement
during interaction, is the Laban Movement Analysis. Maranan et al.
developed a prototype composed of a wearable accelerometer system
and software interface called "EffortDetect" to recognize Laban Ef-
forts (Maranan et al., 2014). Fdili Alaoui et al. explored the Laban sys-
tem for Effort recognition using multimodal interactions (Fdili Alaoui,
Françoise, et al., 2017) and vocalizing these Efforts for dancers to ex-
plore their movement qualities in an improvisational dance workshop
(Françoise, Fdili Alaoui, et al., 2014). These principles were also ap-
plied to movement-based games (Moen and Sandsjö, 2009; Mueller
et al., 2018; Wilde, 2012).

Interactive arts, without formalizing it, build on intuitive and aes-
thetic knowledge of the body to propose immersive interactive expe-
riences engaging various aspects of movement (Levin, 2018; Snibbe,
2018; Utterback, 2018). Many of these works promote creative uses
of the body and propose visualizations as means to give feedback to
participants on different representations of their movement. I build
upon these previous works in movement-based interactions and ex-
isting ways of aesthetically visualizing the body to propose a set of
visualizations that probe user’s kinaesthetic creativity.

3.1.2 Technology for movement ideation

Researchers propose various design approaches to support movement
generation and ideation, through designing for kinaesthetic aware-
ness (Françoise, Candau, et al., 2017), estrangement (Carlson, Schiphorst,
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and Pasquier, 2011; Wilde, Vallgårda, and Tomico, 2017), and somaes-
thetic interactions (Höök, Jonsson, et al., 2016).

Existing movement-based practices work toward breaking habits:
those that humans form when understanding the world, training and
learning to act on it. These habits support humans to cope with ev-
eryday life but sometimes disservice them by becoming tacit and
difficult to change. Feldenkrais body-based method aims to disrupt
movers’ habits and has been applied in HCI to allow users to gain
movement awareness (Loke, Khut, et al., 2013). Philosophies such as
somaesthetics (Shusterman, 2008), inspired both by Feldenkrais and
by phenomenological considerations of human movement in percep-
tion (Heidegger, 1988), have influenced a generation of HCI meth-
ods (Hummels and Van Dijk, 2015; Levisohn and Schiphorst, 2011;
Wilde, Schiphorst, and Klooster, 2011). Amongst them are somaes-
thetic appreciation design proposed by Hook et al. (Höök, Jonsson,
et al., 2016), move to get moved (Hummels, Overbeeke, and Klooster,
2007), move to design (Wilde, Schiphorst, and Klooster, 2011), mov-
ing and making strange (Loke and Robertson, 2013), and embodied
sketching (Márquez Segura et al., 2016).

This is related to the more general notion of kinaesthetic creativ-

ity in which it refers to the general concern of "the active use of
the body through abstract movements to explore possible futures"
(Svanæs, 2013). Abstract movements are movements performed as part
of an isolated event (e.g. being asked to put one foot before another)
rather than as part of everyday life (e.g. walking) (Svanæs, 2013).
Svanaes provides an account of their emergence in role-playing sce-
narios where participants diverge from enacted everyday movements
with a device into imagined new interactions with it. This carving
out of an imaginary zone for reflection within the everyday character-
izes kinaesthetic creativity, of which I argue, in addition to being used

to access the "feel" dimension of artifacts, can be designed for. I link
this concern of "enacting alternate futures" to the goal of breaking
movement habits and supporting movement ideation of end users.

3.2 design of choreoprobe

My aim with this study is to explore how different material proper-
ties of an interactive visualization system might influence movement
ideation. I designed a Kinect-based visualization system that tracks
movement contours and dynamics. I deployed it in a series of work-
shops as a technology probe (H. Hutchinson et al., 2003) to interro-
gate how dancers ideate with interactive visuals. Rather than taking a
technological approach, attempting to analyze, isolated from situated
practices, the properties or reasons an artifact can cause a specific
effect, the technology probe approach forgrounds user innovations
within the confines of a given technology.



48 styles of interaction in technology-mediated dance improvisation

My design goal is to cover a set of visualization types and see if they
have different effects on the movements dancers generate. To explore
different options for the visualizations, I turn to interactive arts for in-
spiration. Interactive arts build on aesthetic knowledge of the body to
propose immersive interactive experiences engaging various aspects
of movement (Levin, 2018; Snibbe, 2018; Utterback, 2018). Many of
these works promote creative uses of the body and propose visual-
izations as means to give feedback to participants on different repre-
sentations of their movement. I build upon these previous works in
movement-based interactions and existing ways of aesthetically visu-
alizing the body to propose a set of visualizations that probe user’s ki-
naesthetic creativity. I compiled movement visualization artworks by
professional artists including Golan Levin (Levin, 2018), OpenEnded
Group (OpenEndedGroup, 2018), Universal Everything (Everything,
2018), and onformative (Onformative, 2018).

From the sample of artistic works, three categories of visualizations
emerge, and I categorize them as follows: visualizing movement struc-

ture, movement dynamics, and body form. Choreoprobe consists of a set
of visualizations that covers this design space. Figure 11 shows how
these artistic examples are mapped to visualizations implemented in
the technology probe. I chose to use particle systems as the basis for
our visualizations given their capacity to express dance movement
qualities (Fdili Alaoui et al., 2013). They are a common technique in
computer graphics that uses a large number of independent objects
to simulate different effects and behaviors.
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generate movement materials inspired by the visuals. They took turns
– one dancer would manipulate the parameters while the others ex-
plored the visuals. I kept the session open-ended and exploratory:
the dancers could choose to interact with the visuals in solo, in pairs,
or in any configuration of their choosing. They were not given strict
directives as to how they should relate to the visuals. They were en-
couraged to interpret them as they wish. I used a think-aloud pro-
tocol, encouraging them to describe what they saw and felt at their
convenience, sometimes during slow movements and sometimes dur-
ing pauses between movements. After the exploration, I asked them
to explain how they perceived the visuals and what movement they
were able to generate, using the same interview technique as above.

3.3.4 Workshop 3: improvisation session with dancers and choreographers

3.3.4.1 Participants

We recruited one choreographer and two dancers (all women) to
participate in a single-day workshop. The choreographer has more
than 10 years of experience in contemporary choreography and the
dancers have around 5-6 years of training, one in modern jazz, and an-
other in contemporary dance. The choreographer’s collaborator also
participated in the workshop as an observer; I refer to him henceforth
as P (for participant).

3.3.4.2 Procedure

The session lasted approximately two hours. I gave a scripted presen-
tation of the features of each visualization and asked the participants
to perform the following tasks: generating movement materials and
transforming movement materials. For the first task, the choreogra-
pher was asked to pick three visualizations as starting point for gen-
erating three movement sequences. The visualizations can be of dif-
ferent types, or of the same type but with different parameter settings.
For the second task, the choreographer was asked to break dancers’
movement patterns by manipulating parameters on the chosen visu-
alization or to change to a wholly new visualization. I used the same
think-aloud protocol as Workshop 2. After the tasks, I asked them
to explain why they chose the specific visuals during movement gen-
eration. I also asked them to describe the changes they made to the
visuals during transformation.

3.3.5 Data collection

I placed a camera on a tripod behind each participant to record video
and audio of each session; I also took pictures, close-up videos, and
written notes.







3.4 results 57

Figure 20: Visuals that have been used by dancers as a "tool" to form an
instrument relationship: trails, blobby form, fluid body, and

springs

I relate the "instrument" relationship dancers form with the visuals
to "toolness", or the extent to which the visuals can be used as a tool
to reflect body form or movement structure. Trails, blob, and springs
allow the dancers to make shapes with their bodies or movements in
space. Referring to Figure 24, I can see these three visuals were all
used as instruments in workshops.

3.4.1.2 Partner: agency

The visuals can also serve as a dance partner with behaviors of their
own, facilitating dancers’ second-person relationship to them.
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Figure 21: Visuals that have "agency" of their own, which facilitate the
dancers to form a partner relationship: fluid body, springs, and

particles

I relate the "partner" relationship to "agency", or the extent to which
the visuals exhibit unanticipated movement behaviors or autonomy.
Both the particles and the springs have a high amount of self-movement
in response to user movements, and as a result, they were often
viewed as interactive partners rather than instruments with which
to perform operations.

3.4.1.3 Medium: configurability

Finally, the visuals can be used as a medium, mediating communica-
tion between people, thereby fostering a third-person relationship.
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Figure 22: Visuals that have high number of "configurable" parameters,
which facilitate the dancers to to form a medium relationship:

particles and springs

The "configurability" of the visuals contributes to the extent to
which they can mediate human-human communication. Both parti-
cles and springs have many parameters to manipulate, making them
good candidates for the dancer-choreographer duet seen above.

3.4.2 Movement types

The second dimension, "movement types", refers to two kinds of
movement behaviors that emerge as a result of the visuals configuring
the dancers spatially and kinaesthetically: reactive and self-reflexive. In
reactive movements, dancers move in response to constraints set by par-
ticular contexts, for example, the conic space delineated by Kinect’s
range of capture. In self-reflexive movements, dancers turn their atten-
tion from the external environment back to the movement itself: in-
stead of conforming to situation-relative constraints, dancers place
the primacy back on movement: making movements for movement’s
sake.

In the following sections, I discuss the different modes of inter-
action that result from crossing these two dimensions and provide
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with their combined bodies. These "postures-like" movements were
decidedly different from movements she created when interacting
with the "springs", which were more "dancerly" and used more space.
D3W2 also controlled the blob to create an "L-shape" by lowering his
body all the way to the ground, into a fetal position and raising his
leg.

3.4.3.2 Instrument/self-reflexive: expressive interaction

When a dancer uses the visuals as an instrument to afford future
movement possibilities, her focus turns from controlling the external
visual behaviors back onto her body, resulting in expressive interac-
tion with the visuals where the dancer embodies the visual behaviors,
choreographing not the visuals themselves (as seen in "control-based"
interaction) but rather her relationship to the visuals. In other words,
the dancer no longer manipulates the behaviors of the visuals (such
as the shape or speed of the springs); rather, she turns her attention
to the manner in which a specific visual behavior can be attained (e.g.
skipping like a feather to make the springs jump around). From the
dancer’s point of view, there is an increased focus on the bodily sen-
sations of a movement. And from an observer’s point of view, the
dancer spends less time looking at the screen and more time moving
in space.

D3W2, after understanding the behaviors of the spring system, be-
gan darting back and forth in space, making fluid turns, fully incor-
porating the elasticity of the springs into her movements. Interacting
with the same spring system, D2W3 saw her virtual body as an ex-
tended body: "I don’t have any shoulder or hips: [they] are morphed into

the body". Absorbing this quality into her physical body and using
it as a motif to inspire movements, she built movement sequences
around extending motions of her arms and legs in response to the
"continuous" and "structureless" nature of the springs.

3.4.3.3 Partner/reactive: "following" interaction

Instead of being an extension to the dancer’s body, the virtual body
can also be seen as a disembodied image, or a partner, that constrains
actions. Here the dancer produces movements that are courteous or

polite toward the virtual partner. She waits around, letting the visuals
breathe and finish their movements, or she follows the movements of
the virtual partner.

D1W2, in interacting with the springs, moved her arms in a wave-
like way, imitating the type of motion the springs were making. When
interacting with the "trails", she moved her fingers to correspond to
the rate at which the trace moved, even though the finger movements
were not seen by the camera nor were they visualized on-screen.
D4W2, during interaction with the springs, made skipping move-
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ments to match the buoyant motions on the screen. Similarly, D5W2,
while moving to the "particles", raised her shoulders when the par-
ticles were flying upwards, lifting her entire body upward to match
the flying motion of the particles. D1W2 also matched her movement
speed to the speed of the moving particles.

In addition to following the visuals’ movements, dancers also spent
time letting the visuals play out their own movements. D2W2 moved
less when she was interacting with the particles, in comparison to
other visualizations, because the particles had a lot of movement
themselves. Similarly, D2W3 stayed in front of the camera after she
made a very tiny movement with her hand, watching the springs
move on their own.

3.4.3.4 Partner/self-reflexive: "negotiating" interaction

Dancers can also take a more active role, in relation to their virtual
partner, in creating movements that are self-initiated rather than imi-
tative. For example, D5W2 used almost the same movement sequence
throughout all of her interactions with the visuals (she also appeared
in Workshop 1 with an earlier version of the probe). Instead of mak-
ing up movements on the spot and changing them according to each
visualization, she would stick to her movement sequence, catching
a glance every now and then at the visuals. She appeared to push
back at her visualized body: when the particles were fading away
and their speed very slow, instead of following the motion, she made
faster movement with her arms, seemingly trying to get the visuals
to come back to life. D4W2 also exhibited this negotiating behavior
in interacting with the spring system. When the rigidity of the spring
increased, he made a motion to grab a hold of an invisible body in
space and tried to move it slowly around. When the rigidity of the
spring was relaxed (i.e. more springiness back), he started to take the
invisible body and thrash it around vigorously.

3.4.3.5 Medium/reactive: directed interaction

The visuals were also used as an interface for dancer-to-dancer com-
munication. The students from Workshop 1 choreographed each other
based on the visual effects the movements created. They told each
other the specific spots in space to move to or emphasized a particu-
lar gesture in order to create a visual effect. The visuals allowed them
to see the effects of their movements, turning something internal into
an object with which everybody can see and interact. Students also ex-
changed movement ideas via the visuals. D6 from the same workshop
saw her colleague make a brush effect with the trails by swinging her
arms. She liked how it looked visually and tried to recreate the same
effect by moving her whole body across the space.
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3.4.3.6 Medium/self-reflexive: co-creative interaction

Towards the end of Workshop 3, the choreographer manipulated the
parameters on the visualization the dancer was interacting with. I ob-
served a moment where she changed the parameters so that visual
movement on-screen reflected the quality of movement the dancer
was executing at the time. The choreographer also made choreographic
suggestions via visuals – a burst of energy in the springs by rapidly
increasing and decreasing the “springiness” parameter. In response,
the dancer adapted her movements, making a swift turn and a swish
of the arm. In this way, the choreographer and the dancer became
entangled in a duet via the visualization. Here, the visuals become a
medium through which the choreographer and the dancer communi-
cate.

3.5 analysis of existing movement-based systems

Next, I turn to place the interaction patterns observed in the study
within the larger context of movement-based systems in the arts and
HCI in order to see whether similar behaviors can be found. This
will show the generalizability of these patterns and the utility of the
two dimensions in classifying movement-based systems. I stress that
this shows predominant trends of particular systems. This does not
suggest that the systems ossify specific forms of interaction.

Control-based: systems for gestural control: Existing systems that
fall under the instrument/reactive category often require the user to
learn a tool and use it to perform a specified goal. An example is Light

Music by Thierry de Mey1, which is a contemporary musical piece
where a gestural instrument is employed: the musician manipulates
sound events by making percussive gestures. Connected by Chunky
Move2 is a dance piece where the dancers are tethered to a kinetic
sculpture, using their choreographed movements to control it. There
are also many examples in gaming where the player uses their body
as a controller to reach a goal, such as playing tennis with Wii. In
these systems, user’s attention is often on the consequences of their
movements on the external world (Soulier, 2016), be it sonic, physical,
or visual.

Expressive: systems for movement exploration: In our study, the
dancers were seen embodying visual behaviors during expressive in-
teraction. In existing literature, a rich set of systems and environ-
ments supports expressive movement exploration by designing for
surprises and discovery. These systems are different from those in
the previous category because movements here, instead of targeting
external digital events, use feedback from these events to reflect on
movements themselves. Systems like hipDisk (Wilde, 2012) and Still,

1 http://brahms.ircam.fr/works/work/22063/
2 http://www.danceaustralia.com.au/review/chunky-move-connected
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Moving (Françoise, Candau, et al., 2017) sonify user movements to
promote explorations of hip motions or micro-movements in stillness.

Following: systems for movement learning: "Following" interac-
tions can be found in systems designed to be partners in supporting
the user reach a goal, such as XBox’s Just Dance3. The user copies the
virtual partner’s movements and get feedback on how well they are
executing those movements. The augmented climbing wall (Kajastila
and Hämäläinen, 2014), which guides the user through a series of
tasks via projected feedback, also falls under this category.

Negotiating: systems with embedded AI: Existing systems sup-
porting a partner relationship and self-reflexive movements are often
characterized by integration of artificial intelligence, allowing the ar-
tificial agent to interact with the user in creative ways. An example
that falls under this category is the Choreographic Language Agent4

that lets the user define a set of rules which will be used by the agent
to generate movements of its own. This agent can suggest movements
for the dancer to consider during improvisation. Another example is
Viewpoints AI (Jacob and Magerko, 2015), where a projected artificial
agent responds to and adapts to a human interactor.

Directed: systems for co-located play: Systems that are used as
a medium to produce reactive movements often question the bound-
aries of control between two human users via technologically-mediated
interaction. Examples can be found in systems for co-located play
such as Balance Ninja (Byrne, Marshall, and Mueller, 2016), where
two players stand on a balance beam trying to throw the other off-
balance while staying on themselves. As one player leans, the muscle
stimulation system worn by both players will induce lean on the other
player. In this case, each player’s movements are the result of react-
ing to and pushing back on the other player. ACCESS5 is an interac-
tive installation where a web user can track anonymous individuals
in a public space by pursuing them with a projected spotlight. The
dodging movements that result on the part of the tracked individu-
als are reactive movements; the interaction between the "tracker" and
the "trackee" are mediated by the robotic beam and the underlying
tracking system.

Co-creative: systems for social interaction: Finally, systems pro-
moting co-creativity are characterized by their ability to mediate human-
to-human interactions, revealing movement characteristics that be-
come resources for creative expression. One example is Boundary Func-

tions by Scott Snibbe6, which is an interactive installation that visu-
alizes the dynamic spatial relationships between participants. Each
time a participant steps into the installation space, projected lines on
the floor adapt themselves to reflect their personal space in relation

3 https://www.microsoft.com/en-us/p/just-dance-2018/
4 http://waynemcgregor.com/research/choreographic-language-agent
5 http://www.sester.net/access/
6 https://www.snibbe.com/projects/interactive/boundaryfunctions/
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3.6 discussion

3.6.1 Movement types

In this study, dancers generate two types of movements: reactive and
self-reflexive. From the interaction point of view, reactive movements
are related to Heidegger’s "present-at-hand" mode of engagement
and self-reflexive movements are related to "ready-to-hand" (Heideg-
ger, 1962). Heidegger characterizes "present-at-hand" as objective re-
flection. In "reactive movements", dancers probed around each visual-
ization in order to understand its potential for action. This is different
from "self-reflexive movements", where dancers fully embody the vi-
sual behaviors, shifting their focus out of the utilities of the visuals
and towards the body. The visuals, by fading into the background,
become "ready-to-hand". From the user’s perspective, dancers adapt

to the affordances of the visuals during reactive movements and ap-

propriate the visuals to suit their own practices during self-reflexive
movements.

3.6.2 Relationships to visuals

In this study, we found that dancers form different relationships with
the visuals. When used as an instrument, the visuals extend the bound-
aries of dancers’ body to include external devices such as the Kinect.
Once these artifacts become incorporated into the body, they become
part of the "structure of the lived body" (Svanæs, 2013). With that
comes an adapted space for movement. When the dancer from Work-
shop 3 remarked that her phsyical space felt "deformed" during inter-
action with the visuals, she was feeling the process of her body adapt-
ing to a newly constructed space that includes the Kinect’s range of
capture and the visuals’ virtual space.

The visuals, by virtue of representing dancers’ movements on-screen,
help dancers form a "partner" relationship with them. We can see
this as an example of "externalization" studied by Kirsh (Kirsh, 2010).
Kirsh uses Willliam Forsythe’s Improvisation Technologies7 to illustrate
how internal choreographic thought can be reified into a visible ob-
ject with which he then uses to communicate movement ideas such
as "shearing" and "torsion". In our examples, the visualizations simi-
larly serve as reification of movement ideas, allowing dancers to see
the shape, structure, and dynamics of their movements. In addition
to using these visualized "objects of thought" as things to manipulate

7 A series of visually anootated videos featuring Forsythe form-
ing and transforming various geometric shapes with his body:
http://www.niea.unsw.edu.au/research/publications/improvisation-technologies-
tool-analytical-dance-eye
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and to think with, dancers negotiate with them like a partner who can
push back and make suggestions.

Finally, the visualizations also serve to mediate the relationship be-
tween people in the studio space. In What Things Do (Verbeek, 2005),
Verbeek gave an example of the dinner table mediating the social in-
teractions of the people sitting around it delineating how close people
can sit next to one another. In a similar fashion, the visualizations me-
diate the relationships between the dancers or between dancer and
choreographer by configuring how each person can control the vi-
sual elements. Just as changing the table settings can change social
relationships, changing the visuals can change how people in the stu-
dio space relate to one another, thereby establishing an implicit visual
communication channel over which movement intentions can be ex-
pressed.

3.7 summary

This chapter gives a nuanced account of how a piece of interactive
technology might bear on the types of movements produced during
dance improvisation. It describes the ways in which dancers reconfig-
ure their bodies and movements in response to the different visuals
and how they are able to adapt flexibly to complex changes of bodily
space, creative expressions, and social relations. Specifically, the vi-
sual properties such as toolness, agency, and configurability can lead to
dancers forming an instrument, partner, and medium relationships with
the visualization system. These relationships, combined with where
dancers direct their attention – either on the visuals or on their own
bodies – form a taxonomy of interaction types with the visuals.

I show, in this chapter, that bodily engagement with the visuals
can have different styles. When producing reactive movements, the
dancer’s orientation toward technology is both pragmatic and epis-

temic (Kirsh and Maglio, 1994). It is pragmatic because the dancer
manipulates the visuals via movements to achieve a specific visual
effect. And it is epistemic because the dancer makes movements that
help them understand how the visualization system works. In these
instances, we can say that the dancer adopts a more analytic style in
interacting with the visuals. In contrast, self-reflexive movements are
produced by the dancer as they adopt a more reflective style in their in-
teraction, favoring movements that let them reflect on the movements
themselves rather than the visuals.
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contributions to discussions during the analysis phase. Wendy Mackay edited the paper.

Chapter 2 shows that a particular discipline is often associated with
a particular style of working. For example, practices such as architec-
ture are often framed as "structured" practices that are amenable to
plans, whereas manual practices such as drawing and painting are as-
sociated with "improvisational" ways of working. This chapter aims
to interrogate this notion of designated style for a given discipline.

I focus on the practices of composition in music and dance. Music
composition and choreography embody the difference in "planned"
and "improvisational" work styles described earlier. Music composi-
tion, in comparison too choreography, is traditionally associated with
the figure of "engineer" where the composer works with an "open
system", generating compositional materials from scratch and aseem-
bling materials in order to fit a specific plan, whereas contemporary
dance is associated with the figure of "bricoleur" where the choreog-
rapher works collaboratively with materials generated by dancers as
well as generating materials themselves in a highly emergent process.

To see if this separation in style holds up or breaks down in real
practices, I conducted an interview study of 23 contemporary mu-
sic composers and choreographers. I look at the artifacts created and
used by composers and choreographers during their creative collab-
orations with musicians and perfomers. Using artifacts as a lens into
their practices, I focus on the roles artifacts play in materializing spe-
cific social relations as well as work styles (L. Suchman, 2005).

4.1 interview study

The choice of contemporary music and dance practices was moti-
vated, first and foremost, by their practice of inventing or appropri-
ating tools to achieve their desired ends. Their creative tool uses and
inventions offer a nuanced view into a wide variety of artifacts, rang-
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ing from hand-drawn sketches to programmed computer scripts. In
our case, artifacts include tangible, physical objects such as musical
scores and instruments, but also non-object materials such as verbal
cues and body movements. We adopt the view that design materials
are not limited to physical materials (H. G. Nelson and Stolterman,
2003, p. 175): "Material (...) also applies to the abstract material used
in the composition of a process (...) such as number, essence, and
nature (...) Materials are what a designer brings together using struc-
tural connections or compositional relationships". By broadening the
scope of artifacts to also include more abstract materials, we hope to
more accurately capture the traces left during the creative process.

As critical users of technology, contemporary music and dance
practitioners often challenge its presumed uses and apply it for other
than its intended purposes. By deliberately "misusing" technology,
they constantly redefine the boundaries embedded in and enabled
by it. Former Guggenheim Museum curator Jon Ippolito likens the
misuse of a tool to "peeling off its ideological wrapper" – doing so
"exploit[s] a technology’s hidden potential" (Ippolito, 2002). Under-
standing the various ways artists use and (mis)use artifacts produces
rich insights into different forms of working with people and materi-
als.

We are interested in the collaborative role artifacts play during the
creative process. We chose to study contemporary music and contem-
porary dance in tandem because they share a number of meaningful
differences and similarities whose comparison should deepen our dis-
cussion around the collaborative aspects of artifacts. Music and dance
can differ in how creative materials are captured and represented.
Music composition, as a practice grounded in score writing, often
structures work around physical artifacts such as paper and notation
software. Choreography, on the other hand, is built on techniques
about the body, movement, and time, and therefore keeps artifacts
that are embodied (e.g. bodily movement) or dynamic (e.g. video). De-
spite these differences, contemporary composers and choreographers
are similar in their focus on performance and that each pushes the
limits of traditional creator-performer roles, exploring creative, col-
laborative relationships that go beyond "following" a score or chore-
ography. These relationships are nuanced and complex and may in-
volve a wider ecology of actors, including instrument-makers, sound
designers, theater directors, etc. that are specific to each unique con-
text. By focusing on the collaborative relationships shared between
the two practices (namely, creator-performer relationships), we are
better equipped to engage with the nuances in the distinctions be-
tween the two practices as well as compare across the artifacts pro-
duced and the processes pursued.

To understand how choreographers and composers generate mate-
rials for dance and for music, we chose to look at artifacts from the
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creator’s point of view. This focus enabled us to trace the evolution of
ideas from conception to their final form. We however recognize that
there is not a clean distinction between creators and performers and
that creators are not the sole generators of artifacts that contribute to-
ward the creative end. We began from the creator’s perspective in or-
der to limit our scope to compositional practices in music and dance.

Participants: We recruited 23 contemporary creative professionals:
9 choreographers (7 female, ages 30-47) and 14 composers (4 female,
ages 31-53) based in France (20), the UK (1), the US (1), and Germany
(1). Of the 9 choreographers, three created pieces for solo dancers, the
rest created pieces for multiple dancers (ranging from 2 to 6 dancers).
Of the 14 composers, five wrote ensemble or solo pieces with elec-
tronics, four for orchestra (2 operas, 1 choir), three for non-traditional
Western instruments (e.g. erhu, gamelan) or new instruments, and
two for chamber ensemble. The choreographers have between 5-20

years of experience, while the composers have 3-15 years of experi-
ence. All participants use at least one type of digital tool during their
creative process.
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Data collection Types of artifacts collected
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PD1 duet 1 - 7 - - - - 1 1

PD2 6 performers 2 - - 5 - - - - -

PD3 solo 1 - - - - - 4 - -

PD4 5 performers 1 - - - - - - 2 -

PD5 solo 1 - 5 - - - - - 1

PD6 solo 1 - 35 11 - - - - -

PD7 3 performers 1 - 1 - - - - - -

PD8 6 performers 1 - - - 3 - - - -

PD9 duet 1 - - - - - - - -

PM1 solo + electronics 2 yes - 18 - 44 72 1 -

PM2 quartet + electronics 1 - - 11 - - - - -

PM3 chamber orchestra 2 - - 6 - - - - -

PM4 chamber orchestra 1 - - 2 3 - - - -

PM5 ensemble + voice 1 - - - - - - - -

PM6 erhu 2 yes 5 25 - - - 4 -

PM7 voice + electronics 1 yes 7 17 - - - - -

PM8 gamelan ensemble 2 - 1 16 - 4 - 5 -

PM9 opera 1 - 2 8 - - - 1 -

PM10 duet + electronics 2 - 1 7 - - - - -

PM11 opera 2 - 3 8 - - - - -

PM12 choir + orchestra 1 - - - 2 - - 1 -

PM13 solo + electronics 1 - - - 1 - - - -

PM14 new instrument 1 - - - - - 5 1 -

Table 3: Study participants and collected data at a glance
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4.2.1 Creator-performer relationships

We identify four types of relationships between creators and perform-
ers. Each category shows the respective roles the creator and the per-
former take on when interacting with an artifact, differing in skill and
creative agency.

4.2.1.1 Creator as author, performer as interpreter

This relationship is the most familiar one, where the creator controls
the overall structure and content of the piece and represents and com-
municates them via a physical medium (e.g. a score). The performer’s
role is to process and understand the creator’s instructions and to de-
velop their own interpretations. The performer’s relationship with
the creator in this scenario is both passive and active – passive in
generating new content, but active in exercising one’s expertise and
negotiating it with the creator when necessary. Activities between
the creator and the performer are separate; neither interferes with
the other expertise. This relationship appears in all of the composers
we interviewed, perhaps unsurprisingly, as music composition has a
long tradition in the practice of writing scores. However, it can also be
found in some of the choreographers (2/9) we interviewed who use
written scores to communicate ideas to dancers during rehearsals.

4.2.1.2 Creator as curator, performer as creator

Some creators interactively create content with the performer. The
performer provides the raw material (such as movement sequences
produced during improvisation), and the creator acts as a curator, se-
lecting from the repertoire of material to gradually construct the piece.
The creator plays a directorial role, giving occasional prompts to
guide the improvisation. Both the creator and the performer actively
engage in dialogues about the creative content. This relationship is
found in the majority of the choreographers interviewed (8/9), since
dance-making often takes place during rehearsals with dancers. Sev-
eral composers (3/14) also improvise with the performer at the begin-
ning of the compositional process to generate content. One composer
(PM10) in particular, adopts the improvisational approach through-
out his entire process.

4.2.1.3 Creator as planner, performer as improvisor

Other creators also improvise with the performers, but instead of se-
lecting materials, direct their attention to the construction of the con-
ditions within which materials are generated. Once the conditions
are designed and set up, the performer has comparable level of au-
thorship as the creator over the creative content, generating materials
according to the conditions without further molding from the creator.
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The creator makes tweaks, when needed, at the structural level rather
than at the material level. For example, a creator can design a rule
system within which the performer improvises; the piece exists in im-
provisation form rather than a written or memorized score. This type
of relationship can be found in both composers (6/14) and choreog-
raphers (4/9) interviewed.

4.2.1.4 Creator as researcher, performer as informant

Some creators initiate "consultation sessions" with the performer, usu-
ally at the beginning of the creative process as the creator tries to
gather information about an unfamiliar area. For example, a com-
poser (PM8) consulted a gamelan player in order to understand the
harmonic possibilities on the instrument as well as playing techniques.
Similarly, a choreographer (PD7) held rehearsal sessions with dancers
in order to understand their individual styles so as to build the piece
around them. The materials gathered here inform both the content
and direction of the piece. This type of relationship is common across
the composers (8/14) and choreographers (3/9) interviewed.

4.2.2 Forms of interaction

Below we describe the three primary ways creators and/or perform-
ers interact with creative artifacts, placing the relationships described
above in context.

4.2.2.1 Sculpting

This type of interaction is characterized by the ways in which artifacts
serve as sites for shaping activities. In these scenarios, the artifacts
take the form of substrates, providing structures out of which mate-
rials may emerge. These materials may be generated by the creators
themselves or by the performers, or even by a computer. Creators
then iteratively sculpt these materials, which live across a spectrum of
varying structural tightness, affording a range of interactions, from
open exploration to constrained interpretation. All composers and
choreographers form this type of interaction with artifacts at some
point during their creative process.

Sitting at the exploratory end of the spectrum are musical objects
and verbal prompts for improvisation. Composer PM14 composed a
piece for a new instrument, called Babel Table (Figure 29), that con-
sists of air pockets made out of latex. One changes the pitches on
the instrument by turning nozzles that control the amount of airflow
filling each pocket. The instrument-designer (who was also the per-
former of the piece), gave the instrument to the composer, who spent
hours playing with it at his studio, paying particular attention to its
sensual and material qualities. He described his exploration process:
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Figure 30: Babel Table details

merry-go-rounds, she created kinetic, mechanical objects embedded
with sensors whose movements are translated into sounds. Like the
Babel Table, these interactive objects contain a set of performative
qualities she finds generative which delineate the space for explo-
ration. She spoke about one of her initial ideas of a tube with a float-
ing ball inside that makes different noises when one breathes into
it:

I want the interactive object to be a toy that everybody knows

and that isn’t strictly a "sonic object". [The ball inside this tube]

floats and has a random rhythm. It creates a sonic situation that

is interesting. (PM11)

She described her process for choosing and designing these inter-
active objects:

I’m looking for something that evolves. It’s not something that

produces only one result or something that makes one [type of]

sound (...) Actually I think about it in terms of instruments.

With instruments, we talk about "degrees of freedom": you are

free inside a "frame". You change the pitch, the speed, the timbre

– those are the degrees of freedom – and as a composer, I make

decisions about them within that frame. (PM11)

By identifying the manipulatable parameters of an object, she is
able to exploit the musicality of them, i.e., the different ways one can
control those parameters. She deployed these objects in rehearsals
with performers where they explored the sonic space the instruments
provided by mixing different pitches, speeds, and timbres, yielding
interesting musical materials that she could compose with later.

Examples of similar structured improvisation abound in the chore-
ographers interviewed (8/9). For example, PD7 remarked:
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Figure 31: Sketches of sound objects

When I am developing movement vocabulary with the dancers

(...) I often begin with a set of constraints to delimit behaviors,

which I develop iteratively based on what I am observing. This

forms a type of "score", and within a performance there could

be 10-100 of these, some of which I keep and some of which fade

from the memory of the dancers over time. So, this score is in

the form of verbal directives and physical memory, negotiated be-

tween myself and the dancers, and dancers with one another, as

well as the shifting context in which they perform the "score" or

"scores". In all cases, these "scores" are extremely mutable, and

usually intended to construct a context in which the perform-

ers have to negotiate their habitual ways of moving in terms of

quality, tempo, and pathways. As soon as the constraints are no

longer constraining, they have to be tweaked. (PD7)

PD7’s "verbal directives" help define the contexts the dancers inhabit.
Just as tweaking nozzle configuration on the air-membrane instru-
ment creates new contexts for exploration, modifying verbal direc-
tives sprouts new possibilities for movement. The verbal directive can
be seen as puzzles dancers need to solve with their bodies. Instead
of teaching the movement phrases directly to the dancers, PD7 plans
conditions for novel problem-solving during improvisation by delib-
erately constraining the dancers’ bodies in disorienting ways so that
they break away from their movement habits.

In addition to the loosely structured artifacts for open exploration
seen in the examples above, creators also create artifacts that more
tightly scaffold a piece.

For example, composer PM4 planned rhythmic or melodic struc-
tures for specific sections before writing the music notes. He designed
an algorithm that produced a random walk process, generating pitch
sequences with behaviors he wanted for a particular section (Figure
32):

In one section, I decided that I want the entire ensemble to start

around a certain pitch and gradually climb to another pitch over
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the course of the section. So I built this little algorithm, which

is this graph. Each instrument has its own line, and it’s basi-

cally a random walk from the starting pitch [in midi] up to a

different pitch. I had control over how much they can deviate.

With one set of parameters, it would just be a straight line –

everyone would go together. So what I did was (...) one of the

parameters became a function of time that would become more

random through [the middle], so gradually the different instru-

ments begin to spread a little bit (...) making a big detour, and

then gradually, everybody comes back up again. (PM4)

This pitch movement plot, if translated directly, "doesn’t make much

musical sense". It serves as a kind of constraint for the composer where
he is "confronted with having to translate it into something playable" for
the musicians, because not all of the frequencies generated by the al-
gorithm are within the range of pitches possible on all instruments.
In order to reconcile between staying faithful to the plot and compos-
ing feasible instrumental parts, he takes the pitches prescribed by the
random process as suggestive musical directions. For example, when
all the instruments were in a cluster on the plot, he ensured that the
cluster could be heard ("if you’re going to have somebody sit out, don’t do

it here, because you want that to be as dense as possible"). Similarly, when
the plot showed a widening of space between instruments, he let that
inform the musical decisions he would make later.

In addition to using an algorithmic process to generate reference
pitch material, he also used it to build temporal structures across sec-
tions of the piece. Figure 33 shows the different tempo curves and
alignments for different instruments over time. The vertical lines are
moments where the instruments align. These lines were generated by
a random process built in MaxMSP. The random process was shaped
by his compositional decisions. For example, he knew he wanted
"roughly 20 of these moments", with these moments "roughly equally dis-

tributed...sometimes close, sometimes not". With the process built, he can
start "hitting the button" and tweaking things at the algorithm level
until he finds a set of distribution he likes.

Composer PM7 also used algorithms to simulate a particular type
of behavior (Figure 34):

I start building a diagram for the durations based on Fibonacci

numbers. Fibonacci series allows me to have a proportion that

maintains equilibrium. I improvise within this frame. During

improvisation, I may change the durations, making them shorter

or longer. I use [the Fibonacci] series to give me maximum vari-

ations, but it’s not strict. (PM7)

In this case, this composer began with a general idea of the "type" of
temporal progression he would like in the piece and let the algorithm
guide his composition.
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While not as common among choreographers, a few choreogra-
phers (2/9) generated scores for the dancers to follow. For example,
choreographer PD4 spent a lot of her time producing scores adapted
from Laban notation. She started by translating and organizing the
conceptual ideas gathered about breathing techniques in yoga into
different sections. She then began to draw spatial movement trajecto-
ries inspired by these breathing techniques, representing them in no-
tational form. This became the first score. This score was then given
to the dancers during rehearsals, where they interpreted and ques-
tioned it. She considered these rehearsals the "research" stage. At each
rehearsal, she adjusted the score, which structured the dancers’ move-
ments, to align with what she saw during rehearsals. She had "pages

and pages of notes for correcting the score". While her "writing" process
emerges alongside the dancers, it follows a clear structure centered
on the score.

The artifacts used during sculpting provide scaffolds for improvisa-
tion, with varying levels of openness. These "scaffolds", be it a mu-
sical instrument, an algorithm, or a draft score, are sharable objects
that structure co-exploration between creators and performers. The
creator-performer relationships observed here span all the types iden-
tified. The key distinguishing characteristic of a sculpting activity lies
in the structuring capability of the artifacts in supporting a tight feed-
back loop between creators and performers during idea generation.
Instead of shaping the materials into a pre-defined form, sculpting

focuses on designing the conditions to let the materials emerge, fa-
voring active negotiations (where sculpting occurs) of material forces
and creative tensions over uni-directional application of existing form
over shapeless matter (Ingold, 2009). In other words, sculpting is a
collective effort rather than an individual one.

4.2.2.2 Layering

This type of interaction is characterized by the different ways creators
layer multiple artifacts together. These artifacts can either take the
form of a substrate or embody content. Our interviews reveal that this
form of interaction is the most popular amongst composers (11/14),
whereas only one choreographer takes this approach when interact-
ing with artifacts. The examples below illustrate how creators prepare
different types of artifacts separately, and, once these artifacts reach a
certain level of maturity, how they weave them together, overlapping
them or stitching them together. The creators subsequently compose
or improvise at the interstices of these layers.

For example, composer PM1 started his composition by first pro-
ducing snippets of sonic materials that guided sonority, which later
informed how he orchestrated the different instruments in the cham-
ber ensemble.
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Figure 36: Layering and the collaborative relationships it supports, enables,
or invites

I must know the direction of the sounds and know how to ex-

press them before I can start writing. For example, I may want

a breathy effect for a particular section. I ask myself, "What can

I make the instruments do to achieve that?" I can have the winds

play pitched air notes and the strings play tremolo for example.

(PM1)

During this process, he frequently consulted the saxonphonist for
whom he was writing the piece in order to understand his playing
style. He held rehearsals with the saxophonist, asking him to create
specific sounds (such as "birds flapping their wings") on his instrument.
He collected a series of these "sonic ideas" in either audio-recorded
or written format (somtimes graphical, sometimes notational) before
stitching them together, arranging them them in a rough order and
filling in the gaps in between.

PM6 spent most of her composition time on creating different ma-
terials that would later be layered on top of each other to guide her
score. First, she listed all the sonic possibilities of instruments that
interested her ("verify the kinds of sounds I want for strings and flutes"),
a process she referred to as "instrumentation". Only after the instru-
mentation was set did she begin to organize sounds ("think about how

these sounds can be combined together") into specific textures (e.g. "metal-

lic", "wooden"). Once she had created the texture reference sheet, the
harmonic sequences (which she created separately from the textures),
and the overall structure, "the whole piece is there", and she began to
weave these components together.
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Figure 38: Remixing and the collaborative relationships it supports, enables,
or invites

choreographer derived an equation that reproduced this motion and
discretized it so it can be mapped to beats on a metronome ("mapping

each step in the sine function to a beat"). By doing so, he recreated this
visual motion along the temporal dimension. He translated the same
sine-based function into a spatial floor map (Figure 40). Overlapping
the beats and the floor map defined a set of rules about how dancers
can interact with and relate to each other, spatially and temporally.

As seen in earlier examples, artifacts used in this type of interaction
are layered to provide roadmaps for further composition or impro-
visation. Depending upon how closed, e.g. content, or open, e.g. sub-

strate, the original layered artifacts are, the new composite artifact can
resemble a score or can structure a improvisation. This process takes
place mostly between the creator and their artifacts. The collaboration
with performers happens usually when the creator needs to collect in-
formation to inform the composition (creator as researcher—performer

as informant). The creator translates this information into customized
representations. Therefore, the artifacts can be seen as encapsulating
localized expert knowledge of the performers and embodies a specific
community of practice.

4.2.2.3 Remixing

The goal of this type of interaction is to generate alternative creative
materials. The type of artifacts used here can either be content or sub-

strate. This is reminiscent of the collage technique in visual art, in
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which cut-up scraps of images and texts are re-combined to form
a new patchwork. Both composers (4/14) and choreographers (3/9)
interviewed actively engage in this type of interaction with their arti-
facts.

Composer PM14, for example, talked about his practice of cutting
up pieces of paper with the written score on them and putting them
in different places:

Sometimes the materials that you write have too much direction-

ality. They serve a lot of purpose. It’s not interesting enough for

the material to write itself out to an almost through-compose,

teleological form. Instead, I try to use [the directionality] by

recontextualizing certain material in certain ways that it didn’t

originally serve. I’ll write a certain amount material, and I’ll cut

it up in a couple directions. I’ll re-sequence it. Or say, "What

happens if I take this material and put it over here?" [And I]

see what kind of imbalances emerge within the form: "Do those

imbalances actually suggest new pathways towards the end?"

(PM14)

Similarly, PM11 and PM13 also actively chopped up composed
bits and reorganized them to generate new materials. PM11 recorded
snippets of her improvisations and worked with them in the Reaper
software (Figure 39):

The "maquettes" are vocal improvisations that I use later for

transcription. I record myself improvising with a metronome. I

import them into Reaper. I then work directly on these record-

ings. It’s really a collage. I make several versions of the same

material. I listen, correct, choose, and iterate through these cy-

cles. (PM11)

Similar to PM11, PM13 used a digital audio station (DAW) to ar-
range improvised bits during the compositional process:

With the lyrics from the lyricist, I start by improvising vocally

on the lyrics. I record my own singing. I take apart words from

3 different languages and find the sounds that sound interest-

ing together – especially ones with interesting variations in the

consonants. I select [the ones that I like] and notate them. I use

Logic or ProTools to select order for structural arrangement. I

record different versions of the same phrase to find the better

version. (PM13)

In these examples, musical materials have performative qualities
that inform the composers. Composers decontextualize these materi-
als by applying different types of transformations on them in order
to gain different perspectives on the original material, suggesting di-
rections to pursue that they may not have anticipated.









92 styles of artifact use in choreography and music composition

als. While remixing can be carried out by the creators as they navigate
through the material flows, it can also be implemented by structur-
ing artifacts that set up recombinatory conditions, allowing space for
permutations.

Unlike artifacts from layering, which are template-like, stable struc-
tures, artifacts shown here are ever-evolving and amorphous. They
are characterized by their dynamic capacity to generate multiple fu-
tures from existing materials. The most common collaborative rela-
tionships that form in remixing is that of creator as planner—performer

as improvisor and creator as curator—performer as creator. In these exam-
ples, the creator alternates fluidly between roles of a planner – making
tweaks at the structural level – and a curator – selecting the materials
generated by the performers during improvisation. The remixed ma-
terials often require an additional step of careful curation so as to
sculpt these musical fragments into their final form.

4.3 summary

In this chapter, I show that artifacts play an important role in shaping
the specific work style of the creator. For example, creators that use
structure-like artifacts tend to have a more "distant" relationship to
the material they are working with, as can be seen in choreographers
that create the structure within which dancers improvise and leaving
the materials dancers generate alone. On the other hand, creators that
work with material-like artifacts tend to form a close relationship to
the materials, layering them in different ways and sculpting them.

In addition, I also show that artifacts generated throughout the cre-
ative process materialize very specific collaborative relationships be-
tween the creators and performers. For example I found that sculpt-
ing an artifact, for example, encourages a collaborative relationship
where the choreographer is a curator and the dancer is a creator.

As seen in this chapter and the previous chapter, in both closed
(technology-constrained) and open (creator-generated) contexts, a di-
versity of styles emerge in response to specific material conditions
and arrangement. The next chapter asks: "Do these styles persist in
time or do they change within the process?"



5
S T Y L E A S A D Y N A M I C P H E N O M E N O N

Parts of this chapter can be found in Hsueh, Alaoui, and W. Mackay, (2019b) and Hsueh,

Alaoui, and W. Mackay, (2019a). As this section takes on a different perspective, some

information from the two studies might seem repetitive, but they are contextualized as a

comparative case. I also draw examples from real practices of professional artists in music

and dance.

In Chapter 3, I have shown that interactive visuals, when intro-
duced into the dance studio, invite very specific types of movements.
Whether it is the dancers moving laterally in space in order to be
"seen" by the Kinect or their foregoing fluid, "dancerly" movements
for fragmented, posture-like poses when interacting with the blobby

form visualization, "meaning and matter are held together" (Orlikowski
and Scott, 2015). In other words, the material nature of the space, as
expressed through the Kinect camera’s field of view and the visual
properties of the visualizations, affects how dancers perceive their
own bodies and can thus influence their movements.

Having demonstrated the roles material qualities of an interactive
technology play in the construction of a dancer’s bodily perception as
well as movements, I zoom out the lens in Chapter 4 to look more gen-
erally at artifacts created by choreographers and composers, compu-
tational and otherwise, in order to explore deeper the ways in which
artifacts influence patterns of use, and importantly, how they produce
different relationships between creators and performers. Specifically,
I look at how artifacts demarcate social and temporal spaces. For ex-
ample, a musical score as we traditionally come to know it in classi-
cal music, encourages an author-interpreter relationship between the
composer and the musician; it also determines the point in the com-
poser’s compositional process at which musicians are brought in (e.g.
during rehearsals) and the type of interaction that is facilitated (e.g.
sculpting the dynamics of the piece based on musicians’ feedback).

We see from these two chapters, then, that artifacts, be they a piece
of digital technology or an analog object, simultaneously encode prac-
tices – as seen in the musical score example above, where it embodies
the compositional practice of fixing music on paper – and produce

practices – as seen in the dance students from Workshop 1 in Chap-
ter 3 who started choreographing each other after learning the behav-
iors of the visuals. The patterns of interaction we have seen in these
chapters are snapshots in time. However, as we will see in this chap-
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ter, these patterns, instead of being static entities, persisting through
time, are dynamically produced. It is this dynamicism that I turn to
next.

5.1 context

Although I have "frozen the frame" and identified stable, observable
social relationships and interaction pattern in the previous chapters,
the creative process is an ongoing, dynamic process in which these
patterns are continuously mobilized. They weave together to form a
textured space of social relationships, creative actions, and material
ecology.

While the artifacts generated in the creative practices I examined
in the interview study (Chapter 4) are in constant flux rather than
fully formed (Cetina, 2009), they can become temporarily immutable
in order to scaffold the unfolding of other intertwining artifacts, as
in the algorithmic process above. It is immutable when used to as-
sign pitches, but quickly becomes mutable again when the composer
adjusts the algorithm’s parameters. We see similar slippages happen
at the collaboration and process level – it is at these slippery seams

that collaborative roles are redefined and creative focuses shift. We
can observe similar shifting of interaction styles in the improvisation
workshop (Chapter 3): dancers can enter into a variety of interaction
modes given a visualization. For example, a dancer can shift from a
"control-based" or "following" way of moving given the "blobby" vi-
sualization and move into a more "negotiating" style by developing
strategies over time.

These shifting of interaction styles given a specific artifact or tech-
nology can be seen as a type of "enactment". In the following sec-
tions, I follow and extend the Orlikowski’s notion of “enactment"
wherein "the stability of the technology and its applications is only
provisional" and people "enact a multiplicity of structures" over time
(Orlikowski, 2008). In other words, even when a technology appears
to have stabilized, with its properties and functionality apparently
having reached “closure” (Bijker, 1995), or a dominant use has been
established, people continue to invent new uses according to dynamic
needs of the situation. In particular, I show how creative practition-
ers invent strategies to explore alternative paths within given tech-
nologies or ecology of artifacts. I also show how they build custom
environments to facilitating exploring diverse paths.

Creative work, from this perspective, requires negotiation among
a complex ecology of people and material. They create tension be-
tween two types of creative impulses: one that opens up divergent
perspectives and another that synthesizes from existing ideas. These
can be seen as a kind of "push and pull that moves creativity forward"
(Cheatle and Jackson, 2015). In order to manage this tension, people
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mobilize diverse artifacts that allow them to easily shift between roles
and forms of creative action.

This chapter clarifies how people may employ strategies to shift to
a different style of interaction or how they design creative spaces that
are amenable to fluid shifts in styles and roles where ideas can be
explores. Following Lave and Wenger (1991), I investigate what make
such enactments (or shifts) possible and what conditions it.

5.2 strategies for exploring alternative paths

Examples abound in creative practices where artists, in response to
adaptive and emergent needs, transform an object so that it works in
conditions outside of its originally designed use, ranging from some-
thing as simple as using a sponge as a paintbrush to more involved
efforts such as Nam June Paik’s TV Cello, where he built a cello out
of a set of televisions.

The composers and choreographers from our study also radically
appropriate existing technology and invent new ones. These artifacts,
rather than closed systems with predefined functionalities, are open,
fostering plurality of interpretative possibilities. Dancers, although
not manipulating physical artifacts, also appropriate their own rela-
tionship to the visuals in order to invent new ways of relating to them.
As we will see in more detail below, these cases allow the artists (com-
posers, choreographers, dancers) to shift perspectives, without privi-
leging a specific point of view.

5.2.1 Modality switching

Switching modality refers to using features of one modality (such as
visual, graphical, or kinetic) to inform the performance of another
modality. Below, I will give examples of different kinds of modality
switches, from visual to kinaesthetic, from graphical to sonic. A strat-
egy such as this lets people experiment with new ways of seeing that
helps them break away from a routine style of working or interaction.

5.2.1.1 Creating complex relationships with interactive visuals

In Chapter 3, the visuals are objects filled with significance and po-
tential for action. That potential is released via meaning-making: cre-
ating complex relationships that go beyond the original cause-and-
effect relationship. This strategy enables the dancer to switch from
an analytic style of interacting with the visuals to a more reflective

style: more specifically, this strategy lets dancers switch from "control-
based" and "following" interactions to "negotiating".

D1W3 struggled in the beginning to interact with the visuals. Trained
in modern jazz, she does not have extensive experience in improvisa-
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tion. She was unable to make a connection to the visuals and come up
with movement sequences that were not simply controlling gestures.
The choreographer stepped in and helped guide her in relating to
the visuals: "Explore following [the particles] continuously in space. [You

can follow] with the entire body or with different body parts...forward or

backward in space". The dancer noticed the change in her movements,
saying, "When I stopped looking at the effects on-screen, I started to make in-

teresting movements. [The visualizaion] can sometimes trap you – it’s hard

to go beyond its limits". In this case, D1W3 was able to relate to the
visuals that were more complex than the original movement to visual
mappings designed. PW3 observed that the meaning-making process
"produces something that is less of a direct mapping from [visual] effect to

[movement] shape, but a more complex mapping" because of the way vi-
sual motion on-screen "is decoupled from the movement of the person in

space".
D2W3 perceived the spring-like figures on-screen as butterflies sur-

rounding her virtual body. As soon as she made that connection, she
was no longer tethered to the visuals by the original mappings where
springiness corresponded to the speed of user movement. She began
to play more with the physical space, imagining butterflies filling the
3D space around her. By creating these complex relationships to the
visuals, she was able to engage in the dynamic interplay between the
sensual and spatial dimensions in relation to the visuals.

The dancers in this study use the indeterminacy of a space to con-
struct meaningful relationships to it, enabling them to move beyond
original constraints of the space. The notion of "openness for inter-
pretation" is articulated by Chalmers (2004) and Gaver et al. (2010),
who advocate for systems that can be "flexibly interpreted" (Chalmers,
2004) and that encompass the "many and nuanced ways people orga-
nize and give meaning to their activities" (Gaver et al., 2010). Reeves et
al. (2005) discuss that a common strategy employed by artists to intro-
duce ambiguity into interactive installations is to partially obscure the
mapping between control input (e.g. movement, buttons) and their ef-
fects, as seen in non-linear, many-to-many mapping schemes.

Both Text Rain1 and Videoplace2 are systems that support open explo-
ration by leveraging indeterminacy in the system. They allow users
to make different possible connections with the visuals that are per-
sonally meaningful to them, either by holding up the falling texts
with their arms or picking up shapes by forming a circle with their
hands. The systems, though inexplicit in the specific gestures to use,
are clear in their grammars of interaction, or system-defined goals
(e.g. picking things up with body parts). Consequently, users can cre-
ate personalized gestures, embedding symbolic meaning in their in-
teractions spontaneously and in a situated manner. This is similar to

1 by Camille Utterback: http://camilleutterback.com/projects/text-rain/
2 by Myron Krueger: http://www.medienkunstnetz.de/works/videoplace/
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Figure 42: Camille Utterback’s Text Rain

what Simondon refers to as the "margin of indetermination" (Simon-
don, 1958) of objects. He argues that technical objects should maintain
a margin indetermination, and it is via this margin that humans are
able to form meaningful interrelationship with the machines.

This "margin of indetermination" invites unpredictability and am-
biguity, and by doing so, "embraces the possibilities inherent in the
breakdown of clean distinctions" (Davies, 2020).

5.2.1.2 Using verbs to source movement ideation

Technology, no matter what type, always has a strong presence in
the dance studio. The use of metaphors by dancers in my work-
shop to overcome constraints posed by this presence is shared by
dancers in Wayne McGregor’s dance company during a rehearsal
with a novel system for assisting choreography and improvisation.
Metaphors help them develop new and meaningful relationships to
the technology.

Wayne McGregor, a British choreographer, designed, with a team
of cognitive scientists and computer scientists, an intelligent software
agent, called Choregraphic Language Agent (McGregor, 2004), that was
meant to act like an "11th dancer" in the studio, provoking the dancers
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As seen here, the process of embodying the verb "to hang" and
making creative uses out of it is independent from the disruption
of having to physically break from the dance floor to work with the
software.

5.2.1.3 Using metaphors to aid movement learning

Another example of the role metaphors play in movement-based cre-
ativity is given by Kirsh who observed dancers to understand how
they learn dance (Kirsh, 2010).

Kirsh observed that during a rehearsal, a dancer, in order to learn
a movement, invoked the visual image of a massive bell. Using that
image to structure her body, she directly interacts with this image
of the bell, wrapping her arms around this imaginary sturcture, and
feeling the heaviness of the bell as if she is physically picking it up
and rocking it around. The dancer connects to the bell’s inertia by
making a link between the visual structure of the bell with the ki-
naesthetic feelings of moving the bell around. Metaphors, in this way,
opens up a new space for movements that is preivously inaccessible.
It also shows that metaphors allow conceptual mapping to occur be-
tween the visual and kinaesthetic and how this mapping is used to
unleash individual creativity.

5.2.1.4 Composing with graphical sketches

The generative power of visual metaphors has also been explored by
composers from my study in Chapter 4.

PM1, in early stages of the creative process, drafts completely in
shapes and graphics. He uses circular stacking of vertical bars to vi-
sually represent how the chords are meant to be layered in time as
well as indicating the sonic "thickness" of that section. Each visual
element is mapped to a sonic consequence. For example, the distance
between each block represents a rhythm and its position represents
the range. The filled-in blocks represent a certain "heaviness" of the
chord, not necessarily just in volumne but in terms of its "layered-
ness". The number of blocks also represents the general number of
chords in each phrase. He has a visual "painting" for each phrase in
a particular section. By establishing the visual-sonic mapping early
on, he’s able to draft completely in the visual realm, thereby breaking
away from normal "composition" and really explore the structure of
the piece.

PM6 is similar. Her graphical sketches help her make musical deci-
sions such as the types of sounds she wants (granular) based on what
she "hears" in a poem. It’s a type of brainstorm that lets her keep
the "purest" part of her instantaneous impressions when reading the
poem she’s composing for. The visual metaphors of "granularity" and
"breathiness" determines all of her musical choices. It’s a way for her
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to keep her integrity in the the process and guides her throughout
composition.

5.2.2 Re-enactment

One strategy used by people to carve out new paths out of an ex-
isting trajectory is captured by the notion of "re-enactment" detailed
by Lepecki (2010). In the article, Lepecki refers to re-enactment as
"embodied actualizations". It is the concept that "archiving" a work
"onto/into one’s body" recasts the work into a living site. Indetermina-
tions such as "muscular tremors" and "memory lapses" serve to "re-
place" the work and remove it from a fixed site such as a document
or the previously designed features of a technology. We see examples
below where dancers perform the same movements differently, and
by embodying various aspects of the movements that emerge and re-
emerge over time, these dancers are able to break away from a fixed
relationship to those movements. Style shifts often occur in these mo-
ments.

5.2.2.1 Embodying system behaviors

In Chapter 3, dancers shift from an analytic style of interacting with
the visuals to more reflective styles (i.e. from "control-based" mode to
"expressive" or "negotiating") by progressively learning and embody-
ing system behaviors.

I observed that when dancers use the visuals as an instrument, they
progressively absorb the instrument into their own bodies and hence
adapting their own body schema in the process. This can deform the
dancer’s perception of the physical space and was felt by dancers
from all workshops. D2W3 expressed, "We don’t know body boundaries

because of the visualizations’ virtual space.". D4W2 also said, "I had a men-

tal map [of my spatial relationship] with regards to others, but when I look

at the falling particles – which were atmospheric, abstract, and geometric –

I could not enter into this [map]". CW3 also commented, "When you put

the dancers in front of the Kinect, it changes their relationship to space and

their dimensionality of their body is very flattening". D1W1 echoed that
she felt she was moving along "the plane" when interacting with the
visuals.

In absorbing the tool, dancers reconcile the physical studio space
with the virtual one. Once the instrument and the space configuration
that comes with each instrument is absorbed into the body, dancers
are able to take back their agency and be in control of the instrument,
without completely surrendering to its will. This process of transform-
ing the body to fit the constraints of the visuals can be seen as a type
of skill acquisition (Svanæs, 2013).

Skill acquisition also occurs when dancers learn and embody the vi-
sual behaviors over time. D1W3 saw the spring movements as "spaghetti-
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like". As she became acquainted with this behavior, she started to
incorporate it into her own physical movements without looking at
the screen, exploring the bodily sensations corresponding to the mal-
leability of the "spaghetti springs".

These examples demonstrate the correlation between learning and
creative uses of the visuals. One obvious strategy to perturb dancers’
natural tendency would be to vary the visuals repeatedly so as to
prevent the dancers from forming relationships with them and thus
falling into specific patterns of interactions. However, if the transition
between defamiliarization and learning is not handled well, it might
lead to the user feeling a loss of agency or the negative impacts of
a constraint, leading to movements that are passive rather than self-
initiated and exploratory. D1W2 remarked, regarding the frequent
changing of visual parameters by one colleague, "the changing makes

the interaction difficult", adding, "Sometimes I feel it’s the manipulator who

is varying the parameters; other times I feel it’s me who is influencing [the

visuals]". CW3 said, "I would not change the parameters too often because

I think it takes the agency away from the dancers to learn new relationships".
For dancers to respond flexibly to changing visuals while maintaining
engagement and control, attention should be paid to facilitating the
learning process.

Too many changing visual elements in the beginning of interac-
tion can break dancers’ sense of agency, resulting in their inability to
form meaningful relationship to the visuals, further inhibiting their
creative expression of movement. Therefore, achieving expertise and
constructing complex relationships are closely linked. Without sup-
port to learn and discover an interface, meanings cannot be properly
formed. For this learning to take place, systems should make their
technological inner workings discoverable (Dourish, 2004; L. Such-
man, 2007).

5.2.2.2 Defamiliarizing everyday movements

Echoing the same argument that skill acquisition is crucial to break-
ing out of the routine, Herbert Marcuse used the term practice in his
(1969) An Essay on Liberation to refer to attempts to forge new forms
of experience that move the aesthetic realm away from the automatic
and the engineered. He writes: “Such a practice involves a break with
the familiar, the routine ways of seeing, hearing, feeling, understand-
ing things so that the organism may become receptive to the potential
forms of a nonaggressive, nonexploitative world.”

This break from the familiar is exemplified in Yvonne Rainer’s
piece Trio A. In Trio A, the performers – often a mix of dancers and
non-dancers, generally in normal street clothes – dance without mu-
sical accompaniment and perform the same movements together, but
not in unison. The piece runs about five0 minutes long. There is no
musical beat or rigid metronome to keep people in sync, and as such,
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each performer inevitably ends up dancing for different lengths of
time. It premiered as a work-in-progress at Judson Memorial Church
in New York City in 1966, featuring Rainer, Steve Paxton, and David
Gordon. Since then, it has been danced in dozens of diverging ver-
sions. The main sequence is made up of everyday, pedestrian motions
and some familiar ballet movements, ones that are distinctly different
from conventional choreographic phrasings that foreground climax.

Despite featuring deceptively quotidian movements, precision is
key in Trio A. The piece’s geometric floor patterns, governing direc-
tion of feet and facing of hips, is exacting. For example, the final diag-
onal with all its twisting perambulations, though not literally drawn,
constitutes a directive as rigorous as any issued by Balanchine, Cun-
ningham, or Lucinda Childs.

Many of the actions in Trio A are slight tweaks on ballet movements
such as the rond de jambe and the arabesque, but made more ordi-
nary – their dynamic range toned and tamped down, the flourishes
and emphases taken out. Former professional dancer Caryn Heilman
said during one rehearsal that the hardest thing for her was to stop
putting accents on the movements, to stop stylizing her gestures—in
other words, to stop dancing too much.

These motions, through repetitions, pervert the originally familiar
movements, be they pedestrian to non-dancers or ballet to trained
dancers. They are physical manifestations of Marcuse’s notion of a
practice that offers a way out of routine.

5.2.3 Breaking up the original for new directions

Another strategy used by creative practitioners to explore alternative
paths is by breaking up the original artifact for new directions. Many
of the composers from my interview study in Chapter 4 for exmaple
use this strategy as a way to generate new pathways. This helps them
shift from a distant, analytical style of composing (commonly asso-
ciated with executing and following previously planned paths) to
one that demands more closeness to the compositional materials. In
Turkle and Papeprt’s (1990) terms: a shift from "acting on" the materi-
als to "being among" them.

For example, PM13’s vocal piece involves a play on the phonetic
associations of English "me", German "you", and French "it". She be-
gan by first giving the lyricist a few key words to come up with the
lyrics. She used these lyrics to improvise vocally. She picked out the
words "me", "you", and "it" from the three languages based on how
they sound when mixed together. She recorded her own improvisa-
tions on the three words into Logic Pro. This allowed her to cut up
the sample at the consonants level and explore their sonic possibil-
ities by putting them through different filters and combining them
differently. These fragments become the origin of new directions, be-



104 style as a dynamic phenomenon

cause they no longer resemble the original sounds of the word. A
program like Logic Pro focuses on enabling this act of "breaking up"
that is analogous to the example of remixing seen in Chapter 4, where
composer PM14 cuts up written scores to find new directions.

In this way, the creator is able to look at the same material from
different angles. CataRT4 is another such tool. It is a synthesizer that
segments a sound sample and disperses the individual "grains", or
components" of the sound across a digital space. The user is then able
to traverse this space like a map to produce sounds that are wildly
different from the original. PM14 uses CaTart to explore the sounds he
recorded in a modular synthesize based on different 2D organization
according to different feature analysis of it (such as noisiness). He
considers these travels in the 2D space "gestures".

One might immediately think back to the fuction of metaphors
mentioned earlier in Kirsh’s dance rehearsal observation – an estab-
lished link between the visual and the kinaesthetic modalities. What
Logic Pro and CataRT has enabled is the ability to link sound to space,
treating sound in terms of its spatial properties, such as the "gestures"
in CaTart or the arrangements of sound samples in Logic Pro. In de-
scribing this type of process, composers use spatial metaphors such
as "I’m looking for a really cut-up sound" (PM11) or "it’s really a col-

lage" (PM13) or "finding a direction in this sound" (PM14), instead of
a more expected time-based terms like duration.

5.2.4 Discussion

These strategies illustrate the different ways people break away from
and out of a routine way of orienting toward the world. They feature
moments where people resist the assumed, normative use of objects.

From a cultural psychological perspective, objects are not devoid of
intentionality: they materialize the conventions and norms of people
that have shaped the objects previously. Shweder (Stigler, Shweder,
and Herdt, 1990) argued that "a sociocultural environment is an in-
tentional world populated by ’intentional objects’. Objects bear the
mark of the intentionality of their makers and users and, as such,
it is impossible for us to separate them from human activities. One
cannot do anything with any object at any time since both material
properties and cultural norms restrain potential uses". This is consis-
tent with the main findings of Chapter 3 and Chapter 4 in which I
show technology and artifacts precondition certain actions.

Shweder goes on to say, "And yet, at a fundamental level, each ob-
ject has the potential to transcend its designed use, to ’escape’ the
intentionality of its maker and impose its own conditions on activity".
He unpacks the complex and patterned relationship between a per-
son and an object/world as follows: "a person’s relationship to the

4 http://imtr.ircam.fr/imtr/CataRT
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Figure 45: Strategies used by dancers in workshops from Chapter 3 to shift
interaction styles
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world can either be positive – when the intentionality of the world
amplifies or supports that of the person – or negative – when it dimin-
ishes or contravenes their intentions. Furthermore, these relations can
be active – when the person creates or selects the aspects of the inten-
tional world most suitable for being acted upon – or passive – when
the person ends up living in an intentional world designed by others
for themselves" (Glăveanu, 2014).

The strategies covered here, wherein composers and dancers find
new pathways out of fixed entities such as a sound sample, a move-
ment, or a relationship to a piece of technology, are all active actions
in response to negative conditions posed by the world.

5.3 conditions for exploring altnerative paths

In the previous section, we saw boundaries between interaction styles
slipping. The slippery character of the various boundaries among ar-
tifacts, roles, and interactions calls into question the very nature of
"boundaries" and highlights them as sites for critical inquiry. Deliber-
ately perturbing these seams by creating situations for these slippages
to emerge lets us explore alternative forms of anticipation work.

We can understand the generative encounters between creators,
performers, and artifacts as what Schön (Schon and Wiggins, 1992)
calls the practice of “seeing-moving-seeing”. It describes a kind of
situated experimentation, where people test out hypotheses, try on
new roles, and speculate futures. Slippery seams, from this view, are
performative negotiations that take place in order for these experi-
mentations to unfold.

In this section, I examine how people design their work environ-
ments such that the boundaries between roles and interaction styles
are fluid and that ambiguity and liminality are facilitated.

5.3.1 Heterogeneous spaces for testing "what-if" scenarios

Sometimes, people gather diverse sets of tools in order to construct a
space that lets them quickly interface between different elements. One
major way for creator to sustain a multiplicity of views and questions
is to actively construct a heterogeneous work environment so that
they can change between perspectives. These often involve people
shifting from different styles of making such as planning and build-
ing structures and sculpting materials.

For example, a creator can start by layering prepared structures and
shift to sculpting the materials by improvising within the structure.
The fluidity of the interaction patterns also influences the fluidity of
the creative roles assumed by the creator and the performer, allow-
ing the creator to shift from a planner to a curator for example. Over
the course of the creative process, a complex assemblage of artifacts
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begins to crystallize and emerge, reifying patches of localized expert
knowledge and compositional structures into an evolving ecology. We
see, for example, how the saxophonist’s extended technique of obtain-
ing the "flapping wings" sound becomes embodied and inscribed into
a paper fragment with scribbled symbols and notations the composer
PM1 invents to represent the sound and technique.

This musical fragment can be conceptualized as an "epistemic ob-
ject" (Cetina, 2009), or object of inquiry, that is characterized by its
dynamic and open-ended nature, oriented toward "something that
does not yet exist" or toward "what we do not yet know for sure"
(Miettinen and Virkkunen, 2005). These stand in direct opposition to
tools (seen as technical objects) that are used to achieve a particular
end. Instead, epistemic objects raise questions and provoke people
to collaboratively "find answers", developing a shared knowledge in
the process (Ewenstein and Whyte, 2009). PM1’s musical fragments,
for example, are epistemic objects because, by writing a proposition
down on paper, the composer poses a question to himself ("how can I

create this particular sound on a saxophone?") and subsequently attempts
to answer it through a series of notational sketches. He also nego-
tiates, through written fragments, with the saxophonist in order to
come up with notations that align with existing instrument practices.

Structuring artifacts such as composer PM4’s algorithmic process
that generates pitch sequences also share similar epistemic aims – the
generated sequences serve as puzzles the composer poses to himself
to be resolved. From this view, the creative process is not simply me-

diated by artifacts; it is an enactment of knowledge through interaction
with artifacts (Bechky, 2003).

PM4 embodies all these examples of "what-if" scenarios into his
work environment. He uses a wide variety of tools, Max, Reaper, Bital-
ino, Illustrator, and Sibelius during his creative process. When he uses
Max, it’s because he wants to hear something and try something out,
such as mapping data into sound. He uses Reaper for assembly of
sound files, mixing, EQ, and reverb. He also uses it for sketching and
simulation. Each tool answers a particular question he has posed to
himself regarding the piece at hand. He spends most of his compo-
sition between these tools, using output of one tool as input to the
other.

5.3.2 Spaces for co-exploration

Creators also build co-creative spaces to actively allow for participa-
tion from others in order to diversify viewpoints and styles. This type
of spaces encourages fluid role-switching between the creator and the
performer.
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5.3.2.1 Creating collaborative and adaptive choreographic practices

As shown in Chapter 3 and Chapter 4, technology delineates space. It
divides it into specified sites for specified forms of behavior, such
as using computer at the desk, recording in the recording studio.
Over time, these become materially embodied into cultural codes
and habits, as seen in some composers, for example, who move away
from writing at their piano to composing at their workstations by di-
rectly manipulating sound samples in software environments. It can
also organize space into a grid-like system and place people into dif-
ferent partitions; for example, during a rehearsal for a ballet piece,
the composer participates as an observer in the audience, the mu-
sician is playing to the side of the stage, the dancers are on-stage,
with the choreographer also on giving directives, while the light and
sound technicians are behind consoles. This picture is remixed by one
composer-choreographer couple from Chapter 4, where they hold
multiple week-long workshops, inviting the dancers and musicians
of the piece to rehearse together in the same studio space. The en-
tire group does movement exercises together, experiments with move-
ments, sounds, and technology together. The compositional process
becomes a joint practice among members of the group. The couple de-
liberately broke up traditional expectations of roles and spatial orga-
nization in order to actively introduce indeterminacy into the practice.
That’s a type of transition work (exploring the "thingness", or, expres-
sive nature of the space, instead of following its functional rules).

Rather than developing separate practices with the dancers, chore-
ographers construct custom environments within which a common
practice between the choreographers and dancers is developed in
tandem. This involves, for example, building a new movement lan-
guage from scratch together with the dancers, as seen in the move-
ment vocabulary flash cards by PD2. Each dancer contributes chore-
ographic materials that are remixed with the other choreographic
materials created by others, and the authorship of the materials is
distributed across the studio space. The choreographer, sometimes
acting as a dancer, must also learn the language that emerges from
joint practice. By teaching, learning, and negotiating choreographic
materials together, the choreographer-dancer distinctions are blurred.
Here, choreographers can easily become dancers, and dancers be-
come choreographers. The constant re-definition of roles creates an
embodied and constantly evolving practice that becomes incredibly
generative. Because of the cross-pollination of different expertise in
the studio space, the exchange of ideas is fluid and frequent. If a
dancer wants to introduce new choreographic material into the piece,
they can do so easily without worrying about disrupting the struc-
tural integrity of the piece, since movements are not constructed lin-
early but rather within an emergent structure.



5.3 conditions for exploring altnerative paths 109

PD7 notes in particular that when developing movement vocabu-
lary with the dancers, and experimenting with relationships in space
and time between this material for multiple movers and media, she
often begins with a set of constraints to delimit behaviors, which she
develops iteratively based on what she am observing. This forms a
type of "score", and within a performance there could be 10-100 of
these, some of which she keeps and some of which fade from the
memory of the dancers over time. So, this score is in the form of
verbal directives and physical memory, negotiated between the chore-
ographer and the dancers, and dancers with one another, as well as
the shifting context in which they perform the "score" or "scores". In
all cases, these "scores" are extremely mutable, and usually intended
to construct a context in which the performers have to negotiate their
habitual ways of moving in terms of quality, tempo, and pathways.
As soon as the constraints are no longer constraining, they have to
tweaked. PD7 invents and develops games (such the "magnet" game
for spatial pathways) and methods (such as Relational Listening) to
help her explore different ways of moving with the dancers.

This blurring of traditional creator-performer boundaries can also
be seen in the wider music community. Lansky (Lansky, 1990) chal-
lenges the overly simplistic Composer-Performer-Listener (CPL) paradigm
(where "the composer writes, the performer plays, and the listener
claps"), arguing for a more varied view of musical-social relations in
the context of technology-mediated music-making practices. To show
that the distinction between who produces sound and who creates
musical content is more nuanced than one may think, he gives the
example of composer Harry Partch who built and played his own in-
struments: "there was probably little distinction in his mind between
building an instrument and composing the music for it." The multi-
plicity of roles performers and composers adopt and the flexibility
with which they shift between these roles are echoed by Booth and
Gurevich (Booth and Gurevich, 2012) who characterize creative roles
as a set of "orientations" that can be dynamically taken up at any time
during the creative process.

5.3.2.2 Dancer-choreographer improvisation mediated by interactive visu-

als

In Chapter 3, creative uses of the visuals can also take place via
the technology-mediated duet between the dancer and the choreog-
rapher observed, facilitating transition into "co-creative" interaction.
The duet is made possible by the externalization of creative impulses
on the part of the choreographer and the dancer. The dancer who took
part in that duet commented, "In [traditional] improvisation, [the process

is] usually internal. There’s something external here. People can guide you

to discover movements.". When D1W3 was moving without facing the
screen, CW3 used the visuals to guide her movements, reminding her
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of the particles’ behaviors – "The particles have a delayed response in re-

action to you" – or of the camera’s point of view – "When you’re close

to the front [of the camera], there’s a lot of [particle] movement." With that,
the dancer could respond by stretching her movement and moving
back in space without breaking her movement flow.

As users progress from novices to experts, they may wish to evolve
to more varied or powerful interaction with the system. During the
workshops, mediated communication via visuals was a way for dancers
to try out suggestions made by others and explore movement ideas
that may not otherwise occur to them. The configurability of the vi-
sualization parameters further allowed for transmission of more com-
plex ideas, materialized in visual movements. This opens up oppor-
tunities to reflect on the notion of "appropriability" (Dix, 2007) as a
method for exploring alternative paths to a system’s pre-designed
mechanisms. If these "inner workings", once made discoverable, can
be reassembled, reconfigured, and reappropriated, the user can more
readily improvise with them.

The improvisatory dialogues during movement making in our work-
shops can be conceptualized as a practice of correspondence (Ingold,
2013), which refers to the circulatory flow between the maker and
their materials, where, rather than applying an already existing form
to shapeless matter (a "hylomorphic" approach), the maker is attuned
to the forces of the materials and grows with them in making. Move-
ments produced in our workshops are interesting materials to con-
sider through this lens because, unlike clay or textile, they do not exist
outside of the maker – they are bound up in the dancer’s body, where
the movement traces are often felt rather than seen, effectively resisting
a "hylomorphic" treatment with their transience. Extending this view,
it can be interesting for choreographic tools to prevent these move-
ment traces from falling through the cracks during their becoming,
and to explore ways beyond just capturing and representing these
traces (e.g. with videos), but of making them interactive in order to
better engage with their generative potential.

5.3.2.3 Contact improvisation

Steve Paxton’s practice of contact improvisation is another good ex-
ample of co-exploration. It is a form of improvised dancing that in-
volves exploration of one’s body in relation to others by sharing
weight, touch, and movement awareness.

He invented this technique by drawing from his training in mar-
tial arts. The physicality of martial arts such as throwing someone
off balance and coutnerbalancing, learning to handle someone else’s
weight or be lifted, are ways to push dancers to explore their physical
boundaries and re-acquaint them with the limits of their bodies in
awareness of the limits of others’ bodies as well.
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Figure 46: Dancers during contact improvisation
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The techniques of contact improvisaiton are used during collabo-
rative movement improvisation. According to one of its first practi-
tioners, Nancy Stark Smith, it "resembles other familiar duet forms,
such as the embrace, wrestling, surfing, martial arts, and the jitterbug,
encompassing a wide range of movement from stillness to highly ath-
letic" (L. Nelson and N. S. Smith, 1997). Steve Paxton describes it in
the 1979 Contact Quarterly Winter issue:

It promotes a mode of movement that is constantly aware,
prepared, and relaxed. By remaining in physical touch, the
dancers mutually support each other, meditating on the re-
lations between gravity, momentum, inertia, and friction.
This practice rejects goal-oriented nature of dance activi-
ties. By not striving to achieve results, the dancers focus
on constantly changing physical reality with appropriate
placement and energy.

The "newness" results from responding to the moment-by-moment
changes in another person.

5.3.3 Techniques for generating variations

Indeterminacy is a great creative resource for many artists. In the
following sections, I give examples of creative spaces that has indeter-
minacy built in at the structural level as aid and resource for composi-
tion and choreography. These examples show how artists build a plan
so that they can improvise within it. This is a more nuanced view of
Levi-Strauss’ engineer and bricoleur dichotomy. Here, the artists con-
struct spaces that allow them to be able to shift between different
styles of organizing work.

5.3.3.1 The twelve-tone technique: transforming input musical material

into multiple variants via procedural rules

Take for example Schoenberg’s twelve tone devices. He invented the
technique in the early 1920s, and it was heavily used by composers
like Anton Webern and Alban Berg. The technique is designed as a
defamiliarizing device that breaks composers free of the traditional
system of keys seen in Western composition that dictates the bound-
aries of the "note pool" for each piece, prioritizing some notes over
others. The twelve-tone technique, instead, gives equal weight to each
note. To do so, Schoenberg invented a wheel chart. To do so, Schoen-
berg devised a twelve-tone wheel chart. Allen Shawn (Shawn and
Schönberg, 2002) describes it as "no fewer than twenty-two different
kinds of contraptions" — including "charts, cylinders, booklets, slide
rules" — "for transposing and deriving twelve-tone rows" needed to
compose twelve-tone music. Schoenberg introduced play into the dis-
cipline and rigidity often involved in music composition practices. He
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Figure 47: Slide ruler Schoenberg built to help him distribute notes across
the chromatic scale.

often made special playing cards and his own version of chess during
his compositional process.

The 12-tone technique is especially useful for generating melodic
variations. It is an example of how structure (i.e. the rules) provide
the ground for play and improvisation. This technique has been ap-
plied by PM1 in Chapter 4, for example, to structure his entire piece.
He has used it to generate chord variations, as seen in the previous
chapter. He also uses it to structure how far the "spread" is between
registers. He uses it to distribute notes between instruments. He de-
scribes his use of the technique as a kind of "play" that lets him test
out consequences of a applying a structure on different materials.

5.3.3.2 Constructing movement vocabulary from a motif

Anne Teresa de Keersmaeker’s Violin Phase also uses a motif to struc-
ture formal elements of the piece in order to generate variations. In
this piece, she plays with the motif of a circle, According to her,
the decision to work with a circle clarified everything and enabled
the patterns to unfold by themselves. While the basic vocabulary is
rather simple, the syntax evolves through repetition, accumulation,
and gradual shifting. All vocabulary variations are decided by the
spatial design. With every spatial variation there is a new change
in the vocabulary; a new striking movement emerges and becomes
secondary in the next variation. This is followed by a series of varia-
tions based on different spatial possibilities. In the first variation, she
moves along the lines of the radius toward the center of the circle, and
the lines make a right angle and inscribe two diagonals of a square,
thus dividing the circle into quarters (see Figure 50).
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Figure 48: Special playing cards made by Schoenberg to aid his composi-
tional process.
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5.3.4 Discussion

The spaces described in this section can be understood as spaces
amenable for the formation of "tertiary objects" (Miettinen, 1999).

According to Reijo Miettinen (1999), tertiary objects serve as a "a
working hypothesis and a research plan ... that synthesizes and gener-
alizes the needs and results of actions, carries and transmits purposes,
and orients to the future" (p. 189-190). He studied a multi-year project
to create a new mode of ethanol production using wood chips as fuel.
Six years into the process, a crises occurred because key production
processes had failed to function as expected. In response to this crisis,
a diagram was created as ‘a model of a possible industrialized pro-
duction system even before many of the elements of the diagram had
yet to be tested’. This diagram, he wrote, was an example of a tertiary
artifact because it was an imaginative alternative model that served
as a way for people to imagine future alternatives. Anne Teresa de
Keersmaeker’s circle motif, Schoenberg’s twelve-tone technique, and
Steve Paxton’s contact improvisation technique are all examples of
tertiary artifacts.

Tertiary artifacts emphasize creativity. It "transcends the more im-
mediate necessities of productive praxis, giving freer rein to imag-
ining ’possible worlds’" (Wartofsky, 2012). According to Wartofsky,
such possible worlds occur as "models [which] are the highly special-
ized part of our technological equipment whose specific function is to
create the future...[M]odels are embodiments of purpose and, at the
same time, instruments for carrying out such purposes" (Wartofsky,
2012). Creative possibiltiies, then, are embodied in such models, or
tertiary artifacts, that specify future object-oriented activity. Perform-
ing a creative activity means that we are not limited to simply "react-
ing" to a given environment. We have the possibility to (re)design the
environment through the creation of tertiary artifacts (Kaptelinin and
Nardi, 2006, p. 218), thereby inviting more play and fluid transition
between roles and styles.

5.4 style as a dynamic , relational phenomenon

In Chapter 3 and Chapter 4, I showed that interaction styles are
shaped by materials and objects (collectively referred to as artifacts)
in the world. In this chapter, I’ve shown how these styles, as delin-
eated by artifacts, are not immutable. In particular, I show that peo-
ple enact different interaction styles with a single artifact across var-
ious situations: "in response to various technological visions, skills,
and opportunities, influenced by specific interpretations and particu-
lar institutional contexts, and shaped by a diversity of intentions to
collaborate, solve problems, preserve status, improve efficiency, sup-
port work processes, learn, and improvise" (Orlikowski, 2008). In my
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studies, these shifts (in interaction styles and roles) occur when there
is a discontinuity between one’s intentions and the conditions of the
environment in which they work, prompting actions to make the en-
vironment work for them. This is exempified when the dancers from
Chapter 3 embodied the visual behaviors in order to unthether them-
selves from the screen; and when the choreographer from Chapter 4

designed a flash card system in order to incorporate dancers’ move-
ment ideas into the piece as well as contributing ideas herself and
dancing them, thus blurring the line between creator and performer;
and finally when the composer in Chapter 4 explored new direction-
alities of a previously written musical segment by cutting it up into
different paper strips and composing between them. These examples
illustrate where and when these transitions occur, who makes them, as
well as their effects on the creative process.

The notion of emergence from material conditions and transformative

powers of human agency is consistent with the "practice" paradigm in
HCI (Kuutti and Bannon, 2014). The practice approach "sees materi-
ality of the world as one of the central resources for the realization of
practices" (Kuutti and Bannon, 2014). Moreover, it highlights the "pro-
cessual and performative nature" of the practices (Kuutti and Bannon,
2014). In other words, "practices are local and timely and they have
histories" (Kuutti and Bannon, 2014).



6
A V O C A B U L A RY F O R A N A LY Z I N G G R A M M A R S O F
S T Y L E

This chapter contains original work that has not yet been published. This chapter addresses

the challenge of developing a framework that helps us see the similarites and differences

between the interaction styles observed in both studies, relating them to other real-world

examples of creative acts. I also sketch a reconceptualization of the creative process based on

this framework.

6.1 introduction

The settings of my two studies are different, one is dance improvisa-
tion with projected interactive visuals and the other is compositional
practices in contemporary music and dance. While the subjects in
these studies differ in their practice (improvisation vs. composition),
material (interactive technology vs. artifacts), and role (dancers/mu-
sicians vs. choreographers/composers), they share one common task:
generating material for performative purposes, such as a piece of im-
provisation or a piece of music or dance to be performed in front
of an audience. In both cases, the creative practitioner is faced with
varying degree of constraints posed by their environments at differ-
ent points in time. In response to these dynamic situations, creative
practitioners make and remake their physical environments as they
engage in the world in practice.

This making and remaking is a form of creativity that is part of
our everyday experience – or what the pragmatist philosopher John
Dewey referred to as our constant doing and undoing in which we ad-
just to our surroundings and our surroundings to us (Dewey, 2005).
A rich body of work also has grown up in both sociology and in-
formation science that documents the clever ways people organize
and reorganize when the local circumstances of their activities do
not match the prescribed categories or standards (Gasser, 1986; Lave,
1988; Star, 1983). The story this literature tells is that this type of cre-
ative problem-solving can occur when there is a mismatch between
dynamic needs and static environment, and that this is a complex
accomplishment, involving a balance of improvisation and accomo-
dation to constraint (G. C. Bowker and Star, 2000).

119
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Adrienne Rich captures this notion of continuous remaking in her
1972 essay, "When We Dead Awaken: Writing as Re-Vision". In the
essay, Rich defines "re-vision" as "the act of ... seeing with fresh eyes,
of entering ... from a new critical direction" (Rich, 1972). While she
used "re-vision" in the context of literary criticism as a way to shed
assumptions, we can see that when the dancer in Chapter 3 uses their
body as a paintbrush to create trails effect on the projected screen, or
when the choreographer in Chapter 4 uses pendulum motion to cre-
ate floorplans, or when the composer in Chapter 5 uses the software
CatRT to break up a recorded sound in order to find new sounds –
they are all types of "re-vision".

Seen this way, creativity, at its core, is re-vision. Next, I discuss
"re-vision" in the context of creativity literature.

6.1.1 Creativity as re-vision

To see the creative process in light of "rev-vision" is to adopt a con-
structivist view of creativity: to see creating as reconstructing. It means
that creativity is not about turning imaginative ideas into reality, but
rather working from existing reality to create a new one. It resonates
with Nelson Goodman’s notion of "worldmaking": the processes in-
volved in "building a world out of existing others" (Goodman, 1978).
This shifts our attention from the final product itself to the transfor-
mations taken along the way to reach it and how we might support
them.

Re-visions are acts (i.e. performative negotiations) where ambigu-
ities and contradictions are expressed, critiqued, and transformed.
The examples seen in this chapter are all examples of "re-vision". Re-
vision refers to "the project of reclaiming vision, of ‘seeing difference
differently’, of displacing the critical emphasis from how an object
should be or is ‘to the axis of vision itself — to the modes of orga-
nizing vision and hearing which result in the (re)production of the
original image" (De Lauretis, 2018).

Moreover, this chapter proposes, as a hypothesis, that creativity, at
its lowest level & at its core is really just made up of a series of “re-
visions” linked together.

Creative practitioners, through acts of "re-vision" shape their work
over time, as old material is given new life. Each specific constraint
and possibilities that a technology or an artifact or even a social situa-
tion might pose becomes a medium for creativity instead of a smooth
passageway or an obstruction.

As Weisberg (Weisberg, 1993, p. 21) notes, "creative works in all do-
mains, even those works that make the most radical breaks with the
past, must be based on what was done before". Therefore, creativity
is not "the process that leads to rupture through the emergence of
the new but, paradoxically, to (temporal) continuity, helping things
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’go on’ within an ever-changing environment. The myth of the one
revolutionary insight that defines creative action is essentially non-
developmental" (Glăveanu, 2014). Along the same lines, Dewey con-
sidered: "’Spontaneity’ is the result of long periods of activity, or else
it is so empty as not to be an act of expression" (Dewey, 2005, p. 75).

In addition to the continuity in time, activity theorists note that
actions have continuity in space:

"People never act in a vacuum but always with respect to
arrangements, tools, and material objects. Strauss (Strauss,
2008) has also made a similar point, emphasizing the con-
tinuity and permeability of such arrangements - action
never really starts from scratch. Both Engestrom and Strauss
go to great lengths to demonstrate that an idea, or some-
thing that has been learned, can also be considered as hav-
ing material-objective force in its consequences and medi-
ations" (G. C. Bowker and Star, 2000).

6.1.2 How the stage model of the process is incompatible with this view

By formulating creativity as re-vision, we see the process not as bring-
ing the abstract into the concrete but as continual negotiations. The
stage model, however, by drawing boundaries between phases that
are supposed to become increasingly concrete toward the rendering
of the final product implies activities within each phase are distinct
from one another. Or, put another way, activities within, say, the prepa-

ration phase is necessarily distinct from activities at a later phase, say,
illumination. What this implies is that the processes for each phase
are studied independently and separately from one another. For ex-
ample, cognitive psychologists tend to study cognitive processes that
lead to illumination and are less interested in processes of verification,
implying that innovation happens during illumination and not verifi-

cation. However, illumination is often associated with thinking and
verification with making, this further drives the disembodied view of
creativity, that processes of the mind are necessarily different from
the work of the hand. However, as we have seen in the distributed
view of creativity in Chapter 2 and as we will see below, thinking
and making are inseparable, and each shapes the other. So the "con-
tinual negotiations" do not happen between "thinking" and "making"
activities/phases, as implied by the stage model, but between the per-
son and the world – how the person makes and remakes the world.

The inseparability between "thinking" and "making" activities is
consistent with Schon’s reflective practice (2017):

In reflection-in-action...doing and making are complemen-
tary. Doing extends thinking in the tests, moves, and probes
of experimental action, and reflection feeds on doing and



122 a vocabulary for analyzing grammars of style

its results. Each feeds the other, and each sets boundaries
for the other" (Schön, 2017, p. 289).

Ryle (1984) similarly stated that the thinking process cannot be bro-
ken into discrete steps of "first considering operations with the mind
and then executing them with the body" (Kinsella, 2007). He resists
such Cartesian dualism "with respect to the separation of activities
of the mind and activities of the body. Instead, he directs attention
to the ‘doings’ of persons through examples such as playing chess,
knot-tying, car-driving, theorizing, and others" (ibid.). Ryle argues
that mind is revealed in the "doings of persons, doings that are ex-
plainable by the doer’s aims" (ibid.).

6.2 gaze as a unit of analysis

In order to reconstruct the creative process in light of "re-vision", I de-
velop the analytical vocabulary of "gaze" for studying creative work.

In "Situated Knowledges" (Haraway, 1988), Haraway contends that
"vision" is active. It doesn’t just passively reflect what exists out there
but actively materializes the very thing it chooses to see. It encom-
passes the "practice of seeing", which is a "technically, socially, and
psychically" constructed. Vision "actively organiz[es] the world". In
other words subjectivity and vision are "complex, contradictory" and
able to create only "partial connections" (Haraway, 1988).

We see an example of how that plays out from the perspective of
the spectator in Berger’s “Ways of Seeing”. Like Haraway, Berger con-
siders looking as a political act, and "perhaps even a historically con-
structed process – such that where and when we see something will
affect what we see" (Gunaratnam and V. Bell, 2017), as best exempli-
fied by the male gaze. Berger’s work is sensitive to "how long views
– the narratives of history – come alive only with the addition of
“close-up” stories ... that retell the narrative but from a different an-
gle" (Gunaratnam and V. Bell, 2017).

While Berger made us aware of how the spectator’s gaze can change
the meaning of a painting, I would like to draw attention to how the
artist’s gaze can change what things are possible to make. For exam-
ple, William Kentridge notes that there is agency in seeing, and that
the artist’s job is often about "understanding ... that which is not seen,
and being aware of the limits of seeing” (Kentridge, 2014, p. 31). In
other words, what we see affects what we create.

I would like to note here that the analytical unit of "gaze" is not
"cognitive process". By choosing gaze as a unit, I place creative "impe-
tus" outside of the head and in the environment. This unit of analysis
builds on distributed and embodied theories of the mind, in that the
"gaze" is shaped by people, by the environment, by training, by when,
where, how we see. I use this embodied gaze to parse out different
creative styles.
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6.2.1 How we see: double vision

What we create depends on how we see.
The objects and settings that have been discussed thus far in this

thesis are all characterized by a sort of "double vision", where instru-
mental values and suspension of those values are in constant negoti-
ation.

Martin Heidegger famously described people’s individual perspec-
tives as "world pictures": "each world picture, potentially irreconcil-
able with others’, was understood as a ‘form of creative projection
that lays out a world’ in front of the subject" (Heidegger, 1977, p.
116).

In other words, what we project onto the world of things differs
depending on the specific lens we put on. In the following sections, I
introduce two types of lenses: "toolness" and "thingness".

6.2.1.1 The "toolness" lens

Toolness refers to an object’s ability to perform a function. When one
puts on the "toolness" lens, they apply "toolness" of the object they
are looking at to a specific purpose.

Frings (2013) defines toolness as follows:
"The toolness of a thing can be grasped even when we see a thing

that is not ordinarily used as a tool. If one does not have a tool to
work with on a specific thing, one resorts to a substitute. Yet, such
substitute reveal toolness. One may use a stone as a substitute for a
hammer, or a cut-off trunk as a table or as a place to sit on. Such
substitutes are alternative stopgaps, if you will, for ordinary tools.
This shows that it is only after an initial grasp of the tool-use or the
tool-ness of a thing that it can now point to endless possible purposes
for us".

We can find abundant examples of people exploiting "toolness" dur-
ing their creative process to incorporate others’ input. Contemporary
choreographers do this often – by turning a mathematical formula
into a floorplan or by using lines and geometric shapes to align and
manipulate dancers’ bodies (as seen in William Forsythe’s Improvisa-

tion Technologies).
The gaze, viewed through this lens, is practical and "a concrete ex-

amining of the object before it" (Hancock, 2018. It "operates through a
successive order of reading, it “records and totalizes” all information
within its purview" (ibid.). The gaze is able to penetrate the object of
the gaze and is where knowledge is produced. It assesses its action
potentials and its applicability to a specific context in mind. Things
seen through this lens are rendered new by way of changed context,
different arrangements, and the previously concealed becoming re-
vealed "through the illuminating power" of the gaze (ibid.).
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I will elaborate on each of these points in context with examples
after an introduction of the "thingness" lens.

6.2.1.2 The "thingness" lens

In his study of material culture, “Thing Theory” (B. Brown, 2001),
Bill Brown applies Heidegger’s distinction between “things” and “ob-
jects” to understand how we interpret the use of objects:

"He explains metaphorically that objects are “transparent”
because we see “through” them as a consequence of the
semantic values they have encoded; he considers that we
interpret them and make them meaningful because there
is a discourse of objectivity that allows us to use them as
facts (B. Brown, 2001, p. 4). A thing is, however, “opaque”
for Brown, and we can have a glimpse at it as a conse-
quence of its irreducibility. Things can never have a func-
tional value; objects, though, can lose theirs and get close
to becoming things, and this only happens when their re-
lation with the subject changes" (Cabrerizo, 2011).

This echos Susan Sontag’s observation about camera technology:
"Though photographs, the world becomes a series of unrelated, free-
standing particles; and history, past and present, a set of anecdotes
and faits divers. The camera makes reality atomic, manageable, and
opaque. It is a view of the world which denies interconnectedness,
continuity, but which confers on each moment the character of a mys-
tery" (Sontag, 2001).

This type of gaze renders the object of the gaze strange, similar to
Suvin’s notion of speculative fiction", revealing the fragility of percep-
tion in the making of meaning (Suvin, 1972).

This lens, in contrast to the "toolness" lens, refrains from analysis
of practical uses of the object. This is a type of observing that does
not intervene; "it is silent and gestureless" (Hancock, 2018):

"Observation leaves things as they are; there is nothing
hidden to it in what is given. The correlative of observa-
tion is never the invisible, but always the immediately vis-
ible, once one has removed the obstacles erected to reason
by theories and to the senses by the imagination...the pu-
rity of the gaze is bound up with a certain silence that
enables the gazer to listen" (ibid.).

So, instead of triggering action possibilities, this gaze tends to trigger
reflective possibiltiies.

An important distinction between "toolness" and "thingness" lenses,
which will become clear later with examples, is that one often passes
by "thingness" on the way to "toolness". In the examples featured be-
low, I’m interested in the instances where "thingness" persists in time.
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6.3 re-vision by directing gaze "on" an object

6.3.1 Adopting a "toolness" lens: "making do"

Adopting the "toolness" lens when directing gaze on objects means to
apply the object to a context or a problem. The use of the object has
concrete consequences on the world. This analytical act of viewing
makes a new object by putting the object of gaze in a new, surpris-
ing context. Stories of "toolness" here tend to feature cleverness of
appropriation.

For example, De Certeau (1998), in his book Practice of Everyday Life,
gives an account of how people perform daily resistances and thereby
subverting the the normative ways of being:

A North African living in Paris or Roubaix ... insinuates
into the system imposed on him by the construction of
a low-income housing development or of the French lan-
guage the ways of "dwelling" (in a house or language) pe-
culiar to his native Kabylia. He superimposes them and,
by that combination, creates for himself a space in which
he can find ways of using the constraining order of the
place or of the language. Without leaving the place where
he has no choice but to live and which lays down its law
for him, he establishes within it a degree of plurality and

creativity. By an art of being in between, he draws un-
expected results from his situation. (emphasis mine, De
Certeau and Mayol, 1998, p. 30)

In this example, we see the man living in a foreign land reapply-
ing familiar elements from his homeland to his current newly strange
environment. He takes something that is quotidian to him – the par-
ticular ways of dwelling from his native Kabylia – and transposes
them to a completely different setting, the suburbs of Paris. Explor-
ing the possibilities of Kabylia within the structure of a French city
gives rise to new habits, new norms, those that are neither like his
native country nor like his current city.

By re-visioning, the North African native tries to make the place
in which he lives and works more personal to him. De Certeau calls
this type of work "making do". It names the labor that goes into resist-
ing stereotyped procedures produced by a dominant group and its
"ways and customs" (De Certeau and Mayol, 1998). Instead of turning
away or assimilating in light of constraints posed by the environment,
they superimpose and incorporate into the spaces something that is
wholly new. It is about staying within the same space and making it
one’s own.

De Certeau calls these people "unrecognized producers, poets of
their own acts, silent discoverers of their own paths...in the jungle of
functionalist rationality" (De Certeau and Mayol, 1998).
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Such work features the type of creativity often considered by HCI
researchers in the everyday design program covered in Chapter 2. By
looking at how everyday people re-design things in their lives, we
see them as designers in their own right. This is strikingly similar to
the aims Bourriaud (2002) makes in writing: "The role of artworks is
no longer to form imaginary and utopian realities, but to actually be
ways of living and models of action within the existing real, whatever
the scale chosen by the artist". Similar sentiments are also captured
by Jackson (2014): "Can the fixer know and see different things —-
indeed, different worlds – than the better-known figures of "designer"
or "user"?

6.3.2 Adopting a "thingness" lens: defamiliarization

On the other hand, adopting the "thingness" lens here means to sus-

pend practical aspects of the object in order to trigger a mode of ques-
tioning and reflection. It makes us question the fundamental nature
and normative uses of the object in question, and in so doing often
reveals new problems. It pushes the object of gaze into a realm of ab-
straction, letting it float in space of no fixed definition. By slicing it
out of its original context, it forces the gazer to participate in diverse
questions concerning the essence of the object.

At first blush, this might sound very similar to the "toolness" exam-
ple given above, because after all, it’s about taking things out of the
context in which they naturalize. However, what distinguishes "thing-
ness" is persistence of this "strangeness" in time. There is a sense of
suspending in mid-air, without landing on one’s feet. In the example
given by De Certeau above, customs and ways of living brought with
the man from his native Kabylia are first rendered strange by putting
them in the new French context, but they are quickly applied and in-
corporated into a new way of living. A contrast to this example is
given by C.S Lewis in his fantasy That Hideous Strength (Lewis, 1996).
In the book, C.S. Lewis defamiliarizes the 20th century domestic life by
"describing it through the eyes of a character from Arhurian legend"
(G. Bell, Blythe, and Sengers, 2005).

By describing our contemporary everyday life from the perspective
of a medieval wizard, C.S. Lewis actively suspends the pragmatic
desire to assign a message or a particular action to these reflections
and questioning. It triggers a reflective mode of being instead of an
action-oriented one. New thoughts and ideas do spring from these
reflective acts, but the attention is not on directly applying them.

This notion of defamiliarization has been used as a method by Bell
et al. (G. Bell, Blythe, and Sengers, 2005) to critically examine devices
at home.

Below I give some examples of the material consequences of apply-
ing this gaze on objects and situations.
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Figure 52: Boston Typewriter Orchestra

6.3.3 Reimagining object functions

6.3.3.1 Boston Typewriter Orchestra

The Boston Typewriter Orchestra (BTO) is a collective percussion en-
semble for typewriter and voice based in the Boston area. The idea
was born to Tim Devinon one night in 2004 when he brought a type-
writer to a bar to work instead of a laptop. His typing would eventu-
ally annoy so much so that the waitress asked him to stop, to which
he replied, "It’s OK, ma’am. I’m the conductor of the Boston Type-
writer Orchestra"1.

The orchestra features the sounds of the typewriter in fully unadul-
terated way. There are no additional rigs, no hacks to built to add
to existing sounds. It’s just a typewriter used differently. The return
carriage is now used for make the "thwack" sound and the home
row is used to produce the metallic rhythmic base. This is a straight-
forward example of directing gaze on an object via the "toolness"
lens: it takes the typewriter out of its original use context of writ-
ing and applies it a different context of music-making. By treating
the typewriter as an instrument, Devinon and his bandmates hears
the typewriter sounds differently from the waitress, who deemed
the monotonous "clacking" as a nuisance. Between the "thwack" and
the "clack", they heard musical possibilities. This example reminis-
cent of Gyorgy Ligeti’s Poeme Symphonique for 100 Metronomes, in
which 100 mechanical metronomes were tuned to different speeds.
Together, they form a labyrinth of complex rhythms and surprising
sonic moments. This also immediately brings to mind Thierry de
Mey’s Musique de table. Instead of placing an object out of its every-

1 https://patch.com/massachusetts/charlestown/ev–the-boston-typewriter-
orchestra-performs-their-co566abba433



128 a vocabulary for analyzing grammars of style

day context, the piece features at times common hand gestures such
as tapping hands on the table or flicking fingers against the surface
or sliding palms across the table. When executed with precision and
sequence and layered together as a composer might layer instruments
in orchestration, these everyday gestures become filled with musical
possibilities. New realms are opened up by placing a familiar object
in an unfamiliar context in order for it to serve a purpose specific to
the new context. The new context reveals new uses of the object in
ways that are not previously thought of.

6.3.3.2 Readymades

The reverse case of the examples above would be Duchamps’ ready-
mades. Instead of being applied to a practical use (practical to the
specific context), readymadess do not trigger actions as all of the ex-
amples above do; instead, they trigger reflections. By placing a urinal
in the museum, he challenges what his contemporarise thought art
is.

Claes Oldenburg is known for his oversized and understuffed ev-
eryday objects: the cheeseburger, the light bulb, the ice cream cone,
the wall switch. He claims that a "refuse lot in the city is worth all the
art stores in the world" (B. Brown, 2001). Oldenburg’s interest in the
oversized re-creation of everyday objects is meant "to pose some ques-
tion about, by physically manifesting the affective investment Amer-
icans have in the hamburger, the ice cream cone, chocolate cake" (B.
Brown, 2001, p. 15). We can see that Oldenburg’s practice consists of
exploiting the "thingness" of a familiar object by using non-familiar
materials (flabby plastics) and adopting non-normative scales (gian
sculptures). And by doing so, he is able to create a critical distance
that allows the audience consider how "we make of these things as ob-
jects of our desire and how they become cultural totems" (Cabrerizo,
2011).

Contemporary German artist Thomas Demand similarly makes art
that questions reality by passing it through multiple layers of artis-
tic treatment. Demand’s practice involves remaking photographic im-
ages into life-sized cardboard models, re-photographing them, and
turning them into glossy prints at exhibitions:

"This is a world produced entirely out of cardboard and
paper, a world that resembles our own but is, to use DiGio-
vanna’s words, ‘sufficiently different’ so as to constitute its
own reality. Demand’s world is serial – it has a history of
its own, and its difference is ‘enhanced’ by the consistent
application of alternate physical manipulations" (Barikin,
2013).
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Figure 53: Clae Oldenburg’s Floor Cake

6.3.4 Everyday creative appropriations

In the previous examples, we saw new pieces of art emerge by way of
reimagining everyday objects in new contexts. Importantly, the differ-
ence between "toolness" and "thingness" lies in the kinds of questions
the maker asks themselves: with a "toolness" lens, the maker asks
questions like "how may I use this object in this context to render it
completely new?", whereas with the "thingness" lens, they ask, "by
placing this object in this context, what new questions result?"

I now give an exmaple of this in everyday appropriations by first in-
troducing Cindy. Cindy is featured in an online project documenting
everyday adaptations by Sara Hendren, called Engineering at Home2.
Below is an abridged version of her story from the project website:

Cindy suffered a heart attack while on vacation, and as a result of
medical complications, she woke up in the hospital with all four of
her limbs amputated: both of her legs below the knees and varying
amounts of each of her fingers.

The new reality meant a long recovery that included coming to
terms with a fundamentally new physicality: a body that now re-
quires adaptations, extensions, and subtle changes that she and her
family could never have anticipated.

2 http://engineeringathome.org/
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Figure 54: Thomas Demand’s cardboard sculpture, Repository, 2018
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Figure 56: A close-up view of one of Thomas Demand’s cardboard pieces
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motion in the remaining parts of her hands. She can per-
form twists and grasping, with her left and non-dominant
hand especially, but with far less precision than she was
used to. Even on that more capable hand, she has reduced
ability to grip due to the shortened length of her thumb
and other residual fingers and her natural capabilities with
this hand. She has no way to fully encompass the rim of
a tight jar lid, for example, or use her thumb to oppose
the grip of her fingers. But jars are everywhere in Cindy’s
house, and she wanted to find an adaptive way to open
some of her daily jars herself: peanut butter, for instance,
or her favorite hand cream.

To help her open these jars, self-adhesive plastic hooks proved to
be the perfect tool. Designed for use on walls for temporary storage,
such as college dorm rooms, these wall hooks have a strong adhe-
sive backing as a mount, and a lightweight but strong plastic struc-
ture. The hook was small enough for food and cosmetic jars, but big
enough for her left hand to grip and turn.

Interestingly, despite Cindy owning a more powerful myoelectric
hand – which is a piece of high-tech equipment that promises to serve
as replacement limb, enabling her to perform everyday tasks easily
such as grippping things – she rarely uses them. Even after a lengthy
insurance process and specialized training for that replacement limb,
Cindy finds she has little use for it. Cindy calls it her “Darth Vader
hand", and finds it is hot, heavy, and too robotic-looking. She also
finds the "inhumanly long fingers awkward to use" (Engineering at

Home). Instead, she opts for low-tech adaptations such as the adhesive
wall hook to help her open things. These adhesive wall hooks serves
the function of a hand for gripping and twisting. This is a case of
critical use, where an appropriation is made to fulfill the purpose of
something does not exist in the immediate environment.

6.3.4.2 Prosthetic hand

Another hack she’s made is a pair of cosmetic hands. While Cindy has
designed, co-created, and collected a bevy of tools to aid her in many
daily tasks, there are times when it’s easier and more desirable for her
to cover her hands with cosmetic approximations such as a prosthetic
hand. As described by Engineering at Home, she uses it when

"...she’s attending a school concert with her grandchildren,
for instance, or going to a big one-time event (such as
a reunion), she wants the option to forego the questions,
scrutiny, and all-around attention to her embodiment. These
hands aren’t functional in a literal sense, but they provide
her with privacy and anonymity when she wants it—a crit-
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Figure 57: Cindy’s adhesive wall hook

Figure 58: A myoelectric hand Cindy owns but rarely uses

ical choice, when so often she can’t opt out of the public
eye".

These hands are often referred to in the industry as a “passive
functional prosthesis” and the manufacture of these hands is a highly
skilled industry. The fingernails alone can be one person’s full time
job, and the options for lifelike recreations are limitless: nail shape,
skin texture, hair, spots, and so much more. Typically, as Cindy men-
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tions, cosmetic hands are "made for one side only, and modeled on
the other normative hand". But since Cindy’s hands were both al-
tered, the company used an internal model from their own staff as a
guide. “They paraded all of the female employees through, and we
compared,” she shares in Engineering at Home, “These are Joanne’s.
Joanne was my closest match.”

These hands, rather than used for functional purposes, are used
for discretion, when and where she wants it, and that’s a form of
assistance that can’t be quantified.

In this cosmetic hand case, the focus is on critical reflection. It in-
troduces a temporary suspension of common assumptions about the
function a hand serves for someone without a hand. More than serv-
ing instrumental purposes (e.g. picking up things, typing on the key-
board), it fulfills the desire to blend in, to not draw unwanted atten-
tion to herself.

Figure 59: Cindy’s cosmetic hand

6.4 re-vision by directing gaze "in between" objects

6.4.1 Adopting the "toolness" lens: conceptual blending

The "toolness" lens when directing the gaze to look in between objects
is characterized by applying fixed mappings between objects for a spe-
cific purpose. It asks the question, "How might the combination of
this object and that object be applied to my current context?" And in
their different arrangement, new thoughts emerge.
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Figure 60: Cindy photographed with her cosmetic hand

An example of this type of "re-vision" is "conceptual blending". In
his book The Literary Mind (Turner, 1996), Mark Turner states that
"conceptual blending is a fundamental instrument of the everyday
mind, used in our basic construal of all our realities, from the social
to the scientific". He gives an example (Fauconnier and Turner, 2008):

"For example, the process of understanding the sentence
In the end, VHS delivered a knock-out punch to Betamax
would involve a basic network consisting of four mental
spaces . . .. This includes two input spaces (one relating
to boxing and another to the competition between rival
video formats in the 1970s and 1980s). A generic space
represents what is common to the two input spaces. El-
ements from the input spaces are mapped to each other
and projected selectively into the blended space, to derive
an integrated conceptualization where the video formats
are seen as being engaged in a boxing match, which VHS
eventually wins.
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Here, the mapping between two inputs – video formats
(VHS and Betamax) and boxing – are fixed. Common fea-
tures from these two spaces are mapped to each other, i.e.
the fact that boxing matches involve two individuals and
that VHS and Betamax are two competiting entities. And
a new, emergent, blended space results after fixing this
mapping."

Similar conceptual blending can be seen in object form. The Musical

Mobile designed by IDEO’s Crispin Jones turns the previously discreet
act of dialing into a performance in itself, akin to playing a musical
instrument in public. The user can be made more self-conscious of
the effect one is having on others – a timely litmus test as to whether
it is appropriate to make a call in that particular instant.

In this example, two input spaces are blended: the act of dialing
the phone and the act of punching keys on a wind instrument. The
new product results by mapping between the commonality between
these two spaces.

6.4.2 Adopting the "thingness" lens: adjacency

Instead of applying a fixed mapping, the "thingness" lens suspends

normative mappings between objects and asks, "How is this object
related to that object?" This type of lens is broadly captured by the fa-
miliar sentiment of – in a sea of miscellaneous objects – "these things
feel related, but I don’t know how". The gazer’s job, then, is to fig-
ure out their connections, by listening to the objects and yielding to
the perforamnces demanded by the object. And through a relative "si-
lence" of the gazer, new knowledge begins to form about how things
relate to one another. So instead of building new knowledge by way
of "building blocks" like the "toolness" lens above, the "thingness" lens
here builds knowledge by way of navigating through "sign posts".

Different from conceptual blending, in which the mapping between
elements are fixed, this example contains mappings that are emergent,
not just the blended space.

One example of is the notion of adjacency (Sennett, 2008). It happens
when two unlike domains are brought close together; "the closer they
are, the more stimulating seems their twined presence" (ibid.):

"In the experiments of Galvani and Volta, the Leyden jar
and its paraphernalia brought the impalpable domain of
energy close to the material substances of water or metal.
Two domains, the invisible and the palpable, had been
brought nearer by the instruments. So, too, in making a
dynamic repair with simpler instruments. The hand or eye
senses that this isn’t what the tool was meant for – easy
and awkward sit side by side" (ibid.).
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In this example, the precise ways in which the Leyden jar and en-
ergy relate are not yet defined, or suspended, so-to-speak. The new
invention results from figuring out this mapping.

Sennet gave another example of Mary Shelley:

"Mary Shelley also sought to make life and death adja-
cent in her fictional Dr. Frankenstein. Frankenstein, like
Galvani, sought to understand what these two states in-
timately share. Another similar example: in order to in-
vent the mobile telephone, it was necessary for researchers
to shove close together two quite different technologies,
those of the radio and the telephone, then to think about
what they might, but didn’t yet, share" (Sennett, 2008).

As mentioned in the beginning of this chapter, "thingness" is often
on route to "toolness" – once Dr. Frankenstein and Galvani figured
out the similarities two unlikely domains share, they move into the
"toolness" realm of seeing. I’m interested in examples in which "thing-
ness" persists in discernible passage of time.

Below I examine how this type of "re-vision" plays out in two differ-
ent artist studios: one of composer Brian Ferneyhough and another
of artist William Kentridge.

6.4.3 Artists working with objects in their studios

6.4.3.1 Brian Ferneyhough’s workspace

An example of the adoption of the "toolness" lens can be found in
composer Brian Ferneyhough’s compositional process.

Ferneyhough incorporates a wide variety of music generational
programs, like OpenMusic and Patchwork (PWGL), into his compo-
sitional process and the use of these programs in combination with
Finale.

He says during an interview3, “The way I work at the moment
is, perhaps, of some relevance. I have two screens. On one screen I
have a music calculation program, which is usually PatchWork GL or
OpenMusic. On these I calculate rhythms, chords, and densities. I can
take the rhythmic notation and, using OpenMusic Syntax, port it to
Finale. I clean it up in Finale, and I can add a pitch layer. I don’t do
everything at once as a rule. I’m a layer man".

Regarding his workflow and working from sketch to score, Ferney-
hough said that he does not work from a fully realized handwritten
sketch to a full score. While he will sometimes write out fragments
of compositions, he largely works directly into the computer: "My
flow of paper is radically diminished. On the one screen, I can set
up whatever element of the music I’m dealing with at the moment,

3 https://www.finalemusic.com/blog/brian-ferneyhough-visits-makemusic/
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let’s say rhythmic density, and I can transfer that to a first stage full
score. It’s just got the rhythms in it, or some rhythms in it. And then
you simply add different layers on top of that until you get the fi-
nal product...Finale’s facility for interfacing with other music genera-
tional programs is important."

Seen from this example – and an astute reader might recall paral-
lels in PM4’s process (discussed in Chapter 4 and Chapter 5) – each
element has a defined role in the context of the composition. Patwork
is for doing calculations, OpenMusic for notation, and Finale for pitch
layer. Their mappings to the wider composition, so-to-speak, are de-
termined, and newness results from different combinations and ar-
rangements of these elements.

6.4.3.2 William Kentridge’s studio

By contrast, the artist William Kentridge paints a different picture of
his studio.

William Kentridge’s studio is characterized by indeterminacy – it
is a weakly classified site in which fragments of miscellaneous kinds
scatter. He describes his studio space: "The studio becomes a compres-
sion chamber for the images, ideas, historical links...This is the point
where clarity breaks down. The linearity of language, one thought fol-
lowing another, becomes inadequate to describe this process...there
are different fragments, pieces of apper that can be pinned on top of
each other, seen together at one glacne, cut in half, seen alongside
each other, in front of. Even in a single drawing, one can jump from
one section to anotehr while keeping view of the whole. THe circling
of the studio is both a conjuring up or invocation of them and also
an adjudication, deciding which should have precedence, where to
begin" (Kentridge, 2014).

He works differently from Ferneyhough in that his process is less
combinatorial and more serial. He foregrounds different elements at
different times and "beating into [his] head the need to find a connec-
tion between" disparate artifacts, be they drawing, or words of the
lecture.

William Kentridge’s approach to the artifacts in his studio space
is reminiscent of the technique of photomontage. In the 1910s when
some artists began to assemble collages and montages from already
existing cultural "parts", the industrial method of production entered
the realm of art. Photomontage became a "pure" expression of this
new method. By the early 1920s, photomontage practitioners created
and constructed some of the most remarkable images of modern art
such as Cut with the Cake-Knife by Hannah Höch in 1919, Metropolis by
Paul Citroën in 1923, The Electrification of the Whole Country by Gustav
Klutsis in 1920, and Tatlin at Home by Raoul Hausmann in 1920, to
mention just a few examples.
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Figure 62: Raoul Hausmann’s Tatlin at Home
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Figure 63: Gustav Klutsis’ The Electrification of the Whole Country
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Photomontage is an activity of questioning the relationship between
fragments and wholes and negotiating their tensions and contingen-
cies into an artform.

6.5 re-vision by directing gaze "through" an object

6.5.1 Adopting the "toolness" lens: comparative optics

The "toolness" lens here applies an existing structure ("source object"),
as embodied by an object or otherwise, to look at another object ("tar-
get object"). By making associations and mappings from the "source
object" to the "target object", new things about the "target object" are
revealed. It is a way to organize materials in the "target" domain and
to reveal hidden spots in it. Or put another way, it fits data ("target"
domain) to the model ("source" domain).

Knorr-Cetina’s comparative optics provides a good illustration of
how the "toolness" lens works here. She compares detailed and id-
iosyncratic descriptions of high energy physics with those of molecu-
lar biology in order to draw out similarities and differences between
epistemic cultures in those two domains. She describes this research
strategy: "Using a comparative optics as a framework for seeing, one
may look at one science through the lens of the other. This ’visibilizes’

the invisible; each pattern detailed in one science serves as a sensor for
identifying and mapping (equivalent, analog, conflicting) patterns in
the other. A comparative optics brings out not the essential features
of each field but differences between the fields" (Cetina, 2009, p. 4;
emphasis mine).

The idea here is that looking at something through the lens of an-
other will reveal something new in the object of the gaze that isn’t
previously accessible or visible. This operationalizes the structuring
object as a tool for seeing. Here, it’s the object of the gaze that changes
according to the object through which it is viewed. This sentiment is
echoed by Susan Sontag in On Photography when she compares cam-
era to a predatory tool: "there is something predatory in the act of
taking a picture...having knowledge of them they can never have; it

turns people into objects that can be symbolically possessed" (Sontag, 2001);
emphasis mine). In this type of seeing, the object of the gaze gets
manipulated and dissected for analysis.

6.5.2 Adopting the "thingness" lens: Foucault’s "seeing"

In contrast, the "thingness" lens suspends the boundaries of the "source"
object and lets the "target" object manipulate it, or, fitting the model
to data. Instead of the "target" object, the heavily transformed and
appropriated "source" object is the new thing that results.
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The impositional role of a "toolness" lens is contrasted with the
kind of gaze Foucault describes in his The Birth of the Clinic (Foucault,
2012). Foucault uses the word "gaze" to refer to the fact that it is not
just the object of knowledge which is constructed but also the knower.

Foucault notes the bi-directionality of a gaze – while it certainly
constructs the object of the gaze, it also recosntructs the object (in
this case, the knower) through which the object is viewed. Foucault
illustrates this point when he talks about his use of other philoso-
phers’ theories: "Instead of citing the works of Marx, Kand, Nietzche,
or Althusser, and explaining how their ideas correspond to or differ
from his own, he simply used the conceptual tools these philosophers
provides" (Garland, 2014). He says, "For myself, I prefer to utilise the
writers I like. The only valid tribute to thought such as Nietzsche’s is
precisely to use it, to deform it, to make it groan and protest" (Fou-
cault, 1980). This differs from directing applying a framework onto
the present situation seen in the "toolness" example above. Foucault
takes the extreme stance and claims that no "theoretical system can be
’applied’"by others (Foucault, 1980). Instead, Foucault shows how he
mobilizes and customizes different systems of thought to help him
address the object of inquiry at hand. Through processes of exten-
sively revising existing concepts, Foucault was able to develop new
concept for the specific phenomena he sought to explain.

6.5.3 Different types of structures in artworks

How might one use this type of seeing to produce an artwork? I fea-
ture two types of artwork that result from adopting either the "tool-
ness" or the "thingness" lens.

6.5.3.1 Paul Kline’s "Unsilent Night"

When using the "toolness" lens, one structures the object of gaze
through another object. An example can be found in Phil Kline’s Un-

silent Night. This is an original composition written specifically to be
performed and experienced outdoors:

"It takes the form of a street promenade in which the audi-
ence becomes the performer. Each participant gets one of
four tracks of music in the form of a cassette, CD, or MP3.
Together all four tracks comprise Unsilent Night. The fact
that the participants play different "parts" simultaneously
helps create the special sound of the piece. Participants
carry boomboxes, or anything that amplifies music, and
simultaneously start playing the music. They then walk a
carefully chosen route through their city’s streets, creating
a unique mobile sound sculpture which is different from
every listener’s perspective."
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The specifically chosen route is the structuring object through which
Kline uses to organize different sound materials from the participants.
Changing the routes changes how the sounds are played and hence
changes the piece entirely. This is an example of using structure to
determine the material outcome.

6.5.3.2 Jenny Odell’s "Mercebau"

The inverse of the previous example is using material to determine
the structural form. An example of this is Kurt Schwitter’s Merzbau

and Jenny Odell’s variation on the theme, Mercebau.
This work is a knod to the Dada artist Kurt Schwitters’ 1930s piece

Merzbau in which he deconstructs and reconstructs the rooms of his
apartment into a 3D collage. The whole structure is in constant flux
depending on the changing columns of debris used to stack on top
of other shifting sub-structures. Personal items from the visitors were
sometiems incorporated into the structure.

Jenny Odell took this idea to reimagine Merce Cunningham’s ex-
acting choreography. She collected different movement phrases use
them to adjust the bounding boxes around each collage component.
The structure as a whole, when Merce Cunningham’s movements are
set to motion exist as a living structure, changing depending on its
material constituents.

6.6 toward a relational model of the creative process

These three ways of looking at things in the world in creative contexts
are not meant to be exhaustive. My objective is to show how the ways
we see directly influences the things we make.

As repeatedly argued in throughout this dissertation, a non-distributed
account of creativity locates the processes that might result in differ-
ent ways of seeing (i.e. the "gaze") mainly or exclusively ’in the head’
and reduces it to universal and static intra-psychological processes.
In contrast, distributed creativity places the "gaze" back in the world,
contending that it is socially and mateirally constructed. Creativity, in
this sense, is not released from the mind of a generic individual nor
can it be solely determined by the finished product. Creativity can
only be observed "in the making", shaped by the directions of our
gaze.

By establishing the relational aspect of creativity (relational in the
sense of maintaining continuity with a given situation), my contribu-
tion is detailing the patterned ways in which people relate to artifacts
and distribute their action depending on aim and context.

Style, seen this way, has more to do with the specific context from
which it emerges. The training tied to a specific discipline can have
a great influence on how the style is constructed, but it is not the
only determining factor. In other words, style exists as a dynamic
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Figure 64: Kurt Schwitters’ Merzbau
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...."on" object ..."in between" objects ..."through" object
Directing gaze...

Toolness Thingness Toolness Thingness Toolness Thingness

Control-based
Staying within the field of view of the Kinect;

probing cause-and-effect relationships

Expressive Embodying visual behaviors

Following Matching movement to the visuals

Negotiating Fighting back against the visuals

Directed
Students directing each other

to go to specific spots

in the studio
Chapter 3

Co-creative
Dancer and choreographer

“choreographing” each other

via visuals

Sculpting
Fibonacci series as rhythmic constraints;

line plot to pitch sequence

Musical objects;

all kinds of scores

Layering
Creating individual parts

for instrumentation, texture,

chords, and rhythm

Musical fragments

added over time

Adapting optical

illusion for structured

improvisation

Chapter 4

Remixing

Tearing up strips of written score;

movement flash cards;

transposing movements

between bodies

12-tone technique;

“cycle” motif

Switching modality
Dancers’ use of metaphors;

composers’ graphical sketches

Re-enactment
Yvonne Rainer’s

re-imagination of

everyday motions

Breaking up original
Using Logic Pro

on recorded audio

Generating alternatives
Keersmaeker’s variations

of a circle in Violin Phase

Testing “what-if” scenarios Heterogeneous spaces

Chapter 5

Co-exploration
Steve Paxton’s

contact improvisation

Table 4: Mapping observations from Chapter 3, Chapter 4, Chapter 5 to gaze types
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production instead of an instantiation of a fixed thing. This lets us see
the slightly misguided sentiments in statements like, "the designerly
ways of knowing" – while its original intention is valid – contrasting a
style of thinking that’s different from a style popularized by "scientific
thinking" – it is misguided when it is deployed as a style that defines
design per se.

By invoking "gaze" as a unit of analysis instead of "processes", we
shift our focus from characteristics of a given "phase" to the charac-
teristics of an ecology. Instead of analyzing individual artifacits (such
as a tool or technology) and how well it supports a creative purpose,
we broaden our viewpoint to the whole ecology of artifact that sus-
tains a creative practice and all the other practices surrounding those
artifactis ("every practice has a particular set of artifacts that makes it
possible"), as artifacts and practices shape each other and co-evolve
(Kuutti and Bannon, 2014). In general it attunes us to the complexi-
tieis of the digital ecologies and uesage practices.

6.6.1 The propensity of the gaze

The concept of propensity is developed by Francois Jullien in his book,
The Propensity of Things. In the book, Jullien explores the Chinese con-
cept of shi, a term whose multiple, related, meanings often confound
Westerners but is central to the way Chinese view the world. Jullien
translates shi as “propensity” — "a tendency that stems from a situa-
tion" and "which, once set off, cannot be arrested" (Jullien, 1999).

Shi in Chinese is initially used in the realm of strategy and politics
but have since evolved to contain a much broader meaning. In the
widely quoted The Art of War, Sun Tzu, draws heavily on the concept
of propensity: a battle may be won even before the fighting begins
if one understands and acts upon the propensities of the opponent
and the battlefield. By understanding and leveraging these forces, one
can avoid direct confrontation and achieve one’s objectives with min-
imum effort.

This idea of propensity reinforces the differences between Eastern
and Western views of the world described in Richard Nesbitt’s The Ge-

ography of Thought (Nesbitt, 2003). In thinking about mindset, propen-
sity has two key components:

• A dynamic verses static view of the world: everything is in a
state of becoming.

• A focus on relationships versus objects: the process of becoming
is shaped by context and relationships to others.

This mindset attunes us to the dynamics that continually shape the
tendencies and potential of the people and resources around us. One
cannot understand their propensity by examining them in isolation.
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Everything exists not just in bilateral relationships, but in complex
webs of relationships among people, objects and the broader environ-
ment.

Propensity is not abstract; it is shaped by a specific context. For
example, Stewart Brand’s How Buildings Learn (Brand, 1995) details
all the ways buildings evolve in response to the needs of the owners
and inhabitants. The same structure may evolve along different paths
given a different location, owner, or inhabitants. Propensity captures,
therefore, the dynamics of the situation as constituted by the unique
mix of people, things, and places.

Applied here, propensity names the particular material and social
situations that result from how one chooses to construct their space of
visibility. In each creative site, the particular arrangement of artifacts
foregrounds certain spaces while letting other things fade into the
background. This selection of which elements to foreground is unique
to each person. Given the same set of objects, the same situation, to a
different person, wildly different "propensity" results. Jhumpa Lahiri
puts it eloquently in an interview4, "We are limited and graced by
our own pair of eyes...the things that we notice in the foreground
vs. the background...I think that’s the beatify of the creative work".
Creativity, in this way is always in the process of becoming, never
fixed. Creative style, then, is characterized by how one appropriates,
builds, and negotiates the material and social resources in order to
produce a particlar propensity.

4 https://www.youtube.com/watch?v=bru9oipYg18





7
C O N C L U S I O N

This dissertation explores how contemporary artists create new ma-
terials out of exisisting resources from the environment during their
creative process. I focus on contemporary composers and choreog-
raphers as well as musicians and dancers to look at the differences
technology and artifacts can create in their practices.

My first study is a series of dance improvisation workshops with
a set of interactive visuals. I found that the specific material proper-
ties of the space and technology distort the dancers’ perceptions of
their own bodies and the rehearsal space. I also found that different
visualizations give rise to different patterns of movement. I develop
a taxonomy of these movements based on the relationships dancers
form with the interactive visuals and the movements they generate in
response.

My second study is an interview study with contemporary com-
posers and choreographers on the role artiafcts play in their compo-
sitional practices. I found that composers and choreographers sculpt,
layer, and remix artifacts. Furthermore, the creators and performers
form relationships where the creator acts as an author, a curator, a
planner or a researcher, and the performer acts as an interpreter, a
creator, and improviser, or an informant. I found that these interac-
tion styles accommodate specific creator-performer relationships.

When faced with the constraints posed by the environment, these
creative practitioners perform various types of work in order to change
the boundaries between roles, interaction styles, and relationships.

I seek to articulate and characterize the work that goes into chang-
ing styles. This lets us see the creative process as continuous mak-
ing and re-making. I use the term "re-vision" to capture this dy-
namic between people and environment. I argue that creating is about
(re)constructing – or seeing things in a new way. Framing creativity
as re-vision highlights the material roles of the world in the creative
process as well as the human agency involved in negotiating with
constraints posed by the world. It is through these negotiations that
pathways into the future are opened up.

I then introduce "gaze" as a unit of analysis in place of "phase" in
traditional stage models of the creative process. As gaze – or a partic-
ular way of seeing – is affected by factors such as where, when, what,
and how we see, it does not take place in the "head" but rather in flow

with the world. By capturing both the emergent (from material con-
ditions) and transformative (by human agency) aspects with the term
"gaze", I reconceptualize the creative process as negotiating with and
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sustaining the propensity of the gaze. The word propensity is defined by
Jullien (Jullien, 1999) as "a tendency that stems from a situation" and
"which, once set off, cannot be arrested". I argue that by attending to
the situation constructed by our gazes (i.e. the directions in which we
look and how), we can begin to notice similarities and differences in
styles that are not bounded solely by disciplines.

7.1 contributions

7.1.1 Aims

7.1.1.1 Aim 1: Develop a conceptual understanding for why there is a lack

of epistemological diversity in tools.

To go about understanding what contributes to the current landscape
of creative tools, I start by unpacking the varying logics that drive
creativity-oriented research in HCI in Chapter 2. I identify four pre-
cepts about the creative process and use them as basis for making
the observation that each precept has its own understanding of where

and when creativity occurs, who is considered creative, and what activ-
ities count as creative. Or, as Fallman (Fallman, 2003) pointed out, a
"role model" for each account of creativity. This observation helps me
problematize the very notion of an archetypical figure for each pre-
cept. I use this to further develop an understanding for how things
are currently and how they may be imagined differently.

7.1.1.2 Aim 2: Empirically account for how creative style is constructed

over time.

Following Turkle and Papert’s notion of style, or "an approach to
knowledge" (Turkle and Papert, 1990), I seek to understand how style
comes to be in two related yet distinct settings: improvisation and
composition. I use these two settings to test and develop Turkle et
al.’s notion of style from a practice theoretical point of view (Nicolini,
2012). In other words, I pay particular attention to materiality (the
objects and materials in the physical environment) and how it shapes
the emergence of style. In addition to materiality, the practice theo-
retical perspective also highlights the "processual" nature of practice,
how it is constituted and reconstituted in time. From that perspective,
style is continuously transformed. I look at the conditions by which
those transformations occur and their consequences.

7.1.1.3 Aim 3: Reconceptualize the creative process to better account for

diversity in creative styles.

In order to reconceptualize the creative process, I develop a new vo-
cabulary of "gaze" for analyzing the creative process. I sketch out
how this analytic vocabulary can be deployed across diverse creative
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settings. Extending Jullien’s (Jullien, 1999) notion of "propensity", I
reformulate the creative prcess as sustaining a "propensity of gaze",
attuning particularly to characteristics of the ecology that sustain it.
I contrast this with the traditional stage model formulation of the
creative process in which the process is organized by steps.

7.1.2 Research questions

7.1.2.1 RQ 1: What major paradigms of creative process guide creativity-

oriented research in HCI today? How well do they account for di-

versity in creative styles? In what ways do they contribute to the

current landscape of creative tools?

In Chapter 2, I identify four major precepts that guide research: cre-
ative process as problem-solving, emergence, distribution, or activity. Each
precept sheds light on a different creative activity: rational search, ideation,
negotiation with people, body, and the world, completion of tasks via tools.
These activites guide many of the creative tools out there. For exam-
ple, computational design tackle design problems that are amenable
to a rational search through space formulation. Tools for ideation treat
divergence as a problem to solve and hence creates tools for brain-
storming and conceptual blending, generally used at the beginning
of the creative process. Tools that align with the distributed view of
creativity center the role of the body. Finally, the activity view de-
velops tools for creative practitioners. When applied to the design of
tools, there is a tendency of treating these activities as problems to
solve.

7.1.2.2 RQ 2: What gives rise to styles? What transforms them?

Collectively, Chapter 3, Chapter 4, and Chapter 5 construe style as a
relational and dynamic phenomenon.

Specifically, in Chapter 3, I introduce the first dimension of differ-
ence introduced by the projected visualization system: the different
types of relationship each visual may facilitate. If the person interacts
with the visual as a tool, they are using it from a first-person per-
spective. If the person interacts with it as a partner, they see it from
a second-person perspective. Finally, if the person uses the visual to
communicate with another person during improvisation, they are ap-
proaching it from a third-person perspective. Different styles form –
some analytic and some reflective toward the creative situation – as a
result of responding to these different relationships to the visual.

In Chapter 4, I introduce the second dimension of difference: the
role the artifact plays. Artifacts (e.g. material, object, immaterial move-
ments) in music composition and choreography have been used ei-
ther as a structure (for providing form for other things) or as con-

tent. Whether an artifact is used for structuring purposes or as content
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bears much on how close the creator chooses to interact with the ma-
terial. They can adopt a more "distant" style, preferring to work at the
level of structures and constraints without controlling the materials
directly, as seen in structured improvisations. Or they can choose to
stay "close" to the materials, exploring different directions they can
be developed. Similar to the study in Chapter 3, these styles are ex-
pressed through diverse interaction patterns (e.g. sculpting, layering,
and remixing). Each type of interaction can also condition or foreclose
specific collaborative relationships.

After having shown empirically how styles emerge, in Chapter 5, I
show how they transform over time, often in response to resistances
met in the situation or environment. Specifically, I look at the work

that goes into changing styles and creating spaces that facilitate fluid-
ity between styles.

7.1.2.3 RQ 3: What alternative unit of analysis better captures the rela-

tional nature of the creative process? How might the creative pro-

cess be reformulated in those terms?

The first step toward characterizing diversity in creative styles is to
locate a unit of analysis that is low-level enough to be shared across
styles and has potential to be deployed differently to reveal complex-
ity. I argue that the analytical unit of "phase" is so general that it
unable to reveal differences in individual practices. Its use is to show
universality rather than differences.

The unit I have chosen is "gaze". I see it as existing on the same
level as "cognitive processes" in that it has seriality (one may shift
their "gaze" from one object to another just as how one process can
follow another), possibilities for varying levels of abstraction (one can
direct their gaze on anything from structural to content, from mate-
rial to immaterial, just as cognitive process can have subprocesses)
and combinatorial power (there are multiple ways of directing a gaze
just as there are multiple types of cognitive operations). However, by
naming "gaze" instead of "cognitive process" places it outside of the
head. In other words, a "gaze" has directionality and it can be shaped
by myriad of external factors. It takes a non-essentialist view and sees
"gaze" not as neutral entities, producing the same projection across
different people. A "gaze" is necessarily unique, whereas "cognitive
processes" are by definition universal. Another advantage of "gaze"
over "cognitive process" is that it does not separate "thinking" from
"making". The "gaze" is the same throuhout.

From this perspective, what and how we see affects what we make.
And the creative process is the constant negotiation between follow-
ing a gaze and redirecting it. This takes a explicit stance that creativity
is re-vision and does not move from abstract to concrete or progress
from a tabula rasa, as the stage model might suggest.
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7.2 limitations

This dissertation has looked at creative practices in contemporary
dance and music contexts. Most of the composers, choreographers,
and dancers interviewed have received Western musical or dance
training. Major of the artists are and were based in Paris at the time
of the studies. Even though most of the artists involved in the studies
are practicing contemporary art, many of them started their training
in classical music or dance. My account is therefore limited to those
perspectives.

Moreover, the majority of the participants came from our personal
networks, which were restricted to composers often associated with
IRCAM, a sound research lab in Paris, and contemporary dance net-
work (CND) in Paris. I acknowledge the potential influences institu-
tions like IRCAM or the CND have on the artists’ sensibilities, inter-
ests, and guiding philosophies. These factors affect the type of work
they produce, and importantly, the particular style they adopt. It can
be surmised that people coming from the same institutions also in-
herit their traditions and thus are closely aligned in terms of what
they consider to be worthwhile to talk about in interviews. Although
this dissertation finds that despite these similarites in practices and
philosophies, participants exhibit significant differences in style, the
conclusions stemming from these case studies are necessarily incom-
plete in these regards.

Although we paid particular attention to ensuring some gender bal-
ance across the participants, I recognize there are gender differences
within and across disciplines like dance and music. In our studies,
we interviewed 4 female composers and 10 male composers. And for
choreography, we interviewed 6 female choreographers and 3 male
choreographers. Finally, for the dance improvisation workshops, we
had 12 female dancers and 2 male dancers. As we can see, the diver-
sity of perspectives is thus still limited unless care is taken to balance
genders within the disciplines.

7.3 future work

The present work has so far been focused on artists practicing con-
temporary music and dance, even though, I argue, that the findings
in this dissertation may have more general implications on creative
work and how we should study creative work. One of the most im-
mediate avenues to pursue in extending this work is to systematically
analyze other creative settings, such as graphic design, architectural
design, or writing, to see how well the concept of the propensity of

gaze explain their processes. Specifically, how well does this frame-
work reveal diversity within each discipline? And how well does it
show surprising similarities across disciplines? Such project should
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further indicate the generality and viability of the concept. Further-
more, examining other sites and practices should also reveal gaps in
the concept proposed.

7.3.1 Design implications

In addition, I am interested in developing a more sophisticated un-
derstanding of the different kinds of propensities. In Chapter 6, I have
developed an initial intuition about how different material ecologies,
in concert with the different ways of seeing, give rise to a creative
situation that sets off the course of the creative process. I have also
shown that such creative situation is never fixed – it changes ac-
cording to shifting aims and needs. I would like to investigate, next,
how we might be able to design for propensity. How might we better
support people in their diverse and changing styles? How might we
build tools differently to support plurality within? For example, how
might we build an alternative writing tool that supports searching the
database from within the software? How might we design tools that
allow people to switch styles? How might tools for different practices
take inspirations from each other? Such tools can range in complexity
from hackable add-on’s to existing software like likely build on the
rich research program of

7.3.2 Methodological implications

The next set of questions has to do with testing the tool: How well
would such a tool fare in the wild (see e.g. Y. Rogers, 2011)? How
might we test and evaluate it? In evaluating how well a tool supports
something as dynamic as styles, a participatory design approach (de-
signing with the user, evaluating with the same users for which the
tool is designed, over an extended period of time) is more amenable
to producing ecologically valid results. There is promise in Ezio Manzini’s
idea of "diffuse design" (Manzini, 2015), which calls attention to the
complex network of social relations in which an object lives, and to
seek out locales that foster diversity as the situations to design for.
Lucy Suchman’s "artful integration" (L. Suchman, 2002), in the same
vein, asks designers to shift their goals from creating individual tech-
nologies separate from real practices to investigating ways to inte-
grate into an existing ecology. This advocates for deep understanding
of the situation into which we introduce a new piece of software and
the lives of the users for whom the tool is designed. This is similar to
Victor Papanek’s notion of design as advocacy (Papanek and Fuller,
1972). This puts accountability on the designer in building tools for

and with the user.
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7.3.3 Analytical implications

Developing "gaze" as a unit of analysis highlights the multidimen-
sionality in the construction of a style. There is gender, as Turkle and
Papert (Turkle and Papert, 1990) have illustrated; there is also mate-
rial conditions, as I have shown in this dissertation, and there can
be many other factors such as training and class. These dimensions
all warrant further investigation: What roles do they play in shaping
the style? How might some tools, through their design, inadvertently
favor one dimension over another? How might we move toward a
more layered analysis of creative style, building a rich image of its
complexity instead of reducing it to a single dimension?

7.4 main takeaway

The propensity of gaze captures the kind of sensibility that guides a
person’s gaze. It foregrounds the role sensibility plays in the creative
process. This idea of sensibility is captured by Oliver Sacks in his
book, The Creative Self (2019):

If imitation plays a central role in the performing arts,
where incessant practice, repetition, and rehearsal are es-
sential, it is equally important in painting or composing
or writing, for example. All young artists seek models in
their apprentice years, models whose style, technical mas-
tery, and innovations can teach them. Young painters may
haunt the galleries of the Met or the Louvre; young com-
posers may go to concerts or study scores. All art, in this
sense, starts out as “derivative,” highly influenced by, if
not a direct imitation or paraphrase of, the admired and
emulated models.

When Alexander Pope was thirteen years old, he asked
William Walsh, an older poet whom he admired, for ad-
vice. Walsh’s advice was that Pope should be “correct.”
Pope took this to mean that he should first gain a mastery
of poetic forms and techniques. To this end, in his “Imi-
tations of English Poets,” Pope began by imitating Walsh,
then Cowley, the Earl of Rochester, and more major fig-
ures like Chaucer and Spenser, as well as writing “Para-
phrases,” as he called them, of Latin poets. By seventeen,
he had mastered the heroic couplet and began to write
his “Pastorals” and other poems, where he developed and
honed his own style but contented himself with the most
insipid or clichéd themes. It was only once he had estab-
lished full mastery of his style and form that he started
to charge it with the exquisite and sometimes terrifying
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products of his own imagination. For most artists, per-
haps, these stages or processes overlap a good deal, but
imitation and mastery of form or skills must come before
major creativity.

He expands on the idea of "model" quoting Susan Sontag:

I was reading...Of course there were models, there was a
pantheon of these people...If I was reading the stories of
Poe, then I would write a Poe-like story. . . . When I was
ten, a long-forgotten play by Karel Čapek, R.U.R., about
robots, fell into my hands, so I wrote a play about robots.
But it was absolutely derivative. Whatever I saw I loved,
and whatever I loved I wanted to imitate — that’s not
necessarily the royal road to real innovation or creativity;
neither, as I saw it, does it preclude it...I started to be a
real writer at thirteen.

The "models" or the "style" and "form" Sacks speaks of constitutes
the kind of sensibility that guides one’s gaze, thus shaping one’s
style. We see here that the creative process is often more like an
"impression" rather than mere "execution". "Gaze" distinctly rejects
the individuality or the mental processing of creativity. It frames cre-
ativity as deeply shaped by our backgrounds, experiences, and the
moment-to-moment situations. By introducing "gaze" and proposing
"the propensity of gaze" to characterize the creative process, I propose
that "democratization" in creative tools is not establishing a universal
standard and creating tools that help different people meet that stan-
dard. It is about attuning and honoring the diverse styles in which
we all work, recognizing our differences as well as our similarities,
creating a universe of tools that foreground these diversities.
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Titre: Conceptualisation des styles créatifs dans les pratiques artistiques médiées par la technologie
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Résumé: Une grande partie de la rhétorique contem-

poraine sur la démocratisation de la créativité con-

sidère que les technologies soutenant la créativité

donnent accès à des capacités universellement

partagées qui sont autrement inexploitées. Cela

encourage les mesures d’évaluation qui permettent

d’apprécier l’émergence ou le développement de ces

capacités spécifiques. Ces comptes rendus négligent

souvent la diversité des capacités humaines et des

styles de travail. Cet accent mis depuis longtemps sur

l’identification de tâches universellement utiles con-

tribue à la diversité informatique plutôt qu’à la diversité

épistémologique. Cela néglige un espace de concep-

tion prometteur : un espace dans lequel l’assistance

informatique enrichit, plutôt qu’elle n’efface, la diver-

sité épistémologique, à savoir la diversité des styles

dans l’exercice d’une même activité. Cette tension en-

tre diversité et généralité pose des défis vitaux pour la

conception et l’ingénierie.

Dans cette thèse, je considère les fondements in-

tellectuels qui sous-tendent une grande partie de la

rhétorique contemporaine sur la créativité. Je sou-

tiens que les modèles traditionnels du processus

créatif basés sur des étapes contribuent à une vi-

sion désincarnée qui promulgue l’idée que tous les

processus créatifs, à leur base, suivent les mêmes

règles structurelles. Je suggère que cette vision est

incomplète et propose une re-conceptualisation du

processus créatif qui tienne compte de la diversité

épistémologique.

Pour ce faire, je présente deux études empiriques

de la manière dont les styles créatifs sont constru-

its au fil du temps dans deux contextes créatifs

différents : l’un dans l’improvisation en danse et

l’autre dans la composition de musique contempo-

raine et la chorégraphie. Ces études de cas met-

tent en évidence les qualités changeantes de la tech-

nologie à mesure que les utilisateurs la déploient

sur des sites d’utilisation voulue ou non. Je re-

conceptualise le processus créatif comme un acte

continu de révision, qui met au premier plan le tra-

vail artisanal nécessaire à la gestion de ces change-

ments de perspective. Cette compréhension donne

un aperçu des limites et des possibilités des out-

ils créatifs, en offrant des réflexions critiques sur les

différents rôles que la technologie peut jouer dans le

processus créatif.

Title: Conceptualizing Creative Styles in Technology-Mediated Artistic Practices

Keywords: choreography, music composition, creativity, human-computer interaction

Abstract: Much contemporary discourse around de-

mocratization of creativity sees technologies sup-

porting creativity as providing access to universally

shared capabilities that are otherwise untapped. This

encourages evaluation metrics that assess the emer-

gence or development of those specific capabilities.

These accounts often overlook the diversity in human

capabilities and work styles. This long-standing focus

on identifying universally useful tasks contributes to

computational diversity instead of epistemological di-

versity. In this dissertation, I am interested in explor-

ing an alternative design space: one in which com-

putational support enriches, rather than erases, epis-

temological diversity, namely the diversity of styles

in carrying out the same activity. This tension be-

tween diversity and generalizability poses important

challenges for design.

In this dissertation, I consider the intellectual foun-

dations that undergird much of the contemporary

rhetoric about creativity. I argue that the traditional

stage-based models of the creative process con-

tribute to a disembodied view that promulgate the un-

derstanding that all creative processes, at their core,

follow the same structural rules. I suggest that this

view is incomplete and propose a reconceptaulization

of the creative process that takes epistemological di-

versity into account.

To do so, I give two empirical accounts of how cre-

ative styles are constructed over time in two different

creative settings: one in dance improvisation and an-

other in contemporary music composition and chore-

ography. These case studies surface the shifting roles

of technology as people repurpose and manipulate it.

I reconceptualize the creative process as continuous

acts of re-vision, which foregrounds the craftwork that

goes into managing shifting perspectives. This under-

standing provides insight into the limits and opportu-

nities of creative tools, offering critical reflections on

the various roles technology may play in the creative

process.
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