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Abstract
Mixed media, as artful assemblages of digital objects and physical artefacts, provide distinctive
opportunities for experiential, presentational and representational interaction. In project-based
learning of architecture design, participants staged spatial narratives with multiple projections,
performed mixed objects and artefacts, and exploited bodily movements in mixed representations.
These cases show how physical interfaces in mixed media acquire a spatial dimension, integrate
physical artefacts and bodily movements and propose configurability as a central feature. A
perspective based on anthropological concepts of performance makes it possible to address these
aspects in a coherent way, pointing to sense experience, the individuality and collective emergence
of expression and its diachronic and event-like character. From this perspective, interaction is part of
expressive events aimed at generating new insights for participants (interchangeable performers and
spectators) privileging sense experience. Events are the outcome of configurations of space, artefacts
and digital media, and are characterised by a simultaneousness of doing and undergoing, of bodily
presence and representation. More importantly, the performance perspective suggests a particular
temporal view of interaction, based on the concept of event, addressing a neglected granularity of
analysis between the moment-by-moment unfolding of interaction and the longer term co-evolution
of technology and practice. Implications of interaction as performance contribute to a wider program
of interaction design, thereby providing alternatives to established human-computer interaction
tenets: the notion of event is an alternative to the notion of task; perception in Dewey's terms replaces
recognition proposing expression as an alternative to accountability and usability. Implications
include looking at how space can be configured and staged instead of measured or simulated, and how
situations can be staged instead of sensed and recognised, privileging the sensing human over the
sensing system.

Keywords: anthropology of performance, augmented spaces, co-development,
configurability, interaction design, interactive artefacts, mixed media, performative design,
performative interaction, physical interfaces
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 Preface 

Does performance have politics?1 In the early stages of this research, I decided to follow 
an instinct that led me to focus on the application of performance perspectives to human-
computer interaction. Suchman proposes that we “all work from agendas – intellectual, 
practical, political – that shape the problems we take up, and the perspectives we bring to 
them” (Suchman 1995, p. 89). In my case, I was moved by an urge towards provocation 
and revolt, and I was attracted by a set of values that I saw emerging from performance 
perspectives. Performance proposes the individual, the local and the emergent as opposed 
to the universal, the general and the static. As Denzin (2003a, 2003b) shows, the move to 
performance in social science can have cultural, pedagogical and political implications. 
While my thoughts did not move that far, I saw implications for understanding the role of 
technology and some design activities in distinctive ways. While technology, in some 
cases, tends to uniform, to globalize and to impose generalities, performance represents a 
revolt from the particular and proposes diversity as richness. These features pointed to 
configuring as staging and transforming that implies a more active role of people (as in-
dividual and as collectives) in crafting the role and meaning of technology in their lifes.  
Technology centred approaches, as personalisation, tend to have a view from the com-
puter artifact – configuration is defined by the properties of the artifact – while perform-
ance stresses the centrality of the actor that configures expressions and experience in en-
vironments (configuration is defined by the actor and his situation). This ideas bear re-
semblance with the anthropological view of Suchman (2002) that stressed the “limited 
power of any actors or artifacts to control technology production/use” and that value 
“heterogeneity in technical systems, achieved through practices of artful integration, over 
homogeneity and domination” (p. 101). 

Methodologically, performance implies the uniqueness and contingencies of “happen-
ings” (Jacucci and Isomursu in press). This contrasts with positivistic movements that 
strive towards repeatable methods and techniques in design. Performance contributes 
with a situated (place and time), participative, and experiential epistemology. Ways of 
gaining knowledge (techniques?) need to be reinvented every time anew: they do not 

                                                            
1 I pose the question recalling a passionate debate in the CSCW journal (numbers 2 and 3) on, among other 
things, “categories” (Suchman 1994). 



 
exist as independent entities from the individuals and collectives of people that perform 
them. Again Suchman (2002) provides a related anthropological view as a “shift from a 
view of objective knowledge as a single, asituated, master perspective that bases its 
claims to objectivity in the closure of controversy, to multiple, located, partial perspec-
tives that find their objective character through ongoing processes of debate”. (p. 101) 
This thinking, among other things, motivated my move from research on methods to re-
search on interaction. 
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1 Introduction 

It has been written that human nature changes very little in social, perceptual and cogni-
tive characteristics (Grudin 2002). Information and communication technologies, on the 
other hand, have changed radically over the last 30 years. These have addressed different 
aspects of our being-in-the-world through different epochs of development. Conse-
quently, it is reasonable to think that, in different epochs, some perspectives are more 
appropriate than others to analysing and envisioning technology use. In particular, tech-
nology has considerably enhanced communicative resources with the emergence of 
“new” media (Manovich 2001). Current research points to how, in the future, new en-
hancements could derive from mixed media. The concept of mixed media originates in art 
and refers to the mixed used of means in producing a work (e.g., Kaprow 1971). The ad-
jective “mixed”, in this context, refers to combinations of physical and digital media in 
ways that propose new relations between bodies, space, physical artefacts and digital me-
dia. While “media” is an elusive concept, here it is used to indicate that the cases consid-
ered in this thesis show how human interconnectedness takes place through material con-
sisting of artful assemblages of digital objects and physical artefacts. These assemblages 
result in the emergence of physical interfaces that support interaction (input and output 
interfaces) in space and artefacts. 

While information and communication technologies have received substantial contri-
butions from a variety of disciplines (e.g., linguistic and cognitive), anthropology can 
provide unexplored views emphasizing lived experience and the unspoken, the interactive 
and creative process of communication and its multimodality. The anthropologist Ruth 
Finnegan (2002) argues this for the case of studying communication, showing how her 
anthropological approach challenges “…the focus on ‘meanings’, ‘symbols’  and ‘verbal-
ised articulations’” and instead draws attention to “…the role of human-made artefacts 
and their multi-sensory dimensions” (p. 7). The result is a distancing from the written 
word and intellectual meaning towards the variety of ways of human interconnection – 
e.g., sounds, touch, sight, movement, material artefacts – and the “significance of shared 
experiences, dynamic interactions, and bodily engagements beyond the purely cognitive” 
(p. 8). In collocated social interaction, we can communicate with a great variety of 
modes, only a small portion of which are supported by current computer interfaces. 
Scholars in the field of semiotics are just now realising that modes can no longer be con-
sidered separate and that expressions must be studied as processes rather than products, 
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incorporating the idea of practice. Their aim is to arrive at a framework that takes into 
account the multimodality and multimediality of contemporary communication (Kress 
and Van Leeuwen 2001). The idea of studying expressions as multimodal and multimedia 
processes, taking into account their emergence and contingency, was implemented dec-
ades before in areas of anthropology that studied performance. This thesis demonstrates 
how a perspective on interaction based on performance is useful in addressing neglected 
aspects of the emergent field of interaction and mixed media. 

Designing interfaces beyond the desktop computer, the keyboard and the mouse, has 
been the object of research in human-computer interaction (HCI) under a variety of pro-
grams. While commercial trends and part of the research point to ways of emulating the 
desktop computer, with some enhancements, in portable devices, another strand of re-
search has sought ways to integrate computation into the physical environment. Research 
results include a variety of new interface techniques and technologies, as well as applica-
tions of computing beyond the desktop. However, the research field acknowledges the 
lack of field studies of these emerging interfaces, as, most of the time, prototypes are con-
fined to laboratories or demo-settings in conferences. Taking seriously a design agenda of 
integrating interfaces into the physical environment might mean questioning our ap-
proaches and assumptions relating to interfaces with the same seriousness. In particular, 
there might be possible or emerging roles for “physical interfaces” that are neglected by 
approaches and assumptions well-suited to the desktop computer. Moreover, the mostly 
technologically oriented research, until now, has revealed more about what it is possible 
to implement than how such interfaces would feature in real settings.  

The thesis addresses these issues by means of a case study in a real setting, which fea-
tures field trials of physical interfaces. Moreover, the case shows the contribution to the 
design of physical interfaces of a perspective, novel to HCI, coming from studies of per-
formance in anthropology. The relevance of this “performance perspective’, as we will 
see, addresses two neglected areas in current research that are increasingly relevant for 
physical interfaces. First, there has been a tendency in HCI to consider the environment 
as a pre-design setting, neglecting how actors re-arrange collections of artefacts and re-
configure spaces. This resulted in developing physical interfaces that treat configurability 
as predominantly important during the design process. A second neglected area is the way 
in which physical artefacts, populating an environment in a real setting, are affected by 
the introduction of physical interfaces. In particular, this might include a role for practi-
tioners (but not designers) to configure interactivity in artefacts to express or experience 
the specificity of the project they have at hand.  

The main case study presented as evidence involves the creation of a mixed media en-
vironment for the project-based learning of architecture students. The environment had a 
variety of components that were the object of trials: physical inputs such as sensors, 
RFID tags and barcode scanners to animate physical models and diagrams; media play-
ers, multiple projectors, and a physical infrastructure including furniture were used to 
create and configure mixed spaces; an application to paint physical models projecting 
digital texture with a real brush; computational support to record and visualise multime-
dia paths while visiting remote sites; tools to manage configurations of digital media in 
the environment and associations of physical inputs and digital outputs. The trials re-
sulted in a variety of performative uses of technology. 
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These premises, together with the particular implementations and interventions dis-

cussed in this research, suggest an analysis of physical interfaces along four dimensions, 
around each of which the thesis answers a question. Physical Artefacts: How do physical 
interfaces relate to existing material artefacts and what are the properties of the new arte-
facts that can be created? Space: In which ways can space be exploited with physical 
interfaces? Embodied Actions: What role can bodily movements play if augmented 
through physical interfaces? Configurability: How can configurability be pursued beyond 
the design phase and what is its relevance and relation to space, artefacts and bodily 
movements? Besides answering these questions, the thesis provides a perspective based 
on anthropological concepts of performance that can be applied to physical interfaces and 
that addresses all the above questions in a coherent way. 

The formulation of performance for physical interfaces results in a contribution to the 
debate on new human-computer interaction frameworks. Jordan (2003) notes how previ-
ous frameworks have neglected aspects of humanness such as pleasure, enjoyment and 
emotions. This formulation of performance provides a new perspective that could be in-
dicated by performative or expressive interactions (or computing). This perspective 
points to some aspects that are already addressed by a wider program of interaction de-
sign. However, it joins expressions, bodily presence, spatiality and physical interfaces in 
a novel way and proposes a distinctive temporal view on interaction.  

Table 1.  The contribution of the performance perspective in a wider Interaction Design 
Program 

General human-computer interaction tenets Performance applied to physical interfaces  

Task, timeless, universal, general Event, contingent, ephemeral, unique 

Recognition, affordance  Perception, sense experience 

Usability, accountability Expression  

Behaviour Individual’s expressivity 

Supporting the creation of a product Supporting the staging of a process 

Users, consumers, administrators Participants, directors, performers 

Personalising, computer artefact’s view Configuring, actor’s view 

Sensing system Sensing humans 

Measuring, simulating space Configuring, performing space 

Tracking movements, objects Amplifying movements, augmenting objects 

Recognising, sensing situations Staging, configuring situations 

Eliminating secondary tasks Amplifying action and communication 
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Table 1 provocatively simplifies established and dominating tenets in human-computer 
interaction on the left and, on the right, proposes for each a contrasting approach derived 
from thinking in terms of a performance perspective. The table above summarises how 
the resulting provocations relate to the more general movement of humanising interactive 
system design. While traditional human-computer interaction identifies a repetitive task 
with general validity to be targeted by the design, performance points to the organisation 
of events that maintain a specificity given by the contingency of meaning and material. 
While, in general, human-computer interaction relies on recognition, accountability and 
affordances at the interface, performance focuses on perception and experience. As 
Dewey teaches, recognition is interpreting something we already know, while perception 
occurs when we experience a thing that imposes surprising qualities that create new in-
sights. Dominant tenets are usability, making an operation easy and efficient, for exam-
ple, or exploiting affordances so that they can be carried out unthinkingly and making the 
tool disappear. On the other side of Table 1, a performance perspective aims at creating 
experiences where participants are more aware, think feelingly about the artefacts around 
them and engage in the situation in reflection or perception in action. Moreover pervasive 
and context-aware scenarios propose sensing systems that measure and simulate space or 
recognise and sense situations. To this, “sensing humans” are contrasted with the idea that 
physical interfaces should make use of spatiality and materiality to enrich interaction us-
ing all senses. Moreover, space is configured and performed rather than measured, and 
situations are staged rather than recognised. While all the items on the left side are central 
to making technology work or improving it, the examples provided in this research show 
how the items on the right side, if taken to be the primary objectives of design, can result 
in new roles and applications for physical interfaces. 

 



2 Setting the Scene 

Tacit Knowledge and Sensuous Experience 

How does a computer artifact differ from traditional tools with respect to sensuous ex-
perience, especially when there is more to it than meets the eye? Not many years ago, 
it would have been perfectly correct to say that all that we can sense using a computer 
artifact is the text from the display that meets the eye, and the feeling of the keys when 
touching the keyboard. Hence traditional knowledge by familiarity was by necessity 
constrained when computer artefacts replaced traditional tools. Current developments 
of computer workstation technology and in user interface design are widening the 
scope considerably… What kind of sensuous experiences are possible with them? 
How can we design computer artefacts in these respects? … (Ehn 1988, p. 450) 

 
This thesis explores particular kinds of applications2 of physical interfaces that entail a 
variety of performative features. They are made possible by interpreting physical inter-
faces focusing on four specific aspects: space, physical artefacts, configurability and bod-
ily movements. The aim is to show how anthropological concepts of performance applied 
to physical interfaces can generate a novel perspective and design opportunities. The pri-
mary object of study is therefore not a technological artefact, nor is it a specific human 
activity (e.g., learning, design etc.). But, particular kinds of applications, the definition of 
which depends on physical interfaces and on a particular interpretation of them. For this 
reason, to position this work within current and past research, physical interfaces are in-
troduced, along with the variety of research programs under which they are being devel-
oped. A review will follow, examining how previous work addressed the possible spatial 
dimension of interfaces, the integration of physical artefacts into the interface, configura-
bility, and bodily movements. Combinations of these four aspects and a performance per-
spective further problematise the established frameworks of human-computer interaction 
that consider people as users and computer artefacts as tools to accomplish a task. In a 
second section, we therefore review frameworks that have sought to conceptualise differ-
ently the relation between people, computing and human activity, and that constitute, in 
                                                            
2 Application is here intended in the general sense of ‘a way of applying’, not in the sense of a computer pro-
gram 
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various ways, related design agendas for physical interfaces. A final section will summa-
rise emerging and neglected issues in the research of physical interfaces, and anticipate 
the contribution of this thesis. 

2.1  Physical Interfaces 

Definitions of what constitutes an “interface” may vary according to the different view 
under consideration: the use situation, a conceptual view, or a technological perspective 
(Kuutti and Bannon 1993, Bannon 1997). Without going too deeply into the concept of 
the interface, one way to define physical interfaces is to distinguish them from graphical 
ones. For example, while dragging a file in a desktop computer application, the attention 
of the user is likely to switch between the mouse pointer and the physical movement of 
the hand on the mouse3. The “meaningful” action happens, however, in the computer 
generated environment, not on the mouse pad. By contrast, in physical interfaces, mean-
ingful interactions happen in the physical environment. Physicality can feature in the in-
terface in very different ways. It can include, for example, a spatial dimension, different 
kinds of artefacts, sensing of movements, or actuators. In such an interface, the physical 
features provide access to, or manifestations of, computational resources. To explore rela-
tionships of physicality and computation, in the following we review particular develop-
ment programs where these have been combined using different approaches.  

Current research on physical interfaces has it roots in visionary frameworks that 
emerged in the 90’s to move computing beyond the desktop computer in the physical 
environment. Widely cited is the work of Weiser and the vision of ubiquitous computing 
as (Weiser et al. 1999): 

“…a physical world richly and invisibly interwoven with sensors, actuators, displays, 
and computational elements, embedded seamlessly in the everyday objects of our lives 
and connected through a continuous network.” 

This vision has been pursued in overlapping programs as pervasive computing, aug-
mented reality, and tangible computing. Pervasive computing envisions environments 
“saturated with computing and communication capability, yet so gracefully integrated 
with users that it becomes a ‘technology that disappears.’’ (Satyanarayanan 2001) To ad-
dress technological challenges, scenarios are proposed which, instead of envisioning new 
practices, aim at improving current “businessperson” situations, focusing on efficiency, 
minimal user distraction, and smartness of environments. Human-computer interaction 
research, in such a program, tends to concentrate on inferring user intent, and on adaptiv-
ity and context awareness of applications (Ark and Selker 1999). Thackara (2001) argues 
against scenarios in pervasive computing, indicating Interaction Design as an alternative 
approach: 

 

                                                            
3   Dourish (2001a) provides a similar example where ‘coupling’ explains the switching of the focus of the user. 



 21
“…computing migrates from ugly boxes on our desks and suffuses everything around 
us, a new relationship is emerging between the real and the virtual, the artificial and 
the natural, the mental and the material. Interaction design improves the quality of 
these in-between zones.” (p. 51) 

Other critiques of the pervasive computing program can be found in McCullough (2004), 
were architecture design, among other things, is used to contrast imperatives like any-
time-anywhere, showing “the basic human need for getting into place” (p. 172). 

Another related program is that of Augmented Reality. According to Mackay (1998), 
there are three design strategies for augmented reality interfaces: augmenting the user, 
augmenting the physical object (embed devices in physical objects), and augmenting the 
physical environment surrounding users and objects (project images and record re-
motely). While some research in this program focuses on wearable computing (Mann and 
Niedzviecki 2001) or on extending virtual reality to the physical environment, other areas 
overlap with another program, that of tangible computing. 

According to Ullmer and Ishii (2000), several systems, where physical objects are 
used as representations and controls for digital information, are not well characterised 
with the above frameworks. Instead, building on a previous description of graspable user 
interfaces (Fitzmaurice et al. 1995), they propose tangible user interfaces as a new um-
brella term. One of the characterising aspects of such interfaces is the seamless integra-
tion of representation and control, whereas in traditional graphical user interfaces there is 
a clear distinction between control as inputs devices and graphical output devices as 
monitors or other portals for representations.  

The physical interfaces considered in this thesis do not readily fall into anyone of the 
above programs or frameworks in particular; rather they address four overarching aspects 
that are of interest for all the above programs: 

− Space, issues around the spatial dimension of physical interfaces,  
− Physical artefacts, links between digital objects and physical artefacts that “populate” 

environments,  
− Configurability, issues that address the support for re-configuration and re-

arrangements of augmented environments, 
− Bodily movements, embodied actions and gestures, their expressivity and relation to 

physical interfaces.  

The purpose of the following analysis is to examine how these aspects have been consid-
ered in previous and ongoing research into physical interfaces. Some of the referenced 
works were not aimed at informing the design of physical interfaces (e.g., addressing 
distributed systems or virtual environments); nevertheless, they contributed to the current 
understanding of the aspects in the HCI or CSCW field. For each aspect, first, ethno-
graphic work, then technological developments, and finally field studies are reviewed. 
Each part is concluded by a question pointing to the contribution of this work. 
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2.1.1  Space 

Previous studies of the workplace have shown the role that the physical environment 
plays in social interaction. Early field studies of how people organise the workplace, for 
example, Malone (1983), while also considering spatial arrangements4, tended to depict 
them as snapshots and typologies intended to inform the personalisation of office infor-
mation systems. Lainer and Wagner (1998) provided the most profound combination of 
architecture design and work practice research. They refer to the social use of space or 
use-as event, emphasizing “the changing, evolving, temporary and sometimes perform-
ance-like character of activities” (p. 192). Three general qualities of the social use of 
space are identified. The first quality is connectedness and zoning, which points to the 
ways in which areas have been designated to specific persons and activities, space can 
also be more private or public, and places might be directly connected to others or by 
migration of people. For example, Tellioğlu and Wagner (2001) used the concept of space 
for understanding how PACS (digital radiology systems) help maintain awareness of con-
text in spatially distributed work teams and enable fluent transitions and boundary cross-
ings between regionalized work spaces. The second quality is openness to evolving and 
changing uses and events, which “draws attention to a dimension of people’s work, in 
which they actively, flexibly and reflexively re-form, reorient and recombine their actions 
to fit the exigencies of the work as it unfolds” (p.193). The third quality, awareness of 
events, people and context, is well presented in Wagner’s (2000) studies of architects’ 
workplaces, where she shows how the space is used as an exhibition space, walls are 
decorated with previous and current work, reminding people of ideas to be pursued, task 
to accomplish or of standards. And the exhibitions are “an important vehicle for periph-
eral participation in a project, allowing other members of the office or visitors to enter its 
context” (p. 388). Another study that address two of the qualities is provided by Bertelsen 
and Bødker (2001), who analysing cooperation in a wastewater plant as a “massively 
distributed” information space, talk about geographical and action radius showing how 
peripheral awareness is a product of movement and is distributed in a variety of places. 
Ethnographies have informed the development of technologies for landscape architects in 
the WorkSPACE project (Grønbæk et al. 2003). It has been argued that space is not only 
important: 

“…for organising with the purpose of re-finding material; it is also widely used as an 
exhibition of ongoing work, as well as creation of an inspirational and creative atmos-
phere. In this perspective, physical space is very rich in terms of the different materials 
it can comprise, and the different means it supplies for organisation and management 
of material and information.” 

These three qualities according to Lainer and Wagner (1998) can be addressed by a spe-
cific architectural vocabulary. Objects and materials can be regarded as providing trans-
formation layers for mediating between spaces. Intermediate space points to the adapta-
bility of spaces to temporary or unforeseen uses. “Vista and social transverse denote the 

                                                            
4 In his article Malone includes schematic but detailed spatial plans depicting how artefacts are arranged.  
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need for maintaining peripheral awareness of people, events and context, and for enabling 
casual encounters” (Lainer and Wagner p. 202) 
Workplace studies have otherwise considered the physical environment looking at micro 
structures. Luff and co-authors (2003), summarizing “the ways in which the local envi-
ronment features in the production, intelligibility and coordination of action and interac-
tion” note that “the orientation and standpoint of the co-participants and their emerging 
action and activity are critical to reference and discovery and perception of the objects”. 
Moreover they stress the particular arrangement and configuration of the physical setting 
as (Heath et al. 2001 p 134): 

“…the environment consists of a constellation of objects, artefacts, tools, and the like; 
participants make sense of the actions of others, and produce their own actions with 
regard to each other’s access to and perspective on the ‘occasioned’ configuration of 
features”. 

The notion of place, which is a space “invested with understandings of behavioural ap-
propriateness, cultural expectations and so forth” (Harrison and Dourish 1996), has been 
influential. The physical environment, and the social norms within it, has been considered 
recently to inform context-aware computing. In Agre (2001), a conceptual framework for 
context that considers architecture, practice, and institutions is presented. McCullough 
(2001) proposes the use of types and typology from architecture as a generative abstrac-
tion. As an example, McCullough (2004) provides a set of “situational types”, for exam-
ple, at work: deliberating (places to think), presenting (places for speaking to groups), 
dealing (places for negotiating), crafting (places for skilled practice) etc. McCullough 
stresses the need to arrive at a typology of situated interactions: “by extending living pat-
terns of inhabited space, we can strive to make technology simpler, more adaptive, and 
more social.” (p. 118)  

In technology and interfaces research space has been considered in terms of equipping 
rooms with different information appliances. In some cases, it continued early attempts to 
provide electronic support for collocated meetings. Johanson and co-authors (2002a) de-
veloped in the iRoom project meeting-support comprising a large interactive table in the 
centre, connected to a number of interactive wall displays, allowing portable devices to 
be used in conjunction with the interlinked displays. The multiple displays and links be-
tween them enable multiple representations of complex data to be dynamically visualised. 
Among the few design approaches that explicitly include the physical architectural space 
is iLand (Streitz et al. 2001). A particular set of appliances, ‘Roomware’, have been de-
veloped as electronic walls, interactive tables and chairs. The aim is to support informal 
collaborative activities, by enabling interaction with digital content pervasively embed-
ded in all the appliances. Büscher and co-authors (2003), present computational support 
for landscape architects: one mobile appliance, the “sitepack”, and two room appliances 
(a panel with pen interaction and a table with a horizontal display area). All three appli-
ances run the Topos software in order to share workspaces and documents. A tagging sys-
tem, utilizing Radio Frequency Identifier (RFID) tags and tag-readers, allows users to tag 
important physical material. With simple object-tags, automatic annotations and associa-
tions to a digital object can be created. Collection-tags can be associated with a digital 
collection, with a Topos workspace, for example. Tool-tags invoke operations such as 
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grouping and linking of physical objects. The aim is to tag paper and other physical ob-
jects “to keep track of and trace them both within the office and within the electronic pro-
ject workspaces.” Field studies of mixed media environments are rare and mostly focus 
on public spaces or learning settings for pupils. In a recent study, Heath and co-authors 
(2002a) examine how people in and through interaction with others, explore, examine 
and experience a mixed-media installation in a museum. They show the intricate relation-
ship between conduct and the immediate environment:  

“…through interaction participants discover and reflexively create the sense and sig-
nificance of the installation and its various components, their playful actions and ac-
tivities giving a flavour or character to the piece and the surrounding artefacts.” (P. 28)  

Physical interfaces can be integrated into inhabited space and can acquire a spatial di-
mension. In which ways can spatiality be exploited? In which ways can we use space dif-
ferently?  

This work will provide examples of how physical interfaces can convey expressions 
through spatial features.  

2.1.2  Physical artefacts 

Understanding the role and detailed uses of physical artefacts has been an increasing con-
cern in workplace studies (Schmidt & Wagner 2002) and with the advent of physical in-
terfaces this is a crucial focus for ethnographic studies. In a study of architecture design 
practices, Grønbæk and co-authors (2003) observed how physical material and objects 
are organised for documentation, inspiration and management. Important aspects are the 
ability to add annotations and keep them related to physical objects, “collectional arte-
facts” as “shelves, walls, entire rooms, boxes, folders, tape, clips … each affording “dif-
ferent aspects of collectional and organising actions.” However, what these aspects are 
and a deeper analysis of collectional and organising actions is not reported. One of the 
few detailed studies of physical artefacts is provided by Wagner (2000) in her study of 
visual artefacts in architectural and design planning. These are created “for expressing, 
developing, detailing, communicating, and presenting an evolving design concept” and to 
“create ‘persuasion’ and invite others into a dialogue” (p. 379). Relevant aspects of these 
persuasive artefacts are their openness and interpretative flexibility. Some of these are 
“key artefacts” and assume a role standing for themselves in the design process, while 
others melt into “assemblies of materials” which tell a story. These artful assemblies are 
created as an intricate part of ongoing work. More on this study will be discussed in the 
next section on Configurability.  

Ethnomethodological studies have considered how “individuals’ orientations towards 
objects are continually shifting and being transformed with respect to the ongoing inter-
actions and activities of participants.”(Luff & Heath 1998, p. 313) In this work Luff and 
Heath point out how the local and detailed uses of objects in interaction are still relatively 
unexplored. As mentioned above, the physical setting, and in particular objects and arte-
facts, play an important role in social interaction (Luff et al. 2003): “participants refer-
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ence features of the local environment and encourage others to inspect, examine, and 
look at objects and artefacts.” 

Moving towards technologically augmented artefacts, a crucial distinction is between 
pre-designed artefacts (dedicated devices, information appliances) and artefacts that al-
ready have a meaning in the lifeworld. In tangible interfaces, physical objects may be 
statically or dynamically coupled with digital information as digital media, digital attrib-
utes, or computational operations (cf. Ullmer & Ishii 2000). By means of an analogy with 
GUI5 icons, which are used to represent files, folders, applications, attributes, devices, 
system services, Ihii and Ullmer (1997) introduced the term “phicon,” as a physical in-
stantiation of  GUI ‘icons’. In the mediaBlocks system, physical blocks capture, trans-
port, and playback mechanisms for moving on-line media between different media de-
vices, acting as containers for lists of images, video, and other media. Operations are as-
sociated with slots, racks, and pads of media-Block devices (Ullmer et al. 1998). Beyond 
what is technologically possible, very few are field studies that address how this technol-
ogy change current practices, how it changes the physical landscape and people interac-
tions in it, or, in turn, how it is adapted to a real setting.  

Some of the few field studies on physical interfaces focus on supporting pupils’ learn-
ing or playing activities (e.g., Price et al. 2003). Ferris and Bannon (2002) presented The 
Box Garden, a sound installation piece made up of cardboard boxes, varying in shape and 
size, split into groups with specific sonic tasks. This installation supports pupils in several 
physical activities: opening, closing, stacking and pushing, singing or humming into cer-
tain boxes to output a melody in another box based on the input tune. The particular itera-
tive prototyping process allowed them to explore how computational “devices can add 
value to existing objects and human activities, while being sensitive to, and building on, 
everyday practices in the ‘real’ world.” 

Ferris and Bannon stress several themes that guided their designs: the materiality of 
objects and the central role of material artefacts in children's play, engagement as the 
“need to excite, motivate, enhance, the user experience”. Their view on interaction is par-
ticularly distinctive, as it focuses on what people do with computer augmented artefacts, 
as they understand human play with objects “as a narrative activity, not simple action-
reaction (mouse event - action) pairs”. Their work also stresses sound as an important 
aspect of multimodality, incorporating “several sensory modalities: visual, tactile, kinaes-
thetic, sonic, auditory”. Artefacts are also seen as vehicles of sociality as they aim at 
“creating artefacts or assemblies of artefacts that allow for or encourage collaborative 
activity”.  Objects are seen as assemblies: “designing an object world, allowing for object 
juxtaposition, linking, stacking, etc.” (p. 49). One of the characteristics of the project is 
the aim of “creating emergent behaviours as a result of human actions” where computers 
are seen as an augmentation tool and not a substitute for existing practices.  

A similar orientation to consider the role artefacts, materiality and human activity play 
in physical interfaces can be found in another study in a real setting for a museum exhibi-
tion (Ciolfi & Bannon 2002). Here Ciolfi and Bannon distinguish their approach from 
previous work on physical interfaces: “as we are interested in objects as both material and 
symbolic devices in their own right, with a history, context of use, etc, both mediating 
and being the object of interaction.” (Ciolfi & Bannon 2002)  
                                                            
5 GUI, Graphical User Interfaces 
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How do physical interfaces relate to existing material artefacts and what new artefacts 
can be created? What are some qualities of these artefacts that can be exploited by physi-
cal interfaces? 

This work provides examples of how existing and new material artefacts feature in 
physical interfaces. Materiality, multiple affordances and spatiality of artefacts are central 
qualities to be exploited by physical interfaces in an expressive way. 

2.1.3  Configurability 

Configurability is an old theme in architecture, which has been also considered in work-
place studies looking at how architect work. In her study of how architects produced, 
modified, and arranged visual material, Wagner (2000) explains how much of individual 
and cooperative work is done through creating assemblies of materials. In particular, her 
observations of people’s desks showed how “they configure materials for a particular 
task, and reconfigure for the next task”. Other assemblies provide overviews or things 
that should be kept present and “some have a strong narrative character, helping people to 
remember the context and history of a particular detail” (p. 385). Wagner proposes 
ephemerality as the central characteristic of assemblies of materials in the physical world:  

“…they tend to be arranged moment by moment – a particular task, an instant in a 
conversation – to be reshuffled as people interrupt or take away a particular document 
for photocopying or make a request, shift task, or simply come to end of the workday” 
(p. 385). 

Ethnographic studies have also informed the development of ubiquitous computing in the 
home. Rodden and co-authors (2004a) summarise how the organisation of Space-plan 
(layout of the home) and Stuff (artefacts) of the home consists of the three features: eco-
logical habitats “where artefacts and media live and where household members go to lo-
cate particular resources” (as shelves with phones and address books, desks with PCs, 
tables with pending mail); activity centres “where artefacts and media are manipulated 
and where information is transformed”. (e.g., porches and hallways where mail is organ-
ized); coordinate displays, “where media are displayed and made available to residents to 
coordinate their activities” (as, for example, notice boards). Rodden and co-authors also 
stress how the Stuff of the home is “dynamic, coalescing around different sites at differ-
ent times for the practical purposes of the activities to hand”. The range of artefacts popu-
lating the home and the Space-plan: 

“…are tied together in and by interaction and the interplay between the two consists of 
and relies upon the assembly and manipulation of a bricolage of artefacts and media at 
various functional sites.”  

They further summarise two requirements for ubicomp resulting out of “the functional 
and configurational character of the interplay between the Space-plan and Stuff of the 
home”: placement as a need to be sensitive and responsive to the local organization of the 
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Space-plan and enable new technologies to be situated at functional sites within the 
home”; assembly inhabitants must “be able to configure and reconfigure devices and ser-
vices across functional sites to meet the day-to-day needs of the household.”  

Developing physical interfaces may include exploiting their spatial dimension and 
supporting re-arrangements of the physical environment. In another contribution to future 
ubiquitous domestic environments, Rodden and Benford (2003) look into how buildings 
change, as a source of inspiration for defining a research agenda for designing technolo-
gies. One of their arguments is that technology designers pre-dominantly concentrate on 
the interior of stuff, space plan and services, while neglecting the exterior of site, struc-
ture and skin. While not limitedly to physical interfaces, Rodden and co-authors (2004b) 
explore the potential of supporting reconfiguration through the development of a light-
weight component model that allows household members to manage the introduction and 
arrangement of interactive devices. An editor discovers available ubiquitous components 
and presents these to users, allowing inhabitants to assemble lightweight sensors, devices 
such as displays and larger applications. The editor is built on a ‘jigsaw’ puzzle metaphor 
and supports the composition of different types of transformations (physical-digital, digi-
tal-physical, digital-digital) as, for example, a doorbell sensor triggers the web cam to 
take a picture, which is sent to a handheld device (see also Humble et al. 2003). Newman 
and co-authors (2002) provide another example addressing end-user configurability in 
“generic browser-style application built on top of an infrastructure developed to support 
arbitrary recombination of devices and services”. This work, however, addresses informa-
tion appliances, PDA and computers and not physical interfaces. 

Particular attention has been given in public spaces to the use of display technology 
and interactivity. In developing shared displays for different uses, Rogers and Rodden 
(2003) propose to conceptualise this “new area talking about it in terms of configuring 
spaces and surfaces”. Space denotes “the physical location where the display is to be 
situated and used, such as a work, home or social setting.” Surface is chosen instead of 
display as “interfaces across which information, visualizations, and other digital represen-
tations are presented and interacted with.” In particular, the focus is on “how the physical 
affordances of a display-based setting affect or encourage certain kinds of social behav-
iours.” Rogers and Rodden continue explaining the interplay between the design of dis-
play technologies and places:  

“Each space has different attributes, as do the people who are interacting or collaborat-
ing within them. Accordingly, different kinds of surfaces will be needed that augment, 
support and enhance what people already do in these spaces. Hence, questions con-
cerning the physical attributes of a display, such as the number, positioning, resolution, 
orientation and best mode of interaction, are best considered in terms of how a surface 
is to fit into an existing space.” (p. 28)  

Configurability of physical interfaces has been otherwise tackled to support prototyping 
and developers rather than configurations during use (Greenberg & Fitchett 2001).  

We personalise the desktop computer or an information appliance, or we tailor a 
groupware. Configurability seems to provide a better terminology for adapting an envi-
ronment populated by physical interfaces to a diversity of activities and social interac-
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tions. How can configurability be pursued beyond the design phase and what is its rele-
vance and relation to space, artefacts and bodily movements? 

This work will provide examples of how configurability is a crucial resource for pro-
viding physical interfaces that exploit space, artefacts, and bodily movements in an ex-
pressive way. 

2.1.4  Embodied Actions and bodily movements 

Besides considering space and artefacts, physical interfaces need to consider another key 
element present in a physical environment, namely embodied actions and bodily move-
ment. Past workplace studies have analysed the varied of embodied actions, for example, 
in co-located design meetings (cfr. Tuikka 2002). Roberston (1997) uses a field study of 
cooperative design to identify and define embodied actions in a shared physical work-
space. Although a taxonomy is proposed to inform the design of technology to support 
remote collaboration, it remains relevant also for the design of physical interfaces. The 
major categories are individual embodied actions (in relation to objects, to other bodies, 
to the physical workspace), and group activities constituted by individual embodied ac-
tions. In a later work, Robertson (2002) has proposed the phenomenology of perception 
of Merleu-Ponty to give an account of the public availability of artefacts and embodied 
actions.  Through concepts like the reversibility of perception (the body is an object in the 
world, that we and others perceive and also “the sentient body as it is lived by a particular 
person” p. 308) it is possible to explain how we can act and create meaning in an existing 
social and physical world. While this work points out fundamental mechanisms of the 
availability of artefacts and actions in a social and physical world, implications are drawn 
for the design of virtual spaces.  

Gestures have been the object of research specifically addressing designers’ work. In 
Tang (1989), the focus is on how design teams use a shared workspace and on types of 
actions. In a number of studies, Hummels (2000) investigates the potential of gestures for 
“a new design tool, because they can convey emotions and expression, as well as geome-
try and (inter)actions, and they can stimulate the creative process.” 

One of the ways in which embodied actions or gestures are related to physical inter-
faces is through movement. Benford and co-authors (2003) provide a framework centred 
on the notion of movement for physical interfaces:  

“…new ‘physical interfaces’ considerably extend the repertoire of available move-
ments to include whole body gestures, moving objects across surfaces, and moving the 
entire interface through space. Their aim in so doing is to make interaction more natu-
ral, expressive, immersive or ubiquitous.”  

In relation to the interface they propose three types of movements: 

 “…sensible movements as those that users naturally perform; sensable are those that 
can be measured by a computer; and desirable movements are those that are required 
by a given application.” (Benford et al. 2003)  



 29
Bodily movements have been considered to position or track a person’s body, to track the 
movement of an object in the hands of a person, or to recognise gestures and facial ex-
pressions. Technologies to track and locate persons have been used to develop guides 
(Davies et al. 2001), and other location-aware information systems. Some aspects of non-
verbal communication, e.g., visual expression (facial expressions, physical appearance, 
direction of gaze, physical posture), have been applied mostly to interact with virtual 
characters or for video conferencing. Gesture recognition systems, on the other hand, 
have been used to recognise sign language, for multimedia information kiosks, to control 
desktop applications and to interact with in-car devices (Camurri and Volpe 2004). Physi-
cal bodily expressions and interactive technologies have been the object of study in artis-
tic performance (Camurri et al. 2004). Otherwise the expressiveness of gestures has been 
less the focus of research, which generally aims at making interactions more intuitive or 
usable; for example, Bellotti and co-authors (2002) “develop systems that can communi-
cate more naturally and effectively with people” (p. 423). Swindells and co-authors 
(2002), as an example, present a system for identifying devices through a pointing ges-
ture using custom tags and a custom stylus called the gesturePen. Sparacino and co-
authors (2000) developed a software architecture that make use of gesture recognition: 

 “…a ‘media actors’ software architecture used in conjunction with real-time com-
puter-vision-based body tracking and gesture recognition techniques to choreograph 
digital media together with human performers or museum visitors. We endow media 
objects with coordinated perceptual intelligence, behaviors, personality, and intention-
ality.”  

Sparacino and co-authors apply this to dance, theatre, and the circus, augmenting the 
“traditional performance stage with images, video, music, and text, and are able to re-
spond to movement and gesture in believable, aesthetical, and expressive manners.” Ex-
pression in interaction has been envisioned in what McGee (2004) calls Contact-
expressive devices, “…technologies that understand and use touch in meaningful ways—
that can distinguish between a press and a caress.” Most of the work in this area is ori-
ented at developing the technology, while studies in real settings are hard to find. Much 
work in tracking bodily movement has also been applied to mixed reality environment 
supporting remote collaboration (Luff et al. 2003, Koleva et al. 1999), which is not 
within the scope of this work.  

 
What role can bodily movements play if augmented through physical interfaces? 

This work provides examples of how embodied actions are relevant to interaction as 
expressions, either while they are performed for other present participants or because 
physical interfaces translate them into expressive representations.  

2.2  Related Design Frameworks 

Traditional human-computer interaction approaches to evaluate the usability of products 
for people tend to see the person as a “user” and the product as a “tool”, where the latter 
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is used to accomplish a task (cf. Jordan 2003). The above aspects problematise this per-
spective. The notion of “user” is problematised on one hand by the pursuit of configura-
bility, with which people can partially become designers, and on the other by the fact that 
in such environments bodily perceptions (or sensuous experience) become central 
through the inclusion of space and physical artefacts, making “use” a limited concept. 
The aim of this section is to discuss human-computer interaction frameworks that go be-
yond the notions of user, computer tool and task, and that are interesting for the design of 
physical interfaces. 

An interesting conceptual work based on an analysis of artefacts that provides a new 
perspective has been proposed by De Michelis (1999, 2003). He proposes an analysis of 
what artefacts are and are becoming, considering material as well as digital artefacts. De 
Michelis describes openness, multiplicity and continuity as qualities that can help under-
stand our situated relationship to artefacts and draw implications for design. This work is 
not further discussed as developments and an application for physical interfaces of this 
conceptual framework are presented in a co-authored article in this volume, as part of the 
thesis.  

2.2.1  Previous criticisms on user, tool and task 

An early criticism of the concept of human factors and of “user” is provided in Bannon 
(1991). Bannon in turn proposes the notion of human actor “emphasizing the holistic na-
ture of the person acting in a setting, in contrast to the view of the person as a set of in-
formation processing mechanisms”. This leads to privilege new aspects: from the product 
of the design to the process of design, from user requirements to user involvement, from 
laboratory to workplace. Criticism has been raised also towards conception and analysis 
of computer artefacts as carrying a designed “theory” as opposed to artefacts in use. Ac-
cording to Bannon and Bødker “the artifact reveals itself to us fully only in use”, and 
artefacts need to be studied over time (Bannon & Bødker 1991): 

 “…if we want to study artifacts we cannot study them as things, we need to look at 
how they mediate use. Artifacts are not just means for individuals, they also carry with 
them certain ways of sharing and dividing work. Furthermore the artifacts have no 
meaning in isolation, they are given meaning only through their incorporation into so-
cial praxis”  

These ideas have been informed by an approach influential in HCI and CSCW that of 
Activity Theory (Kuutti 1996), which draws attention to the historical aspect of practice 
and to the mediating function of artefacts.  Bødker and co-authors (1991) proposed the 
notion of involved unreflected activity, as a basic way of being. Only if the involved ac-
tion breaks down, do we stop and reflect on the tools. Another related perspective is the 
notion of breakdown and the Heideggerian existential relation between a human and the 
tool, which is still very influential. Other work reflected on the situated character of our 
actions and on how plans are used as resources (Suchman 1987). Ehn (1988) develops a 
different explanation of  practices of design and use, using the language games approach 
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of Wittgenstein and the notion of family resemblance. Ehn also discusses the conse-
quences of considering computer artefacts as tools. Artefacts are objects made by human 
work. In designing computer artefacts “the emphasis should be on concernful design of 
signs that make sense in the language game of use” (p. 164). According to Ehn, other 
important aspects of designing computer artefacts are: physical aspects, handling aspects 
as conditions for operating or controlling the artefact, subject/object directed aspects, 
such as conditions for activities toward ‘objects’ or with ‘others’ via the artefacts, and 
ergonomic and aesthetic aspects. Computer artefacts should be seen as “mediating in-
strumental and/or communicative activities; as supporting individual and/or cooperative 
activities; as augmenting and/or replacing human activities; as function and form that are 
irrevocably interconnected” (p. 165) Ehn argues against the statement that the “computer 
is only a tool” as it might imply that we have an obvious control over it. Computer arte-
facts are machines as they perform automatic actions. However, in designing them as 
machines they take control away from the user and automate skill. While Ehn still finds 
the craft tool, skill enhancing, perspective a most useful paradigm case for designing 
computer artefacts, such a perspective may “unintentionally create a blindness, both for 
other design ideals such as interactive media, and for the ideological use of a tool meta-
phor as a smoke screen for what really goes on, not only in our working lives.” (p. 416)  
Attempts to conceptualise computer artefacts and their use in human-computer interac-
tion and CSCW therefore brought to our consideration the worldliness of computer use 
and computers as artefacts or tools in use contexts. This heterogeneous overview of per-
spectives is functional in helping us to remember the ways in which practice, computers 
as artefacts or tools, have been considered in HCI and CSCW, and to see better how some 
aspects have been neglected. Recently, new perspectives have emerged that also contrast 
or complement the traditional framework of Human-Computer Interaction based on user, 
tool, and task.  

2.2.2  New Human-Computer Interaction Frameworks 

One framework explicitly addresses the emergence of tangible computing. Dourish 
(2001a), drawing from ethnomethodology and phenomenology, proposes a new model of 
human-computer interaction based on the notion of embodied interaction that he defines 
as “the creation, manipulation, and sharing of meaning through engaged interaction with 
artefacts” (p. 126). Embodied technologies acquire meaning through the way in which 
users incorporate them into working practices. As a consequence “the manipulation of 
meaning and coupling are primarily the responsibility of users not designers.” Where 
coupling is the way we build up relationships between entities during action, changing 
our focus and attention. (At one moment we might be focused on the mouse and its but-
tons, at the next one they disappear and the pointer in the screen has our attention). In 
embodied interactions the active nature of computers is important not as independent 
agents but “as augmentations and amplifications of our own activities.” (Dourish 2001a, 
p. 166). Dourish (2001b) stresses that embodied approaches to interactive systems allow 
us: 
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“…to engage with technology in a different way—in ways that allow us to uncover, 
explore, and develop the meaning of the use of the technology as it is incorporated in 
practice. … Meaning of a technology is not inherent in the technology but arises from 
how that technology is used. Meaning is something that comes about through an en-
counter with the technology (or with other people) and so arises from the interaction 
between parties. The significance of this for design is that, in designing interactive 
systems, we typically take the meaning of the elements of the system—its compo-
nents, processes and representations—to be given or static within the frame of the ap-
plication. What an action in the interface “means” is something that we typically imag-
ine to be determined by the designer …Most important, the designer does not have ab-
solute control, only influence. In turn this suggests if the meaning of the use of the 
technology is, first, in flux, and second, something that is worked out again and again 
in each setting, then the technology needs to be able to support this sort of repurpos-
ing, and needs to be able to support the communication of meaning through it…” (p. 
239). 

While providing a set of principles around embodied interaction, Dourish recognizes that 
questions of “how it should be developed, explored, and instantiated remain open re-
search problems”.  

Redström (2001) proposes a design philosophy for everyday computational things, 
where meaningful presence is contrasted to previous imperatives from usability as, for 
example, efficient use. In this design approach, time is the central parameter as exempli-
fied by Slow Technology (Hallnäs and Redström 2001) and aesthetics is the basis to de-
sign presence. Redström describes “the presence of an artefact in terms of how it ex-
presses itself as we encounter it in our everyday life. Then we can think of artefacts as 
“expressionals”, artefacts as bearers of expressions rather than functions.” (Hallnäs and 
Redström 2002)  Marshall and co-authors (2003) drawing on Heiddeger’s Phenomenol-
ogy analyse tangible interfaces for learning “in terms of their ability to be ‘ready-to-hand’ 
and ‘present-at-hand’” (this notion, borrowed from Heiddeger, was first applied to hu-
man-computer interaction by Winograd and Flores 1986).  Based on these concepts, Mar-
shall and co-authors propose two types of interaction with tangible interfaces: “explora-
tory activity, where the learner investigates a model presented by the designer of the task, 
and expressive activity, where the learner works to produce an external representation or 
artefact.”  

Approaches in HCI, which are based explicitly on phenomenology, are amenable to 
critiques for selectively using the philosophy as proposed by Heiddeger, with the result of 
drawing partial explanations of situated actions. Ciborra (2002) notes how in phenome-
nology one of the terms used to describe and interpret a “situation” is the German word 
Befindlichkeit, which “combines the idea of situatedness and of feeling and faring, of 
where and how one finds oneself.” According to Ciborra, the situation of the actor has 
been undermined in favour of observable reconstructions of situations. “What is missing 
from the situated action literature is precisely an inquiry into the situation of the actor, 
specifically his moods…” Ciborra summarises well his point: 

“To conclude, the way we care about the world unfolds according to the passing mood 
that attunes us with the situation. Intentionality the reading or registering of circum-
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stances that we perform either by planned or improvised action, the in-order-tos of 
projects, the selection of appropriate means to ends are all rooted in such a ground, our 
basic attunement. The study of situated action in general, and of improvisation in par-
ticular, has focused so far only upon the later stages of this process, on the encounter 
between intentions and situations, but has systematically failed to reckon the (moody) 
situation of the actor” (p. 161) 

Some work in HCI has directly addressed how interfaces can relate to experiential as-
pects. Laurel’s work (1992) work was the first to consider theatrical metaphors and drama 
in the context of human-computer interaction by applying the principles of Aristotelian 
poetics. Human computer experiences can be structured around the precepts of dramatic 
form and structure. Laurel’s aim is to derive a poetics of interactive form. "Interactivity" 
is here understood as the ability of humans to participate in actions in a representational 
context. The application of this framework to collaborative situations and physical inter-
faces remains unexplored and the work was based heavily on computer games and virtual 
environments. However this work was visionary in addressing interaction as a way to 
create experiences and recognise a possible role for human affection in computation and 
communication technologies. It is important to stress that the notions drawn from litera-
ture on “drama” applied to HCI, as we will see in the next section, underpins a radically 
different approach compared to the approach resulting from applying the term “perform-
ance”.  

The rise of the importance of other design disciplines in HCI has been concurrent with 
the increased importance of the “use experience” (Norman 1998). Works have proposed 
frameworks for an interaction design of experience. Forlizzi and Ford (2002) identify two 
types of experience in user-product interactions. While a satisfying experience is a proc-
ess-driven act that is performed in a successful manner, a rich experience has a sense of 
immersive continuity and interaction. Forlizzi and Ford provide designers with a set of 
principles for “designing rich, immersive experiences”. Designing pleasurable products 
and design for emotions are growing areas of research into designing interactive systems 
(Blythe et al. 2003, Jordan 2000). Mäkela and Fulton Suri (2001) discuss how to design 
digital consumer products to induce pleasurable experiences. Such experiences are “sub-
jective, resulting from motivated actions in contexts and influenced by previous expecta-
tions.” According to Mäkelä and Fulton Suri, it is an overstatement that experiences can 
be designed; rather designs should provide features and qualities that support user’s crea-
tivity. One of the principles they suggest is open-endedness, “providing multiple ways of 
combining and recombining physical and digital elements… rather than limiting interac-
tions to prescribed limits.” Rather than invisibly embedding functionality, users should be 
given more control and “direct access to the activity and tools through physical handles”. 
Users should also be allowed “to personalise the device and its content in a creative way.” 
(p. 393) 
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2.3  Emerging and Neglected Issues 

We started this review by considering what physical interfaces are. As a first step, we 
identified under which programs or research frameworks they are developed. After that, 
we focused on four aspects that are addressed by the interfaces included in this thesis, 
giving an account of the state-of-the-art of the current implementations and understand-
ing of these aspects. We also addressed important frameworks that go beyond current 
established tenets, as usability and use context. In the following, some neglected and 
emerging issues of physical interfaces are pointed out. 

2.3.1  Configuring Space 

In this section I will argue that research has poorly reported on how actors re-arrange 
collection of artefacts and re-configure spaces, with a tendency of considering the envi-
ronment as a pre-designed setting. As a result the current approaches in developing 
physical interfaces treat configurability as predominantly important during the design 
process. 

Careful studies of actions at the interface have shown their embeddness in immediate 
physical circumstances and their situated character (e.g., Suchman 1987, Heath & Luff 
2000). Some of the consequences have been drawn for how interactive artefacts should 
be designed; principles or methods, for example, have been proposed for design proc-
esses (Greenbaum & Kyng 1991, Bannon 1991). Other consequences focus on qualitative 
aspects of the designed artefacts (Dourish 1997, Dourish & Button 1998). Dourish (1997) 
proposes the provision resources that support the understanding of system activity. These 
resources, or information, can be seen equally as “accounts” or “reflective self-
representations” of the system. A third line proposed resources for an active role of peo-
ple in shaping and integrating technologies in use, through concepts as customisation, 
end-user programming and tailoring (Henderson & Kyng 1991, Nardi 1993, Mackay 
1990).  Recently these have become topical for desktop software (e.g., Mørch & Wulf 
2000, Wulf & Golombek 2001, Fischer & Giaccardi 2004, Wulf 2004). This line of work 
considers implicitly computers as a tool investigating how it is customised, tailored, pro-
grammed in use and how activities co-evolve with these changes.  

Ethnographic studies in HCI and CSCW have been influenced by a number of ap-
proaches or conceptual frameworks as ethnomethodology, activity theory, and distributed 
cognition. Such studies had the tendency to look at human action either in its organisation 
moment by moment, or in a historical co-evolution of activity and technology. For the 
former, ethnomethodological studies tended to account for the moment-by-moment con-
figuration of action, which is evident when Luff and co-authors (2003) talk about “occa-
sioned sense and significance of an object” or “‘occasioned’ configuration of features”. 
For the latter it is enough to remember the above discussion on an artefact or a tool and 
its history of adaptation in a setting. One of the methodological implications of activity 
theory is, according to Nardi (1996), a research time frame long enough to understand the 
users’ object. She quotes Kuutti (1996): “activities are longer-term formations and their 
objects cannot be transformed into outcomes at once, but through a process consisting 
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often of several steps and phases” (p. 95). Scholars have discussed the differences of 
these approaches (e.g., Suchman 2000, Nardi 1996). As Nardi points out: 

 “…situated action models assume the primacy of a situation in which moment-by-
moment interactions and events are critical, which leads away from a longer time-
frame of analysis… By contrast, an activity theory analysis has a larger scope for the 
kind of longer-term analysis” (p. 93). 

Less attention has been paid to the middle ground of how actors re-arrange their collec-
tion of artefacts and re-configure spaces. The reasons might be diverse: workplace studies 
have focused on spatially-stable settings, or re-configurations of space and artefacts were 
not directly interesting for the design of desktop computer or mobile applications. As-
semblies of artefacts and spatial arrangements undergo re-configurations in a variety of 
settings; an example of this is provided in this thesis.  In line with this tendency of con-
sidering the environment as a “found” or pre-designed setting, the current approaches to 
developing physical interfaces treat configurability as predominantly important during 
the design process. The view proposed by this thesis, is that the design of physical inter-
faces would benefit from a detailed examination of such reconfigurations where they cur-
rently occur. More importantly physical interfaces provide opportunities for new kinds of 
reconfigurations of (mixed media) spaces and artefacts (or mixed objects) as this research 
explored in several field trials. However, an awareness of the significance of this middle 
ground, especially for embodied approaches to interactive systems, is growing. Dourish 
(2001a) explains how embodied technologies acquire meaning through the way in which 
users incorporate them into working practices. As a consequence, “the manipulation of 
meaning and coupling are primarily the responsibility of users not designers”. One possi-
ble trajectory of this shift of responsibility is providing resources for configurability.  

This trajectory for physical interfaces is scarcely addressed. Büscher and co-authors 
(2003), recognise that “people continuously configure and re-configure assemblies of 
materials, people, technologies, and spaces” and that transitions between these configura-
tions are “inescapable” and need to be made seamless. However their field observations 
reveal very little of how physical spaces are re-configured and how assemblies of mate-
rial undergo re-arrangements. The technology they propose supports re-arrangements 
mostly in a digital environment (the 3D environment Topos). Their physical interface 
with RFID tags shows little sophistication, as it is used merely to tag objects and has to 
be used in conjunction with a GUI. Only very few studies, e.g., Wagner (2000), provide 
insights into how and why people mobilise assemblies of artefacts. The work by Rodden 
and co-authors (2004a) showed the viability of a configurable ubicomp environment for 
the home, where inhabitants are provided with a “jigsaw” editor to compose interactive 
devices and services; the environment, however, have not yet been the object of field 
trials, and does not address thoroughly any of the four aspects.  
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2.3.2  Configuring Interactive Artefacts 

In this section I will argue that the augmentation of physical artefacts has resulted mostly 
in creating information appliances or in pre-designed physical elements of the interface. 
A neglected topic is how physical artefacts, populating an environment in a real setting, 
are affected by the introduction of physical interfaces. Whereby, this might include a role 
of practitioners (and not designers) to configure interactivity in artefacts to express or 
experience the specificity of the project they have at hand. 

In studies concerning physical interfaces, there seems to be confusion as to what con-
stitutes a tool, an artefact, or an object, as these terms are often used interchangeably. One 
reason might be that this can only be revealed in studies in real settings, which, as recog-
nised widely, are too few. Studies have shown the importance of material artefacts in co-
operative work addressing, for example, their affordances (Sellen & Harper 2003), their 
coordinative role (Schmidt & Wagner 2002), or persuasive role (Wagner 2000). Eth-
nomethodological studies stress how objects, artefacts, and environment feature in coor-
dination and intelligibility of action. Very few studies inform us, in this sense, about the 
opportunities of introducing interactivity into a specific physical setting to investigate 
consequences for the artefacts populating it (although there are some initial studies in 
public spaces: Heath et al. 2002a, Ciolfi & Bannon 2002, Hindmarsh et al. 2002). Design 
approaches introduced in the previous section significantly complement a “usability” 
approach to design. Introducing embodiment systematically, Dourish provides a new HCI 
framework pointing to the opportunity or necessity of considering an active role of peo-
ple in creating meaning through physical interfaces. However, it is possible to see how 
the active role of people in staging their own interactions and experience is undermined 
in other frameworks. Redström (2001) showed how the notion of presence, aesthetics and 
expressiveness, in contrast to use, contribute to the design of every day computational 
things. In Redström’s (2001) expressionals, expression is used to explain how things pre-
sent themselves, while the perspective is mostly built from a designer point of view. The 
concept of experience design is also debated. Laurel (1992) explains how dramatic struc-
ture can be applied to human-computer interfaces, pointing to the importance of the emo-
tional, pleasurable, experiential aspects of interaction. These in turn have been widely 
instantiated in research movements ranging from experience design, designing pleasur-
able products, affective computing etc. As we have seen Mäkelä and Fulton Suri (2000) 
provide examples of how, instead of designing experience, we can provide resources for 
user creativity this is, however, applied to information appliances. 

2.4  The Contribution of this Thesis 

The previous section provided a summary of neglected and/or emerging issues in differ-
ent types of works: ethnographic studies, field trials, technological implementations, and 
conceptual frameworks. As these types of work are all interrelated in HCI and CSCW, 
this overview has not limited the analysis to only one type. Configuring Space and arte-
facts is regarded as an emerging and neglected issue. It has emerged lately in several eth-
nographic studies (Heath et al. 2002b, Heath et al. 2002c, Rodden et al. 2004a), however 



 37
neglected in its “middle ground” manifestation. It is emerging in the framework proposed 
by Dourish (2001a) of embodied interaction as a shift of control from designers to users. 
It also emerged in technology development and trials (Rogers & Rodden 2003, Mäkelä & 
Fulton Suri 2001, Newman et al. 2002), however, either from a designer perspective, or 
applied not directly to physical interfaces and space.  The role of artefacts, their arrange-
ments, their materiality in HCI and CSCW is still an emergent and debated theme 
(Schmidt & Wagner 2002). The relation of material artefacts and physical interfaces has 
been shown to be more problematic to investigate, but initial studies in museum and 
learning settings point to a fertile ground of investigation (Ferris & Bannon 2002, Ciolfi 
& Bannon 2002). Notions such as expression and experience are gaining ground in HCI. 
For example, the expressiveness of interactive artefacts has been considered from a de-
signer point of view, neglecting the role of configuring expression and experience in 
physical interactive artefacts, but beyond the design phase. 

Anthropological concepts of performance address these issues. In the next chapter, a 
section is devoted to a partial journey into studies and practices of performance, with the 
aim of defining what it can be taken to mean. It is a prerequisite to construct an under-
standing of how it can be used as a perspective to better understand the opportunities 
provided by physical interfaces. For the moment, it can be anticipated that performance 
can be taken to address the event like character of action and interaction, with an initia-
tion and a consummation, historical and cultural contingencies, particular conceptual or 
practical framings of the event or staging activities. Moreover performance addresses 
expression as embodied in people’s actions and movements. Performance can be taken to 
address how expression is embodied in artefacts also, or in spatial arrangements.  

The contribution of this thesis is to address these emerging and neglected issues and to 
show how a performance perspective makes it possible to understand them into a new 
area of opportunities for the design of physical interfaces. This thesis produces a case 
where physical interfaces exploit space, integrate physical artefacts, provide resources for 
configurability and support a variety of bodily movements. The case makes it possible to 
examine how expressions are embodied and distributed in all these features. Moreover 
“sensuous experience” (as anticipated by Ehn at the beginning of this section) plays a 
crucial role in the creation and understanding of expressions in these types of interac-
tions. The interactions in these cases, rather than being pre-designed, are configured and 
performed for specific events, privileging presence and bodily perceptions. To argue for 
the meaning and relevance of performance for physical interfaces, the case features a 
specific setting. The characteristics of the setting, the project-based learning of architec-
ture students, are carefully taken into consideration by an ethnographic study. The subse-
quent interventions, aimed at trialling the use of physical interfaces, are documented and 
analysed in the discussion. These interventions explore and reveal a variety of “performa-
tive uses” of physical interfaces.  



3 Research Path and Foundations 

“Sometimes, the shortest route between two points is an arabesque, the journey of a 
canoe gripped by the currents…The canoe’s route twists and turns, but according to a 
method.” (Eugenio Barba 1995, p. 48) 

This part of the thesis serves to explain the research path and to propose the premises on 
which to discuss the evidence and findings in the next part. This includes presenting the 
research methodology and setting, along with an introduction to the original publications. 
This part also examines a variety of studies and practices of performance that constitute 
the foundations of the performance perspective proposed in this thesis. Finally, the argu-
mentation of the thesis is summarised by presenting a number of research questions. 

3.1  Methodology 

This thesis explores ways in which physical interfaces can feature in people’s life. Such a 
project includes design activities aimed at implementing technology, but also investiga-
tions, through observations and interventions, in a specific social setting. In the following 
the research methodology is presented and justified. One way to define “methodology” is 
as the analysis of the principles or procedures of inquiry in a particular field. Therefore, 
such a project needs to be discussed in terms of a general research framework (approach) 
that explains what kind of knowledge is sought after, and for which reasons. Moreover, a 
discussion of methods serves to legitimise how the research has been implemented in 
practice. 

3.1.1  An Interventionist Approach 

The approach of this thesis can be placed in a particular research program in designing 
interactive systems that privileges interventions over descriptions, and that problematises 
the usefulness of traditional scientific methods in investigating the role of future techno-
logical artefacts in people’s life. Ehn (1988) proposes to understand “…the design of 
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computer artefacts as a concerned social, historical, creative, and planned activity in 
which we try to anticipate computer artefacts and their use” (Ehn 1988, p. 171). Where 
design concerns the practical rather than the artificial and “What we design is not just 
artefacts, but – by interventions – a changed or reformed practice.” (p. 234)  
Central to such an approach is a setting, for example a workplace, where the intervention 
takes place. This has been referred to also as work-oriented design (Blomberg, Suchman, 
and Trigg 1996) and has been applied to inform product development. The role of the 
setting is to be able to closely integrate workplace studies with the cooperative develop-
ment of prototype systems, “meant to exemplify new and useful work practice and tech-
nology configurations” (Trigg, Blomberg & Suchman 1999). The principles of such an 
approach are (Blomberg, Suchman & Trigg 1996, p. 239):  

“Detailed analysis of how people work using existing and prototype technologies pro-
vides a basis for innovative design and better-integrated technologies. 

Individual technologies ‘add value’ only to the extent that they work together in effec-
tive configurations. 

Delineating the space of effective technology configurations requires applications de-
velopment within actual use environments and with active participation of end users.”  

As Kuutti (2003) observed, the interest within the HCI field in interventions rather than 
descriptions, in the lifeworld rather than timeless and fundamental concepts, has been 
addressed, first with philosophy and then with a “turn to design”: ten years later, “Wino-
grad and Ehn had changed their orientation and, instead of searching for help from phi-
losophy, were turning towards the roots of the design profession proper” (p. 32). This 
interest in design motivates Kuutti in looking at reflections in design research in particu-
lar, from the viewpoint of Buchanan (2001). A look at design research is also needed, 
given the orientation of the research framework where this thesis is to be placed. In 
sketching the current understanding of design knowledge, Buchanan also stresses the 
“greater recognition of the extent to which products are situated in the lives of individuals 
and in society and culture” (Buchanan 2001, p. 14). Moreover designers beyond symbols 
and physical things have turned to “action” and “environment” to “create new products 
and reflect on the value of design in our life” (p. 11). To have value and a significant 
meaning, visual symbols and physical artefacts have to become part “of the leaving ex-
perience of human beings, sustaining them in the performance of their own actions and 
experiences”. Buchanan attributes this understanding of design knowledge specifically to 
a new direction of professional design practice, that of “Interaction Design”. An addi-
tional emerging focus is that of environments and systems, not to be understood as sys-
tems of things, but as human systems integrating “information, physical artefacts, and 
interactions in environments of living working, playing, and learning.” Buchanan also 
addresses the question of how such research can be carried out. Design brings together 
knowledge from many other disciplines and design research is easily drawn into other 
fields. According to Buchanan the central challenge “is to understand how designers may 
move into other field for productive work and then return with results that bear on the 
problems of design practice.” For example, one of the problems of design research is to 
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explore how to employ knowledge from the “human sciences to discover specific features 
of products.”  

3.1.2  Research Methods 

So far, the research approach has been positioned in a particular framework that gives 
rights to an interventionist role in a specific social context, aimed at exploring the future 
role of technologies in use. Buchanan’s reflections on design research further make le-
gitimate the design orientation and the application of “extraneous” knowledge from dif-
ferent disciplines (e.g., performance and anthropology). While the general approach has 
been explained, there is a need to explain the particular methods that make such an explo-
ration possible.  

This research is built on two cases, the first one of which had an explorative nature 
(Yin 1994). It contributed to the formation of the research questions by pointing to spe-
cific opportunities for ubiquitous computing in people’s lives and directed the attention 
towards the world of performance. In the second case, the design of physical interfaces 
and insights into performance studies have been articulated into research questions for a 
specific context. The second case is therefore used to collect the main evidence to answer 
the research questions. The contribution of this thesis is to arrive at a formulation of what 
“performance” can mean if applied to physical interfaces. Examples in a specific case 
make it possible to ground this formulation and to answer questions raised in the review 
of past and current related research. It is worthwhile making explicit how the formulation 
comes into being and to clarify the role of work on performance referred to in this thesis, 
which comes from anthropology, theatre and performance studies, and performance prac-
tice. 

As the section “Research Setting and Original Publication” will explain, the first ex-
plorative case directed my attention to the world of performance while envisioning con-
cepts of mobile services. In particular, the work resulted in performative design sessions 
that combined an ethnographic approach with sessions of scenario generation. My jour-
ney into the performance world has been a continuous parallel activity during the second 
case. Rather than referring to and applying one particular theory or conceptual frame-
work, I collected features from a variety of studies and practices on performance. These 
features contributed to an understanding of the term performance, but were not alone suf-
ficient to arrive at a formulation for physical interfaces. This definition is instead largely 
based on empirical evidence found in the second case.  

Discussing the methods includes explaining my role as a researcher. The general 
stance has been to be involved personally in the collection and analysis of the evidence, 
as well as to have an active role in producing the interventions. As in work-oriented de-
sign, this included combining: “in situ interviewing, workplace observations and video 
analysis with design interventions” (Trigg, Blomberg & Suchman 1999, p. 332) 

Design in this research was conceived “as being part of a larger and inevitable cycle of 
observing use, developing requirements (formal or informal), designing, building and 
again observing” (Bannon 1996). In this framework, evaluation and use are seen as being 
an integral part of the design process and not terminal stages. In particular evaluation, in 
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this thesis, has been organised most of the times introducing a prototype in an on ongoing 
activity. It is not a set of metrics about the system that have been evaluated but possible 
roles of novel technology in participants’ activities. As Bannon (1996) notes:  

“a careful systematic account of what happens in particular settings when a prototype 
or system is installed, and how the system is viewed by the people on the ground, can 
provide useful information for ‘evaluating’ the system and its fitness for the purpose it 
was designed.”  

My involvement included participant observation in ethnographic field studies, develop-
ment of prototypes, staging and facilitation of interventions and their observations, as 
well as interviews with participants. At an operational level, the methods used for the 
collection and analysis of evidence are part of a repertoire widely accepted in designing 
interactive systems (HCI, CSCW, PD etc.). Recorded episodes come from diverse ses-
sions: ethnographic field studies of current practices in the form of participant observa-
tion, participatory sessions to envision scenarios, field trials of prototypes, tests of proto-
types and systems. Episodes are generally extracted from video recordings and docu-
mented with pictures and narratives, while their analysis is based on the video documen-
tation, but primarily on the understanding created while “being there”. Participants of 
trials have been interviewed to collect their views on the role of technology, but also to 
better understand how they employed it. A more detailed description of methods follows 
in the next section for each case. 

3.2  Research Setting and Original Publications 

“The act of writing untangles the skein; it becomes more linear and less truthful. Ex-
perience, on the other hand, is contiguity of actions, of simultaneous perspectives.” 
(Eugenio Barba 1995, p. 135) 

In the following, the research setting and original publications are presented. The first 
two publications included in this thesis interest the explorative case. The articles are pre-
sented and their relevance and contribution to this thesis are argued for, by re-proposing 
two examples in detail from the case. After that, the second case is introduced, along with 
the remaining five publications. A third paragraph further explains the setting of the sec-
ond case by providing examples of configuring spaces and arranging artefacts prior to 
technological interventions, and concludes by summarising the emergent role of “per-
formance” in my research questions. 
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3.2.1  The Explorative Case 

“Fantasy is not a simple turning of one’s back on “reality” but a way, however devi-
ous, strange, and explosive, of coming into contact with it; indeed in part constructing 
it.” (Clifford Geertz 1986, p. 376) 

The first part of the research had an explorative nature. I carried out concept design ac-
tivities aimed at creating scenarios of use of wireless services, in a project investigating 
the Service Architecture for the Nomadic Internet User of the Future. The study included 
interviews, and the use of probes to understand the mobile life and communication prac-
tices of participants. Material from this project is included, describing two types of ex-
perimental participatory sessions that investigate new ways of bridging use context and 
generation of scenarios: a role-playing game with a toy mise-en-scene, and situated ses-
sions based on “shadowing” (cf. Sachs 1993).  

I On the Move with a Magic Thing: Role Playing in Concept Design of Mobile Ser-
vices and Devices, Iacucci G, Kuutti K & Ranta M (2000) In: the Proceeding of 
DIS2000, Designing Interactive Systems, New York City, USA, ACM Press, 193-202. 

The first publication I reports on my early attempts to find new ways of engaging “pro-
spective users” in initial design phases to generate and validate use and service concepts. 
The challenges that were addressed included moving beyond careful descriptions of the 
“existing” and dealing with the mutable character of use context. The first attempts re-
sulted in role-playing games in which scenarios were envisioned using toy characters and 
a miniature reproduction of places that participants were likely to visit (a detailed de-
scription can be found in Iacucci et al. 2000). These explorations were left in favour of 
“shadowing” sessions, where scenarios were envisioned, discussed, acted out, during 
everyday life situations. These sessions are described in depth in the second publication 
II. 

II Everyday Life as a Stage in Creating and Performing Scenarios for Wireless De-
vices, Iacucci G & Kuutti K (2002) In: Personal and Ubiquitous Computing, 6(4): 299-
306.  

Turning away from envisioning in a group in a laboratory setting, the “shadowing” 
pointed to the importance of the physical presence in a situation. However, both types of 
sessions were attempts to use scenarios in a less intellectualistic and more embodied fash-
ion. The first type of sessions aimed at recreating the social and group character of situa-
tions, while the second type emphasized more the physical setting. 

The following two scenarios, which were envisioned and acted out during the “shad-
owing” sessions, serve to better clarify the contribution of the explorative case to the the-
sis. For each scenario, we need to argue for the effective relevance of the concept also, as 
the work included only concept design and no implementation followed. This is done by 
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showing how the concepts have been addressed and implemented elsewhere. In one of 
the sessions, I “shadowed” an Italian tourist in the city centre of Helsinki.  

 

 

Fig. 1. Left, Diana scans words in the post office with a mock up.  

Diana enters a post office and has to take a number for the cue. There are several but-
tons to push for the numbers, according to the service required. Beside each button 
there is an explanation in Finnish; Diana scans the words with her magic thing (the 
mock up), which are translated into English.  

One year later a work was published presenting infoScope (Haritaoglu 2001, IBM Al-
maden Research Center), a handheld device equipped with a digital camera that can take 
snapshots of text in English, French, German, Spanish, Italian and Chinese and translate 
the image to another language in a matter of seconds.  
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Fig. 2. Left, Diana envisioning a scenario while looking at a pair of jeans. Right, the eDiary II 
developed in Atelier 

The second scenario was envisioned during shopping: 

Diana uses the magic thing as a shopping assistant to keep track of the type and price 
of clothes in different shops. The shopping assistant also remembers the location of the 
shops. After having visited some shops, she can visualise the “shopping path” and de-
cide which shop she will visit again to buy one of the products she found. 

Also for this scenario, related applications were implemented, one of which in the Atelier 
Project. There are commercially available applications that make it possible to scan bar-
codes with camera phones. In the Atelier project we implemented eDiary, an application 
to record paths of visits along with multimedia files as videos, pictures, sounds, text 
notes. The visit can be visualised as a multimedia path on a map.  

This work contributed to this thesis as it pointed to the importance of embodied ac-
tions and to the importance of “being there” to experience use situations as opposed to 
intellectualist exercises “in the lab”. From the start, the research was directed towards 
performative sessions following the influence of a certain participatory design tradition 
(Ehn & Sjögren 1991, Bødker & Grønbæk 1991, Greenbaum & Kyng 1991). This also 
motivated my investigations into studies and practices of performance as documented in 
the next section “A journey into performance”. The examples further show the centrality 
of physical circumstances (artefacts, configuration of space) in envisioning new technol-
ogy use. Moreover, they suggested as opportunities of ubiquitous computing augmenting 
people’s embodied actions and activities rather than automating tasks in the background.  
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Some time after my performative sessions with prototypes to envision use scenarios, 

Suchman et al. (2002) provided a view on prototypes that explains well how to under-
stand my attempts: “The study of how new technologies emerge shifts, on this view, from 
a focus on invention, understood as a singular event, to an interest in ongoing practices of 
assembly, demonstration and performance. The shift from an analysis in terms of form 
and function to a performative account…” (p. 165) 

3.2.2  A Mixed Media Environment for Architecture Students 

The second case emerged out of the ATELIER project (Architecture and Technology for 
Inspirational Learning Environments)6 an EU funded project within the Future and 
Emerging Technologies program and part of the Disappearing Computer initiative. The 
aim of the Atelier Project was to build a mixed media environment for inspirational learn-
ing in two different settings: a Master Class of Architecture at the Academy of Fine Arts 
in Vienna, and the Interaction Design Studio at the University of Malmö. The case re-
ported in this thesis is limited to the work carried out at the Academy of Fine Arts in Vi-
enna where a tangible computing environment was built in support of the project-based 
learning of architecture students. Atelier sought to find ways to integrate computers in 
artefacts and in the environment, using interactive tags, mobility tools and projection 
technology.  

In the opening fieldwork we took a view on the environment as a whole, with a focus 
on the materials and artefacts through which an architectural design evolves and on the 
use of the built architecture as a resource for learning. The fieldwork material helped un-
derstand design practice and identify key qualities of the learning environment.  

III Supporting Collaboration Ubiquitously: An Augmented Learning Environment for 
Architecture Students, Iacucci G & Wagner I (2003) In Proceedings of the 8th Euro-
pean Conference of Computer-supported Cooperative Work, ECSCW '03, Helsinki, 
Finland, 14-18 September 2003. Kluwer Academic Publishers, 139-158. 

This publication (III) reports insights from the field observations and summarises the 
current and desirable qualities of the learning environment. It also includes a description 
of resulting technology prototypes, along with an overview of the first cycle of trials. Our 
strategy for these field trials was not to create new and dedicated artefacts and spaces, but 
to motivate students to integrate the prototypes into the ongoing project work and envi-
ronment. This was enabled by what we see as the ‘open-ended’ nature of the prototypes. 
The prototypes we provided were open to reinterpretation by participants. We facilitated 
this process of active appropriation by making extensions to the prototypes whilst stu-
dents were experimenting with them. Prototypes included touch sensors, barcode scan-
ners, and media players. I contributed to the development with a physical interface to 
animate models and diagrams using a barcode scanner and a media player based on Java 
Media Framework (sun.java.com). Participants could associate one or more barcodes to 

                                                            
6 http://atelier.k3.mah.se/ 
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media files and place the barcodes on models or diagrams. This paper does not include 
insights from interviews with participants as at first we relied on our observations and on 
the discussions during feedback sessions between students and teachers. Interviews were 
systematically carried out only after having presented this paper at ECSCW 2003, follow-
ing criticism that the analysis did not include the view of the participants. Participants of 
past trials were then interviewed and the following trials always included interviews. 
These were informal session aimed at inquiring into the meaning of the installation, the 
process, and collecting impressions on the technology. 

IV Supporting Configurability in a Tangibly Augmented Environment for Design Stu-
dents, Binder T, De Michelis G, Gervautz M, Jacucci G, Matkovic K, Psik T & Wagner 
I (2004) In: Special Issue on Tangible Interfaces in Perspective, Personal and Ubiqui-
tous Computing, 8(5): 310 - 325. 

The first trials at both sites are further analysed (including interviews) in publication IV 
along the theme of configurability. In particular, the discussion contains a conceptual 
analysis using the notion of mixed objects provided by De Michelis (2003b) as objects 
with both physical and digital qualities. This publication is important for the thesis for its 
interpretation of configuring as staging mixed objects and spaces. The article also intro-
duces important physical interfaces for the thesis: the Texture Brush, an application to 
paint virtual texture on real objects and the Mixed Objects Table, movable furniture with 
integrated projection screen, tag readers, and web cams. 

V Performative Uses of Space in Mixed Media Environments, Jacucci G & Wagner I 
(in press) To be published in: Davenport, E., Turner, S., Turner P., Spatiality, Spaces 
and Technologies, Springer, in press. 

This publication (V) focuses specifically on the performative uses of space in the field 
trials.  An additional case is provided of a projection and lighting system used to stage a 
musical in a theatre. The case is discussed along with episodes from both cycles of trials 
focusing particularly on the spatiality of physical interfaces and on the performative use 
of space. From the second cycle the paper further discusses important physical interfaces 
for the thesis: the Texture Brush, and the physical infrastructure developed at the Acad-
emy for configurable projection set-ups. 

VI Computational Support to Record and Re-experience Visits, Iacucci G, Kela J & 
Pehkonen P (2004) Personal and Ubiquitous Computing Journal, 8(2): 100-109. 

Publication (VI) discusses computational support to record and re-experience visits. The 
article presents relevant findings from the observational studies, describes the technology 
in detail, and reports on the field trials carried out in the second cycle. Besides organising 
the trials, I participated in the development of these components with colleagues at the 
University of Oulu and in cooperation with VTT Electronics, which provided gesturing 
based interaction through SoapBox (Tuulari & Ylisaukko-oja 2002). I was involved 
mainly in developing applications to create, store, and load configurations of any physical 
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inputs (gestures, barcodes, sensor tags etc.) and digital events distributed on multiple out-
put components (e.g., media players). 

VII Configuring Gestures as Expressive Interactions to Navigate Multimedia Re-
cordings from Visits, Jacucci G, Kela J & Plomp J (2004) In: Proceedings of the third 
international conference on Mobile and Ubiquitous Multimedia MUM2004, College 
Park, Maryland, USA, October 27-29, 2004, ACM Press, 157-164. 

This article (VII) reports on further work in cooperation with VTT Electronics. This work 
used components developed in the Atelier Project, but was tested with participants in 
Oulu, Finland. In particular, the paper argues for the importance of expressivity in con-
figurable and gesture based interaction navigating multimedia recordings of visits on 
multiple projections.  

3.2.3  Configuring space, arranging artefacts 

“Order never fully takes over, nor could it.” (Victor Turner 1987, p. 78) 

In the observational study at the Academy of Fine Arts, several projects were observed 
over a semester. Configuring spaces and arranging artefacts have a constant role in the 
activities of students in their architecture design projects. At a general level, there are at 
least three recurrent events that follow distinct rhythms: project-wise appropriation and 
configuration of space into workplaces, re-configurations of space and artefacts (includ-
ing computers and furniture) to stage weekly presentations, daily re-configurations of 
artefacts to support different work arrangements.  

Students set up workplaces as individuals and as groups to work on a project for a pe-
riod of several months. In these cases, an empty room or part of a room, equipped only 
with chairs and tables, is appropriated, creating own configurations of furniture, com-
puters and wall space. Portions of space, furniture, computers and large models are fre-
quently shared among a group working on the same project and provide means for coor-
dination and social interaction. As the project evolves, artefacts populate the space, ex-
hibiting the current state and history of the project. These exhibits have also the role of 
creating an immersive environment for the project. Also, the rooms literally become dif-
ferent ambiences through music, and other cultural artefacts that are not directly linked to 
the project. 

Workplaces undergo reconfiguration periodically when feedback sessions and presen-
tations are organised. Sometimes, these are organised in empty rooms, configuring the 
space for just a few hours. In this case, all the walls are used to present posters and physi-
cal models are placed on furniture, creating different zones in the room to exhibit the 
work of groups of students.  
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Fig. 3. Re-configuring a workplace for presentations 

Other times, work sessions were staged in the same room, where student worked, result-
ing in drastic reconfigurations of space, furniture, computers and artefacts, just for few 
hours. Figure 3 shows an example; during one day the room changes radically: wall space 
is created for the projection of slides, the usual project material hanging on the wall is 
substituted with posters for the presentation, tables and computers are re-arranged. Also, 
movable furniture is used to move models during the presentation to afford different ar-
rangements. The different positions of the model afford different situations: the presenter 
may describe it, access it more sporadically during the slide presentation or during the 
discussion reviewers and other students may interact with it.  

Reconfigurations and arrangements have been observed also on a daily base. Artefacts 
are arranged in different portions of space to support different activities, but also the at-
mosphere is changed by, for example, the use of music. In the following example two 
students (T and V) worked on a redesign of a façade for a shop comprising the first floor 
of three adjacent buildings. Their project lasted several months, so they settled on three 
tables in Figure 4 T on one table, working mainly on detailed 2D plans and diagrams, and 
V on the other two tables, working primarily on physical models and collages. In this 
case, the physical model of the façade, as also plans, diagrams and collages, are arranged 
on the working surfaces according to the variety of cooperative or individual activities 
also migrating from a table to another. Arrangements include building the model, discuss-
ing developments on diagrams, going through project material to organise a presentation, 
etc. A bag containing materials for the physical model and for collages was used daily. In 
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an almost ritualistic manner, V used to spread the materials on her tables when she started 
to work and put everything back into the bag, clearing the tables, when she stopped. The 
bag was accessed together when browsing, exploring physical properties and discussing 
materials.  

 

Fig. 4. Configuring work places and arranging artefacts daily 

Figure 5 shows T and V looking for materials around the room. In particular, T finds rigid 
plastic sheets that produce sounds by undulating them, or V browses through the bag and 
tries different colour sheets for the façade by looking through them. All these activities 
and arrangements did not follow a strict order. So, for example, design work based on 
plans might be concurrent with development work on the physical model.  Individual, 
collaborative work, arrangement of artefacts and activities undergo constant change, as 
they are “re-negotiated” moment-by-moment, day-by-day, and weekly.  
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Fig. 5. Browsing through material exploring its material properties 

Just as Wagner (2000) observed in the case of architects, in this case people also config-
ure assemblies of artefacts for a particular activity and re-configure them for the next one. 
These and other episodes in Atelier made evident the importance of the immediate physi-
cal environment, the centrality of spatial arrangement and configuration of resources, and 
expressivity of embodied acts. These configurations, however, were not just important in 
that they afforded specific arrangements, but they resulted also in the creation of different 
ambiences with an immersive and pervasive role of artefacts. 

By considering physical interfaces in the episodes above, we are brought to ask if 
technology can be designed to support the expressivity of embodied acts, and to support 
the diversity configurations and arrangements of resources. In other words, can computa-
tion and electronic technology provide resources for creating re-configurations as inter-
plays of space artefacts and digital media? How can features of the environment and of 
our actions in it be exploited? Do mixed media re-configurations acquire new roles? Do 
new kinds of practices emerge out of such interventions? 

During the field work my interest in performance shifted away from the methodologi-
cal perspective present in the explorative case. Instead, I started investigating how it 
could be applied to focus on the role of artefacts in social interaction, their re-
arrangements, and re-configurations of space. Concurrently, I started investigating how it 
could help recognize opportunities for physical-interface design and analyse interaction 
with the emerging prototypes we were developing. The following section explains my 
journey into performance studies and practices. 
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3.3  A Journey into Performance 

“Performance was the literal embodiment of an idea; it was a way of denying 
mind/body separation; it was as if the performer were saying: look, I have this idea, 
but talk is cheap, so don’t believe me, don’t trust me – instead, step right up and touch 
me, my body is proving my idea by going through the motions.” (Vito Acconci, Per-
formance After the Fact 1989, p. 353) 

My interest in performance grew out of attempts, in the first phase of this research, to 
combine in a new way ethnography and generative design activities. In particular, I en-
gaged in several sessions “shadowing” people in their daily routines, to envision, discuss 
and act out scenarios of future technology use. With the aim of learning more about per-
formance studies and practices, I participated in a three-week theatre school at the Uni-
versity of Edinburgh in August 2001. This experience was important in getting a practical 
understanding of diverse approaches to acting and theatre schools in the western world. 
This interest developed concurrently with the cooperation I was developing with my 
brother Carlo Jacucci who was involved in several professional activities in theatre, in-
cluding improvised performances, staging of plays, and working at the Théâtre de 
L’Opprimé founded by Augusto Boal and directed by Rui Frati in Paris. This cooperation, 
which culminated in two published conference papers (Iacucci, Iacucci, and Kuutti 2002, 
Kuutti, Iacucci and Iacucci 2002), was most important for demystifying assumptions and 
avoiding clichés about performance and theatre, but also for getting access to the signifi-
cance and practice of Boal’s work. (Boal 1992) During the years 2001 and 2002, my in-
terested in performance shifted away from exploring how it could be applied in design for 
participation and scenario generation. This coincided with my ethnographic work in the 
Atelier project. In my examination of the performance literature, I traced the history of 
the emergent field of performance studies, especially its origins, to the works of Victor 
Turner, Richard Schechner, Ervin Goffman and ultimately Eugenio Barba. However, I 
also was attracted to and studied the works of performance artists such as Alan Kaprow 
and Vito Acconci. The latter, interestingly, developed his work from bodily performance 
to performative architecture.  

Eugenio Barba is today one of the major points of reference for contemporary theatre, 
as Watson (1993) puts it “Eugenio Barba is one of Europe’s leading theatre directors, 
theoreticians, and researchers and is considered, along with Bertold Brecht and Jerzy 
Grotowski, one of the major influences on Latin American theater”. It is beyond the 
scope of this thesis to explain the importance of Eugenio Barba and the theatre company, 
The Odin Teatret, in Hostelbro, Denmark that he directs. However, it is important to 
summarise aspects that I found attractive. Besides the many artistic productions, Barba 
has developed many aspects of performance practice and theory. Barba’s work has its 
roots in Poland – he himself refers to his “period of apprenticeship” in Poland (Barba 
1999a) – where he found in Grotowsky his mentor, as he proposed a sociology of theatre, 
defined in what he calls a third theatre. Also influential are the training practice and phi-
losophy developed at the Odin Teatret. Famous is also the “theatrical barter”, an approach 
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to performance and cultural exchange practiced in foreign cultures by Odin Teatret in 
Southern Italy, Latin America and Africa. Anthropological studies of performance are 
also an important concern of Barba’s work, which culminated in the establishment of the 
International School for Theatre Anthropology, one of Europe’s most important theatre 
research institutions. (Watson 1993) The research of this institute between 1980 and 
1996, together with Barba’s Theatre Anthropology, is collected in The Secret Art of the 
Performer, a dictionary of theatre anthropology (Barba and Savarese 1999). This work 
seeks to identify which “technical” principles are shared by performers across all cul-
tures, and analyses the development of a performer’s presence and the difference between 
the activities of everyday life and extra-daily activities such as performances. My interest 
in this exceptional centre for performance practice and theory led to my visit in May 
2002 for a period of training at the Odin Teatret in Holstelbro. Actors, directors and an-
thropologists from around the world, can convene each year to study, discuss, and witness 
Odin Teatret’s work. Each day, practical workshops gave hands-on experience of the per-
formers’ training and practice, in a daily discussion with Eugenio Barba it was possible to 
pose specific questions, and each night the Odin Teatret staged their performances. My 
visit to Odin Teatret was important in several respects. As the director and performers 
opened their whole history to us, as well as their performing techniques, they gave us a 
unique insight into contemporary performing arts ranging from staged plays to the theat-
rical barter. In particular, I was fascinated by the variety of stage designs that made each 
play a unique experience by constructing different arrangement of spectators in space, 
reinventing space for actors and through actors, and making a spectacular use of the ma-
teriality of artefacts. The variety of spatial arrangements of spectators and actors, for ex-
ample, is visible in sketches for several productions in Barba (1999b). 

3.3.1  An Anthropological Definition of Performance 

The notion of performance is the object of a variety of studies across the social sciences, 
in anthropology, social psychology, linguistics, etc. Lately, performance studies have be-
come an emergent research field with a growing number of departments in universities. 
These studies show how they can embrace virtually all aspects of our life, in a continuum 
of human actions: ritual, sports, play, performing arts, everyday life performances, as 
well as the enactment of social, professional, gender, race, and class roles, and healing as 
shamanism or surgery (cf. Schechner 1988, 2003). 

Turner (1982) proposes an etymology of the term performance, derived from the Mid-
dle English parfournen later parfourmen, which is itself from the French parfournir, lit-
erally “to furnish completely or thoroughly”, thus to bring something about, to consum-
mate or carry out something. Therefore, according to Turner, “performance does not have 
the structuralist implication of manifesting form, but rather the processual sense of bring-
ing to completion or accomplishing.” This view is also present in the words of Vito Ac-
conci “There was one way I loved to say the word ‘performance’, one meaning of the 
word ‘performance’ that I was committed to: ‘performance’ in the sense of performing a 
contract – you promise you would do something, now you have to carry that promise out, 
bring that promise through to completion.” (Acconci Performance after the Fact, in Ac-
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conci & Moure 2001) Or again as Schieffelin observes “a performance is always some-
thing accomplished: it is an achievement in the world” (Schieffelin 1997 p. 198). Accord-
ing to Turner performances are not generally “amorphous or open-ended, they have dia-
chronic structure, a beginning, a sequence of overlapping but isolable phases, and an 
end.” (Turner 1987, p. 80) Schieffelin (1997) argues that performance is ephemeral and 
alive, “they create their effects and then they are gone – leaving their reverberations 
(fresh insights, reconstitutes selves, new statuses, altered realities) behind them”. More-
over any performance is “inherently a contingent process”. Contingency resides in the 
socio - historical circumstances in which it takes place. It is a contingent process because 
it is also made unique by its quality, for example the extent to which it was successfully 
carried out in aesthetic or practical terms. Performance, in this sense, is interactive and 
risky as it may always fail (cf. Schieffelin 1997). 

The particular choice in this thesis for the term-family performance has been made in 
contrast to other terms. For example, “drama” has been criticized for imposing a schema 
from cultural genres. Drama implies a dramatic structure, a plot or a story. Another term, 
“acting”, can mean doing things in a particular way in everyday life, as pretending or 
playing a role (also an institutional role), or performing on the stage or in a temple. I have 
found these terms less attractive and they help to understand what it is not meant by per-
formance. Definitions of performance can be taken to include all human acts carried out 
“with a real or notional spectator in mind, and so with an awareness that they are expres-
sive.” (Counsell & Wolf 2001, p. 157) While anything can be studied “as” performance, 
something “is” performance when social context and convention say it is, referring to 
specific cultural circumstances. (Schechner 2003)  

3.3.2  Views on “Performance” 

There are many definitions of performance, varying, for example, in the way participants 
and performers are taken into account. Schieffelin proposes a simplification of the ways 
the notion of “performance” has been used in the social sciences. One usage refers to 
particular kinds of enactments (Schieffelin1997, p. 194):  

 “…bounded, intentionally produced enactments which are (usually) marked and set 
off from ordinary activities, and which call attention to themselves as particular pro-
ductions with special purposes or qualities for the people who observe or perform 
them”  

Bauman (1986), for example, characterises performance as a display of expressive com-
petence and virtuosity by one or more performers. This usage is contrasted to a view that 
focuses not on an event but on performativity itself, as in Goffman (Schieffelin 1997, p. 
195):  

“…the expressive processes of strategic impression management and structured im-
provisation through which human beings normally articulate their purposes, situations 
and relationships in everyday social life”.  
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Goffman’s (1959) interpretation originates from a social psychological perspective and 
stresses the context and dynamics of reception more than the skills and actions of the 
performer. Although Schieffelin’s is a reduced account of the multiplicity of perspectives 
on performance in the social sciences (cf. Carlson 1996), it is nevertheless useful to make 
two important points: both views are interpretations, which are based on a western notion 
of theatrical performance, which might meet interpretative limitations. The second point 
relates to the different focus of the two views: one on a conscious performance of an 
event, the other on structured, partially unconscious, improvisations for impression man-
agement or, we might add, for keying and other ways of transforming frames of social 
interactions. More specifically, Goffman uses the metaphor of theatrical performance to 
discuss role-playing in social situations. His work does not emphasise conscious per-
formance in everyday life (Goffman 1959, p. 73):  

“The legitimate performances of everyday life are not “acted” or “put on” in the sense 
that the performer knows in advance just what he is going to do, and does this solely 
because of the effect it is likely to have. The expression it is felt he is giving off will 
be particularly inaccessible to him.”  

Goffman provides an articulated vocabulary to describe relations of appearances and per-
formances to realities. In Frame Analysis he discusses the ways in which (Goffman 1974, 
p. XIV):  

“…strips of experience are (or are not) transformed by efforts at “keying”, “fabricat-
ing”, “embedding”, “tracking and channelling”, “hoaxing”, “muffing” and still other 
attempts to alter or laminate the nature of an extant frame by disputing it, breaking it, 
making it ambiguous or otherwise vulnerable to change.”  

The “frame” points to the relational nature of meaning; it is a way to invoke what in other 
words is called background, setting or context that governs interaction with unstated rules 
and principles. Some work, such as that of Goffman, also investigates particular crisis 
situations, for example, Turner’s social drama, where the orderly flow of social interac-
tion is disrupted by an incident or heightened situation. According to Turner, if daily liv-
ing is a kind of theatre (as Goffman suggests) then social drama is a kind of metatheatre, 
“a dramaturgical language about the language of ordinary role-playing and status mainte-
nance which constitutes communication in the quotidian social process.” (Turner 1987 p. 
76) 

This thesis considers event-like and conscious performances; for this reason it is more 
interested in anthropological perspectives than in Goffman’s work. Goffman (1959) pro-
vides a view on performance as imitation or dramaturgical staging while this work is 
based on other views that stress liminality and construction of performance as a social 
process as in Turner (1982) (cfr. Denzin 2003b).  Then again, this thesis does not commit 
to or employ any other specific conceptual framework. Schieffelin, following the scepti-
cism of adhering to conceptual frameworks explicitly based on western theatre7, con-

                                                            
7 “where the western assumptions align the relation between performer and spectator with relationship like 
signifier/signified, text/reader, illusion/reality, deceit/authenticity, activity/passivity, manipulative 
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cludes: “it is important to make the relationship between the participants and others in 
performative events a central subject of ethnographic investigation” (Schieffelin 1997, p. 
204) 8 

For this reason, this thesis merely uses previous analytic work on performance as a 
way to collect possible meanings, also consequent traits and features. But a formulation 
of how “performance” can apply to physical interfaces will be based on ethnographically 
investigated events.  

The approach provided by Eugenio Barba contributes with additional traits and fea-
tures, such as, the skills, energy, and consciousness (thinking) of the performer. For ex-
ample, Barba and Savarese (1999) distinguishes between daily and extra daily “tech-
niques” (p. 9):  

“…the way we use our bodies in daily life is substantially different from the way we 
use them in performance. We are not conscious of our daily techniques: we move, we 
sit, we carry things, we kiss, we agree and disagree with gestures which we believe to 
be natural but which are in fact culturally determined… ”.  

In daily techniques, we follow the principle of less-effort, that is obtaining the maximum 
result with the minimum expenditure of energy, “extra daily techniques are based, on-the-
contrary, on wasting of energy” (Barba 1995 p. 16). The principle might even be oppo-
site: “the principle of maximum commitment of energy for a minimal result”. During the 
performance, besides investing energy in accomplishing successfully actions on the prac-
tical side or on the expressive, we must invest energy in thinking.  

3.3.3  Events in Space and Artefacts 

Obviously, performances are very different and command a specific context, e.g., space: 
“Culture viewed as speech, gesture, and action is performance; and performance not only 
requires but commands its own kind of space.” (Tuan 1990) Spatial features may be func-
tional, such as walls, but they may also be charged symbolically, resulting in a specific 
perception of space during a performance. In a theatrical performance, for example, we 
are doing:  

“…an essentially interpretative act, translating real bodies, words and movements into 
the objects of another, hypothetical world;  ... everything within the defined spatial 
compass of the stage is to be read differently from the objects seen elsewhere.” (Coun-
sell & Wolf 2001, p.155) 

                                                                                                                                                    
/straightforward, they conceal important moral and epistemological judgements that undermine anthropological 
discussion which make use of western performance ideas in an unexamined way” (Schieffelin p. 204)  
8 One of the examples brought forward by Schieffelin to support the need for ethnographic accuracy is the case 
of Kaluli spirit séances in Papua New Guinea, where participants are moved by a performance “to the point of 
becoming enraged and attacking the dancer” and in doing so they privilege the “psychological and social ef-
fects” over “its purely aesthetic and representational qualities” and the “process of social reciprocation over 
(what we may call) the suspension of disbelief” (Schieffelin 1997, p. 205). 
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The reading of space in performative events is, however, not always connected to main-
taining a hypothetical world. Spatial features may convey narrative elements to be ex-
perienced directly as in some performance art pieces. Particularly pertinent to this discus-
sion are the artistic movements of the 60’s and 70’s that blurred the boundaries between 
traditionally separated disciplines. An example is the mixing of art and life in Kaprow’s 
Happenings. As Carlson (1996) notes, Kaprow traced their roots in Cubist collages, 
which questioned traditional harmonies by introducing irrational juxtapositions and for-
eign matter into the painting. Kaprow, summarising this evolution, writes: “The pieces of 
paper curled up off the canvas, were removed from the surface to exist on their own, be-
came more solid as they grew into other materials and, reaching out further into the room, 
filled it entirely” (Kaprow 1966 in Carlson 1996). Carlson, commenting on these words, 
notes how “canvas evolves through collage to assemblage and environments” (1996, p. 
97). Happenings emerged out of the evolution into the structure and complexity of these 
environments and of activities of the participants. Kaprow defines his approach to hap-
penings as being through “action collage”. 

Vito Acconci is among the most important pioneers of performance and video art. 
While his early work was characterised by bodily performance, he soon turned to perfor-
mative architecture. Acconci showed how architecture could become performative 
through its use (Acconci in Nollert 2003): 

“Can a museum be opened towards the outside? Can its outside literally be brought 
into the inside of the museum …? …can a new museum bring beholders so close to 
the objects in the museum that they can no longer see them but have to feel their way 
towards them? Can objects in a museum be in constant movements?”  

One of the works that marks a turning point is The Peoplemobile (1979) a flatbed truck 
with a face-like mask that was driven in public places, where a crew off-loaded steel pan-
els and configured it into a different arrangement each day: the first day forming a wall 
and a staircase, the second day a three part shelter, the final day a table with two benches, 
while a loudspeaker on top of the truck was used to address the public. In these art pieces, 
artefacts and architectures are provided in public spaces for public viewers, the following 
text of Acconci explain a relevant performative feature of his work (Acconci 1981): 

“The viewer activates (operates) an instrument (what the viewer has at hand) that in 
turn activates (builds) an architecture (what the viewer is in) that in turn activates (car-
ries) a sign (what the viewer shows off): the viewer becomes the victim of a cultural 
sign which, however, stays in existence only as long as the viewer works to keep the 
instrument going.”  

Several of Acconci’s performative architectures include dynamics of actions, that can be 
performed by viewers, or that are inbuilt as tensions, as in TV Must Die (1979), where 
catapults or oversized slingshots are mounted on the columns of the gallery with a bowl-
ing ball aiming at a TV by the window. At other times, architecture has an explicit re-
configurable character as in Adjustable Wall Bra (1991) “the bra is a multifunctional fix-
ture for the home; it functions as lighting, audio speakers, and furniture.” (Acconci in 
Sobel et al. 2001, p. 33) The bra can be used to create different spaces and sitting ar-
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rangements according to how the two cups are positioned. In making a space Acconci 
explains different approaches (Acconci in Sobel et al. 2001, p. 18):  

“If the space presented is complete, what’s left for the viewer is to relive the space – 
this is the domain of fiction, the impulse is preservation (conservative); if the space 
presented is not yet complete, what’s left for the viewer is to try out the space – this is 
the domain of essay, the impulse is change (radical).”  

Art installations are increasingly seen as carrying performative features. In Nollert (2003) 
Performative Installations are defined as being a “synthesis of art event and art work, of 
presence and representation, of immateriality and materiality” (p.4) in which artists work, 
intertwining different levels of presence, temporality, space and experience. An installa-
tion9 is a process of arranging and placing, they are three-dimensional and they relate to 
the space surrounding them evoking a spatial experience. Their space-invading quality 
and experience elements have the ability to create an original and individual context. 
However by means of the performative elements it embraces live elements of the external 
context and “thereby incorporates categories from everyday routine and life”. Artists cre-
ate a link between the event aspects of the performativity with the materiality of the in-
stallation. The simultaneousness of action and experience results in Performative installa-
tions in a fusion of presence and representation, ephemeral and static elements, events 
and duration, and immateriality and materiality. 

3.3.4  Experience, Expression and Perception 

Victor Turner, one of founding fathers of performance studies, provided a comprehensive 
explanation of how performance, as an expression, relates to experience (drawing from 
the philosophy of Dewey and Dilthey). This explanation serves to address how experi-
ence, expression and perception form an intricate relationship. Moreover, it also indicates 
how expressions, and performances in particular, need to be studied ethnographically as 
contingent and situated processes.  

An Anthropology of Experience. Turner and others proposed the anthropology of ex-
perience as an alternative approach to anthropology where the experience of a culture is 
studied analysing its expressions. As Clifford Geertz comments in the epilogue of the 
book Anthropology of Experience (Turner & Bruner 1986) expressions are “representa-
tions, objectifications, discourses, performances” like rituals and other performances, but 
also artefacts (Geertz 1986). Turner bases his approach on previous thinkers that ad-
dressed “experience”: John Dewey, who saw an intrinsic connection between experience 
and aesthetic qualities, and Wilhelm Dilthey who affirmed that experience urges toward 
expression and communication with others (Turner 1986). In his ethnographies, Turner 
was unsatisfied with positivist and functionalist schools of anthropology (Turner 1982, p. 
13):  

                                                            
9 a term borrowed from household technology in 1967 by artist Dan Flavin  for his neon light work, as he found 
“environment” too socializing (Nollert 2003). 
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“this way of treating ‘social facts as things’ as the French sociologist Durkeheim ad-
monished investigators to do, gave little understanding of the motives the characters of 
the actors in these purpose-saturated, emotional, and ‘meaningful’ events.”  

Turner arrived at Dewey and Dilthey after studies of symbolic processes, theories of 
symbolic interaction, sociological phenomenologists, French structuralist and “decon-
structionists”.  

Wilhelm Dilthey, Experience and Expression. Following Dilthey, Turner explains how 
meaning, which is sealed up and inaccessible in daily life, is “squeezed out”10 (from the 
German Ausdruck) through expressions as, such as, performances. In Turner’s words, “an 
experience is itself a process which “presses out” to an “expression” which completes it”. 
According to this view there is a processual structure of Erlebnis (experience or what is 
lived through); it has first of all a perceptual core. After perception, past experiences are 
then evoked, “but past events remain inert unless the feelings originally bound up with 
them can be fully revived.” (Turner 1982 p. 14) Meaning is considered emergent and not 
predetermined in the event; it “is generated by ‘feelingly’ thinking about interconnections 
between past and present events”11. Finally, it is not enough to achieve meaning for one-
self, as an experience is never truly completed until it is communicated intelligibly to 
others or, in other words, it is expressed. As Turner puts it: “culture itself is the ensemble 
of such expressions – the experience of individuals made available to society and acces-
sible to the sympathetic penetration of other ‘minds’.”  

John Dewey, Experience and Perception. Mere experience is passive endurance and 
acceptance of events, while an experience stands out “from the evenness of passing hours 
and years”. Turner applied these perspectives recognising how experiences “erupt from or 
disrupt routinized, repetitive behaviour”. The perspective of Dewey on experience ex-
plains the “standing out” of an experience with the particular relationship between doing 
and undergoing of the experiencer, and with the concept of perception. Dewey’s perspec-
tive on experience stresses the energy and consciousness needed in the act of perception. 
Also according to Dewey, experience has pattern and structure (1980/1934). It does not 
have an arbitrary beginning and ending, but has an initiation and a consummation. The 
structure and pattern of an experience exist, as it is not just doing and undergoing in al-
ternation, but consists of them in relationship (Dewey 1980/1934, p. 44):  

“The action and its consequence must be joined in perception. This relationship is 
what gives meaning; to grasp it is the objective of all intelligence. The scope and con-
tent of the relations measure the significant content of an experience… Experience is 
limited by all the causes which interfere with perception of the relations between un-
dergoing and doing.”  

For anthropologists such as Geertz and Turner, artefacts, by their concrete properties, can 
stimulate new insights and new understandings (cf. Csikszentmihalyi & Rochberg-Halton 
1981). This is what Dewey would explain with the concept of perception. In Art as Ex-

                                                            
10 Dewey arrives at the same consideration “Etymologically, an act of expression is squeezed out, a pressing 
forth” (Dewey 1934, p. 64) 
11 Here meaning (Bedeutung) is considered along with value (Wert). 
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perience (1980/1934), Dewey makes a distinction between perception and recognition of 
an object. While recognition is when a thing is experienced and interpreted only as some-
thing we already know, perception occurs when we experience a thing that imposes cer-
tain qualities that create new insights for the participant (Dewey 1980/1934, p. 24): 

“Mere recognitions occur only when we are occupied with something else than the ob-
ject or person recognized… to use what is recognized as a means for something else… 
to perceive, is more than to recognize. It does not identify something present in terms 
of a past disconnected from it. The past is carried into the present so as to expand and 
deepen the content of the latter.”  

Dewey’s distinction has been applied to analyse material possessions in urban life by 
Csikszentmihalyi and Rochberg-Halton (1981). Here perception is seen as “essential to 
aesthetic experience and leads to psychological growth and learning.” (p. 177) Csik-
szentmihalyi and Rochberg-Halton continue explaining that “the object of interaction has 
some influence on the experiencer’s interpretation because of its own intrinsic qualities – 
for this is the essential way that learning occurs in Dewey’s aesthetic perspective” (p. 
177). These aesthetic qualities are neither just mental nor just physical and they are con-
tingent to the specific situation or context. According to Dewey, perception is what en-
ables the individual to learn new things by adapting the interpretative schemes to qualita-
tive properties of the environment. This adaptation involves an active, critical receptivity 
so that the qualities of an object may change previously formed interpretative scheme; 
learning occurs by “changing or enlarging the habitual framework of interpretation”. Per-
ception requires more energy and a higher degree of consciousness than recognition: “… 
is an act of reconstructive doing, and consciousness becomes fresh and alive…Perception 
is an act of the going-out of energy in order to receive, not a withholding of energy” 
(Dewey 1980/1934, p. 53). Experience, expression and perception form, under this per-
spective, an intricate relationship, as it is also evident in the comments Dewey makes on 
the act of expression (Dewey 1980/1934, pp. 60-61): 

 “The junction of the new and the old is not a mere composition of forces, but is a re-
creation in which the present impulsion gets form and solidity while the old, the 
“stored”, material is literally revived, given new life and soul through having to meet a 
new situation… Things in the environment that would otherwise be mere smooth 
channels or else blind obstructions become means, media. At the same time, things re-
tained from past experience that would grow stale from routine or inert from lack of 
use, become coefficients in new adventures and put on a raiment of fresh meaning.”  

Victor Turner, performative and reflexive anthropology. Turner also used these views to 
reflect on his practice as an anthropologist, and thereby emphasized the limitation of alien 
anthropological theories, of structuralism, and of the traditional anthropological mono-
graph to report and comment on ethnographies (Turner 1982).:  

“…in social life cognitive, affective, and volitional elements are bound up with one 
another and are alike primary, seldom found in a pure form, often hybridised, and only 
comprehensible by the investigator as lived experience”  
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This brought him and others to advocate a performative and reflexive anthropology12. A 
similar problem has been raised in studies of situated actions in organisation science by 
Ciborra (2002)13. However, while Ciborra makes it also a matter of analytical orientation 
(the phenomenology of Heidegger), Turner emphasizes the way ethnographies are ex-
pressed and re-experienced. Although Turner followed Dilthey’s structure of experience 
and proposed a “comparative symbology”, he maintained that structure and symbols are 
in continuous evolution and any attempt to fix them is, by implication, a recognition that 
they are mutable in “areas of indeterminacy, of ambiguity, of uncertainty and manipula-
bility” (Moore in Turner 1987, p. 78). This, points to the importance of a “processual” 
view, and of studying performances ethnographically as processes of “situational adjust-
ment”. As Turner writes (1987 p. 74) “I came to see a social system or “field” rather as a 
set of loosely integrated processes, with some patterned aspects, some persistent form, 
but controlled by discrepant principles of action expressed in rules of custom that are 
often situationally incompatible with one another”. 

3.4  Summary and Research Questions 

There may be other definitions and approaches (Carlson 1996) and the ones reported here 
have been only partially considered. However, this review is sufficient to show several 
traits and features of performance:  

Everyday life, the word performance can interest a variety of situations beyond theatri-
cal performances and rituals.  

Event and Processual character. Performance is about bringing something to comple-
tion that has an event character, an initiation and a consummation. It indicates an ephem-
eral and contingent process to particular socio-material-historical circumstances.  

Energy and consciousness. It implies an act of expression directed to others and, dis-
similarly to behaviour that is not performance, more efforts in terms of energy, skill and 
consciousness (thinking) of the acts (Dewey, Barba).  

Action and Experience, there is a simultaneousness of presence and representation; in 
Dewey’s terms a structural relationship between “doing and undergoing”. 

Space and artefacts. Performance may be considered in the creation of artefacts or ar-
chitectures, especially in the ways these carry a performative potential that is unleashed 
through participant’s interactions (cf. Acconci’s Performative Architecture). Performance 
can be, therefore, linked in many ways to expression, e.g., through bodily movements, 
artefacts or architectures.  

Expression and perception. Following Turner’s anthropological perspective, experi-
ence structures expression and expression structures experience in a coherent system of 
interaction and interpretation of cognition (thought), affect (feeling), and will (volition) 
(Turner 1982, 1987, Turner and Bruner 1986).  Expressions can be considered to com-

                                                            
12 Turner as others also reflected on and experimented with pragmatic relationships between performance and 
ethnography. In particular, Turner cooperated with Schechner and Goffman to explore connections between 
social sciences and performing arts. Ethnographic studies, as in the case of Colin Turnbull and his studies of the 
Ik in Uganda, have been turned by Peter Brook into a series of dramatic episodes (Turner 1982). 
13 See also the paragraph in the previous section: 2.2.2  “New Human-Computer Interaction Frameworks” 
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municate experiences (cf. Dilthey). Finally, expressions can contribute to perception and 
therefore to new insights, either in their act of creation for the “creator” or as embodied 
artefacts in their material and immaterial qualities for an “experiencer” (cf. Dewey).  

The contribution of this research is to show how these traits and features are useful in 
analysing and proposing performative uses of physical interfaces. The first step is to turn 
this traits and features into a formulation by grounding it on specific field trials. To show 
the effectiveness of such an operation, this research will show how questions that 
emerged from the review of past work in the section “Physical Interfaces”, if reformu-
lated for the specific case, can be answered with empirical work presented in the next 
section. Moreover, this research will also show how these questions and their answers, 
are interrelated and can be addressed coherently by a performance perspective.  

A series of research questions can make the argumentation more transparent. A first 
step is to answer, with the case studies, the question as to what the variety is, and what 
instances of interactions are that entail performative features.   

Analysing the variety and instances, four questions relating to space, artefacts, con-
figurability and bodily movements that surfaced in the review of related work will be 
addressed. The questions, in the section 2.1 “Physical Interfaces” were stated in general. 
A case study can show how they can be answered in a specific setting, showing what is 
possible and meaningful rather than principles with a general validity. The questions can 
be stated again bearing this in mind. 

• How do physical interfaces relate to existing material artefacts and what new 
artefacts can be created? What are interesting qualities of these artefacts that 
can be exploited by physical interfaces? 

• In which ways can space be exploited in a new way with physical interfaces? 
• What role can bodily movements play if augmented through physical inter-

faces? 
• How can configurability be pursued beyond the design phase, and what is its 

relevance and relation to space, artefacts and bodily movements? 
Finally, based on this variety and instances, and on the traits and features coming from 

studies and practices of performance, a formulation of performance for physical inter-
faces can be proposed. The “theoretical” contribution of the thesis is to show how this 
formulation provides a novel perspective to understand and envision physical interfaces.  

 



4 Evidence and Findings 

“Only the action is alive but only the word remains.” (Eugenio Barba 1995, p. 138) 

The discussion of the evidence and findings begins with a review of relevant episodes 
from the field trials of the Atelier Project in the section “Instances and Variety”. These 
provide instances of performative uses of physical interfaces, showing how expressions 
can be embodied in events. The analysis of these episodes also serves to answer the ques-
tions stated in the previous section. The following section “Performing Physical Inter-
faces” provides a formulation of anthropological concepts of performance for physical 
interfaces explaining the central role of expression its individuality and collective charac-
ter. The third section proposes implications of this performance perspective including the 
processualisation of space, configuring as staging and transforming, and a distinctive 
temporal view on interaction. 

4.1  Instances and Variety 

This section refers, partially reporting it again, to the evidence found in this research, 
answering the questions stated in the previous section. The first section “Performative 
Artefacts” addresses how physical interfaces related to existing material artefacts and 
what new artefacts have been created, also analysing interesting qualities of artefacts that 
can be exploited by physical interfaces. The second section “Configuring and Performing 
Spatial Narratives” analyses how space can be exploited in a new way with physical in-
terfaces. The following section “Staging and Performing Mixed Objects” addresses the 
same questions as the two previous sections. The section “Bodily Expressions in Interac-
tion” shows how, using physical interfaces, bodily movements can be relevant as expres-
sions. The remaining question as to how configurability can be pursued beyond the de-
sign phase and what its relevance and relation is to space, artefacts and bodily move-
ments is answered in all four sections. 
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4.1.1  Performative Artefacts 

Example A: “Animating bARcode” (Figure 1, Figure 2 in V Performative Uses of space). 
The first trial I facilitated, involved a barcode scanner interface in September 2002. I cre-
ated an application that made it possible for two architects (also teachers at the Academy 
of Fine Arts) to associate multimedia files to barcodes (inspired by Webstickers, Ljung-
strand et al. 2000). These could than be placed on a model of a house and surrounding 
garden that they were redesigning. The barcodes could be scanned, triggering the playing 
of sounds that evoked particular situations and current pictures of the site or inspiring 
architectures and interiors. At first, the model was placed near the wall where images 
where projected (Figure 12b in III Supporting Collaboration Ubiquitously); also immer-
sive projection set-ups were staged, projecting images onto an entire wall of the room. 
This simple trial was relevant to showing how the traditional desktop computer could be 
moved out of the way, creating a physical interface where an existing artefact, the model, 
could be animated, providing a rich perceptual experience. The important traits of this 
experience, according to the architects, were the enriching role of large images and 
sounds (triggered by their actions), and the possibility of scanning a specific spot on the 
model to play multimedia files (this example continues in “Staging and Performing 
Mixed Objects”).  

Performance in interaction, in this example, is relevant in different ways. By scanning 
a specific spot on the model, participants performed a communicative act while talking, 
in fact implying “I mean this part of the garden”, which was intelligible to others in the 
vicinity. Another aspect is the fact that the model can enact a script, which has been pre-
viously configured, associating images and sounds to different spots of the model. The 
artefact does not unleash its communicative potential by just being observed and scruti-
nised, but a participant must interact with it.  

Example B: “The augmented diary”. Another example of an existing artefact that has 
been “scripted” is a diary that was used to collect memories and objects on visits to sev-
eral stadiums in Europe (“The Stadium in the city” project, Figure 12a, 13b in III Sup-
porting Collaboration Ubiquitously). The diary was equipped after the visit with a sensor 
and barcodes on specific pages to trigger images and sounds when it was picked up or 
when barcodes were scanned. These were examples of existing artefacts in the sense that 
they had a role in the work environment before being equipped with interface technolo-
gies.  

Example C: “Integrated barcode in the CAD Drawing”. Other material artefacts were 
created specifically having in mind their role as interface. An example is the CAD draw-
ing of a section of a stadium, where barcodes have been integrated already into the CAD 
software. In this case, the barcodes have been arranged while drawing, considering the 
aesthetics and functionality of barcodes while creating the drawing (Figure 3 in IV Supp. 
Configurability).  

Example D: “Sensors in the section-skyline model”. The same student created a solid 
model with clay representing the section of the stadium and the buildings spreading out 
of the stadium in a radius. This sort of skyline was equipped with touch sensors, so that 
by touching it in different position, sounds and pictures would evoke what activities take 
places at various distances from the stadium(Figure 3 in IV Supp. Configurability). 
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These examples make evident how existing artefacts can be “scripted” to create physi-

cal interfaces. These support interactions that are communicative towards other partici-
pants in addition to triggering the playing of media. Some examples show artefacts that 
are generated with the consciousness that they will also serve as interfaces. They, how-
ever, maintain a visual and material expressivity independent from the interaction.  

This is evidence of how physical interfaces, to support performative uses of artefacts, 
have to move beyond the simple tagging or tracking of an artefact. Artefacts acquire 
meaning through material qualities, their spatiality, and the way participants interact with 
them. In our fieldwork, we have shown (e.g., in III Supp. Collaboration Ubiquitously) 
how, before the technological augmentations, they are animated and gestured upon. Addi-
tional interactivity was provided with technology that exploited their articulation in mate-
rial qualities, spatiality (the solid section and skyline) and affordances (turning the pages 
of a diary) rendering them more expressive. The examples show how this is done with 
existing artefacts and how this is achieved by creating artefacts that are from the begin-
ning thought of as interfaces also.  

In this perspective, configurability concerns how interactive technology can be inte-
grated into the artefacts (barcodes in the CAD software, sensors in the clay while it is still 
fluid) and the scripting of interaction. The scripting is not merely associating one physical 
input to one physical output. In some cases, the barcode application supported the scan-
ning of a combination of barcodes to play different media. Moreover, one physical input 
can be associated to different outputs disposed in the space in different ways. The follow-
ing paragraph analyses the different ways in which the spatial arrangements are perfor-
mative. 

4.1.2  Configuring and Performing Spatial Narratives 

Example E: “The Spatial Poetry-Game”. One of the findings of the first cycle was the use 
of multiple projections arranged in communicative ways in space. When, in “The Sta-
dium in the city” project, students were reporting on their visits and initial ideas, a group 
staged a “poetry game” with a multi-projection installation (Figure 9 in V Performative 
Uses of Space). The narrative consisted of contrasting memories of part of the group that 
went to visit the London and Paris stadiums and the rest of the group that remained in 
Vienna. The two parts of the group performed the presentation, reading short phrases in a 
dialogue, contrasting the different experiences. The dialogue was also embodied spatially 
with four projections. Two double layers of clothes facing each other, one projection on 
the ground projected from above and one on the wall. Each part of the group had two 
projectors showing images of their visit. The spatial configuration expresses the contra-
positions of the groups also creating blurred spatial effects with the double layers of 
clothes.  

Example F: “Projections of buildings facing each other”. Another example is the pres-
entation of a concept of a stadium between two buildings in front of each other (Figure 6 
in V Performative Uses of Space). In this case, the configuration of back projection 
screens recreated aspects of a site. While the concept was explained, interventions were 
visualised on the wall between the two projections and they were also animated on the 
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two buildings. To perform the presentation the presenter had diagrams with attached bar-
codes, a miniature model with integrated sensors and a button-switch. In this way he 
could ‘direct’ the images on the three projections in different moments of the presenta-
tion. This installation creates a perceivable spatial representation of a site and how it 
changes. The spatial configuration is not neutral but concurring to narrate the concept; it 
is a narrative use of the spatiality of projections.  

Example G “Arranging posters and projection in space”. These narrative configura-
tions in space are created taking into account the bodily presence of spectators. This is 
evident in the preparation of the presentation in (Figure 7 in V Performative Uses of 
Space) where the posters and projections were first arranged creating a closed space:  
“First I wanted to create a new space with those hanging posters, a space that can only be 
realized when you walk through the room, change your seat. But the jury cannot do that, I 
mean they can, but you know, they are too lazy maybe. So I arranged the posters and eve-
rything so that they could see it from one perspective” (the final arrangement in Figure 8 
in V Performative Uses of Space). 

Example H “The train ride”. Another example is “the train ride” (Figure 3 in V Per-
formative Uses of Space). Spectators were asked to perform a train ride (metro) to the 
stadium while a video was projected on the wall. Chairs were arranged in two rows fac-
ing each other like in a wagon, some spectators were sitting others were standing in be-
tween holding a handle. Still another example of the disposition of spectators is the pres-
entation performed with the miniature soccer field with integrated sensors and switches 
(Figure 4 and Figure 5 in V Performative Uses of Space). Here the presenter explained 
“…in the first presentation them sitting around me, like in a stadium, the whole atmos-
phere was like in a loud stadium.”  

In these mixed spaces digital media is “directed” to the multiple outputs using several 
input interfaces. In Examples F and G participants had switches, barcode scanners, sen-
sors built into models. The role of director has also an improvisational character, as it is 
open to a moment-by-moment reorganisation of how media is directed in space. For ex-
amples, when questions interrupted a presentation or during the discussion, the presenter 
could perform the artefacts and media in different ways. Also during the presentation not 
all the barcodes or sensors were played. The distribution and multiplicity of physical in-
put was rather a resource, representing embodied plans that could be situationally inter-
preted. These examples are evidence of how spatial configurations of artefacts and pro-
jections are expressive. Each spatial configuration expresses different meaning, specific 
to the project and individual who installed it. Performance stress how meaning is embod-
ied in the careful and expressive staging of space and arranging of artefacts, or in one 
word in the installation. 

4.1.3  Staging and Performing Mixed Objects 

In Example A, “animating bARcode”, already introduced, I pointed to an important role 
of mixing qualities of physical artefacts and digital objects in creating immersive repre-
sentations. In the words of the architect participating in the trial “If I want to associate a 
material with a model, I can use a projection of it in the same space where the model is 
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and get the atmosphere of it or the texture in the right scale and one has to interweave the 
two representations that help to make a decision.” The architects also used the model as 
an interface, projecting pictures on a 1:1 scale on the entire wall, disposing objects such 
as a chair near the wall to literally “sit in the garden” (Figure 1 and Figure 2 in V Perfor-
mative Uses of Space). The attempt was to create specific environments and atmospheres 
with multimedia that affect all senses and emotions. The architect stressed this by refer-
ring to how we are “emotional animals” responding to sound and immersive projections. 
Different moods and emotions play an important role in design decisions as the architect 
notes: “I think we are not already aware how we can emotionally be influenced and have 
to sleep over and over a design decision, done under these conditions”. 

Example I: “Staging and painting white models”. A Large part of the second cycle of 
trials focused on the Texture Brush (IV Supp. Configurability) in combination with sup-
port for multiple projections. In particular, in the trial in (Figures 10,11,12 in V Performa-
tive Uses of Space), students analysed buildings as examples of modernist architecture in 
Vienna. They produced models of an interesting spatial detail of one of the buildings and 
used the Atelier Environment to electronically paint the models with a variety of textures 
and played with background and scale. This resulted in explorations of how materiality 
and context changed the meaning of the building. As explained in IV, with the Texture 
Brush participants can create mixed objects. These have material and digital features and 
affordances, and are the product of digital and physical configurations.  

A white physical model, two Texture Brush applications, large projection screens and 
multimedia files, were all used to stage mixed objects. This process included painting the 
white models with textures from different directions (for example, from above and from 
the front). The “e-painted” textures on the model, together with the background images 
on large screens, created effects that were perceivable at different distances. This was 
evident in how the models were photographed at different distances and from different 
directions. The three large screens were not only used as background context and land-
scape, they were also used to “explode” details of the painted model playing with immer-
siveness and scale.  

Example J: “Camera-walkthroughs in painted models”. The webcam attached to the 
Mixed Objects Table (Figure 13 in V Performative Uses of Space) was also used to per-
form walkthroughs in the painted model and the video was projected on one of the large 
screens. Students also had to constantly change the lighting in the room to create the right 
conditions according to the situation, for example, using optical markers needs light, 
while some textures are of more effect in darker conditions.  

“Performance”, in this case, refers to how these configurations can be seen as staging 
and performing mixed objects. These exist for a limited time; they are ephemeral, al-
though they can be saved and reloaded (to some extent). As performances, they are re-
corded with pictures or through videos or they have to be performed again. According to 
the teacher’s feedback during the review after the presentations, the processual aspect 
was more important than the final product. These performances present, for example, a 
process through which a white model can acquire totally different meanings according to 
its costumes and schenographies. It is not one final form or one final structure that is im-
portant, but the process of seeing the same object change. As in configuring “spatial nar-
ratives”, physical interfaces were pervasive, and contributed to create ambiences, or, as 
the architect called them, atmospheres to be experienced. 
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4.1.4  Bodily Expressions in Interaction 

Example K: “The soccer game”. Some episodes in the trials proposed a centrality of bod-
ily expressions in interaction. An example is the presentation using a miniature soccer 
field to navigate the presentation (Figure 3 in V Performative Uses of Space). The whole 
presentation was performed using soccer specific terms instead of architectural ones. To 
change pictures, the student stepped onto the field; she also shot a soccer ball into the 
goal to highlight important outcomes in the presentation. The goal, equipped with a sen-
sor, triggered images and sounds. A squeezable yellow card (with a switch inside) was 
given to one of the teachers so that they could interrupt the presentation with questions. 
By squeezing the card, a loud whistle and the picture of referee Collina would stop the 
presentation. The performer explained that the spectators were invited to sit around the 
soccer field to recreate the atmosphere of “a loud stadium”. The position and bodily pres-
ence of spectators is a recurring feature in the previous examples addressing spatial narra-
tive (Examples I, F, G, and H). As is visible in all the Figures in V (Performative Uses of 
Space) each example has a different disposition of spectators and performers that are also 
moving and performing meaningful acts in the mixed media space. Spectators become 
part of the representation in the Example K, H and A. This simultaneousness of presence 
and representation is characteristics of the art of installations. 

Example L: “Performing and recording visits”. Another art of bodily expression, 
which was performed with the aim of being recorded, can be found in the trials with 
computational support for visits (VI Computational Support to Record and Re-experience 
Visits). Here, tracking technologies using GPS (Global Position System) can be used to 
record bodily movements outdoors, linking it to multimedia recordings created during the 
visit. The physical interface consists in being able to move with the body, for example 
walking, to draw lines while walking. After completing the trials, I discovered that the 
metaphor of drawing a line while walking using GPS tracking has been the object of elec-
tronic art projects. Drawing with Global Technologies by Andrea Di Castro is an interna-
tional project in which artists “draw” by their physical movements.  GPS tracking is used 
to make precise records “of the paths into visible shapes, a series of large scale virtual 
drawings, measuring several miles in size are being made.  The main concepts of the pro-
ject are: the movement as plot, nature as canvas, its global character” (Wilson 2002, p. 
290). This art project provides further indications of how tracking technology, as opposed 
to pervasive or context aware scenarios, can be used in an expressive way. In our trials, 
participants were aware that a system was recording their actions to create a representa-
tion. In these cases, the walking is not done “unthinkingly”. The performative use in-
cludes the conscious drawing of a line, which is performed with the whole body moving 
around the physical space. 

Example M: “Gesture to choose a projection screen”. Gesture-based interaction has 
been the object of trials to navigate multimedia recordings from visits (VII Configuring 
Gestures as Expressive Interactions). The aim of these tests was to compare different 
interfaces: an infrared remote control, a barcode scanner and “barcode poster”, or config-
urable gestures using a small sensor box (SoapBox). Gestures were configured for several 
interactions. Participants could choose between large projection screens while playing the 
multimedia recordings from the visits, also moving to next or previous objects.  
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Example N: “Pointing the direction of the picture”.  Pictures are also associated with a 

direction that can be sensed with the SoapBox, which is used as a digital compass during 
visits. Participants could also navigate pictures by pointing the SoapBox to different di-
rections and play media that was taken in that direction (VII). This was particularly inter-
esting when, during visits, a series of pictures formed a 360 degrees panorama.  

The results showed that participants configured gestures in different ways, becoming 
expressive of their own way of gesturing. More importantly, gesture-based interaction 
was particularly helpful to render the interaction intelligible to co-participants. Partici-
pants in interviews stressed the fact that with gestures they could better follow what was 
happening and provide better accountability when the “system” was not responding prop-
erly.  

Example O: “Scaling and rotating textures”. Gesture-based interaction can also be 
found in the Texture Brush, where textures can be rotated by rotating the physical brush 
or resized by moving the brush near or far. Students used these two features continuously, 
although it was not precise and not always responsive. These examples provide evidence 
of how bodily movements are performed to interact with the system as well as playing an 
important expressive role for other present participants.  

Examples show a variety of expressions that range from symbolic and aesthetic forms 
(e.g., Example K, “The soccer game”) to pragmatic forms that render action of the per-
former and reaction of the system more intelligible to participants (Example M, “Gesture 
to choose a projection screen”). Performance stresses how this can be a vehicle of expres-
sion to enrich communication or to render the situation more accountable for co-present 
participants. Moreover many of the examples construct a simultaneousness of presence 
and representation. Spectators and presenters in the Atelier trials became part of the rep-
resentation. Bodily presence is important to perceive the installation and simultaneously 
contribute to the representation.   

4.2  Performing Physical Interfaces 

It is now possible to structure the evidence together with the traits and features of per-
formance that have been selected in the previous section. The following statements pro-
vide a formulation of performance, which can be used to interpret physical interfaces as a 
way of supporting participants in experiencing and/or creating expressive events. 

Interactions are part of expressive events with a diachronic character that have an ini-
tiation and a consummation.  

Participants create expressions with a spectator in mind. These may generate new in-
sights privileging perception over recognition, and requiring energy for active participa-
tion and consciousness of the acts.  

Expressions are embodied in space, artefacts (including mixed objects) and bodily 
movements and are perceived privileging sense experience over verbal forms and ana-
lytical thinking.  

Expressions are emergent in events, and are contingent processes, rather then being 
de-contextualised products.  Their contingency resides in particular and personal configu-
rations, as events are the outcome of configurations of space, artefacts and digital media. 
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Events are characterised by a coexistence of doing and undergoing, bodily presence 

and representation, of experience and action. 
“Performing physical interfaces” denotes not only how physical interfaces participate 

in the expression, but also how participants make performative use of them. The discus-
sion begins by addressing how expressions can be embodied in events using physical 
interfaces. The following section analyses the role of expression, which is the central 
concept of the formulation of performance for physical interfaces. First, the individuality 
of expressions is discussed. Then, expression is considered in a framework, where mean-
ing from experience is made available and where perception leads to new insights. After 
this, the discussion turns to two concepts that further characterise the formulation: spati-
ality and configurability. Finally the emergence of new artefacts is discussed including 
interactive artefacts, mixed objects, and tools as the physical infrastructure.  

4.2.1  The Diachronic Embodiment of Expressions 

It has been anticipated that the examples would show ways of embodying expressions in 
events using physical interfaces. Expression involves an orientation towards outcomes 
and an unfolding in time. The adjective diachronic denotes how expressions exist and 
evolve through time. It is possible to point to particular means that make this possible. 
While expressions in an event are always made of bodily presence, spatiality, artefacts 
and electronic media, they can be created using specific means: interactive artefacts, 
mixed objects, spatial arrangements, and bodily movements.  

Expressions can be created using interactive artefacts and mixed objects: Example A 
“Animating bARcode”; Example B “The augmented diary”; Example C “Integrated bar-
code in the CAD Drawing”; Example D “Sensors in the section-skyline model”; Example 
I “Staging and painting white models”; Example J “Camera-walkthroughs in painted 
models”. 

Expressions can be created using spatial arrangements: Example E “The Spatial Po-
etry-Game”; Example F “Projections of buildings facing each other”; Example G “Ar-
ranging posters and projection in space”; Example H “The train ride”; Example I “Stag-
ing and painting white models”. 

Expressions can be created using bodily movements: In the ways participants interact 
with artefacts as above; Example H “The train ride”; Example K “The soccer game”; 
Example L “Performing and recording visits”; Example M “Gesture to choose a projec-
tion screen”; Example N “Pointing the direction of the picture”.  

The event-like character of these interactions is evident in the ways they are config-
ured and staged and assume a non-occasioned character: artefacts are scripted to enact 
particular digital outputs, bodily movements as gestures can be configured, as well as 
spatial arrangements, which can be carefully designed. The event-like character stresses 
processual qualities including ephemerality and contingency, but also the simultaneous-
ness of experience and action. Some interactions are so general that can be performed in 
time by anybody as in Example N, “Pointing the direction of the picture” where partici-
pants just have to point to different directions, activating the compass. Others as in Ex-
ample M, “Gesture to choose a projection screen” are contingent to the actor that can 
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configure the specific gesture at will. Finally interactions, as configured in artefacts in the 
Example K, “The soccer game”, are contingent to, and relevant in, a specific moment in a 
project and are thought to be performable only once. Ephemerality and contingency are 
not alone enough to qualify these embodiments of expressions. In particular, physical 
interfaces featuring in the episodes reveal the specificity of each person or group of par-
ticipants. 

4.2.2  Sense Experience and the Individuality of Expression 

“Expression as personal act and as objective result are organically connected with 
each other” (Dewey 1980/1934 p. 82) 

“(if) Perception replaces bare recognition. There is an act of reconstructive doing, and 
consciousness becomes fresh and alive. This act of seeing involves the cooperation of 
motor elements even though they remain implicit and do not become overt as well as 
cooperation of all funded ideas that may serve to complete the new picture that is 
forming. Recognition is too easy to arouse vivid consciousness. There is not enough 
resistance between new and old to secure consciousness of the experience that is had.” 
(Dewey 1980/1934, p. 53) 

The anthropological perspective on performance, which has been introduced in the previ-
ous chapter, points to the individuality of expression, and thus to the way it is specific 
according to the person that created the expression. While behaviour implies a routine 
that one goes through, an experience is personal, as it refers to “an active self, to a human 
being who not only engages in but shapes an action”  (Bruner 1986). While each person 
can experience only his/ her own life in the way it is received by his/her own conscious-
ness, individual experience is revealed, and can be perceived, by others through expres-
sions. Dewey discourages to separate the meaning of the object from the act that created 
it since the object is then “viewed in isolation from the operation which produced it, and 
therefore apart from individuality of vision, since acts proceeds from an individual live 
creature.” (Dewey 1980/1934, p. 82) 

The question performance poses concerns the ways in which physical interfaces sup-
port the individuality of expression. Widely spread computer applications that support 
communication, such as slide presentation software, propose ready-made templates and 
have an indirect influence on how a presentation will be performed with actions in the 
physical world (disposition in space gestures and rhythm of the presentation). Moreover 
artefacts can carry a diversity of inscriptions, which, through their materiality (Kress and 
Van Leeuwen 1996), contribute to communicate the individuality of expression. Physical 
interfaces make it possible, first of all, to have a direct influence on how physical actions 
and physical environment feature in communication. The examples provided evidence of 
how individuality of expression can be manifested in a variety of physical features (spa-
tial arrangements, artefacts, bodily movements). More importantly, these features were 
supported directly by physical interfaces. This is the clue to understanding how meaning 
can also be conveyed through sense experience during communication. These features 
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addressed sense experience14 more than our analytical thinking, as remarked by Dewey 
(1980/1934, p. 22). 

 “ ‘Sense’ covers a wide range of contents: the sensory, the sensational, the sensitive, 
the sensible, and the sentimental along with the sensuous. It includes almost every-
thing from bare physical and emotional shock to sense itself – that is, the meaning of 
things present in immediate experience”  

If also material and spatial features become part of standard templates or fixed arrange-
ments (as in a VR15 cave), there is less room for participants to be expressive through the 
technology. 

The generation of new insights in these examples is less the stuff of analytical thinking 
and problem solving, and more that of experiencing worldliness. In creating an installa-
tion, an interactive artefact or a mixed object, participants proceed trough trial cycles of 
expression and perception, followed by minute or grand changes of directions. In Exam-
ple G, “Arranging posters and projection in space”, there is a grand change of approach in 
the disposition in space during the configuration of the installation. More minute changes 
have been observed in the creation of mixed objects (Example I, “Staging and painting 
white models”) by changing textures, backgrounds or orientation of models. Sometimes 
these changes or trials are the outcome of the project; the aim is less on one final model 
but more a process that allows different perspectives in order to see things in different 
ways (cf. qualities in III, see also an additional example of trial in Jacucci, Linde & Wag-
ner in press, where one of these projects is discussed). These expressions have a dual 
character as they are events and acts of communication, as well as being part, especially 
in their preparation, of a learning process. In both cases, for the experiencer and for the 
creator, perception, in Dewey’s significance, is achieved through sense experience.  

As Vito Acconci tells us, performance is a literal embodiment of an idea, a denial of 
the mind/body separation. According to Kuutti (Kuutti, Iacucci & Iacucci 2002), there is 
a kind of knowledge that has been neglected that is tied to action. Kuutti borrows from 
Toulmin observing that this kind of “human thinking emphasises the specificity of the 
knowledge needed in acting in the world, knowledge that is particular, local, and timely, 
as contrasted to general and timeless”. The argumentation is also based on examples of 
how this knowledge has been considered in the past. Aristotle separated three kinds of 
knowledge: purely intellectual, theoretical knowledge (episteme), knowledge how some-
thing is done in practice (techne), and knowledge needed in dealing with concrete, actual 
problems as they arise (phronesis). The last has been lost in the vocabulary, as there is no 
term with such an etymology (Kuutti et al. 2002). The denial of the mind/body separation 
referred to by Acconci points to this particular knowing that is available through perform-
ing. Kuutti also refers to Dewey who argues against the separation of theory and praxis; 
this is relevant to our discussion to see how directed action is central in generating 
knowledge: 

                                                            
14 Ehn writes about sensuous experience; also Mereleu-Ponty (1964/2002) proposes sense experience. The way 
it is used here follows Dewey and the idea of immediate experience in opposition to other forms of meanings 
readily perceivable in a more intellectualistic manner, such as verbal utterances or visual languages. 
15 Virtual Reality 
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"…all of the rivalries and connected problems grow from a single root. They stem 
from the assumption that the true and valid object of knowledge is that which has been 
prior to and independent of the operations of knowing. They spring from the doctrine 
that knowledge is a grasping or beholding of reality without anything been done to 
modify its antecedent state – the doctrine which is the source of the separation of 
knowledge from practical activity. If we see that knowing is not the act of an outside 
spectator but of a participator inside the natural and social scene, then the true object 
of knowledge resides in the consequences of directed action." (Dewey in Kuutti et al. 
2002, John Dewey Quest for Certainty 1929) 

The relevance of these perspectives in this discussion is to stress how physical inter-
faces make possible new kinds of actions in interacting with digital media and computa-
tion. These new kinds of actions might be related to meaning in a new way.  Performance 
is there to emphasize the opportunity of exploiting the features of our involved action in 
the world. Performance is expression and “like construction, signifies both an action and 
its result” (Dewey 1980/1934, p. 82). As Denzin (2003b) notes, performance approaches 
to knowing insist on immediacy and involvement and favour an experiential and partici-
patory epistemology (Conquergood 1998). 

4.2.3  The Collective Character of Performance 

Much of the work of Victor Turner looked at performance in social processes through its 
collective character using such concepts as social drama, communitas, liminal and limi-
noid activities (Turner 1982). A performance perspective points to at least two aspects of 
how interaction can be considered as a collective achievement: 1) in the way it emerges 
from social practice, 2) in the way it is part of an event experienced and performed by a 
collective of participants. The first aspect will not be discussed, as the trials in the Atelier 
project did not yield material over a time period long enough to make observations of 
interaction as emergent in a social practice. The second aspect is evident in examples H 
“The train ride” and K “The soccer game” in the way all participants take part in the rep-
resentation, becoming passengers or recreating the stadium crowd. There are no spatial 
boundaries dividing performer and spectators, but the whole space becomes “representa-
tion” in which to experience the event. Another way in which this aspect is evident is in 
examples such as Example I “Staging and painting white models”, where participants 
take turns or work simultaneously in making transformations of mixed objects. Here 
there are multiple “authors” of expressions that emerge from an interactive (collective) 
and creative process.      

Participants should still be considered as users even if we focus on particular moments 
of interaction; however, at other times, the notion of user is reductive in these environ-
ments. People become performers in the way they not only use technologies, but act 
through them, and in the way they not only carry out tasks, but experience environments. 
Moreover, they configure mixed objects, arrange media into space, and create media 
scripts for artefacts. In doing so, they predispose an environment for action, thus they are 
also able to create an interaction design for themselves and for the other participants. The 
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notion of user is further problematised by the fact that the augmented environment is 
available to more people than become participants in the event. These may also access 
resources to participate in the expression, or to experience it. The collective character 
emphasises that there was not a strict division of roles or of space between participants. 
Moreover, there was not necessarily a strict temporal phasing of designing and presenting 
and of configuring and experiencing. 

4.3  Implications of Interaction as Performance 

4.3.1  A Processualisation of Space 

“Space thus becomes something more than a void in which to roam about, dotted here 
and there with dangerous things and things that satisfy the appetite. It becomes a com-
prehensive and enclosed scene within which are ordered the multiplicity of doings and 
undergoings in which man engages” (John Dewey 1934 p. 23) 

A “modern” conception of space is reminiscent of approaches in which computers pro-
vides a screen for each “observer” through which it is possible to access simulated or 
virtual reality, and in which space is there to be measured and to measure what happens 
in it (context aware and pervasive computing). The rise of spatial perspective has been 
considered the key to modernity, in the way it spatialised the world, represented a ration-
alisation of sight, and made space measurable. It led to mathematical geometry, modern 
engineering and machinery, and increased naturalism in European pictorial representa-
tion. “The overemphasis of space and extension divides the world into observing subject 
and alien material objects… the perspectival model makes man the measure and measurer 
of all things” (Spindler in Turner 1987). Ultimately, “the world is measurable – epito-
mised in Galileo’s maxim, to measure everything measurable and to make what is not 
measurable capable of being measured” (Palmer in Turner 1987). Turner, against this 
perspective of the modern that was still active during his time in anthropology, opposed 
the view on performance that stressed processual qualities as contingency and experience, 
which leads, through feelingly thinking and perception, towards expressing meaning. He 
opposed a processualisation of space into a spatialisation of time. 

Opposed to the view of space merely as something to be measured and something in 
which to measure what happens in it is an idea of performed space following the idea that 
architecture is “not as an object or work, in structuralist terms, but as an ‘interaction of 
space and events’” (Tschumi in Lainer & Wagner 1998). Michel De Certeu explains the 
multiplicity of views and the temporal and performed character of space very well (de 
Certeau 1984, p. 117): 

“A space exists when one takes into consideration vectors of direction, velocities, and 
time variables. Thus space is composed of intersections of mobile elements. It is, in a 
sense, actuated by the ensemble of movements within it. Space occurs as the effect 
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produced by the operations that orient it, situate it, temporalize it, and makes it func-
tion in a polyvalent unity of conflictual programs or contractual proximities”. 

In this kind of view, bodies play a crucial part as “bodies not only move in but generate 
spaces produced by and through the movements” (Tschumi in Lainer & Wagner 1998). 
Following these ideas of space and the performance perspective, space is viewed as re-
generable and not given or occasioned. In this sense, Atelier produced several examples 
of physical infrastructure for this, with configurable furniture (tangible archive IV), mov-
able furniture (the mixed-object table IV), and projection set-ups (V). In an event, per-
formance points to the multiplicity of perspectives given by the presence of different par-
ticipants. These engage in acts of expressions and can manipulate resources distributed in 
space and therefore commonly available (or publicly available, Robertson 2002). Here 
technology does not measure or simulate reality, but augments it and concurs in the per-
formance of space.  

The examples put forward, especially the role played by configurability in creating 
mixed spaces, where perception and sense experience take place, hint at a new perspec-
tive in the situated use of technology. In particular, the role participants have in interven-
ing in their environment to predispose both particular action and, also, particular experi-
ences. In my fieldwork, I observed how some activities were particularly engaging and 
required configuring space, arranging artefacts, and creating an atmosphere with music, 
for example. Sometimes the arranging of artefacts, like disposing of the material from the 
bag, was a ritual concurring to create not only the atmosphere in the environment, but 
also in the state of mind. The novelty provided by physical interfaces is the power to 
manage multimedia and other digital material in a dynamic way, which is powerful in 
creating atmospheres. In the sense of the architect of Example A, physical interfaces can 
be used to expand a particular detail to create an atmosphere that in turn influences most 
of our senses. His aim was to experience designs under a variety of conditions that also 
affect emotions. In the architect’s words again, “we can emotionally be influenced and 
have to sleep over and over a design decision, done under these conditions”. 

Lately the notion of “place” has been used to address the human experience of space. 
Ciolfi (2004), for example, seeks to extend with it interaction design or Ehn and Linde 
(2004) that see activities going on in a place as a kind of language-games. However the 
performance perspective still holds its peculiarity in advocating a re-generable space as a 
collage of physical and digital artefacts and bodily actions in expressive events. This di-
rectly addresses configurability, which is discussed in the following section. 

4.3.2  Configuring as Staging and Transforming 

The word configure can be traced back to Latin from con- "together" + figurare "to 
shape"; it has now lost its original meaning in Latin of fashioning after a pattern, acquir-
ing instead the contemporary meaning of designing, arranging, setting up, or shaping 
with a view to specific applications or uses. In particular, the composition of the two 
words “together” and “shape” could be taken to mean that it is not a single object that is 
being shaped with a view to a specific application, but a heterogeneous assembly of arte-
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facts. Other concepts like customising and personalising privilege a view from the com-
puter artefact and the idea of a single user. Tailoring, on the other hand, even if also ap-
plied to groupware, implies a single tool. Personalisation has been considered in the case 
of shared ubiquitous devices for “improving the user friendliness, efficiency, and capa-
bilities” of shared ubiquitous devices, “helping reduce secondary activities” (Hilbert & 
Trevor 2004). Configurability can, on the other hand, stress, not the reduction of the sec-
ondary activities, but rather the augmentation of the primary ones. Configuring in the 
examples provided in this thesis was an essential activity to predispose the environment 
towards action and experience, and to manipulate spatiality, artefacts and digital media so 
as to privilege perception over recognition. In the examples of mixed objects, participants 
invested time and resources in creating configurations in and around mixed objects (Ex-
ample I), producing a variety of transformations and discoveries. These and other exam-
ples (e.g., Example G) also pointed to the purposeful and narrative configurations of 
physical artefacts and digital media in space in stages for interaction. 

Part of my development work involved the creation of tools to create, store and load 
configurations of physical inputs and digital media on multiple output components. Con-
figuration tools also included physical artefacts, such as infrastructure for projection set-
ups, furniture, and printed material. The latter was central in providing a consistent 
physical interface and avoiding GUI completely. Representations of collections of multi-
media files with thumbnails and barcodes could be printed for each participant, project, 
or event. Just using printed paper, a barcode scanner and a physical brush, participants 
could configure media on multiple projectors, choose textures to be painted on a model, 
and save everything, or part of the environment, on a simple barcode. On the simplest 
level, these configuration tools made it possible to browse media to associate it with a 
physical input. More complex tools made it possible to save configurations of digital con-
tent in multiple outputs, as well as digital textures painted on physical models. Other 
tools were furniture and projection set-ups, which constituted a key physical infrastruc-
ture of the interface (the mixed object table IV is not only a movable table but a horizon-
tal screen, and has integrated tag readers etc.).  

Configurability has also been considered with the emergence of tangible interfaces. 
According to Dourish, tangible computing explores the relationship of activities and the 
space in which they are carried out in three ways in particular: “through the configurabil-
ity of space, through the relationship of body to task, and through physical constraints” 
(Dourish 2001a, p. 158). Here, by configurability of space Dourish means allowing users 
“to arrange the environment to meet their own particular needs” (p. 159). Dourish again 
writes that (p. 159):  

“by reconfiguring spatial arrangements, users can reconfigure system functionality; by 
tailoring the physical environment, they also tailor the computational environment to 
adapt it to their immediate needs… So the distribution in space introduced by tangible 
computing also supports a negotiable relationship between body configuration and the 
computation being employed in a task. Configuring the space and configuring the 
body are carried out relative to each other.”  

This view of configurability brings Dourish to consider how the limits to reconfigurations 
of body and space are also addressable by design features such as exploiting physical 
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constraints, which in turn point to physical affordances. While a tangible computing per-
spective points towards configurability, workplace studies and other studies of practice 
(or what Dourish calls social computing) point to how the sequential organisation of in-
teraction is not simply the execution of a formal plan in the user’s head, “but instead rises 
from a process of continual response to circumstances, within which it was being pro-
duced” (p. 160). Design should support this by “giving users more direct control over 
how activities are managed, perhaps by organising interaction as informal assemblages of 
steps”. Moreover, design should support “the process of improvised, situated action by 
making the immediate circumstances of the work more visible”.  

We can see how the performance perspective puts configurability in a different light, 
pointing to additional issues as well. In the examples we provided, configuring included 
creating mixed spaces with the aim of providing specific sense experiences. Resources 
for this purpose involved not only “immediate tasks”, the “improvised sequential organi-
sation of interaction”, or affordances, but how to render spatiality, artefacts and digital 
media manipulable so as to privilege perception over recognition (Dewey, section 4.2.2 ). 
In conclusion, while principles of embodied interaction are relevant to the examples in 
this thesis, this work provided a “setting-ed” (cf. Dourish p. 161) exploration that points 
to specific ways in which physical interfaces can be embodied in people’s practices. 
These ways privileged the particular way of manipulating meaning in the environment 
that has been referred to in this discussion through the notion of expression. 

4.3.3  A Different Temporal View on Interaction 

A performance perspective proposes the centrality of expression in interaction, with an 
orientation towards outcomes and an unfolding in time. With the adjective diachronic, 
Victor Turner denoted how expressions exist and evolve through time and how they in-
clude an initiation and a consummation. This temporal view is well characterised by the 
notion of event. Other perspectives, as we have seen in section 2.3.1 Configuring Space, 
resulted in studies of interaction in its moment-by-moment unfolding or in a longer time 
frame as co-evolution of technology and practice. An additional perspective is that of 
artefacts, for example, in the framework provided by De Michelis (1999, 2003, 2004). 
Here, qualities of artefacts such as openness, multiplicity and continuity explain their 
relation to us in given situations. This framework does not address expressivity directly. 
In fact, De Michelis (1999) states that his framework does not put aside the aesthetics of 
artefacts, it rather forms a premise for it. Analysing the examples, it is easy to see how 
things populating events need several terms: artefacts, objects and tools. The notion of 
mixed objects was especially powerful in recognising and analysing new representational 
forms. While “object” implies “being the object of work” (cf. Suchman 2000), “tool” 
points to something, e.g., an instrument or apparatus, used in performing an operation or 
task. A barcode, for example, was generally part of the tool, but blended in the object of 
work or artefact as in Example C, “Integrated barcode in the CAD Drawing”. Moreover, 
barcodes were used in very different ways (size, how and where they were attached, how 
they were grouped), expressing the differences between individuals.  
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The perspective put forward by performance is in some ways orthogonal as it privi-

leges process and people’s experience over qualities of artefacts. More importantly, it 
forces us to consider temporality in the relation between humans and material (objects, 
tools, artefacts, technology) in a different way. The performance perspective forces us to 
look at interaction in events, where material is (or can be) staged and transformed in 
space. This different temporal view of interaction shows how a performance perspective 
addresses the neglected issues summarised in 2.3 . Before the technological interventions, 
student practices were already marked by distinct events that occurred according to a 
variety of rhythms. In section 3.2.3 , Configuring space, arranging artefacts, these events 
are exemplified by the different reconfiguration of space and artefacts every semester, 
every week or every day. Therefore, the temporal view suggested by a performance per-
spective already shows its relevance before the interventions. It provides for physical 
interfaces in mixed media powerful means through which to understand events in a more 
dynamic and expressive environment. This temporal view of interaction contributes to the 
emerging body of work on temporality in interaction that proposes to look at temporal 
structures (Fisher & Dourish 2004), temporal tensions (Tamminen et al. 2004), temporal 
patterns, and rhythms (Reddy & Dourish 2002). 

 
 



5 Conclusions 

“…in designing computer artefacts as tools we must investigate both constraints and 
new possibilities for acquisition of tacit knowledge based on sensuous experience.” 
(Ehn 1988, p. 451) 

 
We started the first chapter, “Setting the Scene”, with a quote from Pelle Ehn and defin-
ing physical interfaces. Along this journey, the three chapters and the examples provided 
answers to Ehn’s questions. This thesis has investigated how physical interfaces provide 
new opportunities for moving interaction beyond conventional interfaces to encompass 
more sense (sensuous) experience. However, the performance perspective moved beyond 
Pelle Ehn’s question with the notion of expression, pointing to the roles of physical inter-
faces in supporting experiential, presentational and representational interaction. 

This has brought us to consider four dimensions of physical interfaces and to answer 
specific questions around them.  

Physical Artefacts Physical interfaces exploited their articulation in material qualities, 
spatiality and affordances, rendering them more expressive. Artefacts could be mixed in 
physical interfaces with digital media to create mixed objects.  

Space Through physical infrastructure for multiple-projection set ups, space was 
turned into an essential performative element conveying experiential and narrative as-
pects.  

Embodied Actions If augmented through physical interfaces, bodily movements can be 
a vehicle of expression to enrich communication, create expressive representations, or to 
render the situation accountable to other participants. 

Configurability Configurability has been a crucial “enabler” in all the three aspects 
above, as it rendered physical interfaces susceptible to being manipulated into being more 
expressive. 

A performance perspective made it possible to address these aspects in a coherent way 
as they contributed to the description of sense experience as a dimension of physical in-
terfaces: the individuality and collective character of expression; the diachronic and event 
structure as a distinctive temporal view on interaction. Under this perspective, interaction 
is part of expressive events aimed at generating new insights for participants (inter-
changeable performers and spectators) privileging sense experience. All the above as-
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pects are embedded and emergent in events, rather than being de-contextualised products. 
Events are the outcome of configurations of space, artefacts and digital media, and are 
characterised by a simultaneousness of doing and undergoing, of bodily presence and 
representation. 

More importantly, the performance perspective suggested a particular temporal view 
on interaction, based on the concept of event, addressing a neglected granularity of analy-
sis between the moment-by-moment unfolding of interaction and the longer term co-
evolution of technology and practice. 

This perspective contributes to the debate on new human-computer interaction frame-
works and to the wider program of interaction with an empirical grounding of the provo-
cations in Table 1, p. 17. The evidence and the discussion showed how the notion of task 
can be contrasted with the notion of event, and how perception in Dewey’s terms can be 
privileged over recognition; in this context, expression is contrasted with accountability 
and usability. Technology centred approaches, as personalisation, tend to have a view 
from the computer artifact; here configuration is defined by the properties of the artifact. 
Performance stresses the centrality of the actor that configures expressions and experi-
ence in environments; in this case, configuration is defined by the actor and his situation 
(reckoning “the (moody) situation of the actor” Ciborra 2002 p. 161).  The implications 
of this include looking at how space can be configured and staged instead of measured or 
simulated, and how situations can be staged instead of sensed and recognised, opposing 
the sensing human to the sensing system. 

The relevance of these findings goes beyond the specific setting of the project-based 
learning of architecture design. As we have seen, several studies in learning and museum 
settings were related to this work. Benford and co-authors (2004), present new applica-
tion areas for pervasive computing where the aim is to improve quality rather than effi-
ciency through, for example, “culturally embedded computing”, where technology is em-
blematic and expressive of its cultural context, emphasising personal experience and re-
flective design (Sengers et al. 2004). Digital installation art is also currently understood 
in a much broader sense, extending out of exhibition halls and museums. Lock and co-
authors propose a new research agenda for interaction design where the interest is “on 
how technology stimulates the user’s desire to create and perform in playful arenas and 
how it promotes dialog between itself, the user and the environment” (Lock et al. 2004)  

Anthropological concepts of performance and the concept of configurability are not 
necessarily applicable only to “artistic” domains as in the setting of this research. Per-
formance, as mentioned in the previous section, “Introduction to the term ‘Perform-
ance’”, can be considered in a variety of settings including, for example, surgery. A case 
study of the introduction of multimedia communication technology into a surgical operat-
ing theatre appeared recently in the CSCW journal (Aanestad 2003). The author observed 
“a shift or displacement of the work practice towards a performance in front of an audi-
ence”. While the analysis proposed by Aanestad (2003) is informed by Actor Network 
Theory and contains no reference to the literature on performance, the terms “configura-
tions” and “performance” are central to the analysis: “The alignment of this heterogene-
ous network was achieved through a continuous process of design, test and redesign of 
different configurations of people, practices and artefacts.”  

The author argues for the relevance of viewing design as design of configurations for 
open and generic technologies. Configurations are seen as “the creation of a well-
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working mix of people, practices and artefacts” and “viewing design as design of con-
figurations captures the contingent, continuous and nondeterminate nature of the process, 
and also the multiplicity and heterogeneity of the participants” (p. 17). While adopting 
ANT, and using its vocabulary as inscription, displacement etc., Aanestad had to borrow 
terms such as configurability and performance from elsewhere, showing how these last 
two terms are relevant for a setting radically different from the one presented in this the-
sis.  

The multimedia technology studied in Aanestad (2003) increased the relevance of per-
formative features of action. This has also been observed in the Atelier case, if the work 
of students before the interventions is compared to their work in the trials (see “Configur-
ing Space, Arranging Artefacts” p.3, p.5). These performative features can be further ana-
lysed through an approach informed by studies and practices of performances, consider-
ing a variety of dimensions of the expressive use of configurations. For example, the per-
formance perspective points to: the event character of action as “a” surgery, a presenta-
tion, or an experimentation with a model, the embodiment of expressions in spatial ar-
rangements of artefacts and embodied actions, and the role of participants producing or 
perceiving expressions. It is not implied that these features cannot be addressed adopting 
actor-network theory, ethnomethodology, activity theory, or distributed cognition. The 
point is that a performance perspective points to these features directly. For this reason, a 
performance perspective can be useful in addressing the “neglected middle ground” (see 
previous section, “Configuring Space”) at a time when the pervasiveness of multimedia 
technologies makes it an emergent and inevitable field of inquiry. 

Communication, computation and multimedia technology can no longer be considered 
as separate fields. The question is not only about choosing between convergence in an all-
in-one device or information appliance as specialised artefacts16, but also about realising 
that computation, communication and multimedia can be assembled in mutable configu-
rations according to the situation. This, however, requires a change in design thinking 
beyond convergence in one device or specialisation in information appliances. In the ex-
amples provided, one way in which this was tackled was by providing infrastructures and 
tools to create component assemblies to support specific situated arrangements. More-
over, these assemblies had a dual role: they were in support of communicative events and 
also concurring to produce specific experiences.  

The thesis uncovered an area of opportunity and indicated promising concepts to un-
derstand it. However, considerable challenges and research problems remain to be ex-
plored in order to provide technologies for re-configurable mixed media spaces in support 
of expressive events. For example, future research can address the relation between digi-
tal and physical configurations, how configuring as staging and transforming can relate to 
proactive and context-aware computing and how configurations and expressive events 
relate to the collective emergence of practice. 
 

                                                            
16 As Dourish (2001a) notes, these are technological distinctions and are not about interaction. 
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