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Abstract 


This thesis is an exploratory study based on a participatory design project 
 that unfolded at The Norwegian Museum of Science and Technology during 2017 
 and early 2018. In this project, four museum researchers engaged with a group of 
 high school students affiliated with a youth council from the multi-ethnic eastern 
 part of Oslo. Together they discussed issues of identity, ethnicity and belonging 
 related to the exhibition FOLK – From racial types to DNA sequences (FOLK), which 
 explored historical and contemporary research on human biological diversity and its 
 interactions with society and culture. The participatory process ended with the 
 design of an interactive sound-installation to accompany the exhibition. 


Drawing on the insights from the co-design process and the artefact that was 
 designed, the thesis examines questions of interpretations of participatory museum 
 installations. It describes how multiple interpretations arise against the backdrop of 
 different contexts of museum visits. Visitors relate the museum encounter to their 
 previous experiences and knowledge, which affect motivation and meaning-making. 


The visitors also interpret the installations considering the possibilities for social 
 interactions they enable. Lastly, the physical context can afford or constrain 
 interpretational openness.  


The thesis discusses the role sound plays in visitor interpretations of the 
 installation. It suggests that sounds further open the interpretational space by 
 providing a creative and playful activity, and supporting a form of meaning-making 
 that happens in the interaction between the creator of a soundscape and the 


listener. Furthermore, sounds stimulate sensual and pre-reflective aspects of 
 experiences and might thus contribute to more comprehensive museum 


experiences, connecting action, emotion, rational thought and reflection with the 
 senses. 


On the other hand, the thesis suggests that sound might be a problematic 
 medium concerning usability in a museum installation. The temporal aspect of the 
 medium makes it difficult and time-consuming for users to browse through 


collections of digital sound files. 


The thesis further discusses underlying tensions and dilemmas concerning 
interpretations. While linking the visitors’ everyday lives with the museum 



(6)experience presupposes openness to interpretation, good usability is vital in 
 museum installations as well, and usability suggests only one single, correct 
 interpretation. The thesis suggests several measures to achieve balance between 
 openness and usability. 


Another tension arises in the attempt to align the visitors’ interpretations 
with the knowledge that the museum wants to get across in open-ended interactive 
installations. The thesis points to several reasons for a possible lack of alignment 
between the exhibition topic and the visitors’ interpretations of the installation. 
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1 Introduction 


This thesis is an exploratory study that describes the participatory design (PD) of 
 an interactive sound-installation at The Norwegian Museum of Science and 


Technology (Norsk Teknisk Museum/ NTM). The development of this installation 
 emerged from a PD project, involving museum researchers and professionals 
 together with a group of high school students. The initial goal of the project was to 
 develop ideas for a learning programme, related to the exhibition “FOLK– From 
 racial types to DNA sequences” (FOLK). It eventually turned into the design of an 
 artefact that took the shape of an interactive sound-installation to accompany the 
 exhibition. The installation was entitled “The Sound of FOLK”. 


During the PD process that spanned eight workshops over the course of one 
 year, the young participants, together with four museum researchers, discussed 
 issues of identity, ethnicity and belonging against the backdrop of the exhibition 
 FOLK, which explores historical and contemporary research on human biological 
 diversity and its interactions with society and culture. The group discussed ways to 
 engage visitors in reflection and participation on these issues, using sound to engage 
 with the topics. Eventually, the group conceived a concept for an installation, which 
 was later developed into a high-fidelity prototype. The prototype was then 


evaluated by the participants, tested with different users and finally installed as part 
 of the exhibition at the museum foyer. 



1.1 Research Context and Motivation 


This work is placed within the field of Human-Computer Interaction (HCI), 
 while at the same time is informed by relevant research on the subject matters of 
 museums and the phenomenon of sound from other fields.  


HCI has its roots in engineering research and later, cognitive science 
(Harrison, Tatar, & Sengers, 2007, p. 3). More recent developments in the way we 
use information and communication technologies (ICTs), expanding its use-contexts 
from the workplace to home and leisure, from task-oriented to non-task-oriented 
activities, including new elements of our lives, such as culture, emotion, and 
experience (Bødker, 2006; Harrison et al., 2007), challenge the traditional 
engineering and informational view of the field (Harrison et al., 2007). A central 
question that arises from these new perspectives is how to fit the formalised, 



(16)computational representations and actions of ICTs with the complex and 
 unpredictable situations that happen around us (Harrison et al., 2007). Several 
 authors have therefore proposed new approaches to HCI, claiming to have identified 
 a new wave or paradigm of the field (Bødker, 2006; Harrison et al., 2007).  


When exploring the design of an interactive museum installation with the 
 medium sound as a central element, this thesis engages directly with these new 
 approaches. Today, museums, in line with society at large, increasingly implement 
 digital technology into their exhibitions (Ciolfi & Bannon, 2007; Hornecker & Stifter, 
 2006). At the same time, the visitors’ role changes from that of passive consumers to 
 creators, actively contributing to the content of exhibitions, often through digital 
 technology (Ciolfi, Bannon, & Fernström, 2008; Simon, 2010). It has been argued 
 that this change of the visitor role is necessary if the museums want to stay relevant 
 in a society where social media provide a broad amount of information sources and 
 different cultural perspectives while at the same time enabling users to discuss, 
 share and remix what they consume (Simon, 2010, p. ii).   


This background forms a new, and still evolving application area for the 
 design and use of ICTs.  There is considerable research on visitor participation in 
 museums (Ciolfi et al., 2008; Ferris et al., 2004; Simon, 2010). Existing research on 
 this topic mainly revolves around producing and sharing media in the form of 
 photos, videos or texts. This thesis goes into a relatively new territory by exploring 
 sound as a medium for participation through creating and sharing (Salo, Bauters, & 


Mikkonen, 2017). Sounds have alleged qualities that fit well with the vision of a 
 pluralistic museum with a focus on user participation, personal experiences, 
 multiple interpretations and access to formally excluded perspectives (Bubaris, 
 2014; Mansell, 2017). 


The methodology of PD has its roots in workplace studies but has expanded 
 into new areas outside the workplace, including schools and informal education 
 settings like museums (Bratteteig, Bødker, Dittrich, Holst Mogensen, & Simonsen, 
 2013). While there is an ongoing discussion about the application of PD practices in 
 exhibition development, there is still little documentation on PD projects in 


museums that describe extensive user involvement beyond limited and specific 
 objectives, such as observations or evaluations (Mygind, Hällman, & Bentsen, 2015). 


This thesis can contribute to the PD community by describing an exhibition design 



(17)project that involved users in an open-ended design process – spanning from early 
 explorations through concept development – and concluded with an evaluation. 


The thesis thus interweaves themes and approaches which are rarely 
 described in this particular combination: The application area of the museum and 
 the interactive exhibit, the methodology of PD and the medium of sound. All three 
 themes, as they have been approached in this thesis, hold similar promises. They 
 aim at affording a diversity of expressions and experiences as well as 


interpretational openness and they carry a substantial user focus.  


At the same time, these themes hold underlying challenges. Concerning PD 
 and co-production with audiences in museums, there is a tension in the desire to 
 break out of the barrier of the “glass-case” between audience and exhibitions by 
 expanding the number and diversity of people involved in museum practice, while at 
 the same time seeking to retain, and even stabilise, museums’ political assumptions 
 (Graham, 2016, p. 4). This tension is reflected in the other themes of this thesis. Not 
 only is the interactive museum exhibit that emerges from a co-design process a 
 material representation of that duality of expansion and stabilisation. New tensions 
 arise when the exhibit is used and appropriated by audiences. Here the audiences’ 


multiple experiences and interpretations might collide with the museum’s need to 
 stabilise and control aspects of the visitors’ experience. Finally, sounds have the 
 potential to present a diversity of expressions, yet, if they are not controlled or 
 contained somehow, they might be perceived as noise. 


Having worked as a museum technician for several years as well as having a 
 background in sound engineering, I have had a strong personal motivation to work 
 with the subjects of this thesis. I am particularly fascinated by the phenomenon of 
 sound, which seems to have a substantial impact on our everyday lives, yet remains 
 little researched and documented in our – as I perceive it – predominantly visual 
 world. 



1.2 Research Questions 


The first research question (RQ) is: Explore how we can design for multiple 
 interpretations of participatory museum exhibits? 


My research interest, when engaging in the work with this thesis, was to 
explore sound as a medium for visitor participation in a museum. To discuss how we 



(18)can use sound in this context, I first needed to ask some underlying questions 
 concerning visitor participation. When approaching the design of an interactive 
 museum installation, questions such as the following arise: “What triggers and 
 motivates visitor participation?” “Why would the visitors bother to engage and 
 contribute?” and “what would they take away from such activity; what would be ‘in 
 it for them’?” 


 I aim to show how these questions of motivation and values depend on how 
 the visitors relate the museum experience to their own lives. How do they connect 
 their previous experiences with the encounter, how do they make it relevant for 
 themselves and how do they assign meaning to it, or in other words, how do they 
 interpret it?  


It has been suggested that a user’s interpretation of a system happens on at 
 least three intertwined levels: First, by interpreting a systems usability, second, by 
 relating it to the users’ everyday lives and third, by interpreting social and cultural 
 meaning embodied in the system (Sengers & Gaver, 2006, p. 100). Considering that 
 museum visitors have different backgrounds and different agendas for their visit, as 
 well as that a museum visit is encompassed by diverse social and physical contexts 
 (Falk & Dierking, 2016), we can assume that they might experience and interpret 
 their museum encounters in many different and unforeseen ways.  


The visitors’ multiple interpretations pose several challenges for design. 


First, there is the question of aligning user interpretations with the meaning that a 
 system is supposed to carry. Another challenge is to find ways to design an 


installation with an interpretational openness, while at the same time taking into 
 account usability, which arguably assumes a single preferred interpretation that 
 accounts for how a system works (Sengers & Gaver, 2006, p. 100). Given that 
 museum visitors usually engage with interactive exhibits only for a short period, 
 usability should be a priority, particularly the efficiency and learnability of the 
 system. 


The second RQ is: How can sound be used as a medium for visitor participation 
 in a museum exhibit?


Given the insights on visitor participation; the visitors’ motivations and 
different contexts that introduce multiple interpretations, I return to the 
phenomenon of sound and explore its potential use in a participatory exhibit. 



(19)Sound seems to be an often neglected medium in public spaces, as is the case 
 with museums and science-centres. It is often perceived as unwanted noise, and at 
 best, measures are taken to contain and control sound as much as possible. When 
 used deliberately, sound, for the most part, seems to play a supportive and 


structuring role for the visual narrative of the exhibitions, such as in audio-guides, 
 auditory feedback in interactive installations or as a soundtrack to accompany the 
 visual displays. In these applications, the visitor is merely a passive recipient of 
 information. Here I investigate how we can use sound in a participatory context – 
 could it be the primary medium through which to engage with an installation at the 
 museum? How would that affect the activity, in particular? How would it shape user 
 interpretations of the activity?


The third RQ is: How can we devise representations for sound in user interfaces 
 (UIs)? 


It was my ambition to develop a working prototype of the concepts that 
 emerged from the participatory workshop activities conducted for this thesis. 


Explorations with sound and participatory prototyping were also essential tools in 
 the PD process itself. When working with sound as a design material, a possible 
 challenge is a question of how to represent sounds in a digital artefact. When 


working with prototypes for interactive systems, we need to design representations 
 of sound in the UI to be able to search, find, record, playback or manipulate sounds. 



1.3 Languages and Translations 


The PD project this thesis reports from, unfolded in a multinational context, 
 including researchers from Norway, Greece and Germany. The majority of the 
 participants were first or second-generation immigrants from Asia and the Balkans. 


The language used to communicate in the project was mostly Norwegian with 
 occasional use of English. In this thesis, I have chosen to translate some Norwegian 
 quotes from participants into English for the sake of coherence. These translations 
 are marked with square brackets in the text. 



1.4 Chapter Overview 


Chapter 2 


Chapter 2 presents theory and literature relevant to the research context of 
this thesis. The chapter is divided into three main parts. The first part looks at the 



(20)HCI theory related to the RQs, namely context, user interpretations, emotions and 
 sound. The chapter then gives an overview of literature on the museum, focusing on 
 visitor participation and sound in museums. The chapter concludes with an 


overview of different tools and techniques to prototype with sound. 


Chapter 3 


Chapter 3 provides background information on this specific case study. It 
 describes how a research and development project for a participatory museum 
 installation was initiated at NTM and introduces the institution and the project 
 stakeholders. 


Chapter 4 


Chapter 4 presents the philosophical foundation for my research, introduces 
 the methodology of PD and gives a thorough overview over how the fieldwork was 
 conducted, how participants were recruited and how data was collected. It also 
 describes analytical approaches that were taken and reflects on ethical issues. 


Chapter 5 


Chapter 5 presents the empirical findings from the fieldwork and describes 
 how a high-fidelity prototype was designed. The chapter follows a chronological 
 order. It focuses on the findings from a Future Workshop (FW) and how the 
 outcome of this workshop informed the design of the prototype. 


Chapter 6 


Chapter 6 revisits the RQs and discusses them in light of the empirical 
 findings and theories. It also contains critical reflections on the design process, the 
 outcome and potential shortcomings of the thesis. 


Chapter 7 


Chapter 7 concludes the thesis with a summary of key findings and an 
outlook on possible future work. 



(21)
2 Theory 


The theoretical foundation of this thesis is based on two perspectives: First, 
 HCI provides a theoretical approach to the central concepts to be discussed, namely 
 user interpretations, use context, emotions and sound. The chapter draws to a large 
 extent on theories that have a phenomenological perspective, from a definition of 
 context to situated action, embodied interaction and an interactional approach to 
 emotion. 


The second perspective is on the museum, consisting of a review of museum 
 literature that provides domain-specific knowledge on the museum concerning 
 sounds, interactivity and visitor participation.  


Lastly, the chapter gives an overview of different available tools and 
 techniques for prototyping with sound. 



2.1 Human-Computer Interaction 


Several attempts have been made to categorise the field of HCI into different 
 paradigms – categories of research foci that are driven by technological change and 
 new analytical approaches. These different categories have been described as faces 
 (Grudin, 2005), waves (Bødker, 2006) or paradigms (Harrison et al., 2007) of HCI. 


These terms describe partially overlapping, yet somewhat different views and 
 concepts. Harrison et al. (2007), introduce three paradigms, that describe changing 
 metaphors of interaction. The first paradigm sees interaction as a form of man-
 machine coupling, the second as a form of information processing, while the third 
 paradigm defines interaction as  


…a form of meaning making in which the artifact and its context are mutually 
 defining and subject to multiple interpretations…. The goal for interaction is to 
 support situated action and meaning-making in specific contexts, and the 
 questions that arise revolve around how to complement formalized, 


computational representations and actions with the rich, complex, and messy 
 situations at hand around them. (Harrison et al., 2007, p. 6) 


The third paradigm of HCI is useful as a theoretical backdrop for this thesis 
for several reasons. For the first, one major cause for the emergence of a third 
paradigm is the increasing discretionary use of ICTs (Bødker, 2006; Harrison et al., 
2007), moving away from workplace-related activities towards leisure activities, 



(22)like for example a museum visit. This background also constitutes a shift from task-
 oriented activities towards non-task oriented, even non-rational activities (Bødker, 
 2006). Second, my research focus on multiple interpretations of experience is a 
 central problem in the third paradigm, where meaning-making is described as 
 happening in the interaction between an artefact and multiple, situated contexts of 
 use (Harrison et al., 2007). Third, research within the field of Sonic Interaction 
 Design (SID) is said to be closely related to a third-wave of HCI (Franinović, Karmen 


& Serafin, Stefania, 2013). SID explores new ways of interacting with sound, 
 emphasising topics such as culture, emotion and experience in interactions with 
 sound. 


The aim of this section will therefore be to identify relevant HCI concepts and 
 theory with a focus on a third-paradigm analytical perspective. I will first and 


foremost draw on the definition of the third paradigm by Harrison et al. (2007), as 
 well as the third wave concept, as introduced by Bødker (2006). 


2.1.1  Context and User Interpretations 


Problems of interpretation and meaning-making have been central in the 
 field of HCI. One such problem is how to explain and predict user behaviour when 
 they interact with a system. Concepts such as mental models or the gulfs of 


execution and evaluation are examples of cognitive frameworks that have been used 
 to explain user interpretations of interaction processes (Rogers, Sharp, & Preece, 
 2011, pp. 86–91). Another problem is related to enabling computers to better 


interpret users actions and the intentions behind them, for example by analysing the 
 users’ emotions as it is being attempted in affective computing (Picard, 1997). 


In such cognitive approaches, one often assumes a single correct 


interpretation of how a system works. In the case of the aforementioned mental 
 models, one would, for example, strive to align the system model of the user – their 
 mental representation of the system – with the preferred interpretation of the 
 designer (Sengers & Gaver, 2006, p. 100). On the simplest level, user interpretation 
 is about usability, the ease of use and learnability of the interface and in that case, 
 such a single preferred interpretation appears to be reasonable (Sengers & Gaver, 
 2006, p. 100). 


On the other hand, interpretations are also about relating a system to the 
users’ everyday lives and interpreting the cultural and social meanings embodied 



(23)within it (Sengers & Gaver, 2006, p. 100). When studying interactions with museum 
 exhibits and artefacts that happen within diverse personal, sociocultural and 


physical contexts (Falk & Dierking, 2016), these kinds of interpretations seem to be 
 pivotal. Not only could it be argued that a single interpretation or even a prediction 
 of possible interpretations would be difficult, considering that visitors probably 
 experience their museum encounters in many different and unforeseen ways. More 
 so, multiple interpretations by visitors might just be the desirable outcome when 
 designing activities that aim to democratise the museum by letting visitors actively 
 participate in discussions around the exhibition topics. 


One approach, to open systems for multiple interpretations can be found in 
 concepts such as end-user development or meta-design (Fischer, Giaccardi, Ye, 
 Sutcliffe, & Mehandjiev, 2004), where techniques, such as tailorability, 


configurability or end-user programming  are applied to allow users to adapt and 
 customize systems according to their preferences. Such approaches have been 
 described as continuing design in use (Henderson & Kyng, 1995) – instead of trying 
 to align the system model of the designer with that of the user, certain aspects of the 
 system are deliberately left open for the users who then themselves perform design 
 activities during use. One shortcoming of such approaches is that they seem to occur 
 only during long-term involvement with a system and that they might require expert 
 knowledge and a considerable amount of learning to be put into use (Fischer et al., 
 2004). This threshold assumedly renders such approaches unusable in the context 
 of a museum visit, where users only briefly engage with systems, leaving little time 
 for acquiring skills necessary to make deep customisations and adaptations. One 
 might, therefore, need to find ways to design systems for multiple interpretations in 
 different contexts, without asking the users to customise looks or functionality of the 
 system. Possible approaches to open systems for interpretations are for example the 
 use of ambiguity in design (Gaver, Beaver, & Benford, 2003) or familiar, open 


surfaces, that resonate with the users’ real-world practise and thus shape their use 
 and interpretation (Höök, 2006). 


To better discuss the possibilities of multiple, context-dependent 


interpretations I will, in the following, account for the concept of context in HCI, 
particularly the idea of context as something unmeasurable and unspecifiable. I then 
present theoretical approaches in HCI that shaped my philosophical view of the 



(24)research problem. By drawing on that unquantifiable concept of context, these 
 approaches explain meaning-making and interpretation of interactions as closely 
 tied to the specific situations of use that they happen within. 


Context 


Under the third paradigm, the context ideally includes the totality of experience, 
 including aspects that may be irrelevant to the immediate goal of the 


interaction. Researchers tend to ask not only ‘how does context give our design 
 meaning?’, but also ‘how does our design accommodate the context?’ (Harrison 
 et al., 2007, p. 8) 


The introduction of interactive technologies in museums with its 


implementation of computational devices into objects and the physical space of the 
 exhibitions can be described with the term ubiquitous or pervasive computing. 


Strongly connected to ubiquitous computing is the aspect of use-context.  


Ubiquitous computing was first described by Weiser (1991), who envisioned 
 a phenomenon where computers and information technologies would become so 
 common and omnipresent, that they would eventually disappear from the 


consciousness of our minds as they become interwoven with everyday life. This can 
 be illustrated with a person reading a street sign: He or she would absorb the 
 information on the sign, without consciously performing the act of reading (Weiser, 
 1991, p. 94). 


The concept of context has been widely used in HCI to describe aspects of 
 ubiquitous computing from a technical, engineering point of view, stemming from a 
 positivist tradition (Dourish, 2004a, p. 21). Such definitions for the most describe 
 context as being about location, social setting or time, for example as proposed by 
 Schilit et al.:  


Three important aspects of context are: where you are, who you are with, and 
 what resources are nearby […] Context encompasses more than just the user's 
 location, because other things of interest are also mobile and changing. Context 
 includes lighting, noise level, network connectivity, communication costs, 
 communication bandwidth, and even the social situation: e.g., whether you are 
 with your manager or with a co-worker. (Schilit, Adams, & Want, 1994) 


Although quite comprehensive; definitions like the above impose an 
important limitation as they reduce the problem of context to that of a 



(25)representational one. Essentially, these definitions presuppose that context can be 
 known to its full extent and that it in some way can be quantified. Context in this 
 sense is, according to Dourish (2004a, pp. 21–22), a form of information, delineable, 
 stable and separable from activity. Dourish (2004a, p. 22) proposes instead a 


phenomenological understanding of context. Context, he argues, is not information, 
 it is a relational property between objects or activities where the critical factor is 
 whether something is relevant to a particular activity.  


Further Dourish argues that instead of being delineable, the scope of context 
 is changed dynamically, instead of being stable, it is an occasioned property, adapted 
 to different settings, particular instances of action, or particular parties to that 
 action. Lastly, instead of being separable from activity, context arises from activity, 
 i.e. a context is being produced, maintained and enacted during a certain activity.  


Consequently, this definition implies that contexts are unmeasurable and 
 unspecifiable – every new situation constitutes an emergent context, specific to the 
 very constellation that makes up that situation. 


Situated Action 


Meaning derives from information, of course, but … cannot be summed up by 
 mapping information flow; it is, instead, irreducibly connected to the 


viewpoints, interactions, histories, and local resources available to those 
 making sense of the interface and therefore to some extent beyond the reach of 
 formalization. (Harrison et al., 2007, p. 7) 


Another perspective, comparable to the phenomenologist understanding of 
 context (Dourish, 2004a), can be found in the situated action model, as Lucy 


Suchman first described it. Discussing questions of artificial intelligence, Suchman 
 (1987) criticised the then prevalent view of human action as a formulation and 
 execution of plans. In the planning model, the basis for action is a goal and possible 
 sub-goals. A plan is formulated to achieve a goal, and a sequence of actions is 
 initiated according to that plan. The problem with this model is, according to 
 Suchman (1987), that it assumes an objective reality, where the significance of 
 actions can be derived from their underlying plans and some common knowledge 
 exist of situations and actions that makes one person’s plans recognisable for others. 


Suchman (1987, p. 70), drawing on ethnomethodology, proposes instead the 
term situated action, which assumes that every course of action depends essentially 



(26)on its material and social circumstances. According to this view, plans are merely 
 representations of actions. They describe our actions “before or after the fact, in the 
 form of imagined projections and recollected reconstructions.” (Suchman, 1987, p. 


71). As such, plans are resources for action, but in an emergent situation, decisions 
 for action are made ad hoc, based on embodied skills. If plans are made in a 


particular situation, they are often improvised while a course of action already is 
 underway (Suchman, 1987, p. 72).  


Moreover, representations of actions seldom occur during the everyday 
 activity that happens transparently, but instead, they emerge when activity breaks 
 down when an error occurs, and we tend to formulate procedures and rules to solve 
 the problem (Suchman, 1987, p. 73). Situated action rejects the existence of a 


commonsensical objectivity of situations, but proposes instead that objectivity and 
 mutual intelligibility is achieved or constructed in the particular context that 


encompasses an action. More precisely, this objectivity and shared understanding is 
 achieved through language, which stands in an indexical relationship to the context 
 it presupposes, produces and describes (Suchman, 1987, p. 71). For example, the 
 words “here” and “now” refer to a specific context in which they are uttered – they 
 indexically refer to the physical location and the moment in time of the context they 
 describe. As a consequence of this relation between actions and specific contexts, 
 mutual intelligibility is achieved through interpretation of coherence between 
 situations and actions, rather than a stable body of shared meanings (Suchman, 
 1987, p. 81).  


I found the concept of situated action useful for this thesis to understand the 
 unpredictable, context-dependent behaviour of users, how we interpret actions 
 against the background of the specific situation they happen in and how mutual 
 intelligibility and objectivity is achieved in the interaction between people. 


Embodied Interaction 


Embodiment is not a propertyof systems, technologies, or artifacts; it is a 
 property of interaction…. In contrast to Cartesian approaches that separate 
 mind from body and thought from action, embodied interaction emphasizes 
 their duality (Dourish, 2004b, p. 189) 


The concepts mentioned above – ubiquitous computing, dynamic use 
contexts and situated action lead to another concept, introduced by Dourish as 



(27)embodied interaction (Dourish, 2004b). Dourish proposes that the increase of 
 computing power and new use contexts necessitate a new approach to interacting 
 with ICTs. He labels this new approach embodied interaction and argues that 
 tangible and social computing already are implementations of this approach. 


Embodiment can in simple terms be defined as something that is physically 
 manifested in the world or, a bit more refined, embodied phenomena do by their 
 nature occur in real time and real space (Dourish, 2004b, p. 126). Such a definition 
 would reduce embodiment to a purely physical phenomenon, unaffected by the 
 mind, thus separating mind and body in a Cartesian sense. Descartes thought that 
 mind and body were two separate entities, the mind being the seat of reason and 
 meaning; making sense of the physical world by observing it and reflecting and 
 acting upon it. Thought and action would thus be two different and separate 
 phenomena.  


Embodiment, according to Dourish, should instead be understood through a 
 phenomenologist lens, emphasising an intertwined relationship between the mind 
 and the physical world around us. In the view of phenomenologist philosophers, 
 meanings arise only through the way in which we encounter the world, how we act 
 in it and how it acts upon us. Dourish thus defines embodiment as “the property of 
 our engagement with the world that allows us to make it meaningful” (Dourish, 
 2004b, p. 126). Dourish then defines embodied interaction as such: “Embodied 
 Interaction is the creation, manipulation, and sharing of meaning through engaged 
 interaction with artifacts” (Dourish, 2004b, p. 126). 


Embodied Interaction and Meaning-Making 


Outlining a set of design principles for embodied interaction, Dourish (2004a, 
 pp. 162–187) explains more thoroughly how meaning is created, manipulated and 
 shared. These design principles and aspects of meaning incorporate some essential 
 pointers to how and why multiple interpretations arise in interactions with systems.  


One design principle says that embodied interaction turns action into meaning 
(Dourish, 2004b, p. 183). The core idea of embodied interaction is that we create 
meaning through our interaction with the world. Meaning does not reside in the 
system, but in the ways in which it is used. Dourish (2004b, pp. 128–138) further 
distinguishes three different aspects of meaning – intentionality, ontology and 
intersubjectivity.  



(28)The aspect of intentionality describes how we assign meaning to some entity 
 by making references to it, for example through thoughts and utterances. These 
 intentions can be original when we create new meanings, or they can be derived, 
 when other people interpret our original intention. Because of this interpretational 
 aspect, Dourish claims that intentionality is a matter of context and use. Meaning is 
 not inherent to information, but through using information in context we interpret it 
 and make it meaningful (Dourish, 2004b, p. 185). 


The aspect of ontology is described as our understanding of the structure of a 
 domain, how people can separate things from one another and understand 


relationships between them (Dourish, 2004b, p. 185). One problem with ontologies 
 is that there rarely exists a single ontological model for a domain that is shared 
 between designer and user (Dourish, 2004b, p. 130). Dourish proposes the idea of 
 affordances to handle this problem. Not only should an artefact afford different 
 forms of action, but also “particular ways of understanding it, and particular ways of 
 conceptualizing the relationship between the artefact and the environment….” 


(Dourish, 2004b, p. 185).  


The third aspect of meaning is intersubjectivity. It is concerned with the way 
 meaning arises collectively in a community of practice (Dourish, 2004b, p. 186). This 
 aspect expands the problem of mutual understanding between designer and user 
 that concerned ontologies to a problem of communication between different users 
 through a system (Dourish, 2004b, p. 133). Dourish mentions three implications of 
 intersubjectivity for design: First, there should be an awareness of certain 


background assumptions within a community. Second, the system should afford 
 different levels of participation within a community, and third, a system should let a 
 community express its values through the tool, enabling change and transformation 
 of values through ongoing practice (Dourish, 2004b, p. 186). 


These aspects of meaning presuppose that meaning arises on multiple levels 
 (Dourish, 2004b, p. 166) and that systems should be designed in a way that makes 
 them open for different forms of use and different meanings conveyed through these 
 use situations. System designers can control how they encode different 


representations into a software. Embodied interaction sees such representations as 
artefacts themselves, that can be acted upon, blurring the boundaries between 
representation, object and action. This means that system entities can be 



(29)manipulated on multiple levels, the user can act “on” or “through” an artefact, 
 manipulating either the representation itself or the object that it represents. A 
 system might thus carry multiple meanings according to the way it is used. 


As a consequence of the previous principle follows that users, not designers, 
 create and communicate meaning and manage coupling (Dourish, 2004b, p. 170). The 
 multiple levels of meanings of artefacts that manifest themselves through use, put 
 the responsibility of creation and communication of meaning in the hand of the user. 


Coupling is the very process of interaction through which we understand, interpret 
 and operate an artefact or tool – it is how we make the intentional reference of the 
 artefact effective (Dourish, 2004b, p. 138).  


These issues lead to a change in the designer`s stance and activities. Rather 
 than designing specific ways for an artefact to be used, he or she should focus on 
 making it understandable and help the user figure out how to apply it in different 
 situations (Dourish, 2004b, p. 173). 


This section has highlighted relevant theory that explains concepts of 
 multiple interpretations in HCI. Departing from a broadened understanding of 


context, the theories of situated action and embodied interaction show how meaning 
 is created, manipulated and shared during use in specific contexts.  


2.1.2 Emotion 


Emotion is important to consider in this thesis for several reasons. First, 
 certain emotional responses can be a motivational factor to participate, to be 


creative or social, and they can elicit trust and comfort towards a product or service 
 (Rogers et al., 2011). Furthermore, emotion is an essential factor in the third 


paradigm of HCI. Harrison et al. (2007, p. 6) claim that emotion has been 
 marginalised in classic cognitive work. Bødker (2006, p. 5) sees emotion and 
 experience as keywords for the third wave of HCI, as a result of a discussion of 
 rationality, purposefulness and a focus on non-work and motivation.  


Concerning multiple interpretations, questions can be asked about how our 
emotions shape our experiences and influence our interpretations? Also, similarly, 
how do we make meaning of our emotional responses when interacting with 
systems? Emotion and experience should, therefore, play a central role in the 
discussion of interpretations. The following section provides an overview of 



(30)different approaches to emotion in HCI, with a closer look at three theories, 


comparing a classical cognitive work with pragmatist and interactional approaches. 


Emotion in HCI 


Only recently the human emotion has become a factor in HCI. Approaches 
 like affective computing by Picard (1997), Norman’s model for emotional design 
 (2004) or the pleasure model by Jordan (2002) have been inspired by cognitive 
 psychology, thus viewing emotion as an internal, individual phenomenon. Other 
 approaches consider the meaning of emotions to be something that is co-


constructed through the interaction of people (Boehner, DePaula, Dourish, & 


Sengers, 2005) or something that emerges in the context of felt-experience, on the 
 boundary between oneself and other people (McCarthy & Wright, 2004). 


Another way to distinguish the different theories on emotion is whether they 
 are concerned about questions of how computers might be enabled to recognise and 
 act on human emotional responses, notably the work by Picard (1997), or how 
 design choices might stir the users’ emotions or support emotional connections 
 between people. This thesis is interested in the latter. I have therefore found the 
 works of Norman (2004), McCarthy and Wright (2004), as well as Boehner et al. 


(2005) as being most relevant for my research. 


Norman’s Three Levels of Emotion 


Norman (2004) describes a model of the human brain that works on three 
different levels: The visceral level is the automatic, prewired layer that controls basic 
functions that automatically happen according to incoming triggers. The second 
level, the behavioural level controls everyday behaviour. Here, the brain analyses a 
situation and alters behaviour accordingly. This level is useful for every day, routine 
activities, that can be learned and happen subconsciously, like driving a car. The 
third level is called the reflective level. It is characterised by the ability of reflection 
and conscious thought. This ability enables us to learn new concepts, generalise 
from them and communicate them to others. The three levels interact with each 
other in either bottom-up or top-down processes, depending on whether they are 
driven by perception or by thought. Analog to these three levels of cognition and 
emotion, Norman introduces three levels of design, product traits that affect the 
user’s emotions on the various levels. In a simplified way (disregarding the complex 
interaction between the levels) one can say that visceral design is about the 



(31)appearance of things, behavioural design about pleasure and effectiveness of use 
 while reflective design is about self-image, personal satisfaction and memories.  


Emotion as Experience 


McCarthy & Wright (2004, pp. 79–104), propose a pragmatist view of 


experience, where emotion is put in the context of felt-experience. They identify four 
 threads of experience, a set of intertwined characteristics that together make a 
 framework which might be used to think about and discuss peoples experience in 
 interaction with technology. The first thread is the sensual thread. It is about our 
 pre-reflective, sensory engagement with a situation, orienting us to the concrete, 
 palpable and visceral character of experience (McCarthy & Wright, 2004, p. 80), 
 comparable to Norman’s visceral level. The second thread, the emotional thread, is 
 concerned with how emotions colour an experience for us. According to the 
 pragmatist view, emotions do not exist independently of the circumstances 
 connected to them, but they are qualities of a particular experience. McCarthy & 


Wright explain: “The emotional thread refers to value judgements that ascribe to 
 other people and things importance with respect to our needs and desires” (2004, p. 


84). This means our emotions are always evoked by a concrete experience, driven 
 by certain needs, goals or desires, for example, the joy of accomplishing a task or the 
 anger towards a machine that is not working as expected. At the same time an 
 emotion is a quality of a particular experience, i.e. the joy of accomplishing a task is 
 different from the joy of meeting an old friend. Furthermore,  according to McCarthy 
 and Wright (2004, p. 84), our emotions acknowledge our need for others (people 
 and things) in order to achieve emotional unity. Thus, our emotions are not stable 
 but constantly changing or becoming, as our relations with the others change. As the 
 sensual aspect of experience is concerned with the immediate sense-making of a 
 situation, the emotional aspect is concerned with the sense or meaning ascribed to 
 an object or person because of the values, goals, and desires we have (McCarthy & 


Wright, 2004, p. 87). The third thread, the compositional thread, is concerned with 
relationships between parts and the whole of an experience, where the composition 
of the experience refers to the narrative structure, action possibility, plausibility, 
consequences and explanations of actions (McCarthy & Wright, 2004, p. 88). One 
should be able to find answers to questions such as “what is this all about?” or “what 
happens next?” if the composition of the experience is clear to us. Finally, the fourth 



(32)thread is the spatiotemporal thread. It is concerned with the quality and sense of 
 space and time perceived as part of an experience, for example how time 


subjectively can slow down or accelerate dependent on the activity we engage in 
 (McCarthy & Wright, 2004, p. 91). 


Another aspect of an experience is how we make sense of it. This is crucial to 
 our personal opinion of the experience given our particular history and disposition 
 (McCarthy & Wright, 2004, p. 105). McCarthy & Wright define six inter-related, yet 
 not causally dependent, and nonlinear sense-making processes: Anticipating, 
 connecting, interpreting, reflecting, appropriating and recounting.  This process of 
 sense-making happens in a dialogical way between self and others (McCarthy & 


Wright, 2004, p. 113).  


The process of anticipating is about our expectations, possibilities and ways 
 of making sense of the experience that we foresee, based on relevant previous 
 experiences. While anticipation suggests that this process happens before an 
 experience it is also shaping the experience while it is happening. The process of 
 connecting refers to the immediate, pre-conceptual and pre-linguistic sense of a 
 situation encountered (McCarthy & Wright, 2004, p. 125). This process is at work 
 when we, for example, get an immediate sense of a social space to be loud and 
 disturbing or as warm and welcoming. The interpreting process is about discerning 
 the narrative structure of an experience, the agents and action possibilities, what 
 has happened and what is likely to happen (McCarthy & Wright, 2004, p. 125). This 
 might evoke feelings of thrill and excitement or the anxiety of not knowing what is 
 going to happen. The interpreting process can interact with the anticipating process, 
 by reflecting on our anticipation and altering it according to our interpretation 
 during the experience. The reflecting process is like the interpreting process about 
 making judgements of an experience as it unfolds. It is about how we make sense of 
 the events that are happening and how we feel about them, for example, if we 


experience a sense of fulfilment of a certain experience. The appropriating process is 
about making an experience our own by relating it to our sense of self, our personal 
history, and our anticipated future (McCarthy & Wright, 2004, p. 126). Within this 
process, we might give a personal meaning to an experience, by putting it in the 
context of our past and future, including the question if we want to repeat that 
experience. Lastly, the recounting process is about how we tell about an experience 



(33)to others or ourselves, considering it in context with other experiences. It gives us 
 the opportunity to savour the experience again, to find new possibilities and new 
 meanings in it which then often leads us to want to repeat the experience (McCarthy 


& Wright, 2004, p. 127). 


Emotion as Interaction 


Boehner et al. (2005), drawing on phenomenological sociology and the 
 socially grounded sense-making of emotion as described by McCarthy &Wright  
 introduce a model of emotion as interaction, which views emotions as being 


dynamic, culturally mediated, and socially constructed and experienced. The authors 
 are explicitly critical towards what they call an informational notion of affect 


(Boehner et al., 2005, p. 62), which they identify in the works of Picard and Norman, 
 claiming that those view emotions as discrete units of information, which are 


internally experienced and can be transferred intact between people and machines. 


The interactionist approach to emotion moves away from this informational view 
 and looks instead into exploring affect as an element of social and cultural practice 
 (Boehner et al., 2005, p. 62). It summarises that emotion cannot be seen purely as an 
 internal, individual, and private phenomenon, but as an experience that is mediated 
 by cultural and social situations and even used to enact and sustain those settings 
 (Boehner et al., 2005, p. 64). It is in the interaction between the individual and the 
 social/ cultural that emotions are constructed and experienced. Boehner et al. argue 
 further that emotions in this context are not a representational entity that can be 
 transferred, but something that must be interpreted, in an intersubjective process 
 between individuals. 


Concluding the overview of the interactional approach, this section will 
 account for a set of design principles for affect as interaction (Boehner et al., 2005). 


The first principle is as follows:” The interactional approach recognizes affect as a 
 social and cultural product” (Boehner et al., 2005, p. 65). This means that a system 
 when dealing with emotions can only work within the context of the social and 
 cultural settings that it is used.  


The second principle says: “The interactional approach relies on and supports 
 interpretive flexibility” (Boehner et al., 2005, p. 66). This means the designer should 
 not provide the meaning of emotions in a system but leave it for the user to 


interpret.  



(34)The third principle says: “The interactional approach avoids trying to 
 formalize the unformalizable” (Boehner et al., 2005, p. 66). This illustrates the 
 contrast to the informational approach, where emotions could be formalised and 
 described as discrete units. In contrast, the interactional approach tries to avoid 
 forcing users into formalising emotions that might not be easily expressed or 
 described.  


 The fourth principle says: “The interactional approach supports an expanded 
 range of communication acts” (Boehner et al., 2005, p. 66). As with interpretive 
 flexibility, there should be flexibility for the user to communicate emotions, for 
 example by providing multiple ways for the user to express an emotion.   


Finally, the fifth principle says: “The interactional approach focuses on people 
 using systems to experience and understand emotions” (Boehner et al., 2005, p. 66). 


The point here is that the designer should focus on stimulating user reflection on, 
 and awareness of, affect, rather than trying to make the computer understand it.  


Consequentially, a system should not try to extract and compute any emotional 
 information from user input but rather reinforce the emotions, supporting the user 
 in experiencing them. 


Emotion – From Cognitive to Intersubjective Phenomenon 


These examples, be it the cognitivist, pragmatic or interactional perspective, 
 illustrate how our emotions are complexly intertwined with our experiences and 
 how we make meaning of them. While there are some similarities between 


Norman’s levels of emotion, Boehner et al.’s principles for affect as interaction and 
 McCarthy & Wrights threads, the three approaches differ substantially in where they 
 locate meaning-making of emotions, from the individual, cognitive process as 


described by Norman to the intersubjective way of interpretation of emotion as 
 described by Boehner et al. 


2.1.3  Sound 


One central subject of this thesis is the interaction with and through sound. It 
has been claimed that the role of sound in computer systems traditionally has been a 
representational one (Franinović, Karmen & Serafin, Stefania, 2013). Apart from 
direct representation of information in the form of spoken language, sound can play 
important functional roles in computer systems, representing information in the 
shape of non-speech sound to the user in processes called sonification (Hermann & 



(35)Hunt, 2005). Sonification can communicate information in the form of auditory 
 icons, where natural sounds are used to represent information (Gaver, 1986) or 
 earcons, where more abstract sound parameters such as rhythm, pitch or timbre are 
 used to model information (Blattner, Sumikawa, & Greenberg, 1989; Brewster, 
 Wright, & Edwards, 1993). While auditory icons and earcons relate to certain 
 functions and events in a computer system, other techniques try to convey 
 information about data itself through processes of audification and parameter 
 mapping of data to audio attributes such as pitch or timbre (Hermann & Hunt, 
 2005).  


This thesis explores interaction with sound on a different level than 
 traditional representational use. For the first, it aims to put the user in the role of 
 both the sender and receiver of sound, thus emphasising its role as a medium for 
 human communication. For the second, the thesis does not look at sound as a 
 functional tool to represent data but explores sound in more ambiguous forms. It 
 aims to show how sound can reflect the users’ emotions and experiences. 


There seems to be little research on sound from this perspective, with the 
 field of SID as a notable exception. This research field stems from existing 


approaches to sound and interaction design, but shifts the focus from the reception 
 based strategies mentioned above towards an active, embodied and emotionally 
 engaging use of sound. It is thus considered to follow the trend of the third wave of 
 HCI (Franinović, Karmen & Serafin, Stefania, 2013), focusing on culture, emotion and 
 experience, rather than getting a task done. SID investigates how sound can be used 
 to convey emotions and promote expressive and creative experiences (Franinović, 
 Karmen & Serafin, Stefania, 2013). It is these qualities of interactions with sound 
 that I deem important in the context of this thesis. 


A Model of Sonic Interaction 


The following section describes a model of sonic interaction as proposed by 
 Franinović & Salter (2013), which emphasises the expressive and creative qualities 
 of interaction with sound. 


A range of physical characteristics can describe sound. For the first, it is 


“entangled in its spatial environmental context” (Franinović, Karmen & Salter, 
Christopher, 2013, p. 42) – a sound emanates from a source that is put into 
oscillation and interacts with the environment by acoustic principles such as 



(36)resonance, reverberation, diffraction and refraction. Second, sound exists on a 
 temporal plane, enabling phenomena like rhythm and patterns. Third, sound has a 
 material character. Its parameters can be shaped by interaction – it can be formed 
 and modulated. Furthermore, it can not only be perceived acoustically but tactilely 
 as well. Interaction with sound can thus be described as a multimodal, creative 
 activity of making, a process coined by Franinović & Salter (2013) as Poiesis from 
 greek poieo, which translates as “to make”. 


Interaction with sound is situated and embodied, meaning that sound does 
 not have a fixed set of features, but the reception is highly dependent on the position 
 and orientation of the perceiver in relation to the sounding object (Franinović, 
 Karmen & Salter, Christopher, 2013). 


Sound must be brought into existence by some form of oscillation of an agent, 
 be it the human hand, the vocal chords or a loudspeaker. This is described by 


Franinović & Salter (2013) as the performative and emergent element of sonic 
 interaction. 


Lastly, sound is always interpreted by the receiver in a specific context and is 
 thus nonrepresentational. Franinović & Salter (2013) claim that, if we disregard 
 representation of score or text through sound, there is no fixed symbolic meaning to 
 sound that is unrelated to its position within an environment, but meaning is shaped 
 by interactions with sound in material and performative terms.  



2.2 The Museum 


This section reviews relevant literature on museums, starting with a 
 framework that describes the museum experience. It then provides an overview 
 over research on interactive exhibits in museums and describing the concept of 
 visitor participation in museums in more detail. Following that, it examines the role 
 that sound plays in museum exhibitions. 


2.2.1 The Museum Experience 


Falk & Dierking (2016) provide a comprehensive framework that describes 
the museum experience, consisting of personal, social and physical contexts. The 
personal context describes aspects of prior knowledge, experiences and interests 
and how that shapes the visitors’ motivations and expectations. The social context 



(37)describes how sociocultural circumstances frame the experience, while the physical 
 context is about how elements like design and architecture impact a museum visit.  


While Falk & Dierking do not have a particular focus on interactive exhibits 
 and visitor participation, I found their framework useful to develop a better overall 
 understanding of the museum experience. Their description of the context of the 
 museum visit also aligns well with the phenomenological perspective on context 
 that was introduced earlier. 


Figure 1: The museum experience as modelled by Falk & Dierking (2016). 


2.2.2 The Participatory Museum 


This thesis is about user participation in museums in two different ways: For 
 the first, the exhibition project that this thesis reports from seeks active user 


participation during design and evaluation of an interactive installation. The PD 
 methodology provides an approach for active user participation during concept 
 development, design and evaluation. The second area of participation unfolds due to 
 the changing role of the museum visitor from that of a passive spectator to becoming 
 an active participant in content creation, curation and other contributing activities 
 during the museum visit. It was a stated goal for the project this thesis reports from 
 to seek out possibilities for visitor participation.  


This section will therefore in the following present literature concerned with 
interactivity in museums and visitor participation. PD will be thoroughly presented 
in the methodology chapter. 



(38)Interactivity and Visitor Participation 


For some time, there has been an increased use of digital technologies in 
 museums. These technologies have been embedded in electronic guides, multimedia 
 information points or interactive installations, such as new sensing systems, virtual 
 reality, interactive projections or haptic devices (Ciolfi & Bannon, 2007, p. 168). The 
 design of interactive exhibitions has been discussed by several authors, with 


different areas of interest, such as social interaction between visitors (Heath & Vom 
 Lehn, 2008; Hindmarsh, Heath, Vom Lehn, & Cleverly, 2002), the relationship 


between physical spaces and activities that take place within them (Ciolfi & Bannon, 
 2007), visitor contributed content (Ciolfi et al., 2008; Simon, 2010), motivation and 
 engagement (Dindler & Iversen, 2009; Edmonds, Muller, & Connell, 2006), education 
 and learning (Hall & Bannon, 2006), interaction design (Hornecker, 2008; 


Hornecker & Stifter, 2006) and visitor attention (Sandifer, 2003). 


In many cases, the use of digital technologies revolves around a traditional 
 museum role of displaying and providing information, where technology is merely 
 used by visitors to request and receive information (Ciolfi et al., 2008, p. 355). 


Newer approaches provide for a more active role for the visitors when engaging 
 with interactive installations, for example by designing artefacts that support social 
 interaction between visitors (Hindmarsh et al., 2002). A central motivation for such 
 methods is to support the visitor in an active, constructivist way of meaning-making 
 of the museum experience (Hall & Bannon, 2006).  


One approach to interactive installations can be to treat interactivity itself as 
 content, which “can consist of the users’ very own activity, both in creating novel 
 content and in providing a performance that is watched by others…” (Hornecker & 


Stifter, 2006, p. 136). While the manipulation of physical and digital material thus 
 provides the core experience for the active visitor, it is at the same time a visible and 
 interesting performance for other museum visitors (Bannon, Benford, Bowers, & 


Heath, 2005, p. 62). 


Ciolfi et al. (2008, p. 355) point out that it is common for visitor activities to 
allow for the creation of personal content, but not for explicit contribution of content 
to the exhibition itself, particularly in museums that are not “hands-on”, such as 
science centres. This, according to Ciolfi et al. is connected to the role of authority 
that museums traditionally adopt when it comes to authorship of the narratives 
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