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Heather Wiltse

THE MEDIATING ROLE OF RESPONSIVE DIGITAL MATERIALS: 
A CONCEPTUAL INVESTIGATION AND ANALYTIC FRAMEWORK

Digital technologies have become thoroughly enmeshed in everyday life, forming a backdrop of 

experience. We live not only with these technologies but also through them as they mediate our 

engagement with the world. This mediation calls for closer attention with respect to practical design 

concerns as well as more theoretical and philosophical questions regarding the role of technologies 

in experience and society.

This dissertation is an inquiry into this mediating role of technology. Its purpose is  to analyze 

and theorize the relation between mediating technologies and the activities they make visible; to 

theorize the structure and dynamics of digitally-mediated engagement; and to provide a flexible 

conceptual framework that can be used for analyzing these aspects during design and critique. It 

develops a conceptualization of digital technologies as responsive digital materials that function as 

substrates that can make activities visible as traces. It then applies and extends existing 

postphenomenological theories of technological mediation in order to account for these specific 

components of digital material and to examine the structure and dynamics of digital material 

mediation. These theoretical developments are empirically grounded in a set of structured close 

analyses of specific digital material cases. This analytic, artifact-centered method was developed in 

order to analyze specific mechanisms by which digital technologies make activities visible, and in a 

way that can be useful in both practical design work and more theoretical analyses. 

The primary contributions of this dissertation are a theoretical framing of the mediating role 

and capabilities of technologies as a unit of analysis; development and extension of existing 
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conceptualizations of digital material and technological mediation; a conceptual framework that can 

be used in framing and analysis; a method of framing and analyzing digital material cases; and an 

archive of  cases that illustrate this method and approach.

The high-level goal of this dissertation is to enable and contribute to a philosophically-grounded 

understanding of the role of digital technologies in society and human experience, and its 

contributions are intended to enable further, more precise, and more practical inquiries into the ways 

in which digital materials mediate engagement with the world.
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Prologue

 This project, and also my larger research agenda, has been driven by intellectual curiosity and 

making sense of the many ways in which I experience and engage with the world through digital 

technologies in my own life. Early on in my graduate work (in 2006, based on archived notes) I had 

the sense that, in addition to fulfilling certain functions as tools, digital networked technologies could 

provide a sort of ‘window’ on the world, a means of seeing outside of one’s own immediate 

location to what is beyond its perimeter. This image of the window and, more broadly, the metaphor 

and inspiration of architecture has stayed with me as I have circled around these ideas and tried to 

pin down what it was along these lines that somehow seemed to slip through the cracks of many 

analyses.

While I have been influenced by many types of scholarship I have been perhaps most inspired 

by philosophy of technology. Reading the work of scholars like Borgmann, Ihde, Feenberg, Winner, 

and Verbeek for the first time toward the beginning of my graduate study was a revelation. Although 

I understood very little during those first readings, and Heidegger seemed to almost irreparably jam 

my mental circuits, I recognized right away that these were the kinds of questions about technology 

that I wanted to ask. I do not, however, claim to be a philosopher, except in my love of philosophy 

and in continually asking questions in order to work toward better understanding.

I am also concerned with the task of philosophy, which Strong and Higgs (drawing on 

Borgmann) describe as moving beyond the complex and rigorous arguments that constitute the 

discipline of philosophy in order to “engage the public more broadly in a reflective conversation 

about matters of great concern to all” (Strong and Higgs 2000, 20). This concern dovetails nicely 

with the approach of design, my other major influence, which proactively addresses matters of 

concern through initiating intentional change (Nelson and Stolterman 2012). For these reasons I try 
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in my research to be attuned to the intersections of specific technological configurations and 

experience that can constitute matters of  concern and potential spaces for intentional change.

My efforts have been directed at developing approaches, concepts, methods, and theories that 

can be used in exploring these spaces. I have not tried to find conclusive answers, but rather to arrive 

at a place where I can ask some good questions about the gatherings of technological things (Binder 

et al. 2011).
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Chapter 1: Introduction

Digital technologies1  have become thoroughly enmeshed in everyday life, forming a backdrop of 

experience: a “digital habitat” (Kallinikos, Lanzara and Nardi 2010). We live not only with 

technologies (Croon Fors 2006), but also through them. They support and shape activities and their 

character, as well as our interactions with each other and the ways in which we perceive and take up 

with the world in general. Ultimately, they shape the character of our interactions and experiences, 

and our “forms of  life” (Winner 1986).2

Understanding the role of technology in society and experience is an old and ongoing challenge. 

While scholars once tried to make sense of the social changes corresponding to the industrial 

revolution and its new technologies, we are now trying to find perspectives that can allow  us to 

navigate the shifting terrain of the ‘network society’ (Castells 1996), ‘media life’ (Deuze 2012), the 

‘new media revolution’ (Manovich 2001), ‘convergence culture’ (Jenkins 2006), the 

‘infosphere’ (Floridi 2011), and an everyday life in which constant digitally-mediated connection is 

both the norm and expectation (Turkle 2008; Baym 2010). All of these current concerns reflect the 

fact that digital technologies have unique characteristics that have enabled these relatively new 

phenomena and that also call for attention in order to understand their implications.

There are many reasons for considering the role of digital technologies in society. One reason is 

in order to pursue basic understanding of some situation or phenomenon that involves technology, 

whether in relation to modern society and culture or to the past. Another reason is in order to 

1

1 I use the term ‘digital technologies’ here and throughout in a general and inclusive sense to refer to digital 
devices, infrastructures (including the internet, world wide web, GPS networks, etc.), protocols, systems, and 
applications.

2  The ‘we’ I refer to here are those of us who live against the backdrop of a technological society and 
appropriate and/or are compelled to use digital technologies in a variety of contexts. Although the level and 
variety of technology use is perhaps greatest in the developed world, this ‘we’ includes anyone whose life is 
affected or in someway textured by digital technologies.



inform policy decisions, particularly since technologies are a frequent means of addressing social 

problems. Relatedly, one of the most important motivations for understanding the role of digital 

technologies in society, and the one that is closest to my concerns here, is arguably in order to 

inform their design and configuration. The disciplines of human-computer interaction (HCI) and 

interaction design are well-versed in things like usability, functionality, workflows, technical 

innovation, and user experience (defined in relation to people as users of a particular technology); 

but somewhat less so in the broader social, political, and philosophical issues that are at play when 

designing for the social world of human affairs. Even in critical/reflective (Agre 1997; Dunne 2005; 

Sengers, McCarthy and Dourish 2006), participatory (Bjerknes and Bratteteig 1995; Gregory 2003), 

value-sensitive (Friedman 1996; ), or political (DiSalvo 2012) design, which maintain explicit social 

aims, there remains the significant challenge of tying social implications to actual ‘design 

things’ (Binder et al. 2011). However, this is necessary both in order to take technologies and their 

specific characteristics seriously in studies of social and cultural phenomena in which they are 

implicated, and to in turn design technological configurations that can facilitate some desired state of 

affairs in the social world.

In addition to understanding social and cultural dynamics that involve technologies, there is also 

what can perhaps be seen as a parallel challenge of understanding the role and character of designed 

artifacts themselves. This is something that has been receiving increasing attention in recent years. 

For instance, in philosophy of technology there has been an ‘empirical turn’ to actual things 

themselves and their role in human experience (Verbeek 2005), rather than their conditions of 

possibility or semiotics. In science and technology studies, and especially actor-network theory, there 

has been an emphasis on the agency of non-human as well as human actants (Latour, Bijker and 

Law 1994; Latour 1999, 2005). More recently there have also been proliferating discussions of 

‘materiality’ of or in relation to technology (Ekbia 2009; Van Den Boomen, Lammes, Lehmann, 

Raessens, and Schäfer, 2009; Orlikowski 2010; Leonardi 2010; Ratto and Ree 2012; Leonardi, Nardi, 
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and Kallinikos, 2013). There have also been relatively artifact-centered approaches to interaction 

design (Löwgren and Stolterman 2004; Janlert and Stolterman 2010). However, there remains the 

significant challenge of adequately conceptualizing artifacts on a philosophical level that considers 

their role in instantiating certain “forms of life” (Winner 1986), and also in terms of their specific 

designed properties and qualities.

Considering the role of digital technologies in society is a huge problem space that can be 

addressed from many different angles. However, given the need I outlined above to consider the 

relation between specific social dynamics and artifact properties, my starting point here is at the 

connection point between artifacts and people who interact with them. In other words, what 

properties of digital artifacts are relevant when considering the roles that they play in the world and 

in people’s lives? Certainly these roles are shaped by many factors that do not have to do with 

particular properties, including cultural history, markets, regulations, social norms and attitudes, and 

individual choices. Artifacts can also be seen from an aesthetic or semiotic perspective that considers 

formal qualities and their significance. However, there are also artifact qualities related to their 

functionality that can be examined in terms of what they allow people to do and in what ways, and 

this is the approach I take here.

Specifically, I focus on how digital technologies can allow people to become aware of and 

engage with things going on in the world; and the most basic function of the technologies in these 

cases is that they make activities visible. Many of the digital technologies with which we interact on a 

regular basis and that mediate our activities respond to those activities in such a way that they are 

recorded and made visible. Many of these activities that are made visible are the result of intentional 

communicative actions. But in addition to tweets, posts, comments, messages and the like, presence 

and activity can also be rendered visible by things like updates on a shared Dropbox file or Google 

doc, location check-ins, instant messaging availability, pins, likes, recommended articles, public photo 

posts, and shared music streaming activity. Activities are also made visible on a broader scale in 
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things like real-time traffic maps, trending topics on Twitter, and (albeit rather opaquely) the order of 

Google results.

The corollary of activities that are made visible are activities that are or can be perceived. In 

seeing these traces of activities, their significance lies in what they reveal about some particular slice 

of reality. This is a seemingly simple yet important point. Much attention has been given to human 

interactions with and around technologies, with a focus on things like usability, user experience, and 

supported activities. Yet here the focus is ultimately not on the technologies themselves, but rather 

the aspects of the world that they reveal. In other words, digital technologies mediate engagement 

with the world.

Giving closer attention to this mediation could, I argue, address a number of issues and 

opportunities. First, mediating capabilities are properties of designed artifacts. Activities can be 

rendered visible or invisible through design choices. Perception of the (social) world is increasingly 

constructed through multiple technologies in ways that may not be readily apparent, and are 

therefore not subject to the intention and critical reflection they warrant. This means that designers 

might inadvertently put digital ‘windows’3  where visibility should not be afforded, or miss 

opportunities for putting them where they might be beneficial. Or when using technologies we 

might, metaphorically speaking, do things ‘in front of open windows’ when we would rather not, or 

we might not even be aware that they are there. In other words, much as physical windows provide a 

transparent opening through which one can see what is on the other side, interactive technologies 

can similarly provide a mechanism through which one can ‘see’ what is happening outside one’s own 

proximal space. And, just as windows can determine the range of one’s perception while in a space, 

and thus to some extent the contours of one’s background awareness, the digital windows of the 

various information spaces in which we live can determine the range and character of our mediated 

4

3 The concept of ‘digital windows’ is one that I have used to think with for a long time, but it has also been 
used (in different ways) by others such as Coleman (2011) and Friedberg (2009).



perception and awareness. There is in general a need for language and concepts that can make this 

visible in research and as a subject of  design decisions and critique.

Second, there is the problem of conceptualizing the role of digital technologies as constituting 

mediating, environmental infrastructures. While studies of specific technologies, social groups, social 

processes, or contexts are commonplace, there is not as much guidance for how to think across 

multiple technologies and in ways that are related to awareness and possibilities for action rather 

than function or activity. 

Third, there is a need for more nuanced ways of thinking about the connection between ‘virtual’ 

and ‘real’. Even though this distinction is now outmoded, there is still work to be done to consider 

in a more precise way how ‘real’ activities are made visible and how mediated engagement is 

structured.

Fourth, it could feed into current efforts to understand the materiality of digital technologies. 

Materiality is an evocative concept that is also somewhat problematic when used in relation to digital 

things. While it has been used in many ways, there remains a need to conceptualize the role of 

technology as material that responds to (material) activities and makes them visible, thus linking 

places in the physical world.

There is also potentially the opportunity to re-conceptualize interactive technologies in such a 

way that we can better understand current dynamics of use and also envision different types of 

sociotechnical possibilities. Interactive technologies are frequently framed and seen as tools, media, 

or communication devices, or in terms of interaction with the interface, the task at hand, or the 

social context. However, these narrow framings occlude the fact that, when brought together by 

people in their everyday lives, they form an infrastructure that can mediate engagement and 

awareness, in addition to fulfilling certain functions.

Another aspect of these issues that requires a somewhat novel approach to digital technologies 

is that when considering how they mediate subjective perception and engagement there is also 
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another component to consider: the relation between mediating technologies and the activities they make visible. 

In order for mediated interaction to take place there must be human interaction with the mediating 

technology, but also some sort of ‘interaction’ between the technology and whatever part of the 

world is being revealed. Understanding interaction, perception, and engagement through mediating 

technologies requires paying attention to this issue of  how digital technologies make activities visible.

However, mediated perception is less than straightforward due to the varying and frequently 

opaque or translucent mechanisms by which digital technologies respond to activities and make 

them visible. The complexities of sense perception notwithstanding, the structure of direct 

experience of the world (through sight, hearing, touch, etc.) is at least relatively more apparent. Even 

technologies like eyeglasses or a telescope, which are tools used for mediating perception (Ihde 

1990), are at least transparent with regard to their operation.

6

Figure 1: Frame from Google Glass promotional video showing weather information (http://youtu.be/
9c6W4CCU9M4)

https://www.youtube.com/watch?v=9c6W4CCU9M4&feature=player_embedded
https://www.youtube.com/watch?v=9c6W4CCU9M4&feature=player_embedded
https://www.youtube.com/watch?v=9c6W4CCU9M4&feature=player_embedded
https://www.youtube.com/watch?v=9c6W4CCU9M4&feature=player_embedded
https://www.youtube.com/watch?v=9c6W4CCU9M4&feature=player_embedded


In contrast, consider Google’s Project Glass, unveiled in the summer of 2012.4  Google’s 

demonstrations of early prototypes show a seemingly magical heads-up display of location-based 

and augmented reality information (like maps and directions), control and access of personal data 

(like calendars), communication capabilities, and media recording. Taking the form of familiar and 

(literally and figuratively) transparent eyeglasses, they claim to similarly mediate experience of the 

world. Google Glass provides a much more complicated and non-transparent mediation than 

prescription eyeglasses though. To take just one small example, in one sequence in one of the 

promotional videos, which is shot from the point of view of a person looking through the Glass, a 

view out of an apartment window is overlaid by the current temperature and weather forecast 

projected on top of it (see Figure 1). Seeing the temperature is of course not direct perception 

though. Rather, between whatever physical sensor presumably captures atmospheric conditions and 

the Google Glass display there are many intermediate steps of processing and relaying between 

7

4 g.co/projectglass

Figure 2: Frame from Google Glass promotional video showing ‘if Paul is here yet’ (http://youtu.be/
9c6W4CCU9M4)

http://youtu.be/9c6W4CCU9M4
http://youtu.be/9c6W4CCU9M4
http://youtu.be/9c6W4CCU9M4
http://youtu.be/9c6W4CCU9M4
http://youtu.be/9c6W4CCU9M4


various devices and servers. The perceptually transparent eyeglasses are thus overlaid by non-

transparent data that conceal the steps involved in their construction.

The use cases showing social information are only more complex. One, for instance, shows how 

far away a friend is from a designated meeting location (see Figure 2). This functionality would 

involve a similar relaying and processing of information by GPS devices and servers as in the 

weather example; but in terms of the system, ‘Paul’ is the GPS device that is relaying his location 

(ostensibly his Google Glass). However, one could imagine scenarios in which the GPS and Paul are 

not one and the same: maybe he loaned the Glass to his partner for the day, or maybe he was 

mugged and ‘Paul’ is now on his way to acquire another Google Glass from the intrepid urban 

explorer currently waiting for him at Strand Books. 

The simple and almost magical flow of information is presented as authoritative. Yet this 

simplicity also conceals the many underlying mechanisms involved in producing the information 

such that users have few interpretive resources to work with. This may not matter in the cases when 

all system components are functioning correctly and being used as anticipated; but it is more 

problematic when the technology malfunctions, is used in unexpected ways, or is even subverted.

The Google Glass project is still in its early stages as of this writing, and no doubt a number of 

kinks will be worked out and potential problems anticipated before it goes into production. 

However, some of the same types of issues are present in more mundane digital activities and 

associated digital traces. While many types of mediated interactions are relatively straightforward, 

they carry with them the possibility for subversion and a discrepancy between presented information 

and reality (e.g., in the case of a hacked email account). This is due to character of digital mediation, 

in which the capture and display of  activities are governed by separate processes.

The world as it exists for us, and the ways in which we are present to the world (Verbeek 2005), 

are substantively shaped by digital technologies. This points to a broader philosophical question 

regarding the structure of our experience of the world. There have of course been technologies that 

8



mediated our experience of the world before: eyeglasses, telescopes, microscopes, videos, 

newspapers, etc. But there is now a class of digital technologies that is distinctive in two key aspects. 

The first is that they provide a more direct link between activity and its capture, recording, and representation 

than is present in intentionally-constructed media. This is the difference between a live webcam feed 

and a produced film. Moreover, our understanding of the difference between these two mechanisms 

of producing representations influence how we interpret and make sense of them. The second 

distinctive aspect is that this mediation occurs in a significantly more opaque way than the mediation of, say, 

eyeglasses. So, for example, something indicated to be a live stream may in fact be pre-recorded 

(something that the ingenious villains of crime shows regularly use to their advantage by swapping a 

non-incriminating pre-recorded video in for the live feed during their heist). Moreover, these 

technologies are designed and configured in ways that determine how they respond to activities. 

Their behavior does not follow ‘natural’ laws in the way that a physical material like grass responds 

to an activity like being walked on. This means that interactive mechanisms that make activities 

visible are almost endlessly variable and also generally not transparent with respect to their 

operation.

Further, because these mediating technologies are now pervasive in the developed world, both in 

availability and use, they form a sort of environmental infrastructure  that is the taken-for-granted 

backdrop of everyday life. They are both part of one’s environment and also enable engagement 

with a mediated environment. This infrastructure is flexible, as technologies are constantly being created 

and updated, and different individuals and groups appropriate them in different ways and have 

different norms regarding their use and significance. Yet in spite of local variations it is in some 

form globally present. This is reflected in the ‘network society’ discourse as well as many other 

attempts to make sense of the societal consequences of these relatively new technologies on a less 

grand scale. In terms of mediating technologies, the significance of this arrangement is that 

information, communication, activities, and the like can flow across multiple technologies in this 

9



infrastructure, thereby enabling a more sophisticated awareness and engagement than would be 

possible through a single, isolated technology.

Although online interactions were once considered ‘virtual’ and separate from other parts of life, 

our current reality is one in which most of our digitally mediated interactions are firmly rooted in 

the ‘real world’. They are deeply embedded in it, not separate from it; they are not just virtual, but 

rather material mediation of the real. This mediating role of digital technologies is the focus of this 

project.

Object of Study and Purpose

This dissertation is an inquiry into the mediating role of digital technologies. Its object of study is 

digital technologies and their relations to the activities they make visible, and the mediated 

subjectivities they can enable. 

The purpose of  my inquiry is to:

analyze and theorize the relation between mediating technologies and the activities they 

make visible; 

theorize the structure and dynamics of mediated perception and engagement through these 

technologies;

develop a flexible conceptual framework that can be used for making visible, thinking, 

talking about, and analyzing these aspects during design and critique;

enable and contribute to a philosophically-grounded understanding of the nature of 

digitally-mediated engagement and to discussions of the role of digital technologies in 

society and human experience.

The problem I address here is that the mediating role of digital technologies has not yet been 

adequately framed as a problem and area of inquiry. My goal in this dissertation, which is reflected 

in the agenda above, is thus to:
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frame digital technologies in terms of the role they play in making activities visible and 

mediating perception and engagement; and 

develop a theoretical framework and language that can be used in asking more precise 

questions about the mediating role of  specific technologies. 

Overview of the Dissertation

In this dissertation I develop a theoretical perspective and conceptual framework for framing the 

mediating role of digital technologies, examining the specific structures and mechanisms involved, 

and characterizing the qualities of perception and engagement in specific technological 

configurations. In doing this I develop and extend existing conceptions of digital materiality in order 

to develop a conceptualization of digital technologies as responsive digital materials that function as 

substrates that can make activities visible as traces. I then apply and extend existing 

postphenomenological theories of technological mediation in order to account for these specific 

components of digital material and to examine the structure and dynamics of digital material 

mediation. In order to tease out aspects that are distinctive about digital material mediation I explore 

ways in which it is ‘uncoupled’ in comparison with more straightforward types of technological 

mediation, specifically along functional, perceptual, and temporal dimensions.

I have taken an analytic, artifact-centered approach in order to maintain relevance to actual 

technological properties (and thus more practical design work) while developing theory that can in 

turn be useful for further practical analysis and theoretical development. Theoretical developments 

are empirically grounded in a set of structured close analyses of specific digital material cases.  In 

the specific method of close analysis of cases I use the concepts of substrates, activities, and traces that 

I developed in order to analyze specific cases where digital technologies make activities 

visible. Analysis of cases and theoretical developments were done in a dialectical process in which 

each informed the other.
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The structure of the dissertation centers around theoretical framing and development, with the 

cases being used primarily in the main theory chapters (4 and 5). The archive of cases is also 

included in the Appendix. In Chapter 2, “Theoretical Foundations,” I discuss the scholarship that 

has informed and served as the foundation for this project. I frame it  in terms of three major issues 

or categories: human-computer interaction design and experience, technology and society, and everyday 

infrastructures. I am also concerned throughout each of these broad areas with how the role of 

technology in experience and society is conceptualized, and with critical perspectives on technology. These are the 

things that enable me to frame the mediating role of digital technologies as an area of concern. In 

Chapter 3 I discuss and provide the rationale for my analytic, artifact-centered approach and method 

of  close analysis of  cases.

Chapters 4 and 5 are the heart of the dissertation and present my main theoretical 

developments. In Chapter 4, “Making Activities Visible,” I survey the many ways in which digital 

technologies can make activities visible, looking at how this capability has shown up in research 

efforts and prototypes as well as in more popular applications. I then consider the materiality of 

activities that are made visible, and after addressing recent discussions of various forms of digital 

materiality move on to develop my own conception of digital technologies as responsive digital 

materials. I conceptualize responsive materials in terms of material substrates that can respond to 

activities and make them visible as traces. In Chapter 5, “Digital Material Mediation,” I consider how 

these traces can then be taken as evidence of activities, and thereby come to mediate perception. I 

here develop and extend existing postphenomenological perspectives on technological mediation in 

order to account for the specific dynamics brought into play by digital materials.

The final chapters address contributions and implications (Chapter 6) and contributions 

(Chapter 7) of this work . The primary contributions of this dissertation are a theoretical framing of 

the mediating role and capabilities of technologies as a unit of analysis; development and extension 

of existing conceptualizations of digital material and technological mediation; a conceptual 
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framework that can be used in framing and analysis; a method of framing and analyzing digital 

material cases; and an archive of  cases that illustrate this method and approach.

The high-level goal of this dissertation is to enable and contribute to a philosophically-grounded 

understanding of the role of digital technologies in society and human experience, and its 

contributions are intended to enable further, more precise, and more practical inquiries into the ways 

in which digital materials mediate engagement with the world.
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Chapter 2: Theoretical Foundations

This chapter is a reflection of my reading of a wide variety of scholarship that in some way 

deals with technology and society over a number of years. It spans a broad range of perspectives on 

technology at varying levels of analysis, from the practical, concrete and artifact-centered 

approaches of HCI to the more abstract and society-centered approaches of disciplines like 

sociology and cultural studies. 

These readings and my own experience have brought home to me two key ideas that have served 

as the moorings of my research. The first is that technologies play a significant role in the world of human 

affairs: that they affect the structure, character and meaning of our activities, and can reflect and 

enforce particular values and power structures. The second is that design decisions regarding technological 

properties and configuration shape the consequences they have in the world,5 and that design as a form of inquiry 

and action in the world can be a powerful tool for bringing about positive change. Langdon Winner 

(1986) argues that as a society we suffer from “technological somnambulism,” willingly sleepwalking 

through “the process of reconstituting the conditions of human existence” through technological 

development (10). On the other hand, Nelson and Stolterman (2003) describe design as a way to 

proactively make conditions better. Rather than taking a reactive stance toward problems, we can be 

“pulled into design because it allows us to initiate intentional action out of strength, hope, passion, 

desire and love” (22). What we need, it seems, is a way to design technologies for the best possible 

conditions of  human existence: thoughtful design rather than technological somnambulism.

But how can this be achieved? How can our best dreams and visions of our lives and societies 

be translated into technical properties and embodied in artifacts and systems? How can we think 
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about the roles that designed technologies will have in the world when people can potentially 

respond to and appropriate them in so many different ways? How can we even understand the role 

and significance of technologies that already exist? How can we possibly consider artifact properties, 

qualities of  human experience, and societal dynamics at the same time and in relation to each other?

This is the challenge that has been my nagging companion and that motivates my research 

agenda. I have constantly had the feeling of being stretched between different disciplinary 

perspectives, levels of abstraction, and foci as I stubbornly hung on to issues of both social 

dynamics and designed artifacts, trying to find a way to bring them closer together. In earlier 

attempts and as a starting point I tried to look for ‘sociotechnical interfaces’: places where the 

technical and social rub up against each other in some way and that might be able to serve as a basic 

unit of analysis. These early efforts led me to focus on ways in which technologies somehow 

mediate human activities.

A related challenge has been that of framing my research and providing a coherent theoretical 

backdrop given the multiple and varied perspectives that inform it, and in the absence of a 

recognized disciplinary narrative, clear set of related work, or already well-defined problem. I initially 

approached this in terms of articulating these different disciplines and their concerns. However, this 

did not work well, as it seemed to reify distinctions between disciplines in unproductive ways when I 

wanted to instead work across them. I also realized that it was important to identify core issues that I 

want to engage with, and where and how they are at play across different literatures and approaches.

The scholarship on which I draw serves to frame and provide the backdrop and motivation for 

my research;  this chapter is thus different from a more standard and focused ‘related work’ literature 

review section. It reflects the theoretical foundations on which I build. The work I reference here 

has informed my sensibilities and concerns and given me concepts that I work and think with, and 

allowed me to articulate the questions I am asking. So I also see this literature section as a matter of 
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honestly accounting for the work that has informed my current perspective. This framing is also the 

result of  non-trivial intellectual effort and reflection, and as such I see it as a contribution in itself.

I have come to frame my major theoretical foundations in terms of three major issues or 

categories: human-computer interaction design and experience,  technology and society, and everyday infrastructures. I 

am also concerned throughout each of these broad areas with how  the role of technology in experience 

and society is conceptualized, and with critical perspectives on technology. I initially thought of these as 

separate categories, but then realized that they are in fact the common threads that tie everything 

else together—and that I want to strengthen.

Human-computer interaction design and experience

The role of technology has been conceptualized, either explicitly or implicitly, in a number of 

ways and from a number of perspectives. In HCI and interaction design, and particularly during its 

beginnings as an official field of study and practice in the 1980’s and 1990’s, technology was 

approached mainly as a tool. Inquiry and practice was guided by the aim of building technical systems 

that were functional, usable, effective, and efficient, and usually to support work processes in 

organizational contexts (Carroll, 2002; Norman 1988; Beyer and Holtzblatt 1998; Schneiderman 

1998; Preece, Rogers and Sharp 2002). The early focus on individual use and cognitive models gave 

way at least in part to a focus on the role of technologies in the social activities and processes they 

were designed to support (Nardi 1996; Bødker 1997; Suchman 2007), a shift famously described by 

Jonathan Grudin as ‘the computer reaching out’ (Grudin 1990) into the social world of human 

activity. The ubiquitous computing agenda saw the computer reaching even farther out in order to 

become pervasive and embedded in the world, while still being used in an instrumental fashion to 

address human needs and desires (Weiser 1991; Abowd and Mynatt 2000).

More recent work in HCI, typically referred to as ‘third wave HCI’ (Bødker 2006), is more 

concerned with the role of digital technologies in everyday life and experience (Dourish 2001; 
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McCarthy and Wright 2004). Instead of functionality and usability, this type of work tends to 

explore design for things like emotion (Boehner et al. 2005, 2007; Isbister et al. 2007), intimacy (Bell 

et al. 2003; DiSalvo et al. 2003; Kaye and Goulding 2004; Vetere et al. 2005; Schiphorst et al. 2007; 

Pace, Bardzell and Bardzell 2010), and engaging and embodied experience (Forlizzi and Battarbee 

2004; McCarthy et al. 2006; Wright, Wallace and Mccarthy 2008; Light 2008; Höök 2009; Hobye and 

Löwgren 2011; Nissenbaum 2011; Schiphorst 2011).

In parallel with more practical design work there have also been developing critical perspectives 

on technology and design. One of the oldest is the tradition of participatory design (Bjerknes and 

Bratteteig 1995; 2012). Although it has become an approach used in a variety of design situations, it 

is rooted in a political stance that workers should be able to participate in the design of the tools 

they use in their work. And, although working in the traditions of philosophy of technology and 

critical theory, Feenberg (1999, 2002) has similarly argued for a democratization of the design of 

technological systems. Another political approach, put forward by DiSalvo (2012), is that of 

adversarial design, which enables agonism: a political perspective and process of opening up spaces for 

contestation and a plurality of perspectives. This is not design for politics (as in efforts to support 

citizen participation within existing democratic processes), but rather political design.

Another fairly well-developed perspective is that of critical and reflective design (Agre 1997; Dunne 

2005; Sengers and Gaver 2006; Sengers, McCarthy and Dourish 2006). This is an approach that 

involves questioning and exploring assumptions, values, and experiences in design work, and creating 

designed objects that can do the work of  social criticism.

A somewhat similar stream of research is that of values in design, or value sensitive design 

(Friedman 1996; Halloran et al. 2009; Knobel and Bowker 2011; Friedman and Hendry 2012), which 

attempts to identify how various human values play out in designed technologies, and how 

technologies and sociotechnical systems can be designed to support certain values.
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Other critical perspectives have involved importing theories from other established (mainly 

humanities) disciplines. While aesthetic concerns have often been present in design in terms of 

aiming for visual attractiveness, Bardzell (Bardzell and Bardzell 2008; Bardzell 2009, 2011) has 

argued for a more rigorous engagement with the quite large body of theoretical work on aesthetics, 

and for using its concepts and vocabulary in a practice of ‘interaction criticism’. Another theoretical 

import is feminism, which has been used to highlight commitments to social issues (like identity, 

agency, and social justice), interrogate processes of production and related discourses, and enable 

conversation around ‘feminist’ interaction design qualities (Bardzell 2010; Rode 2011; Van House 

2011).

Finally, there has been work in HCI and interaction design that centers around addressing 

specific social problems or areas. Sustainability is one such issue, which has sparked work looking at 

the role of digital technologies in contributing to unsustainable practices or encouraging more 

sustainable ones (Blevis 2007). Dourish and Bell’s critical work on the area of ubiquitous computing 

(ubicomp) has highlighted both how its dominant vision of embedded and seamlessly-operating 

technologies in a ‘proximate future’ has shaped the field’s development, as well as at how the messy 

realities of what is actually ubicomp in practice diverge from that vision (Bell and Dourish 2006; 

Dourish and Bell 2011). Fallman (2011) has suggested drawing on philosophy of technology in 

order to question the vision of work in HCI, particularly with respect to how it conceives of what is 

‘good’.

A somewhat different but related issue is that of understanding design as a distinct form of 

inquiry and practice in the world (Nelson and Stolterman 2003). Although HCI in its beginning 

phase functioned like an applied science, at least the professional practice of interaction design is 

now recognized as a design practice. Design research and more theoretical studies are also carried 

out that are meant, ideally, to inform design practice in some way, while practice also affects research 

(Fallman 2008; Kroes 2002; Zimmerman, Forlizzi and Evenson 2007). Developing theory and tools 
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that can support interaction design practice remains an ongoing challenge (Rogers 2004; Stolterman 

2008).

In summary, while HCI has historically conceived of technology as a work-related tool, more 

contemporary interaction design practice, research, and theory views it as participating in complex 

sociotechnical systems in non-trivial ways.

Technology and society

While HCI and interaction design have been concerned with specific technologies and the more 

or less immediate phenomena surrounding them, other lines of work have dealt with the social 

contexts, dynamics, and consequences of  technologies.

Sociotechnical approaches

A basic insight (and assumption) of contemporary work on the relation between technology and 

society is that “computerization is quintessentially sociotechnical” (Sawyer 2005, 9). Technologies do 

not exist in a vacuum, but rather in networks of people, organizations, other technologies, practices, 

and cultures. From this perspective, understanding these contexts and the interplay between the 

various elements is key to understanding the role of technology. Work in the social informatics 

tradition in particular may also take a critical stance in questioning the goals of those creating the 

technologies and how they are actually used, rather than taking these things for granted (Kling, 

Rosenbaum and Sawyer 2005).

One of the most prominent and influential sociotechnical approaches has been that of social 

construction of technology. This approach has its roots in the sociology of scientific knowledge. While 

the sociology of scientific knowledge looks at how scientific knowledge is constructed, studies of 

the social construction of technological systems are generally concerned with tracing the social 

elements that shape how technologies are constructed (Bijker, Hughes and Pinch 1987). They see 
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technologies as social products, with their significance lying in the social processes that brought 

them into being and that dictate how they are used.

One of the main contributions of social construction has been to highlight the contingency 

inherent in technological development. It has demonstrated that technologies do not develop 

according to an internal logic of unilinear progress, but rather are shaped according to the interests 

of social actors. As MacKenzie (1996) points out, we can never assume that a technology in its 

present form was necessarily the best of all possible alternatives. Rather, he says that we should 

always ask, “Best for whom?”, pointing to the multitude of social groups that have an interest in 

shaping the development of  technology so as to serve their own goals.

Social constructivist approaches generally locate technology in relation to science. Collins and 

Pinch (1998) even state that technology is applied science. It therefore makes sense that case studies 

in this vein typically deal with technologies used in scientific or military applications. However, this 

does limit its immediate relevance to technologies that are used in average people’s everyday lives.

Another approach to articulating the relation between technology and society is actor-network 

theory. Latour, one of its most prominent exponents views both humans and nonhumans as actants, 

and sees them folding into and mutually constituting each other (1999, 2005). He talks about 

collectives and imbroglios of humans and nonhumans, describing how they are becoming 

increasingly intermingled and inseparable. For this reason, Latour argues that we should avoid 

subject/object distinctions and instead look at how humans and nonhumans exchange their qualities. 

Actor network theory points to a dimension of the relation between technology and society that 

social constructivism leaves out, which is the shaping of humans and their actions by technology 

(Latour, Bijker and Law 1994). Rather than seeing them as neutral tools, actor-network theory views 

artifacts as having agency as well.

However, these constructivist approaches have been criticized. For example, while seeing value 

in the constructivist approach for exploring what goes on during the process of technological 
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change, Winner (1993) argues that it does not address “important questions about technology and 

human experience, questions very much alive in other theoretical approaches” (368). One of these 

questions is that of consequences: what actually happens in the world as a result of technologies? 

Another is that of “irrelevant” social groups. Social constructivism points out the influence of those 

who were actively involved in shaping a technology’s development; but it does not recognize those 

who might have opposed the technology and lost, or who might be affected by it but did not have a 

voice in its development. Finally, Winner points to the question of what it all means. Social 

constructivism avoids any type of value judgment, instead emphasizing ‘interpretive flexibility’ and 

the ability to see many different viewpoints. His final assessment is that “although the social 

constructivists have opened the black box [of technological development] and shown a colorful 

array of social actors, processes, and images therein, the box they reveal is still a remarkably hollow 

one” (374-375).

Another critic of constructivism is Kallinikos (2004), who critiques its conception of technology 

as subservient to human agents who can refashion it in the contexts where it is implemented if it 

does not suit them. One of his main points is that all that is important about technological systems 

cannot be discovered at the point of implementation in local contexts, that “[e]ssential strips of 

reality are not observable or even describable at the level of  contextual encounters” (141). Further:

“Situated accounts of technology must be supplemented by wider reflection that captures 

the complex web of dependencies, interoperabilities, and institutional relations that sustain 

the embeddedness of technology in local  contexts. Such a complex web of relations 

surpasses the horizon of the present, and involves the mediation of history and culture in 

ways that cannot be reduced to the study of  actor networks” (141).

He also points to the strategies of objectification that technologies embody, and which evolve 

over time. These are properties of technologies themselves and their operation, and will not be 

brought to light by looking at the places where humans actually encounter the technology.
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Social and cultural approaches

Another broad category of work that deals with the relation between technology and society are 

rooted in sociology, communication, (new) media studies, and cultural studies. These are generally 

concerned with the role of technology in relation to the processes and concerns of their specific 

domains. These are not necessarily directly related to the current project, but some of their major 

ideas and insights form part of  the intellectual landscape and motivation that is its backdrop.

One of the biggest sociological projects is to describe and conceptualize the changes brought 

about by the Internet and World Wide Web. The prime example of this is the network society 

discourse, which tracks emerging global flows of productive processes, capital, people, and culture, 

and their social consequences (Appadurai 1996; Castells 1996, 1997). The economic implications of 

these processes and the capabilities of digital networked technologies in particular have seen quite a 

bit of purchase in the more popular literature as well, in concepts like the ‘long tail’ (Anderson 

2006), ‘wikinomics’ (Tapscott and Williams 2006), the ‘flat world’ (Friedman 2005), and the ‘power 

of organizing without organizations’ (Shirky 2008). Although these concepts have all been exposed 

to criticism and tend to err on the side of simple and powerful ideas rather than intellectual and 

empirical rigor, they still point to important phenomena and shape our collective imagination about 

what technology is and the role it plays in society.

Another broad theme is that of looking at how everyday life, communication, and relationships are 

shaped by digital technologies (e.g., Bakardjieva and Smith 2001; Baym, Zhang and Lin 2004; Baym 

2010; Katz, ed., 2008; Licoppe 2004, 2012; Oksman and Turtiainen 2004). Mobile devices (like cell 

phones) in particular have enabled new social practices that are made possible by the fact that they 

are ‘always-on, and always-on-you’ (Turkle 2008). This constant social connection can allow for the 

maintenance and enactment of social relationships and enable flexible coordination, but also 

imposes demands for constant availability.
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Most interactions with digital networked technologies involve some sort of new media, which is 

another lens that can be used to study them. One of the most prevalent perspectives on the role of 

new media and media technologies is that of convergence culture (Jenkins 2006; Meikle and Young 

2011). This points to the convergence of media industries, the flow of media experiences and 

interactions across multiple platforms and devices, and the fact that audiences are no longer passive 

consumers but rather active participants and producers of media. Manovich (2001) takes a different 

tack in his influential book The Language of New Media, in which he draws on studies of earlier media 

(especially cinema) in attempting to articulate the principles of new media, involving both 

technological and social factors, and their forms, meanings, structures, and poetics. Notably, through 

his principle of transcoding he suggests that new media artifacts consist of both technical and cultural 

layers, and that they each influence the other. 

All of these social changes brought about by digital networked technologies seem to add up to a 

way of being in the world that is qualitatively different than before they existed. Coleman (2011) 

discusses this in terms of our being networked subjects, living lives through interactions that are 

interlaced between the virtual and the real, online and offline. She uses the term X-reality to 

overcome the traditional binary logic between the virtual and the real, and to instead emphasize the 

fact that they are both constitutive of reality. Deuze (2011, 2012) has suggested in a similar vein that 

we now live a media life: life lived in, not just with, media (with many kinds of media flowing through 

digital networked technologies). Day and Ekbia (2010) also try to make sense of the variety of 

“(digital) experiences” we have, drawing on philosophical understandings of different types of 

experience.

While sociotechnical approaches tend to be empirical and focus on specific technologies and 

relatively narrow cases, and social and cultural studies deal with technology insofar as it impinges on 

their objects of study, there is also another tradition of trying to understand on a deeper level what 

it means to live with technology and in a technological society.  
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Philosophical approaches

One of the earliest, most far-reaching and influential accounts of modern technological society 

is that of Heidegger in “The Question Concerning Technology” (Heidegger 1977). His view of 

technology was quite pessimistic. He saw it as a way of revealing the world, but a revealing that was 

essentially ‘Enframing’. Enframing causes things to be revealed as mere standing reserve, as 

resources for the technology. This perspective leaves little room for human action or improvement, 

since it is based on an essentializing view of technology. As Verbeek (2005) puts it, Heidegger saw 

technology only in terms of its conditions of possibility—the way of viewing the world that leads to 

technology’s eventual appearance. And when approaching an analysis of technology from this 

starting point, the outcome of  alienation was all but inevitable.

Other philosophers and social theorists similarly credited technology as the main agency (or at 

least accomplice) behind the deleterious social conditions of mass society. Marcuse, a critical theorist 

working in the tradition of the Frankfurt school, developed a bracing critique of post-industrial 

society and culture centered around their diagnosis as ‘one-dimensional’ (Marcuse 1964). In his view, 

the society that is governed by technical rationality provides a relatively high standard of living, but 

with the price of a lack of freedom, autonomy, and realization of the highest human possibilities. 

Ellul (1954) saw a similar danger in the techniques required by technology and mass society, the 

attitudes and dehumanizing tendencies of technological development, and a preoccupation with the 

technological means that causes a losing sight of ends. Decades earlier, Mumford (2010) also saw 

technological change and social conditions as inextricably intertwined, and was also concerned with 

using machines intentionally for the good of civilization rather than bowing unthinkingly to the 

logic of  efficiency that they seemed to demand.

Borgmann (1984) also later picked up on the importance of the distinction between means and 

ends in relation to technology, and developed it more fully in his device paradigm. His argument is 

based on a distinction between things and devices. A thing “is inseparable from its context, namely, its 
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world, and from our commerce with the thing and its world, namely, engagement” (116). A device is 

the opposite. A device is used to produce a commodity, an end separated from the means used to 

produce it.

His well-known example that illustrates this distinction is that of the wood-burning stove versus 

central heating. A stove requires a person to chop the wood and engage in making the fire in the 

home, thereby gathering these multiple contexts. On the other hand, a central heating system 

produces heat as a commodity without any active engagement required beyond flipping a switch. In 

sum, “focal things unify and gather, devices divide and scatter” (Strong and Higgs 2000, 32). 

Borgmann sees attention to focal practices as the source of reform and redemption. Focal practices 

involve engagement, and are “required to counter technology in its patterned pervasiveness and to 

guard focal things in their depth and integrity” (Borgmann 2004, 128).

Another theorist who is interested in technology as it relates to everyday patterns of activity is 

Langdon Winner. He argues that “technologies are not merely aids to human activity, but also 

powerful forces acting to reshape that activity and its meaning” (Winner 1986, 6). They create forms 

of life and encourage patterns of activities in ways that profoundly shape the conditions of our 

existence and our social relationships. Technological development can, he argues, be seen as serving 

a similar function to that of legislation, except with much less attention given to its enactment and 

consequences.

Winner (1986) states that as “they become woven into the texture of everyday existence, the 

devices, techniques, and systems we adopt shed their tool-like qualities to become part of our very 

humanity” (12). This framing subordinates technologies to human agency. Here the threat is not 

enframing or endangerment of things and focal practices, but rather inattention and unwarranted 

expectations. Given that technologies create forms of life, Winner says that “the interesting puzzle 

in our times is that we so willingly sleepwalk through the process of reconstituting the conditions of 

human existence” (10). He refers to this state of affairs as technological somnambulism, which 
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poses an interesting challenge regarding how to institute design processes that would be more 

attentive to these dynamics.

While philosophical approaches to the relation between technology and society toward the 

earlier part of the twentieth century tended to take quite broad and sweeping critical theoretical and 

historical perspectives, more modern work has taken an ‘empirical turn’. Work in this vein turns 

attention toward actual ‘things themselves’ rather than their conditions of possibility. This is 

particularly characteristic of postphenomenology. Since it is the approach I use to more specifically 

frame my research, I will describe it in some more detail.

Postphenomenology, owing to its roots in classical phenomenology, is concerned with how 

humans experience reality, and the structure of that experience. But it is also resolutely anchored in 

the empirical reality of actual technologies, thus offering an artifact-centered approach that provides 

a useful grounding when addressing the role of technologies in experience. It foregrounds the 

mediating role of  technologies in action and experience.

Postphenomenology came into being, led by Don Ihde, as a sort of combination of pragmatism 

and phenomenology and in response to a general discontent with existing philosophical approaches,  

as well as the empirically-oriented science studies program and the ensuing ‘science wars’ of the 

1980’s (Ihde 2008). It was much more pragmatic and empirical then phenomenology proper, and 

emphasized materiality and technics while maintaining a strong sense of  embodiment.

Ihde himself focused on describing the role of technologies in mediating perception. In doing 

this he described embodiment, hermeneutic, alterity, and background relations that correspond to different 

mediating positions that technology can occupy. The most common are likely embodiment and 

hermeneutic relations. In embodiment relations, the technology becomes perceptually transparent as 

the user’s focus is on the world that is perceived through it. A common example of this type of 

relation is that of glasses: when glasses function properly, the wearer’s focus is on the world that she 

sees through them. In the case of hermeneutic relations, in contrast, the focus is on the technology 
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as a text to be read after the technological device has captured and translated some aspect or 

property of the world. This is the type of relation that exists when a person uses a thermometer: she 

reads and interprets the number on the thermometer in order to gauge the temperature outside 

(Ihde, 1990).

Verbeek, arguably the most prominent contemporary exponent of postphenomenology, takes an 

even more radical approach in revamping phenomenology. For him, subject and object, human and 

world are not just intertwined but mutually constitute each other (Verbeek 2005). He takes the 

phenomenological practice of analyzing human-world relations as a starting point for thinking about  

the role of things in our experience of the world. Importantly, this approach is able to maintain a 

concern with fundamental issues in regard to technology that other empirical approaches do not. 

Verbeek states that “in empirical technology studies the hermeneutic and existential questions posed 

by the classical philosophers of technology fall out of the picture: What is the role that technology 

plays in human existence and in the relation between human beings and reality?” (Verbeek 2005, 

100).

At the heart of postphenomenology is a sensitivity to specific forms of objectivity and 

subjectivity that arise through relations:

“Postphenomenology can be viewed as an offshoot of phenomenology that is motivated by 

the postmodern aversion to context-independent truths and the desire to overcome the 

radical separation of subject and object, but that does not result in relativism. From the 

postphenomenological perspective, reality cannot be entirely reduced to interpretations, 

language games, or contexts. To do so would amount to affirming the dichotomy between 

subject and object, with the weight merely being shoved to the side of the subject. Reality 

arises in relations, as do the human beings who encounter it. Only in this sense is 

postphenomenology a relativistic philosophy—it finds its foundation in relations” (Verbeek 

2005, 113).
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Postphenomenology does not necessarily imply technological mediation, but it provides a useful 

framework for analyzing the role of technologies in experience. And technologies are always and 

only understood in the context of  relations:

“Just as perception can be understood intentionally only as perception-of, and consciousness 

only as consciousness-of, so technology can only be understood as technology-in-order-to. 

The 'in order to' indicates that technologies always and only function in concrete, practical 

contexts and cannot be technologies apart from such contexts” (Verbeek 2005, 117).

This concept of technological intentionality points to the importance of understanding specific 

technologies and the specific relations they enter in to and mediate.

There are two dimensions of postphenomenology, as outlined by Verbeek (2005): hermeneutic 

and existential. The hermeneutic dimension is concerned with the role things can play in experience 

through mediating access to the world, while the existential dimension deals with questions 

regarding the nature of human existence. Or, put another way, hermeneutics is about how the world 

comes to humans, and existentialism is about how humans come to the world. The former deals 

with experience and perception, while the latter deals with existence and action. 

One of the key benefits of using a postphenomenological approach is that is provides a way to 

describe technologies in terms of more than just their functionality. As Verbeek (2005) states: “In 

fulfilling their functions, artifacts do more than function—they shape a relation between human 

beings and their world” (208). Moreover, technology “mediates our behavior and our perception, 

and thereby actively shapes subjectivity and objectivity: the ways in which we are present in our 

world and the world is present to us”  (203). 

Postphenomenology directly addresses the role of technologies in mediating our engagement 

with the world, making it ideal for my purposes here. This is why it provides the main framing for 

my approach.
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Everyday infrastructures 

Since digital technologies have become pervasive in everyday life, and interactions, activities, and 

experiences flow across and through them, it seems to be potentially useful to view them as a sort of 

infrastructure. This is especially true since infrastructure is a concept that is increasingly being 

foregrounded in work studying and building digital systems. It also provides a way to think about 

how we live with and through digital technologies as the background for everyday life.

Infrastructure has been studied largely in the context of organizations and work practices, 

particularly those related to science or bureaucratic processes and record keeping. These foreground 

the infrastructure that is usually in the background, and look at how it structures activity. This 

perspective is arguably becoming increasingly important for design, since the process of digitizing 

infrastructure can reinforce and perpetuate existing organizational processes. And code, as Lessig  

(2006) argues, can function as architecture and be a strict and absolute regulator of what people can 

do.

While infrastructure is a complex concept, it can be defined simply as “a broad category 

referring to pervasive enabling resources” (Bowker et al. 2010, 98). It is also embedded in practice, 

transparent unless it breaks down, embodies standards, and can be quite broad in scope and difficult 

to change. According to Star (1999) it can be a material artifact, a trace or record of activities, or a 

veridical representation of  the world.

Infrastructure is increasingly digital: the Internet itself might be one of the most universal 

enabling resources. Digital infrastructures built on top of it enable and shape new forms of sociality 

and can embody social, ethical and political values (Bowker et al. 2010). These infrastructures tend 

to fade into the background once their newness wears off, and they are also so intertwined with 

other systems and work practices that they can be difficult to change.
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Another large dimension of infrastructure that Bowker and Star (1999) explore is that of 

classification and standards. They consider these to be part of the built environment, explicitly 

linking them to physical architecture. They compare their work to that of a city planner or urban 

historian leafing through “highway permits and zoning decisions to tell a city’s story” (5). This is a 

moral and ethical inquiry, as standards and categories inevitably “valorizes some point of view and 

silences another” (5). In relation to digital infrastructure in particular they argue that “Every link in 

hypertext creates a category. That is, it reflects some judgment about two or more objects: they are 

the same, or alike, or functionally linked, or linked as part of  an unfolding series” (7). 

Digital infrastructure thus embodies ontologies, specific ways of slicing up the world and 

making it understandable. It makes some things visible, and others invisible. It is quite literally 

technology that enframes and causes those who interact with it to view the world in certain ways.

One example that Bowker and Star (1999) use that I find particularly compelling is that of the 

Nursing Interventions Classification (NIC). This is a system that allows for the documentation of 

nursing activities. While many of its categories deal with what are commonly considered to be 

nursing activities, there are also categories for less obvious nursing interventions such as humor and 

spiritual support. Although these are things that nurses do anyway and as part of other activities, 

they would become invisible if not coded, documented and recorded. Including these categories was 

thus not only about accurate record keeping, but also about defending the professional autonomy of 

nursing as medicine becomes increasingly computerized. 

“As the representational medium changed, it was important to be able to talk about nursing 

in a language that computers could understand, else nursing work would not be represented 

at all in the future. It would risk being even further marginalized than it is at 

present” (Bowker and Star 1999, 237). 
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Classification and infrastructure are thus also matters of memory, determining what is remembered 

and forgotten. The NIC is an effort to both make nursing work visible in ways that count now (i.e., 

in terms of  computer data), and also to ensure that this work is remembered.

While there is a lot of infrastructure that supports specific work practices and bureaucratic 

record keeping, we can also look at other cases of perhaps less obvious digital infrastructure that 

structure practice and knowing. One of these is the infrastructure of search engines (Halavais 2009; 

Vaidhyanathan 2012). Search engines, especially Google, increasingly mediate our processes of 

information acquisition. Our first inclination for finding information (and, often, admonition to 

people who ask questions) is to ‘just Google it’. As Halavais puts it, search engines “represent the 

screens through which we view  the content of the web, screens that allow us to inflict our own 

desires on the ‘giant mass’ of  the web, taming it and making it useful” (Halavais 2009, 2).

Search engines thus have the power to direct attention, and the ways that they do this may not be 

transparent. In other words, the results that a user sees may not be objective ‘best’ results (however 

that might be defined), but rather results that have been constructed in certain ways. One way this 

can happen is that advertisers can pay for placement in search results. These paid placements are set 

off from the other results in some search engines, but they are nonetheless placed to get the users’ 

attention. A more subtle mechanism that influences search results are the strategies web sites can use 

to get the attention of search engines, referred to as search engine optimization (SEO). Sites want to 

be listed and search engines want to present useful results, which leads to increasingly sophisticated 

strategies on the part of both sides for ensuring their respective outcomes. Yet this behind-the-

scenes wrangling is hidden from users, who typically have only a vague idea of why search results are 

ordered the way they are.

Another way that search engine results are shaped is through personalization based on individual 

users’ search history. This is potentially quite useful, but also entails implications for what people 

know about the world. Presumably, customization would assure that users see the types of 
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information that they want to see, and not the kinds they do not. A search engine learning that when 

a person searches for ‘gun’ that he wants the Nerf or water variety, as opposed to the Smith & 

Wesson variety, might be useful. However, the issue might be less straightforward in the case of 

someone looking for information on debates over gun ownership. A search engine could 

presumably determine the kinds of perspectives that a user prefers, and give him search results 

representing those perspectives. This would serve to strengthen his positions, which might have a 

certain kind of use value for him. However, if a person thinks the results are objective, and not 

tailored to his interests, it could lead him to think that the perspectives he favors are the dominant 

ones. And of course, it would also ensure that he is not exposed to arguments made by proponents 

of other positions. Social media sites also present a customized feed based on the anticipated 

preferences of users. All of these things put together mean that people can end up in a ‘filter 

bubble’ (Pariser 2012), presented with information that is agreeable to them while potentially 

remaining unaware of the other information that is being filtered out. Search engines and 

personalized content providers can thus shape what we know and perceive about the world. They 

may even shape how we think, encouraging us “to frame our thinking in terms of search” (Halavais 

2009, 94). 

Infrastructure comes in many forms and has many functions. It is a flexible concept that 

provides a way to think about both technological systems and social practices, and how they are 

mutually constituted and embedded. It may also have a connotation of an ordering of practice that 

is imposed from the top down, or at least that has become sedimented and thus forceful over time. 

Digital infrastructures in particular also tend to be designed to support quite particular types of 

activities and practices in specific contexts.

However, it is also possible to look at more general infrastructures that are the structures within 

which everyday life is lived and against the backdrop of which specific practices take shape. This is 

the kind of perspective that de Certeau (1984) develops. In his analysis he foregrounds the everyday 
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practices, “operations,” and “making do” of ordinary people. The major distinction he plays with in 

a number of variants and incarnations is that between “strategy” and “tactics.” Strategy refers to the 

operations of power, which has its own place from which to consolidate its position and maintain its 

authority. It entails abstract plans, structures, and systems. Tactics, on the other hand, has no place of 

its own, and rather operates in the place of strategy. It does not just conform to it though: it 

creatively responds to individual circumstances in order to score small but always impermanent 

victories in turning what is at hand to its advantage.

One of the major (and most famous) examples de Certeau (1984) uses is that of walking in the 

city. He contrasts the totalizing, panoptic view of New York City from the top of the World Trade 

Center to the experience of pedestrian “practitioners” who actually walk the streets. The ‘city’ of 

city planners is an abstraction and a plan, whereas the city for those who live in it is something that 

is experienced and used in relation to their activities.

Although digital technologies are in many ways quite different from a city, they are also in a way 

‘structures’ for practice that are designed from the top down and that both support and constrain 

different types of activities in different ways. People who use a technology can also develop and 

deploy their own tactics with regard to its use, utilizing the technology’s resources and working  

around its constraints in order to serve their own ends. Technologies are frequently studied in terms 

of their ability to support particular kinds of professional or social practices—the practices they 

were specifically designed to support. However, as an ever increasing number and variety of digital 

technologies pervade both individual and collective life, it becomes possible and perhaps even 

important to consider the types of resources and constraints they together provide as infrastructures 

for the creative practices of  everyday life.
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Summary: The mediating role of technology 

The theory presented above covers quite a bit of ground, and is painted with a fairly broad 

brush. But all of it in some way deals with the role of technology in society and everyday life and 

offers grounds for interrogating it. Digitally mediated engagement with the world, which is the 

subject of this project, is involved in many of the issues raised. This is rather obvious at the 

individual level of analysis. Yet even at the societal level when discussing something like the network 

society, the real-world commerce and activities that take place through digital networked 

technologies are built on the very basic level of people engaging with the world through digital 

technologies. This is why mediation is the focus of  this project.
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Chapter 3: Approach and Method

The purpose of this project is to analyze and theorize digital technologies in terms of the ways 

in which they make activities visible, and can thus mediate perception and engagement; and to do 

this in a way that can enable reflection and thoughtful critique in specific cases (and thereby perhaps, 

indirectly, thoughtful design). This requires staying close to actual artifacts and their properties while 

also considering the potentially complex roles they play in experience.

The approach and method I have developed is analytical, artifact-centered, and attuned to 

specific human-technology relations. I assume that artifacts are worth paying attention to because of 

the ways in which they transform our experience (an assumption that underlies philosophy of 

technology (Kaplan 2004)), and that their functions can be critically analyzed in terms of these 

transformations of experience. More specifically, I have developed a method of analyzing cases and 

developing theory in a dialectical process in which each has informed the other.

In this chapter I will describe my approach and its rationale in more detail, as well as the actual 

method I have developed and used. 

Approach

This project is concerned, broadly speaking, with the mediating role of digital technologies in   

experience. One of the main challenges of studying this relation between concrete artifacts and 

experiential and social dynamics is finding a way to consider the latter in a way that takes their 

complexity into account but can also be in some way generalizable without being reductive. The 

usual approach to studying social phenomena would be ethnographic or perhaps, at a larger scale, 

sociological. However, while these approaches are able to provide rich insights about the social 

processes surrounding technologies, they tend to foreground social practices while letting the actual 

35



technologies fade into the background (or slip out of view  completely). Although ethnographic 

approaches (e.g., Turkle 2008; Pearce 2009) provide rich and fine-grained detail, they are focused on 

a specific site and thus limited in their broader applicability; and the large-scale patterns and flows 

that are in focus in broader cultural and sociological perspectives (e.g., Appadurai 1996; Castells 

1996, 1997, 2000; Virilio 1977) are painted with such a broad brush that the dynamics of specific 

sociotechnical configurations are seen in a way that is refracted and blurry (if at all).  These 

perspectives can provide one very important part of the picture, but are not sufficient for critically 

approaching technologies and their design in relation to social implications. On the other hand, 

starting with technological artifacts entails the danger of technological determinism, of seeing them 

as the sole agents that cause certain social effects. It can also be similarly limiting in terms of scope 

and generalizability.

Another relevant tradition that considers social aspects of technologies is work done in the 

tradition of social construction of technology (SCOT). SCOT accounts open up the ‘black box’ of 

currently stable technologies in order to identify the various social actors, values, and processes 

involved in their production (e.g., Pinch and Bijker 1987; MacKenzie 1996). However, while these 

accounts can shed light on the social contexts of technological development, they provide little help 

in considering the role of  technologies themselves.

This issue of how to deal with actual artifacts while also taking into account their fundamental 

embeddedness in complex social and cultural contexts of development and use is something that 

Verbeek (2005) has also dealt with. He states:

“The facts that technological artifacts can be conceived as constructions, always exist in a 

context, and are interpreted by human beings in terms of their specific frameworks of 

reference do not erase the fact that systematic reflection can be undertaken of the role that 

these contextual and interpreted constructions play concretely in the experience and 

behavior of human beings. That ‘the things themselves’ are accessible only in mediated ways 
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does not interfere with our ability to say something about the roles that they play, thanks to 

their mediated identities, in their environment. And it is precisely the postphenomenological 

perspective that offers a new way of  so doing” (113).

This is one reason why I take a postphenomenological perspective here, focusing on the mediating 

role of digital technologies specifically with respect to the ways in which they respond to activities 

and make them visible.

Philosophy of technology (of which postphenomenology is a sub-field) has also more generally 

provided methodological models that have informed my approach and method. Philosophy of 

technology is “a critical, reflective examination of the nature of technology as well as the effects and 

transformation of technologies in human knowledge, activities, societies, and environments”; and it 

has the aim of understanding, evaluating, and criticizing “the ways in which technologies reflect as 

well as change human life individually, socially, and politically” (Kaplan 2004, xiii). Its analytic, critical 

and reflective orientation is similar to that of design, making it a seemingly useful approach when 

attempting to ultimately be relevant for design. The more empirical orientation that has developed in 

recent decades (as seen in, for example, Achterhuis 1997; Hasse 2008; Rosenberger 2008; Selinger 

2008; Verbeek 2008b; Riis 2011; Rosenberger 2013; Hasse 2013) is also in many ways more credible 

and useful than earlier transcendental and purely theoretical perspectives on technology.

From an interaction design perspective, Janlert and Stolterman (2010) also make a case for the 

usefulness of  an analytical and artifact-centered approach for design. They state:

“A benefit of an analytical artifact approach … is that it coincides with the way a designer 

thinks about the artifact to be designed. To a designer, the artifact is the object that will be 

shaped and given certain properties and qualities. These properties and qualities are for the 

designer objective and intrinsic to the designed artifact” (4-5).

Thus, an analytical approach can also serve one of my primary goals of remaining relevant to actual 

design decisions and processes.
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I will also follow Janlert and Stolterman in using a method of  analytical studies.

“An artifact approach lends itself to analytical studies, that is, studies where artifacts are 

examined in detail based on some theoretical or conceptual framework. The purpose of an 

analytical examination is usually to experiment with and further refine definitions of 

concepts and to develop a theoretical framework” (Janlert and Stolterman 2010, 4).

I will similarly use a series of small studies to both explore and gain a better understanding of 

interactive mechanisms, as well as to refine my theoretical framework.6

Another reason for using an approach that stays close to artifact properties is to develop flexible 

concepts that can be used in design and critique. These seem to be more useful than prescriptive 

methodologies in design (Rogers 2004), as they can support designers’ reflection and expand design 

thinking (Stolterman 2008). Based on various studies of the kinds of support that interaction 

designers appreciate in their practice, Stolterman (2008) suggests that 

“it seems as if (interaction) design practitioners are inclined to appreciate and use: (i) precise 

and simple tools or techniques (sketching, prototypes, interviews, surveys, observations, etc.), 

(ii) frameworks that do not prescribe but that support reflection and decision-making (design 

patterns, ways of using prototypes, styles of interaction, etc.), (iii) individual concepts that 

are intriguing and open for interpretation and reflection on how they can be used 

(affordance, persona, probe, etc.), (iv) high-level theoretical and/ or philosophical ideas and 

approaches that expand design thinking but do not prescribe design action (reflective 

practice, human-centered design, experience design, design rationale, etc.)” (63).

Here I develop all of these types of things to some degree: a simple technique of close analysis; a 

framework for looking at technologies in terms of the activities they make visible and the mediations 

they enable; a set of concepts (digital material, substrate, trace) that can be used in analysis and 

reflection; and theoretical/philosophical ideas regarding digital material mediation.
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In a somewhat different way I have also been inspired by the approach of architecture as a 

model for considering the relation between designed things and the types of experiences and social 

dynamics that occur in and around them. Architecture deals with concrete structures and their 

properties, but also in relation to the patterns of human activity that they enable and the experiential 

qualities of the spaces they create. Moreover, this relation is not deterministic, but rather takes the 

‘agency’ and properties of structures into account in very sophisticated and multi-leveled ways. So 

for example, a solid brick wall structurally prohibits people from passing through it, while a door in 

that wall provides more complex functionality of allowing or prohibiting access in different ways, 

depending on the configuration of the door (e.g., a door that requires a key to open, a shop door 

designed to remain open during the day but to be barred for security at night, or a public restroom 

door that has no lock and must only be pushed or pulled to open). This is not determinism in the 

usual sense of technological determinism, but rather a consideration of activities that certain 

structural configurations either allow or prohibit, and under what conditions. However, it is also 

possible to look at things like connections and relations to different spaces and their associated 

patterns of activities; at the aesthetic significance and visual language of forms and materials used; 

and the overall qualities of  the spaces produced by these architectural structures.

For these reasons, I have also taken architecture and properties of physical materials as 

conceptual and methodological inspiration. What this means methodologically is that I am 

concerned with properties of designed artifacts that are related to human activity, particularly as they 

allow, constrain, and shape actions and visibilities: the digital walls, doors, windows, and spaces 

constituted by mediating technologies. This also allows me to remain empirically grounded through 

a focus on specific material properties in specific cases, even as I use these cases as examples of 

broader types of  interactive mechanisms and dynamics.

In summary, my approach is analytical and artifact-centered, and I am concerned with the 

aspects of technologies that are relevant when considering how they mediate human engagement 
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with the world. My goal is to develop theoretical understanding that is empirically grounded and can 

also be used for further empirical inquiry and analysis. These considerations have informed the 

specific method I developed.

Method

The method I developed and used involves analyzing specific cases of digital mediation and 

developing theory that can account for and be used to analyze these types of mediation. I have done 

both of these activities more or less simultaneously in a dialectical process in which each informs the 

other. I will describe each of  these in turn.

Analyzing cases

Selection

The cases I work with have come from basically two sources, which in many cases have 

overlapped. The first is my own experience interacting with a variety of technologies and 

applications on a daily basis in my own work and life. Some of the first simple examples I identified 

and analyzed were things like email time stamps, shared documents, wifi networks, and instant 

messaging applications. I used these and other similar simple cases here because of their ubiquity 

and simplicity, and the fact that I myself regularly used them, but also because of the richness of the 

insights that they allowed me to develop. I have also noticed examples of technologies making 

activities visible in the news media that have given me specific issues to think with and in some cases 

informed my selection of particular cases. For example, online tracking is a general issue of concern 

that periodically shows up in the news, and I chose to use Ghostery [Case 11] as a case that makes 

this issue a bit more concrete (by making the trackers visible on specific sites).

The second source of cases is popular application awards, specifically Crunchies winners 

(http://techcrunch.com/2012/01/31/crunchies-dropbox/) and the Webby Award People’s Voice 
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winners in the ‘Mobile and Apps’ category (http://www.webbyawards.com/webbys/current.php?

media_id=127&season=16).7 I chose to consult these lists as a way of identifying applications that 

are fairly widely used in a way that was more objective than my own sense of what is popular. It was 

also a way of discovering applications I was not already familiar with or would maybe not have 

thought to analyze. These awards are not strictly representative of the entire population by any 

means, and disproportionately reflect the opinions of the technology community. However, the fact 

that these applications won awards based on popular voting means that it can be assumed that their 

use is reasonably common. And the fact that they disproportionately reflect the opinions of the 

technology community might even be an advantage in that technologists are the ones designing new 

technologies, and seeing what they consider to be state of the art can shed light on what they value 

and the directions in which they might push technologies to develop.

I have continued to explore and add cases as long as I have found that they can provide value 

and insights beyond those I have already gathered. In addition, since there are a number of common 

patterns and clusters of features that are present in very similar ways across applications (e.g., 

sharing something via social media), I have typically focused on the more unique aspects of 

particular applications. However, I have also added cases in order to illustrate basic and common 

things as I found necessary when writing; for example, I added basic Twitter and Facebook posts, 

and a weather app.

Close analysis

When I first started examining the applications on my list, I felt quite overwhelmed by the 

challenge of adequately representing their functionality. I finally realized, however, that not only 

could this not really be done here, but that it was actually not as productive as focusing on one small 

and more concrete piece. I also discovered that considering how specific technologies make activities 
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visible is easiest when looking at specific instances where this has happened. I started to zoom in on 

the traces, and to work backward from there. The activity-made-visible, or trace, came to be my main 

unit and starting point of analysis. I used instances where I was able to capture screen shots from 

my own use or find promotional screen shots of an application in use that show where traces have 

been made, or that illustrate how they are made.8

After collecting these screen shots for cases and making tentative notes about their traces, 

substrates, and activities for a while, while concurrently developing and refining these concepts, I 

finally arrived at a consistent method of analysis. This began with the screen shot(s) I had for a 

particular case. I then identified (and annotated, if appropriate) the traces present. From these traces 

and my own knowledge and investigation of how the application works, I extrapolated the activities 

that led to the traces, and then the substrates  that responded to those activities. These substrates can 

include many levels of code, various devices, the internet, sensors, and displays. I have typically listed 

only the ones most immediately connected to the activities and traces of the particular case, but 

these larger underlying infrastructures (both physical and digital) should always be kept in mind. 

Often I noted as part of the substrate ‘functions corresponding to the activities and traces listed’. 

For example, in order for a ‘+1’ on a Google+ post to show  up as a trace, there must be a ‘+1 

function’ that handles the input and display (trace) of that activity. It is outside the scope of this 

project to dive into the actual code that governs how applications function, but this is a key part of 

the substrate. 

Although I have organized these cases by application, I have not necessarily attempted to 

conduct an exhaustive investigation of all the ways that each application can make activities visible 

(although I have attempted to account for the most salient). Many applications have many different 

substrates, and some screen shots display multiple traces. In other words, there are a variety of 

42

8 Most of these promotional screen shots are from the iTunes app store, simply because these images were in 
a standard format and seemed to be of slightly superior quality compared with images from the Android app 
store.



mechanisms that capture and display different types of activities, and in different ways. In the case 

of large and complex applications, I have typically chosen to focus on one specific feature that 

makes activities visible. The goal of analyzing these case studies is to develop insights, not to 

provide comprehensive descriptions; and the unit of analysis is activities and related traces, not the 

apps themselves. The apps simply provide the context for the specific cases and a useful nominal 

designation.

I found during the process of analyzing cases that the analysis became easier and more precise 

as I developed more precise definitions of the key concepts in the theoretical part, while the cases 

were also indispensable for that theoretical development.

Presentation

The cases are presented in two ways. The first is that they are collected in an archive in the 

Appendix. Each case is summarized on a single page, with screen shots and an overview  of the basic 

elements identified above (substrates, activities, and traces). On many of the screen shots there is a 

green oval annotation highlighting specific traces or related items of interest. On some images there 

is no annotation, because there are so many relevant traces that highlighting them all would be 

counterproductive. I have also listed the source of the example; this is often a web link, and in the 

case of apps installed on my own devices I have also provided the link to download and get other 

information about the app on the web. The date accessed is also given, in keeping with common 

citational practices for online sources. In the case of desktop or mobile apps for which I have used 

my own devices as examples, the version should be assumed to be the one that was current on the 

date of  access.

The second way the cases are used is in the text itself (mostly in chapters 4 and 5). Here I 

discuss particular cases in more detail and compare and contrast them with each other in order to 

illustrate specific points.

43



The cases are listed in alphabetical order in the Appendix for easy reference. It might be possible 

to group them into categories depending on their type or on the particular type of functionality they 

illustrate. However, since there is no single clear ordering principle to use and most cases could 

conceivably fit into more than one category, I have chosen to use the arbitrary alphabetical ordering. 

It is in the text itself  that I will impose more order in various ways.

Developing theory

Concurrently with the case studies I developed a theoretical framework and vocabulary suitable 

for addressing mediating technologies, their functioning, their relation to the activities that they 

make visible, their representation of these activities, and the qualities of the digital material 

mediation they can enable. In doing this I used the cases to think with, frequently scrolling through 

my expanding archive in order to verify patterns or be reminded of different types of cases. My 

intent has also been to develop a perspective that can more broadly be used to conceptualize the 

dynamics of multiple mediating technologies coming together in everyday life and forming 

infrastructures that shape our activities, awareness, and engagement with the world. Although my 

focus here has been significantly more narrow, digital material as a unit of analysis is intended to also 

enable this broader perspective on interactions that occur across and through multiple technologies.

I will discuss these in some more detail in the following section. But first a note on terms.

A note on terms

The words awareness, perception, and engagement figure prominently in my exploration of the 

experience of digital mediation and refer to similar and overlapping phenomena, and so require at 

least some basic definition for the sake of clarity. I base my use of the words on what I believe is 

common usage and nuances in meaning, but operationalize them more specifically for my purposes 

here.
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Engagement is in a way the most general of the three terms, and I use it to refer to intentional 

focus and relatively sustained interaction. It is in this sense that we can speak of engaging in a 

conversation, of being engaged in a book, of having one’s services engaged, or being engaged in 

local community issues. It sometimes involves an active conversation and exchange, but always at 

least an interested attention directed toward something that is present to one’s awareness. In terms 

of mediating technologies, we might think of following a blog in order to be generally engaged with 

the issues it covers, or being engaged in a conversation on an instant messaging client.

Awareness, on the other hand, is more basic, and usually more passive. It refers to a state of being 

to at least some degree cognizant of a thing’s presence or of a certain state of affairs, but in such a 

way that it is generally in the background or periphery of consciousness unless there is some sort of 

provocation that calls attention to it. The lines down the side of the highway, the temperature, the 

hum of an air conditioner, one’s breathing, a distant siren, and the smell of dinner in the oven are all 

things of which one might be aware. Of course, any of these things can become the focus of active 

attention: during road construction highway lines can become uneven and confusing; the 

temperature can be uncomfortable; an air conditioner can rattle; one’s breathing can be difficult 

when sick and congested; a siren can become alarming if it gets progressively closer; and the smell 

of food can make one acutely aware of the rumbling in his stomach. In this way awareness can be a 

precursor to engagement. A periodically changing list of people who are online in an instant 

messaging client, a new email alert sound, and a Growl9 notification are digital things of which one 

might be aware.

Perception falls somewhere between awareness and engagement. It refers to a process in which 

one both senses an external stimulus and, through some level of cognitive processing, renders it 

meaningful on the basis of past experience and context. While sensation happens when a stimulus 

registers with one of our five senses, perception is what happens in the brain that allows us to 
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experience it. For my purposes here, I use the term when discussing digital displays that are both 

sensed and made sense of through some sort of interpretive activity. For example, when seeing a 

friend’s Skype status change from ‘offline’ to ‘available’, one might perceive that this person is at his 

computer and has changed his status through interpreting the display based on past experience and 

knowledge of  how the Skype mechanism functions. 

When considering interactions with and through technologies, all of these aspects and their 

varying degrees of focus and intentionality can come into play. I will throughout use the more 

general term engagement predominantly when discussing the mediating possibilities afforded by 

interactive technologies. However, this should also be understood to entail the more foundational 

elements of awareness and perception. I will use these more precise terms when dealing with these 

aspects specifically.

Another term that might need some clarification is technology, which is an almost unhelpfully 

broad term. The specific technologies I am concerned with here are those that are digital, 

networked, and in some way involved or potentially involved in mediating human affairs. I refer to 

these as digital technologies  or mediating technologies, and also develop a conception of them as responsive 

digital materials. I use the plural to indicate that these cannot be adequately characterized as a uniform 

and monolithic type (as implied in early pessimistic and totalizing approaches to ‘Technology’), but 

rather can differ significantly in their functioning. My purpose here is to look for common 

mechanisms and dynamics while also taking account of the significant variance between specific 

digital technologies.

Theoretical framework

The purpose of the theoretical framework I developed is to frame and foreground the mediating 

role of digital technologies, particularly with respect to perception and engagement. I broke this 

down into two aspects. The first that I addressed can in a way be considered to be the perspective of 

technologies with respect to the activities they make visible. I developed the concept of responsive 
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digital material in order to conceptualize and account for the character of the relation between a 

technology and activity that it  makes visible. I used physical materials as a model, and considered the 

ways in which various materials respond to and thus make visible various types of activities. I then 

used a number of my cases in considering how digital technologies can also function as responsive 

materials in similar ways.

The second aspect of digital mediation is that of subjectivity with respect to mediating 

technologies and, through them, some aspect of reality that is revealed by the activities made visible. 

I used my conception of digital material in order to articulate and analyze the type of mediation that 

it can enable, and particularly the ways in which this can be quite complex. In doing this I also 

continued to draw on the cases as examples that helped me to tease out and illustrate the complex 

dynamics of  digital material mediation.

Summary

In addressing the issues of making activities visible and digital material mediation, I have 

attempted to stay close to my empirical cases while also developing concepts and a theoretical 

perspective that is abstract and flexible enough to be applicable to a wide variety of cases. My goal in 

this project was not to account for all of the specific (and often very interesting) issues regarding the 

ways in which activities are made visible in the specific cases I used, but rather to develop a 

perspective and method that can frame these issues of visibility and mediation and support their 

analysis. In order to do this I have analyzed cases and developed my theoretical perspective in a 

dialectical process in which each activity informed and supported the other.
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Chapter 4: Making Activities Visible

There are many ways in which digital technologies make activities visible. This happens, for 

instance, every time text shows up on a screen after keys are pressed, a number on a widget reflects 

distant (or not-so-distant) weather conditions, or a place is tagged in a social network post through a 

GPS-enabled check-in. It is also the basis of the many online activities that are made ‘social’ through 

revealing human presence and activity (such as, for example, people sharing a particular article via 

Twitter). Although they are often associated with intentionally-created media or messages, the 

function and significance of these digital traces are different. They implicitly claim to mediate reality, 

with the basis of this claim ultimately resting in the physicality of input mechanisms that are part of 

digital substrates designed to automatically respond to certain types of activities in certain ways. 

These qualities point to a way of conceptualizing and analyzing digital technologies as responsive digital 

materials that both constitute and reveal our reality.

In this chapter, I will develop such a conceptualization and analytic approach in order to 

foreground and bring into focus this role and function of digital technologies. First I will look at 

how issues of visibility have shown up in Human-Computer Interaction (HCI) and related research 

areas, and at some examples of the many small everyday technologies that make activities visible. I 

will then look more closely at how this happens and at the basic structure and components involved. 

In doing this I will focus on the materiality of activities and the technologies that respond to them 

In the next chapter I will consider implications for human experience in relation to and through 

these technologies that can mediate our reality.

 It should be noted that I use the word ‘visible’ here and throughout in a general way to indicate 

perceptibility. This is not necessarily limited to the visual, and can include auditory, tactile, or 

olfactory sensory input. However, by far most interfaces for digital technologies are visual, which 
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makes visibility an appropriate term. I also draw  on the more general connotations the term can 

have of  bringing a situation or issue to light.

Activities made visible

Digital technologies can make activities visible in many ways. Some, like text showing up on a 

screen as the result of typing, are basic and commonplace; other possibilities are more sophisticated, 

and increasingly so as technologies and associated protocols continue to be developed. Examples of 

technologies that make activities visible can be seen in both research prototypes and more popular 

commercial applications, devices, and web sites. This capability has also been at the heart of a 

number of issues in HCI research, even if it has not been explicitly addressed in these terms; and it 

is something that has been leveraged in a number of veins of exploratory research. Although the 

line between ‘research prototypes’ and ‘popular applications’ is somewhat blurry, the research 

prototypes are part of an academic and professional discourse around best practices, challenges, and 

possibilities in interaction design that also frames what issues are talked about and considered. 

Looking at how the issue of visibility has shown up in this discourse can be helpful in identifying its 

role in various contexts, and aid in making connections to broader issues and challenges (both ones 

that have already been identified and possibly also ones that should be). I will thus look at a number 

of examples of how digitally-mediated visibility of activities has been considered and utilized 

(directly and indirectly) in HCI research, and then look at how activities are made visible in a number 

of  popular applications.

In research

Many kinds of technological systems have relied on and leveraged digital technologies’ ability to 

make things visible. In fact, this might even be said to be one of the distinctive features of modern 

digital technologies, and something that separates them from older machines that would simply 
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perform computations and spit out results. The move of the interface from hardware to visual and 

interactive terminal marked a significant change in human-computer interaction and its capabilities 

while also leading to usability concerns (Grudin 1990). The software interface became the mediator 

between hardware and user, and one of its most essential functions was to communicate to users 

what was going on in the computer system so that they could act accordingly. In fact, visibility is one 

of the principles of good design that Norman articulates in his classic book The Design of Everyday 

Things (1988). Users should, he says, be able to tell by looking “the state of the device and the 

alternatives for action” (52). System status is thus one of the most basic things that is made visible 

by digital technologies.

Once technological systems were developed for use by more than one person, ‘system status’ 

could also relate to and provide information about the activities of other users of the system. This 

meant a shift from the computer as isolated tool to proxy for social interaction (DePaula 2003). 

Especially in the early stages of networked technology development, awareness of social activity was 

seen as important for supporting effective collaboration in work settings (Dourish and Bellotti 1992; 

Fogarty, Lai and Christensen 2004). One way of doing this was quite literal, connecting physical 

places into ‘media spaces’ through open video and audio links between office spaces (Harrison, ed.,

2009). 

A more subtle approach comes from a strain of research that has aimed to make presence and 

activity in online environments visible through enabling social translucence, as articulated by Erickson 

and Kellogg (1999; 2000; 2002). They note that physical environments provide a set of affordances 

and constraints that enable mutual awareness and accountability, and thus intelligent social behavior, 

but that these are not present in online environments. The system they designed to enable this type 

of social translucence, Babble, provided a synchronous graphical representation of online 

conversations and participants in them, wherein dots representing participants would move closer to 

or farther from the center of circles representing the conversations in accordance with their levels of 
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participation. This enabled a general awareness of where the engaging conversations were 

happening, as well as of the participants and observers who were there. Although this stand-alone 

organizational system was fairly successful, Gilbert (2012) points out that enabling social 

translucence in modern online social networks is rather more complex.

In addition to facilitating collaboration in work settings, visible traces of activities have also been 

used to provide various kinds of awareness and communication that enable intimate and affective 

interaction in a variety of creative ways. The often-cited Feather concept, for example, involves a 

feather being made to float by a fan when a distant partner picks up the picture frame to which it is 

connected (Gaver 2002). Another well-known example, The Hug, is a vaguely anthropomorphic soft 

robot with outstretched ‘arms’ intended for expressive person-to-person communication through 

channels of voice, sound, vibration, and warmth (DiSalvo et al. 2003). The Love Egg concept uses 

an ‘egg’ in a dish to communicate voicemail messages between intimate partners, with the egg rolling 

around in the dish when the other partner has left a message (Kaye and Goulding 2004).

One of the main strategies used in these and the many other similar types of concepts that have 

been developed for mediating intimacy is that of providing awareness of presence and activity 

(Hassenzahl et al. 2012). Although many different kinds of materials, forms, and types of 

interactivity have been used and are possible, the fundamental aspect they all have in common is that 

they in some way reflect a distant other’s presence and activity. This is what makes them work. A 

feather floating in the air or an egg rolling in a dish may have some kind of aesthetic or 

entertainment value on their own, but what makes them evocative and significant is that they are, 

and are understood to be, the direct result of a loved one’s actions. In other words, one physical 

device is connected to another by a digital system designed to automatically process input and 

output in particular ways, thus effectively creating a stable link between devices. Also, and 

importantly, users must know that this is how these systems work in order for them to be effective.
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A similar dynamic can be seen in more work-oriented systems for communication, where actions 

performed (typically using applications on a computer) are registered by a system and made visible in 

particular ways. Even information made visible for quite functional purposes may end up being 

socially significant, such as an instant messaging buddy list that can give a sense for ‘who is 

around’ (Nardi, Whittaker and Bradner 2000).

Making activities visible has thus become a fundamental function of modern digital systems, 

whether in terms of basic usability or more complex collaboration, intimate communication, and 

social awareness. While this is in many cases good, it also presents challenges for allowing people to 

maintain appropriate levels of privacy and intentionality when it comes to which of their activities 

are made visible and in what ways. The fact that digital technologies make and can make so many 

things visible is perhaps the reason why privacy is one of the most frequently discussed values in the 

values in design/value sensitive design literature (Friedman et al. 2006; Brunton and Nissenbaum 

2011; Nissenbaum 2011). Although the concept of privacy is quite complex, both in theory and 

practice, it is generally understood to entail some level of control over how, where, when, and how 

much of  one’s presence and activities are made visible.

Visibility of presence and activities is thus a significant issue in HCI and related research, and 

can be seen especially in more exploratory and conceptual prototypes designed to facilitate 

interaction in evocative ways. But there are also many popular applications that make many kinds of 

activities visible in a variety of  ways.

In popular applications

Popular desktop, web, and mobile applications enable visibility of a wide range of things.  

Although some are more overtly ‘physical’ than others, even the ‘online’ activities involve a physical 

body interacting intentionally with physical input devices and the systems that receive their input. I 

will here consider a few of these applications under the headings of online social activity, physical activity, 
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and digital infrastructures, which reflect what might be considered the general locus of the activities 

involved. These categories overlap in many ways, and are used as only a rough organizing principle; 

they are not intended to indicate clearly distinct types of  applications.

Online social activity

There are many types of online social activities, including those that are explicitly social and others 

that are in some way made social.

In the ‘explicitly social’ category are activities that take place on social network sites whose core 

purpose is social interaction, such as Facebook [Cases 5 and 6], Google+ [Case 12], and Twitter 

[Cases 28 and 29]. Here text and other media are posted in order to facilitate social interaction. The 

content that is posted is of course also a performance of self, and in posting it people both reflect 

and participate in broader social and cultural practices and meanings. But at a more basic level, the act 

of posting itself registers one’s presence in a particular online space at a particular time. Responses to posts in the 

form of commenting, liking, and sharing are also made visible—and make people visible—in 

various ways. The fact that all of these activities are tied to specific accounts and associated 

identities, as well as generally understood mechanisms for posting, is what enables posts to be taken 

as indicative of the activity of specific people.10 On a somewhat larger scale, Twitter trends [Case 29] 

make visible topics that a lot of Twitter users are talking about at different places in the world by 

analyzing all of  the individual Tweets [Case 28] from that region.

In addition to these services where the main purpose is social interaction are other sites and 

apps that focus on another core activity, but then also make that activity social. Blogs might in a way 

be thought of as a web page that is made social through comments, as is also now the case with the 

vast majority of online news stories that allow for comments. Another way that many of these news 
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stories are made social is through social media sharing buttons that display counters of how many 

times that particular sharing option has been used [Case 27]. This makes visible not only this specific 

action, but also more generally the fact that a certain number of other people read the article and 

thought it was interesting enough to share.11  This is one significant way in which reading news 

online is a rather different experience from reading a traditional print newspaper.

There are also now many services that are built around shared content, with platforms that 

enable collecting a variety of media content found on the Web. Examples of this general model 

include Pinterest [Case 23], Imgur [Case 14], and Flipboard [Case 8]. Here the activities made visible 

are consuming, curating, sharing and commenting on content.

Another online activity that is often now made social is that of shopping. Fab [Case 4] is one site 

that takes this to an extreme, with a live feed that makes visible “what other Fab.com members are 

buying, liking, tweeting, and sharing across the web.” Online music listening activity can also be 

made visible through services like Spotify [Case 26] and Pandora [Case 21], showing things like 

which tracks are listened to, ‘favorited’, and collected in different ways.

There are also some more basic applications that make things visible. Instant messaging clients 

can automatically make visible whether or not a person is active on his computer [iChat, Case 13], in 

addition to displaying availability statuses set by the user. They can also make typing activity visible 

[Skype, Case 25]. Even file metadata makes activities visible, including the activities of creating, 

modifying, and opening a file. Creating and modifying files that are shared through Dropbox can 

also generate Growl notifications that make these activities both visible and more noticeable to 

collaborators in real time [Case 1]. This can enable awareness of the fact that another person is 

currently working on a shared project.
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All of the above applications involve actions that are ultimately physical, even if it is just physical 

interaction with input and display devices. When content is shared the original activity of engaging 

with the content is also implicitly made visible, and in combination with a time stamp reveals what a 

person was doing at that particular time (and perhaps even where she was, if there is a location 

tagged). However, there are also some applications that focus explicitly on location and activities  

that are based primarily in the physical world.

Physical activity

One of the most basic location- and physical activity-centered digitally-enabled activities is that 

of ‘checking in’ to particular locations. Foursquare [Case 9] is probably the most well known service 

of this type. A check-in is accomplished by a mobile device being at a certain location, as 

determined by the device’s GPS, and the user selecting the option to check in on the app. This 

makes visible both where people are within the app itself and potentially on other connected social 

media channels, and also makes visible who has been at particular locations. In other words, it 

connects people to locations and locations to people. Yelp [Case 32] is more focused on reviews but 

also allows for check-ins. This type of functionality is now also available in Facebook and other 

applications. Some applications are designed to make location information visible to close friends 

and family, such as Path [Case 22] and Life360 [Case 17].

There are also apps that make actual physical activity visible, particularly as it relates to exercise. 

RunKeeper [Case 24], for instance, uses device GPS to track runs or other distance-covering 

activities, and then displays the route taken on a map along with other information like pace and 

distance covered. These activities can be made visible to friends who are also RunKeeper users 

within the app, as well as shared via social media. The ‘Leaderboard’ displays how long ago people 

were active, and how many activities they have completed. 
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Real-time traffic conditions is also a type of physical situation that can be made visible. Google 

Maps provides a traffic layer for major cities that shows how fast traffic is moving [Case 19]. This is 

a much more general indicator of collective physical activity. This data seems to come from third 

party sources, although these sources and their methods of data collection are not readily available. 

Presumably, however, there are a variety of sensors in, on, or around roads that register individual 

vehicles passing.

This example of traffic data points to another broad category of digital technologies that makes 

things visible: that of  digital infrastructures.

Digital infrastructures

Although specific applications are perhaps the most clear examples of technologies that make 

things visible, there are other underlying technologies that also deserve mention in this regard. These 

are pervasive enabling resources (Bowker et al. 2010) that show up in a variety of ways. One of the 

most fundamental digital infrastructures12  is the Internet, which is frequently accessed via wifi 

networks [Case 30]. The fact that these wifi networks are anchored in a physical router and are set 

up by people can make a few things visible. First, a network is always represented by a name that 

shows up in the list of  available networks on a wireless device. These names are set by the people 

who set up the network, and they thus reflect both this activity and a bit about the owner (perhaps a 

business, or a person with a sense of humor). Looking at the list of available networks in a given 

area can thus give a sense of  who is in that area.

What people do on the web is an activity that marketers are quite keen to make visible for their 

own purposes, and this is enabled by a variety of online trackers that can follow people between 

sites and document their actions while there. However, the fact that online activities are made visible 
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to marketers in this way is something that is usually not visible to those being tracked. Ghostery 

[Case 11] is a browser extension that changes this by making visible the trackers that are active on 

any given page (and blocking them). This exposes another aspect of web pages of which many 

people are unaware, and also makes visible the strategies that site owners use to find out about their 

site’s visitors and their online activities.

Summary

Technologies are and can be designed to make a variety of activities visible in a variety of ways. 

Some of these can be considered online activities, but even these reflect a person’s very real 

engagement with both content and input devices. Other physical activities can be registered and 

made visible as well, both by location-based smart phone capabilities and applications and by 

computational capabilities embedded in tangible artifacts and environments. Advances in mobile, 

tangible, and ubiquitous computing in particular promise to only increase the ways in which activities 

can be captured, recorded, and made visible, as well as the subtlety with which this can be done. 

Every time the status of a system changes due to activity there is the possibility that the activity can 

be made visible (either immediately or in the future).

As is evident from the examples above, there are many ways in which technologies can make 

activities visible. However, there are some common structures, mechanisms, and components 

involved; and the rest of the chapter will be devoted to teasing these out in order to develop a 

conceptual lens that can be used for seeing and analyzing these aspects of  digital technologies.

The materiality of activities

Activities that are made visible by technologies are necessarily physical and material. There must 

be physical contact between something in the world and an input device designed to process certain 

kinds of contact in certain ways. Even in the case of various imaging technologies that can be used 
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to produce an image of a face or bones or brain waves, the technology responds to phenomena in 

the physical world—even if  those phenomena are as ephemeral as lightwaves.

The technologies that respond to activities must have a material component that is the interface 

between the physical phenomenon and its captured digital representation. In the case of typing 

activity being registered on a screen, the physical interface is the keyboard.13 A message is sent when 

the ‘send’ button is pressed, which is accomplished by a physical interaction with a mouse or touch 

screen. A post is ‘liked’ through a similar interaction. A ‘check-in’ is accomplished through physical 

interaction with a device, and that device’s interaction with the physical components of the GPS 

infrastructure that determine the device’s location. A current temperature reading shows up on a 

weather widget because there are somewhere in the world physical sensors that respond to 

conditions in the surrounding atmosphere like heat, wind speed, and humidity.

In many cases, especially with online activities, there is also content involved. This content is 

what might commonly be thought of as media: texts, images, videos, etc. There is, however, a 

difference between content and the activity of posting content that is made visible through the post itself 

and the associated information provided by the device and platform being used (such as account 

identity, time stamp, location, etc.). The act of posting content registers a body interacting with a 

device, a specific online platform and space, and specific content at a certain point in time. There is 

also a difference between the types of implicit claims made in online profiles and posts, and those 

made by the online platform in which they appear: the former are made by people, while the latter 

are attested to by the technological platform and other parts of digital infrastructure. This is the 

difference between a post stating ‘I am at the Eiffel Tower’, and a GPS-enabled check-in at the Eiffel 

Tower.
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Platforms in which content is posted are designed to enable and register certain types of 

activities (posting, commenting, etc.), and these activities are made visible as the content of the site. 

This also means, conversely, that when a post or comment appears it is (at least typically) the result 

of intentional activity. For example, posting vacation photos on Facebook is one way in which 

people can make their activities visible to others; but the fact that they were using a device with the 

Facebook application or website at a particular time and chose to share the photos is made visible by 

the underlying technologies.

Some such traces of activities are created intentionally (such as photos posted on Facebook or 

the text of a message), while others are created unintentionally or as the byproduct of activity. These 

include things like time stamps, automatically tagged locations (as in Evernote, [Case 3]), 

identification of devices used to produce content, ‘read’ receipts or notifications (as in Facebook 

messages [Case 5]), and general metadata [Case 7]).

There is thus a level of automaticity to making activities visible, in which there is in place a 

digital infrastructure that is designed to automatically respond to certain types of activities in certain 

ways. This infrastructure basically ‘sits there’ until a particular kind of activity happens, at which 

point it is activated and responds in whatever way it was programmed to respond. This response 

implies a change in system status. This is often represented somehow in the interface, but sometimes 

it is not. Tracking people’s activities in some way without their awareness is an instance in which 

system status changes without that change being made visible in the interface with which people 

interact, even as it is made visible in the interface that faces those doing the tracking. Online tracking 

and discreet sensors in the physical environment, such as those often used in ubiquitous computing 

applications, are examples of  this type of  configuration.

The automaticity and physicality of technologies that make activities visible, along with the fact 

that they are increasingly part of and constitute our environments, suggest that it might be 

productive to view them as digital material. The physical materials around us also respond 
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‘automatically’ to activities in ways that change their ‘status’ and appearance. Moreover, they do this 

in ways that allow us to understand the activities that a specific material’s condition speaks to, and 

thus help us in making sense of  our environments.

One very basic and common example is that of a ‘desire path’ worn through grass.14  Here the 

material of grass is worn away and eventually disappears along the line traced by many people 

walking that trajectory over a period of time. The path appears because of the way that the materials 

of grass and dirt respond to the activity of repeated walking. The overall status of a grass lawn is 

changed when it becomes marked by a desire path, and in a way that reflects the activities that 

caused it. When seeing a path like this one also in a way sees the many people who have traversed it 

and thereby registered their presence in that space. This dynamic is obvious to us because of our 

understanding of how grass works as a material, and because of the direct physical, temporal, and 

visual connection between activity and material.

There are many other similar examples from the physical world.15 A heavily-stapled post by a 

major pedestrian route on a college campus bears witness to the many flyers that have been posted 

there over time. The markings carved into a wooden school desk register the presence of previous 

generations of bored and obstreperous students, and the degree of their wear mark the passage of 

time. The same can be said of initials engraved in a tree, graffiti sprayed on the side of a building, or 

footprints left in wet concrete. A fresh blanket of snow can reveal the typically unseen nocturnal 

ramblings of animals through the tracks that they leave behind. Even air, as the carrier of smells, can 

reveal activities such as baking bread or other (perhaps less savory) things.

While materiality seems to be a promising lens for looking at how activities are made visible in 

our environments, both physical and digital, viewing digital things in material terms poses some 
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challenges and requires some new theoretical developments. For one thing, physical materials 

respond to activities (or not) according to their inherent material qualities, but digital materials 

respond to activities according to how they were designed and programmed. Once a system is up 

and running it may at that point function and respond to activities automatically, but how it does this 

is determined during its design. This means that digital material can respond to activities in infinitely 

more complex ways than physical materials can, and in ways that are not transparent or standard. 

There is also the more theoretical question of what kind of materiality digital things can have, when 

so much of  their constitution seems to be immaterial.

In spite of these challenges, materiality has recently become something of a buzzword in 

academic circles concerned with digital technologies, experience and social life (e.g., Leonardi and 

Barley 2008; Orlikowski 2010; Robles and Wiberg 2010; Sundström and Höök 2010; Wiberg and 

Robles 2010; Ishii et al. 2012; Fernaeus and Sundström 2012; Jung and Stolterman 2012; Wiberg et 

al. 2013; Gross, Bardzell and Bardzell 2013; Wiberg 2013; Leonardi, Nardi, and Kallinikos, 2013). 

The counterpoint of materiality to which it is implicitly opposed is immateriality or virtuality, that 

hallmark of early discourse about cyberspace and all things digital (e.g., Rheingold 1993; Turkle 

1997; Kraut et al. 1998; Hillis 1999). It is perhaps unsurprising that breathless descriptions of a 

newly digital order (ranging from utopian to dystopian) would eventually lead to a desire for solidity 

and finding ways to deal with the actual concrete aspects of technologically-mediated social 

practices. The concept of materiality has entered the scene in recent years as a way of finding a 

middle ground between determinism and constructivism that considers the interplay of both 

technical and social agencies over time (Leonardi, Nardi, and Kallinikos, 2013). It emphasizes the 

‘real’ aspects of  technologies, from their constitution to effects. 

I will thus next look at some of the most relevant approaches to materiality and technology (and 

its variants) in order to then situate and inform my own conceptualization of responsive digital 

materials.
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Materiality and technology

While some researchers take materiality proper as their point of departure, others engage with 

concepts of sociomateriality, materialization, or simply material. The scope and focus of analysis also 

varies widely. The most relevant strains of research for my purposes are those coming from the 

social sciences and dealing with sociomateriality; new media studies of digital material; and 

interaction design practice and theory that engages with conceptions of  digital materiality.16

Sociomateriality

The main touchstones in the sociomateriality vein of research are those of Leonardi and Barley 

(2008) and Orlikowski (2007, 2010), who draws substantively on Barad’s (2003, 2007) notion of 

agential realism. This latter position in particular not only asserts that ‘materiality matters’, but also 

rejects subject/object dualisms in favor of a notion of constitutive entanglement that sees entities 

and agencies as mutually constituting each other and resolving into particular configurations only in 

practice. The concept of sociomateriality, Leonardi (2012, 32) says, “reminds its readers (a) that all 

materiality … is social in that it was created through social processes and it is interpreted and used in 

social contexts and (b) that all social action is possible because of some materiality.” It is also, he 

argues, best used as a modifier for “practice,” such that it  can be used to point to specific 

“sociomaterial practices.”

These aspects of sociomateriality as reminder and pointer to practice seem to be the common 

themes among research projects that take it as an approach and reference even as they play out in 

different ways, which can be seen in the recent edited volume Materiality and Organizing (Leonardi, 

Nardi, and Kallinikos, 2013) and its organizational themes. Some work, especially that which is 

situated in an information studies tradition, is quite practical, considering materiality to be concrete 
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affordances of different possibilities for and qualities of action, or consequences of actions. More 

sociotechnical and anthropologically-oriented research looks at materiality as performativity and 

assemblage, focusing on specific practices and the ways in which they are enabled and shaped by the 

sociotechnical systems in which they are embedded. This work also ranges in its relation to physical 

matter, with Burrell’s (2012) account of the materialization of a rumor that there would be an 

earthquake in Ghana one of  the farthest removed from it.

Insights from quantum physics (particularly via Barad, as mentioned above, and also picked up 

by Borgmann (2012)) have clearly been quite fruitful in enabling new ways of thinking about the 

‘entangled’ relation between technological and human entities; but the problem of translating these 

insights so that they apply to social phenomena in the world of our lived experience is not a small 

one. After all, even within contemporary physics the theories that deal with the micro- and macro-

levels of reality are currently incommensurable; and the gap between micro-level physics and macro-

level sociality seems maybe even greater. Also, one of the main lessons imported from physics is that 

there are no such things as independent entities and agencies, and that boundaries between things 

are drawn and specific constitutions defined only in particular moments. The problem that this 

leaves for studying technology and social interaction is that it suggests that its object is 

fundamentally ephemeral and just outside of one’s grasp. It does seem telling that materiality—the 

quality of being material—is the preferred term used for addressing these issues. It is nebulous, 

flexible, and evocative. In the estimation of Kallinikos (2012), “the term has grown to an inflating 

buzzword, an empty vessel able to contain an amazingly large and ambiguous web of 

significations” (83). This is perhaps part of the reason why in these studies of materiality the 

analysis sometimes seems to float above the ostensibly grounding weightiness of actual matter. 

Sociomateriality does, however, provide a useful reminder of the ongoing mutual constitution of 

social and technical entities in practice.
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New media as digital material

In new media studies there is a strain of research that takes a ‘digital-materialist’ perspective in 

looking at digital cultures, and the material practices and technological configurations that comprise 

them (Van Den Boomen et al. 2009). It considers how digital material assemblages are culturally 

constructed and how they enable various kinds of participation and meanings. It conceives of digital 

machines as both literal and cultural, things embedded in, reassembling, and generating material 

cultures. An example is how van Doorn (2011) argues that online performances of self in digital 

spaces can be seen as entangled with and becoming materialized in relation to gender, sexuality, and 

embodiment, such that the physical is present and serves as a reference point in the virtual. In a 

somewhat different approach, Manovich (2001) uses a method that he calls “digital materialism” in 

building a theory of new media from the ground up, and scrutinizing “the principles of computer 

hardware and software and the operations involved in creating cultural objects on a computer” (10).

‘Digital materialist’ perspectives on new media thus seem to generally conceive of digital 

technologies, cultural and social formations, digital artifacts and systems, and associated practices as 

constituting dynamic assemblages. They trace the connections among these various elements in 

order to see how they play out and influence each other in specific instances. Focusing on media 

generally pulls analysis more toward social and cultural aspects than specific properties of digital 

technologies, which makes this approach less useful for my purposes here. However, it should be 

noted that when I look closely at interactive mechanisms of technologies in a more precise and 

focused way, I am also assuming that they are always thoroughly culturally constructed in both 

design and use, and are part of much larger sociotechnical assemblages that extend beyond and 

through them.
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Digital materiality in interaction design

In HCI and interaction design there has been in recent years a ‘material turn’ in which more 

attention is being paid to the physicality, properties and possibilities of computational materials 

(Wiberg et al. 2013; Gross, Bardzell and Bardzell 2013; Wiberg 2013; Vallgårda 2013). One of its 

primary roots can be traced back to Ishii and Ullmer’s (1997) call for moving beyond graphical user 

interfaces to tangible user interfaces: everyday physical objects and environments with embedded 

computational capabilities that could “give physical forms to digital information” (Ishii 2008, xvi). 

Since then tangible interaction has become an entire field of research, with many research projects 

exploring the possibilities of using physical objects and environments as interfaces between people 

and bits. Ishii and his colleagues (2012) have more recently urged that this paradigm be pushed even 

further through “radical atoms” that can allow materials to change form dynamically, just like pixels.

The tangible interaction paradigm conceives of atoms and bits as being fundamentally separate, 

which is a position that Robles and Wiberg (Robles and Wiberg 2010; Wiberg and Robles 2010) 

critique. They argue that instead of seeing them as irreconcilable entities that must be bridged, we 

should rather think in terms of compositions that include both physical and digital materials. They use 

the concept of texture in order to address relations between structures and surfaces, and the aesthetic 

qualities these produce in designed wholes. Croon Fors and Wiberg (2010) also take a designerly 

approach in order to view urban imprints and landmarks as digital material compositions. Jung and 

Stolterman (2012) similarly put forward a generative conception of materiality; they argue for using 

form and materiality as resources and inspiration for interaction design, as well as theoretical lenses 

for critique. Other researchers have in fact already drawn on materiality as a resource for design in 

various ways in specific projects (Fernaeus and Sundström 2012 ; Gaver et al. 2010; Sundström and 

Höök 2010).

On the other hand, Löwgren and Stolterman (2004) describe information technologies as 

“materials without qualities.” Although digital technologies a few basic common properties, even 

65



these change along with new technological breakthroughs. This means that the space of design 

when using the digital as material is quite open, and it is designers who form this material into 

compositions with particular qualities.

Materiality has already been quite fruitful as a perspective and theoretical lens, and seems to 

show promise of advancing both the theory and practice of HCI and interaction design (Wiberg et 

al. 2013). These designerly, artifact-centered approaches are the most closely related to the one I 

develop here. I also draw on the sense of digital material being both concrete physical substance and 

flexible material without qualities: digital substrates that register activities must have a physical 

component, while its other digital layers are infinitely malleable.

Summary

There is a wide range of conceptualizations and uses of materiality within disciplines, and even 

more so across disciplines. These various conceptualizations provide different types of nuances, 

insights, and perspectives and at different levels of analysis. However, while they generally tend to 

refer to something that is fairly clearly material as a starting point, I would like to develop a 

conception of digital materiality that begins with digital interactive mechanisms that function as responsive 

materials.

Responsive materials

Physical materials respond to different types of activities in different ways because of their 

character, and this response is registered as a change in their state. This can be seen in examples like 

the grass path, where grass responds to the activity of walking by bending over and eventually dying 

and being worn away. Snow responds dramatically and immediately to walking by becoming 

compressed in a way that leaves an imprint of the shoe (or foot, paw, hoof, etc.) that stepped on it. 

Stones, on the other hand, hardly respond at all to being walked on, and show evidence of wear only 
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after many years. The specific qualities of the material thus determine how the material responds to 

activities and over what timeframe, and what that response looks like when it is registered in the 

material itself.

In these and other examples from the physical world, there is a common structure of a material 

substrate  that responds to an activity in such a way that the substrate is inscribed with a trace of that 

activity. I will next further develop a conceptualization of this structure and its elements that can 

then be extended to digital materials and the ways in which they also make activities visible.

Substrates and traces

Substrates  I define simply as materials that respond to activities. While all materials conceivably 

respond in some way to some type of activity, the respective types of activities that can elicit 

responses and the nature of those responses vary widely. Getting a response out of granite, for 

example, requires explosives or powerful equipment, whereas mud is rather more pliable. A smoke 

detector is an example of a technology that, like granite, requires a quite powerful and specific 

activity in order to respond. The nature of the substrate determines the types of traces that can be 

left behind by certain activities.

Traces I define as perceptible changes in substrates that are brought about by specific actions.17  Traces can 

potentially reflect actions over time, and thus reveal a substrate’s history. This is what happens with 

the grass path, which is created over a period of time; a path through grass that is just beginning to 

be traced may be barely perceptible, whereas one that has been there for a long time is quite clearly 

marked out.

Whenever activities are made visible it is possible to identify specific substrates, activities, and 

traces that are involved in the process. For example, the activity of walking on the substrate of grass 
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results in the trace of the path. Semi trucks stopping at a light by an interstate exit for a truck stop 

leave a trace of ruts in the substrate of asphalt. Graffiti on a wall is a trace of the activity of 

spraying paint.18 The substrate of air can carry scents that are the traces of activities like baking or 

mowing grass.

There is also a direct causal relation between activity, substrate, and trace. Activities cause traces. The 

types of traces that can be made, and how they must be made, are determined by the character of 

various substrates. So asphalt, especially when warm during the summer, responds to the weight of 

heavy semi trucks by becoming compressed, because that is the nature of asphalt as a substrate. It is 

also due to its nature that it is much more difficult, if even possible at all, to create a trace in asphalt 

with one’s feet and body weight. To take another example, initials etched into wood can (at least 

barring suspicious alien activity) be caused only by the activity of people carving with a sharp 

instrument. This is thus a trace that gives evidence of intentional human activity. The trace of 

carved initials is also possible because of the nature of wood as a substrate. It might be possible to 

‘carve’ initials in mud or water or ice cream, but they will not be registered as traces because of the 

nature of those materials as substrates. And while carved initials may be intentional, a tree can also 

bear other traces that are unintentional, such as those that are the byproduct of a well-used swing or 

rope ladder hung from a branch.

While the relations among some activities, substrates, and traces, such as those discussed above, 

are fairly clear and transparent, others are more complex and opaque. However, articulating this 

basic structure at least provides a way in for teasing apart these various elements when analyzing 

specific cases, and makes it possible to articulate questions about their function. It also provides a 

way in for thinking about how digital technologies make activities visible.
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Responsive digital materials

Although digital technologies function in ways that are less obvious and more opaque than those 

of substrates like grass or wood, when they make activities visible we can still see a similar structure 

of relations among substrates, traces, and activities. To start with a simple example, when this text 

first showed up on my computer screen it was the result of my fingers pressing keys on the 

keyboard. Typing was the activity, and text was the trace. The substrate is a little more complicated 

and difficult to pin down though. The keyboard is obviously part of the substrate, since it is the 

interface between my physical action of typing and the computer that registers that activity. But it 

also just as clearly takes more than the keyboard to create the trace of text: there is also a digital 

component. This includes the operating system that enables the computer to process input from the 

keyboard, as well as the application that accepts that input and makes letters show up on the screen 

that correspond to the keys I press. Also, while this is the immediately evident result of me pressing 

keys, there are also other traces registered by the digital substrate that show up as the part of the file 

metadata that indicates when I last modified the file [Case 7].

Other examples of digital technologies making activities visible get even more complex. For 

example, there can be many different traces of different activities by many different people 

contained in even a single Facebook post [Case 6]. The original post makes visible typing activity and 

also the activity of posting, while the time indicator registers the time at which the posting activity 

took place. The icon next to it also shows the privacy settings selected by the poster that determines 

who can see the post (in Case 6 the globe icon indicates that the post was public). The list of people 

who ‘like’ the post makes visible these people’s activity of clicking the like button, but it also makes 

them visible as other people who have viewed the post in the time since it was posted. The ‘share’ 

icon with the number beside it serves a similar function of showing how many people shared the 

post within their own accounts (and the specific people are revealed when the icon is clicked). 
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Comments and ‘likes’ of the comments provide another layer that registers people’s presence and 

activities in relation to the original post.

Activity does not need to be intended to produce traces in order to do so. For example, when 

the social functionality of Spotify [Case 26] is enabled, people’s listening activity is automatically 

made visible to their followers in what seems to be real time. Most people probably don’t listen to 

music on Spotify so that their activity will show up in their friends’ feeds (although maybe some do); 

but because Spotify functions as a substrate in this regard, people’s use of Spotify and their specific 

listening activities can be made visible to each other. A similar example is Pandora. Pandora also 

displays music listening activities, although, while Spotify makes visible specific tracks that people 

listen to, Pandora shows the stations people listen to. The temporal granularity of Pandora also 

seems to be at the level of hours or days, as opposed to Spotify’s minutes or “a moment ago.” This 

difference illustrates the flexibility of digital material substrates and traces. Both music services have 

a record of the specific tracks people play, and the times at which they play them. In this way the 

substrates are similar with respect to the activities they respond to. However, the ways in which they 

then make these activities visible as traces are different.

Another example where this dynamic can be seen is in social media sharing buttons [Case 27]. A 

Twitter sharing button with a counter displays the number of people who have shared a particular 

article via Twitter. Here the substrate includes the web page, the Twitter API, and individual users’ 

devices, and the trace is the number in the counter. It is also possible to embed a Twitter button that 

does not have a counter that makes sharing activity visible. However, Twitter still counts the number 

of  times a link has been shared, even when this is not made visible.19 

Also, just like how  some purely physical substrates respond to some activities but not others, 

some activities are registered by some digital substrates but not others. Going back to the text entry 
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example, the text shows up on my screen because the word processing application is active. If 

another application, say one for playing media, is active instead, letters I type will not show up on 

the screen. However, typing certain combinations of keys corresponding to the keyboard shortcuts 

of the application will result in the corresponding command being executed. The applications are 

different kinds of  substrates, and they respond to different types of  activities.

In sum, there must be a causal link between activity, substrate and trace in order for activities to 

be made visible, and the nature of those links determines what activities are captured and how they 

are made visible. In other words, activities are made visible by and in materials that respond to them 

according to their character.

I thus conceive of responsive digital materials as compositions of physical devices and digital code that 

function as substrates that can register activities  and make them visible as traces. They are constituted by 

sometimes many layers of digital applications, devices, and digital infrastructure components, and 

anchored on some level by physical input and display devices that allow them to both respond to 

activities in the world and to make them visible. This is how they can function as material substrates 

that make ‘real’ activities visible. They also do this automatically, responding to activities according 

to the ‘nature’ they were programmed to have. Traces of activities are registered in digital materials 

as a change in their system status that is often (but not always) made visible in the digital material 

(interface) itself. 

It should be noted that this conception of digital material is related to, but not the same as, 

digital applications, devices, and the like. Instead of taking these more well-defined entities as the 

unit of analysis, digital material points to the many different digital substrates that exist within and 

across them. As these can provide a sort of window onto pieces of a mediated reality, they are 

significant in their own right and can thereby serve purposes not immediately related to their core 

designed functionality.
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This distinction between an application as a unit of analysis and that of digital substrates is 

similar in a way to de Certeau’s (1984) distinction between strategies and tactics. The ‘strategy’ of an 

application includes its intended use cases and is decided from the top down by its designers; while 

the ‘tactics’ employed by actual users are based on the actions that an application either affords or 

constrains, and that are carried out in relation to their own goals. Digital substrates specifically 

afford visibility of activities, and this is something that can potentially be highly useful outside the 

specific context of  use for which it was intended.

 Digital materials are highly flexible and changeable, making the interpretation of digital material 

traces a potentially more vexing proposition than the interpretation of their more reliable purely 

physical counterparts. However, digital traces are commonly taken as reflecting reality, making digital 

technologies of all kinds increasingly important means by which the many people who use them 

both find out what is going on in the world around them and are themselves made visible.

Conclusion

The world around us has always made activities visible in ways that are natural and at least 

generally understandable and consistent, and allow us to make sense of our environments (both 

physical and social). As digital technologies increasingly make our activities visible, and the world 

visible to us, it becomes more important to understand these capabilities. Conceptualizing this as 

digital material allows us to think in terms of compositions of the physical and digital (Wiberg and 

Robles 2010) that function as unified entities with specific qualities that determine how they respond 

to and function in the rest of the world and in relation to the activities that take place in it. This is 

especially appropriate given new technological developments that are allowing for ever closer 

knitting together of physical and digital materials. For these reasons, it seems to make sense to speak 

simply of materials, which are always responsive according to their character whether they are 

physical or digital.
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As inhabitants of a world with these many new material compositions, we have a vested interest 

in understanding the role they play in mediating our reality; and for those involved with their design, 

configuration, and regulation, this is even more important. It is to this mediating role I turn next.
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Chapter 5: Digital Material Mediation

When activities leave traces in materials, the traces then remain as evidence of the activities that 

caused them. In the case of the grass path, the activity of walking leaves the trace of the path, and 

then the trace of the path speaks to the activity of walking. The material nature of the grass as a 

substrate determines the types of activities to which it responds and what that response looks like; 

and the fact that it does this is what allows a person familiar with grass to see a grass path as 

indicative of many people walking over time. If grass responded in random ways to being walked on

—maybe by changing color or by suddenly growing taller—then a path would be unintelligible as 

anything more than a landscaping feature (and this kind of grass would make for a very interesting 

lawn). But the fact that grass and other materials behave in generally consistent ways enables a 

person familiar with the nature of a particular material to interpret its traces in order to understand 

something of  the actions that caused them.

As I argued in the previous chapter, digital materials can similarly respond to activities and make 

them visible as traces. The corollary of this argument, which I will explore in this chapter, is that 

digital materials and their traces can provide information about the world. Moreover, this is not just the type of 

information about the world that one might find in an encyclopedia (or now wikipedia) or in other 

media content. It is information that is made possible by, embedded in, and attested to by the 

materials of our hybrid digital/physical environment. It is, to use Borgmann’s terminology, 

information about reality (Borgmann 2000).20
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Taking for now a common sense understanding of mediation as a going-between, it is possible 

to think of digital materials as mediating a person’s engagement with the world.21  In the middle 

position between person and world, the material relates to both the world on the one hand and to 

the perceiving person on the other. The nature of its relation to the world—its sensors, in more 

practical terms—determine how it reveals the slice of reality to which it  is oriented; while the 

outward-facing surface—its display—can make the traces it records visible such that they can come 

into specific relations with perceiving people. This structure of relations consisting of perceiving 

person, digital material, and world I conceptualize as digital material mediation.

Viewing digital technologies in terms of their material substrates and traces points to the role 

that they play in mediating human experience. However, existing conceptions of both the role of 

digital technologies in experience and of technological mediation need to be stretched and 

developed somewhat in order to account for the role and function of digital materials. Specifically, 

digital material traces implicitly claim to represent reality. This is a significant shift from the historical 

tendency to view the digital as the ‘not real’ and ‘virtual’, one that goes beyond even many 

contemporary conceptions of digital interactions being thoroughly enmeshed in everyday life. It also 

means that digital materials can mediate awareness of and engagement with the world; but they do 

this in a manner that falls somewhere between that enabled by tool or text (which are more typical 

ways of  thinking about technologies, digital media, and technological mediation).

In this chapter I will explore and conceptualize the role of digital materials in revealing 

information about the world, and develop the concept of digital material mediation by both applying 

and extending existing postphenomenological theories.
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Digital technologies and reality

There has been since its beginnings a common trope of the digital and online being another, 

virtual world, less real than the physical world. This was especially true in the early days of 

cyberspace, when it was thought to be a “sad, lonely world” (Harmon 1998). But this belied the 

everyday experience of most people who use digital networked technologies, for whom digitally-

enabled activities are very much of the real world, and not separate from it. More contemporary 

research and popular writing has generally caught up with this state of affairs, but there are still 

frequently virtual/real distinctions made when discussing digital technologies and interactions with 

and through them.

One of the earliest ‘real’ aspects of digital technologies to be considered was their psychological 

effects, whose locus was the interface or screen (Turkle 1997; Nusselder 2009). The fact that the 

interfaces for interactive computational devices enable interaction with something ‘other’ and can 

even provide convincing simulations of intelligent life elicits sometimes quite powerful psychological 

responses. This effect is compounded in the case of robots that have an anthropomorphic physical 

form and can function as ‘relational artifacts’ (Turkle 2007). From a slightly different angle, these 

kinds of dynamics have also been a central focus in debates over violence in video games, and the 

effects it can have on players.

One very broad dimension of digital technology use is that of communication and sociality. In 

studies of computer-mediated communication, online communities, participatory cultures, social 

media and the like, the people involved are generally thought to assume that messages and content 

are generated by other people using the same platforms. This is a seemingly trivial yet significant 

point, because it is what distinguishes these practices and their meanings from interactions with an 

‘intelligent’ computer program. Arguably most people who use digital technologies understand at a 

basic level how they work from their experiences sending emails, posting things online etc.; and from 
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this experience of making one’s own activities visible it is reasonable to infer that other digital traces 

reflect other people’s activities. Posts made in social networks are also involved in and reflect 

people’s broader social lives and activities, which also reinforces the perception that social media 

posts are not just pixels on a screen but rather evidence of  others’ (posting) activities.

Individual experience is another, related perspective that can be taken in addressing the real-

world dimensions of digital technologies and their use. McCarthy and Wright (2004) in particular 

have made the case for the importance of the felt life in accounts of technology use and related 

practices. Coleman (2011) articulates our experience as networked subjects in terms of ‘X-reality’, a 

term she uses to signal the end of the binary logic of the virtual and real and the continuity of a 

reality that consists of exchanges that are both digital and physical in varying degrees. From a 

somewhat different angle, Deuze (2012) argues that we now live life in media, and that it is not even 

possible to get outside of it. These are positions that see technologies as intertwined with, 

constituting, and maybe even engulfing reality and everyday experience.

All of these perspectives are potentially appropriate for examining the role and function of 

digital material in the world and in human experience, but none of them account fully or precisely 

for its unique aspects and relation to reality. When digital materials make activities visible, that 

process and the resulting traces are not just status information, system feedback, messages, or media 

content: it is some part of the world being ‘caught in the act’ by technologies that have been 

designed to do the catching in particular ways.22 The fact that these technologies are all around us, 

and that we live in and through them, means that we are living in a world that is becoming 

increasingly attuned to our activities, and that these activities are producing traces that can appear, 
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travel, and endure in ways that most physical traces never do.23 Further, because activities and the 

substrates that respond to them are rooted in material, digital traces have a claim to representing 

reality that is unique with respect to other types of digital content (even if complicated and often 

somewhat unclear in practice). They are distinct from things like messages, posts, and other media, 

even as they are often associated with them. Also, when technology is discussed in terms of 

experience (particularly aesthetic experience), the technology is typically seen as the focal point of 

attention even as it gathers together around it multiple aspects of lived experience and meanings. In 

the case of mediation, however, it is the world experienced through the technology that is the ultimate 

focal point of  attention.

When traces are perceived and experienced as legitimately representing some aspect of reality, 

this entails a certain kind of relation between perceiving person, (digital material) technology, and 

world. This relation can be described as one of mediation, in which the technology allows a person to 

experience and engage with the world. It is a less than straightforward type of mediation though, 

and it is to this issue that I turn next.

Technological mediation

Mediation is, like ‘trace’, a flexible and evocative concept that has been developed in a number of 

ways in order to convey precise and nuanced meanings. Activity theory, for example, emphasizes the 

role of sign systems and tools (including computational ones) in mediating human experience and 

daily activities (Nardi 1996; Bødker 1997; Bødker and Andersen 2005). Service mediation has been 

conceptualized as a broad spectrum of activities that enable clients to access and use technologies 

and service programs (Dombrowski et al. 2012). Technologies can also be thought of as mediating 
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relationships and intimacy through the communicative capabilities of things like the telephone or 

internet (e.g., Vetere et al. 2005; Coleman 2011). Information and the underlying technologies used 

to produce, process, and represent it can be seen as mediating reality (Kallinikos 2011). Several kinds 

of technical mediation also figure prominently in Latour’s (1999) description of collectives of 

humans and nonhumans and the processes that constitute them. While his quite complex account is 

beyond the scope and interests of this project, it is enough to note that his conception of technical 

mediation is generally related to varying kinds of actions, associations, and alliances among humans 

and non-humans.

All of these senses of mediation can potentially be brought to bear when considering digital 

material mediation. However, there are two more specific things required for the present analysis.

First, I wish to foreground and explore the qualities of mediation itself, specifically in relation to 

digital material. Although mediation is a commonly used concept, Van Den Eede (2011) argues that 

technological mediation, although present in a wide variety of phenomena studied and theorized, 

has not yet received the focused attention it warrants. As he states in summarizing this situation:

“The features of a void start to show out: philosophical theories about technology but no 

special focus on technology as an ‘inter-human component’; empirical and sociological 

accounts of mediated interaction but not of mediated being-with-each-other an sich; and a 

body of theory on relationships but not so much on their technological mediation. Whence 

this imbalance? Do we not need a more general, and at the same time more focused notion 

of  technological mediation an sich?” (140).

He goes on to state: 

 “So on the one hand, too much attention is given to the odd (e.g., the new), while on the 

other hand too little is proffered to the obvious—the ubiquitous. The general condition of 

‘being technologically mediated’ falls through the cracks of theoretical bricklaying and lived 

experience alike” (141).

79



Although my analysis here deals with the specifics of digital material mediation, and not 

technological mediation in general, it is ‘obvious’ and ‘ubiquitous’ mediations that I want to bring 

into focus and unpack.

Second, when activities are made visible, this is often because technologies are being used to 

mediate some action or communication, which are common conceptions of mediation in the 

theories mentioned earlier. However, when traces of activities are perceived and taken as evidence of 

some kind of real-world happening or situation, this is a rather different kind of mediation that 

involves one’s experience in and of the world, and raises questions regarding the structure of that 

experience. This is the kind of territory dealt with by the sub-field of philosophy of technology 

known as postphenomenology.

Mediation in postphenomenology

The main insights and conceptual tools from postphenomenological research that I would like to 

draw on and develop concern technological mediation, and specifically its hermeneutic dimension 

that foregrounds the role of technologies in mediating access to the world. Since 

postphenomenology was described in Chapter 2 I will not repeat that background here. However, it 

is worth emphasizing a few key points in the present context.

Although postphenomenology’s roots are in phenomenology proper, it does not make the same 

claims for being a method that could be used to truly describe reality (Verbeek 2005). Rather, in 

transitioning to postphenomenology Ihde (1990) emphasized the referential and relational aspects of 

experience as understood phenomenologically. Experience is always referential because it is always 

the experience of something. There is no such thing as ‘plain’ experience without any content, because 

in order to be aware of one’s being as a conscious self there must be something presented to 

consciousness of which it is aware. There is always an intentionality, a directedness of consciousness 

toward something that is its object. This means that it is possible to describe the structure of 
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experience and to give an account of these relations between perceiving subject and what it is that is 

perceived. This also entails a relativistic ontology that is not relativism, but rather an account of 

relations. Ihde (1990) states that this type of an account is “rigorously relativistic” in taking “as its 

primitive the relationality of the human experiencer to the field of experience” (25). In line with this 

approach, when considering how digital materials mediate experience of reality I understand this to 

be reality as constituted for an experiencing person.

Verbeek (2005) takes this a step further in seeing subjects and objects as mutually constituting each 

other. While the world is always a world for an experiencing subject, a person’s subjectivity is also 

constituted in particular ways when coming into particular relations with the world. One example 

that he develops extensively and that illustrates this point is that of obstetric ultrasound (Verbeek 

2008b, 2011). When an unborn fetus is made visible on a screen by means of ultrasound technology, 

it is constituted in a specific way and thereby brought into a number of specific relations. For 

instance, the highly magnified image shown on the screen as isolated and separate from the mother’s 

body constitutes the unborn fetus as an individual person. It also constitutes the fetus as a patient, 

thereby transforming pregnancy into a medical process involving a good deal of monitoring. The 

mother is also no longer the one with privileged knowledge about her baby, as that role is 

transferred to medical professionals and she becomes instead the environment in which the fetus 

develops (which may also be considered a hazardous environment, depending on her lifestyle). 

Significantly, since tests can be done to detect congenital defects, it  also constitutes the expectant 

parents as decision-makers: because such tests exist the parents can choose to have them done or 

not, and then if a birth defect is discovered they are also put in a position where they must decide 

whether to continue with the pregnancy given that knowledge. In sum, in this and in other instances, 

subjectivity and objectivity are mutually constituted in particular ways, and when technological 

mediation is involved it can shape the character of  that constitution.
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Another key aspect of postphenomenology is that there are two dimensions of perception that 

can be considered: microperception and macroperception (Ihde 1990).  Microperception deals with bodily 

and sensory perception, while macroperception is cultural or hermeneutic, reflecting the ways in 

which different cultures view and approach the world. These dimensions are closely linked and 

intertwined, with each shaping the other: microperception is oriented by cultural influences, and no 

macroperception is possible without microperception. My focus here is generally within the 

microperceptual dimension, as I am concerned with human-world relations as constituted by digital 

materials. However, I assume that in any case of technological mediation there is always a significant 

cultural dimension that shapes approach, interpretation, meaning, and perception.

Finally, postphenomenology emphasizes materiality. As Ihde (1990) says: “I wish to retain the 

sense of materiality which technologies imply. This materiality correlates with our bodily materiality, 

the experience we have as being our bodies in an environment.” Although materiality with respect to 

digital technologies is, as I discussed in the previous chapter, somewhat complex, this emphasis 

accords with both the conception of  digital material and bodily perception that I want to develop.

Digital material mediation

When traces in digital material are interpreted in order to understand the activities that caused 

them, they can be seen as mediating a relation with the world. Specifically, this is a hermeneutic relation 

in which some aspect of the world is transformed into a text which is then read.24 This ‘reading’ can 

happen with varying levels of consciousness and critical reflection, and the kinds of traces that are 

quite familiar and ordinary may seem in a way transparent. However, traces cannot enable a truly 

transparent embodiment relation, as is possible with something like eyeglasses or a telescope, in which 
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the technology withdraws and becomes part of bodily perception during use. Even with something 

like a video chat, which may seem in many ways like a transparent ‘window’ into another space, the 

original scene is translated25  into bits that are then reassembled in order to create the video image 

that is perceived. ‘Interpretation’ of the image may not require much effort, and it may even be 

subjectively experienced as a transparent embodiment relation.26  There is, however, a series of 

substantive transformations that have taken place in order to produce the video.

There are many different specific configurations of responsive digital materials, but for the sake 

of clarity and simplicity it will be helpful to work with a simple model of material mediation 

involving its basic structure and main components of substrates and traces. As a starting point I will 

follow Ihde’s (1990) schema, where the general intentionality relation is:

I–technology–world

This indicates a subject perceiving the world through the mediation of a technology. The more 

specific hermeneutic relation can be formalized as:

I⟶(technology–world)

Here there is a clear intentional orientation toward the technology, which is seen as outside of 

oneself and part of the world to which it also relates, and about which it provides information. This 

can be modified to reflect digital material more specifically:

I⟶(digital material–world)

However, digital material mediation entails a few more complexities that require a few more 

modifications of  the schema.

First, the fact that different material substrates respond to different types of activities and in 

different ways means that, in terms of its capacity to register traces, digital material has its own sort 
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of intentionality toward the world. Technological intentionality is a concept that Ihde (1990) develops in 

a couple ways. One refers to a technology’s ability to provide a framework for action and thus to 

“form intentionalities and inclinations within which use-patterns take dominant shape” (141). To 

illustrate he offers the example of the various kinds of writing processes and styles encouraged by 

the ink pen, typewriter, and word processor, respectively. The other kind of technological 

intentionality he mentions is more closely related to the technology itself and the character of its 

sensing apparatus. Here he uses the example of a humanoid robot, with ‘hearing’ and ‘vision’ 

capabilities configured to pick up and process input in certain ways. For example, it might register all 

input equally while lacking the capacity for listening selectively to something like the human voice 

while suppressing background noise and chatter, a process that is fairly automatic for humans. It is 

this sense of directedness toward certain kinds of input and not others that is useful when 

conceptualizing the intentionality of digital material. Verbeek (2008a) also further extends the 

concept of technological intentionality through using the idea of the cyborg, and looking at the 

hybrid intentionalities that arise when technologies actually merge with humans in order to form 

new entities. 

A substrate has a kind of intentionality toward the world, and specifically activities in the world, 

that is determined by its character as a material. Materials respond to some activities while not 

responding at all to others, and materials that respond to the same activity may respond in different 

ways. To return to the simple example of the grass path, the grass responds to the activity of 

walking, so it can be thought of as in a way ‘directed’ toward that activity. It does not respond to 

other activities like, say, talking, whereas a telephone does respond to that activity (but not to 

walking). 

While physical materials are ‘naturally’ directed toward certain types of activities because their 

specific qualities determine if and how they respond, digital materials are programmed to have 

certain intentionalities. For example, a word processing application is directed toward receiving text 
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input through a keyboard but not (at least usually) voice input. It is possible to say anything you 

want around a word processing application without fear that it will register what you are saying, but 

the same is not true for audio recording equipment that is directed toward sound.

Materials, then, have their own intentionality with respect to the world, and the diagram can be 

modified further to reflect this:

I⟶(digital material⟶world)

This constitutes what Verbeek (2008a) calls “composite intentionality,” in which a human is directed 

toward a technology and also at the way in which it is directed toward the world.

However, this still does not fully account for the structure of digital material, because it is really 

the substrate that is oriented toward the world, while its traces face the perceiving subject. With 

physical materials these are tightly coupled together: the grass path is both the site of the activity of 

walking and its trace. However, with digital materials this relation between substrate and trace can 

be, and generally is, significantly more complex and uncoupled. In fact, this is true anytime 

something is posted on the internet: the point at which the activity of posting content occurs (i.e., 

the device used) is separated from where it shows up (i.e., a website displayed on the same or 

another device) by many layers of digital infrastructure that include the devices’ operating systems, 

applications, online platforms, and the underlying technologies and protocols of the internet and 

world wide web. Or, in another type of scenario, activities may be registered by digital materials that 

do not let on at all that they are acting as substrates and registering activity. This is what happens 

when online activity is tracked, or when sensors embedded in a road register passing traffic. A more 

simple (if unusual) example would be a program that could accept keyboard input without making it 

visible or acknowledging it in any way. This would be a terrible design, but a situation like this is at 

least possible (and perhaps even likely in the case of programming novices writing their first 

programs).
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This state of affairs requires splitting up digital material into these two component parts, with 

substrates directed toward the world and traces being what a person can actually perceive. These 

parts also have their own relation to each other that determines how ‘input’ received by the substrate 

is made visible as the ‘output’ of traces, even as they together function as a unified composition. The 

schema can be updated to reflect this:

I⟶([trace|substrate]⟶world)

Here digital material is represented as [trace|substrate], with the trace facing the perceiving person 

and the substrate facing the world.

It should be noted that this structure represents a person perceiving traces in order to gather 

information about the world. This is distinct but in practice very closely related to acting through 

technologies, and one’s actions that involve perceiving traces may even be recorded as traces 

themselves (as in the case of a ‘read’ receipt for a message). From this perspective that focuses on 

technological mediation of perception, activities are part of the ‘world’ that is perceived. While the 

previous chapter focused on how  these activities in the world can be made visible, this one focuses 

on their perception. However, even though the ‘I’ in the schema is in the perceiving position, a 

person will in turn also be in the position of  ‘world’ that is made visible for others to perceive.

While this schema represents the general structure of digital material mediation, in terms of 

functionality it has a higher level of complexity than more straightforward and non-digital kinds of 

technological mediation. Classic examples of the hermeneutic relation are the thermometer and 

various kinds of scientific instruments. In these cases the general operation of the technologies is 

fairly focused and clear; they are used deliberately in order to find out about some specific aspect of 

the world; and there is generally little if any lag between that aspect of the world being registered by 

the technology and being made visible to the person using it. Digital materials, in contrast, function 

in a wide variety of ways that are often far from transparent; they are often encountered incidentally; 

and there can be a good deal of time that goes by between when traces are registered by digital 
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material and when they are perceived. Thus, even within the general structure of the hermeneutic 

relation there is a wide range of  specific sociotechnical configurations.

In order to try to tease apart some of the complexities of digital materials, it seems potentially 

productive to consider ways in which their function and use is ‘uncoupled’ with respect to more 

simple and strictly mechanical technologies. Specifically, it is possible to identify dimensions of 

functional, perceptual, and temporal uncoupling. There are, however, no strict dichotomies between 

‘simple’ and ‘complex’, ‘mechanical’ and ‘digital’, ‘coupled’ and ‘uncoupled’. Each specific 

sociotechnical configuration has its own unique characteristics, and ways in which it is both simple 

and complex. This is why I consider dimensions along which specific configurations can be uncoupled 

in varying degrees, and which can be used to articulate their specific qualities.

Functional uncoupling

A mercury thermometer ‘captures’ and ‘displays’ the temperature quite naturally. As mercury 

expands and contracts with the temperature, its level in the tube rises and falls. The substrate of 

mercury is also the trace: it is the material that responds to the world (specifically, the temperature in 

the world) and the material that is visible and can be read. Capture and display of information are 

accomplished in a single, unified function and in a single material. More modern thermometers, 

however, separate (and generally hide) the material that responds to temperature from the display, 

which may be an analog dial or a digital screen. There may still be a clear correspondence between 

the device’s physical apparatus and its display, but these are two distinct functions. This distinction 

becomes even more clear in the case of a digital weather widget or website, which can give weather 

conditions for locations on the opposite side of the globe or right outside the door. In either case, 

the physical devices that register weather conditions are clearly separate from the digital devices that 

display them. Rather than being unified as in the mercury thermometer, they are functionally uncoupled. 
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Sensing and displaying the temperature are two separate functions, even though they work together 

in a unified way during use.

As mentioned earlier, this functional uncoupling of input and display is characteristic of digital 

material. Even in the case of something like a drawing app on a tablet, where the trace of drawing is 

registered in the same location and at roughly the same time as the activity, there are separate 

functions for handling input and output. This is even more clear when the internet is involved as 

one of the underlying infrastructures of a substrate, since when it registers an activity it can 

conceivably make it visible on any device connected to the internet. This is what happens with every 

web page update and social network post.

This uncoupling of the functions of capture and display is a basic and characteristic aspect of 

digital materials, and it is what enables perceptual and temporal uncoupling.

Perceptual uncoupling

When viewing digital traces of activities, understanding something of both capture and display 

functions is key to their interpretation, even if this is usually done without a second thought. This is 

how a social network post viewed on a computer can be understood as reflecting the activity of a 

distant friend rather than the output of a local computer program. However, it also contributes to 

perceptual uncoupling in digital material mediation.

When using a thermometer or more sophisticated scientific instruments, there is a clear 

directedness in use toward some specific aspect of the world. The technology is set up and 

configured so as to be directed toward this area or phenomenon by someone familiar with both it 

and the technical apparatus, such that she can understand its output in terms of how  the apparatus 

is set up to relate to the world. One example of this can be seen in Vertesi’s (2008) account of the 

Mars Exploration Rover Mission, in which she describes how the team members operating the 

Rovers come to have an embodied relationship with them. The “humans on the mission learn, 
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imitate, and demonstrate what it is like to be a Rover on Mars” (2525). They learn to ‘see like a 

Rover’. The bodily connection that Vertesi describes between the team members and the Rover does 

not constitute an embodiment relation in a postphenomenological sense. It is rather a hermeneutic 

relation in which the operators are so familiar with the technologies involved that they become in a 

way transparent during skilled operation, even though the camera images they use often involve 

distortions of  some kind (such as the Hazard Avoidance Camera with ‘fish-eye’ optics).

In another perspective on working with images of Mars, Rosenberger (2008, 2013) explores the 

role of hermeneutic strategies in relation to scientific images, and particularly how rival strategies 

play out in scientific controversies. A hermeneutic strategy “contains an account of the technological 

transformations which have been brought by the imaging process” (Rosenberger, 2008, 66). This is the 

kind of transformation that can render a three-dimensional world as a static, two-dimensional, 

single-perspective image, or can make things that are invisible to the human eye visible in an image 

or other form of data. Images must be read not only in terms of their content, but also in terms of 

the processes by which an imaging technology generated that content. Interpreting data in terms of 

how it was produced by certain technologies is thus a fundamental part of scientific processes, and 

one which Rosenberger argues deserves more explicit attention. This also implies that scientists are 

generally able to understand something of how the technologies they use function, including 

orientation toward some specific part of the world, sensing apparatus, processing capabilities and 

settings, and relation between captured input and displayed output.

In contrast, perceiving the world through more everyday digital materials is often an incidental, 

post-hoc affair in which one cannot be entirely sure how traces were created. Although the means by 

which traces were created often seems self-evident, it is usually not possible to see the entire digital 

material ‘apparatus’ involved in producing them, or the nature of the apparatus’s directedness 

toward its object. It is also not as possible to play around with its settings in order to explore the 

effects that can have on the traces produced, as is perhaps more typical in the case of scientific 
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instruments, and which could also aid in better understanding the effects of particular 

configurations of  mediating technologies.27 

For example, an image posted online generally does not contain any explicit evidence of how it 

was produced. It is possible that it is a relatively straightforward snapshot of reality, of the kind 

captured by a classic film camera. But even if that is the case, a printed photo that is scanned into 

digital format can still present mysteries. For instance, is a blurry corner of the photo due to a 

raindrop on the camera lens at the time the photo was taken, or is it due to a smudge on the glass of 

the scanner? And does a photo of a friend at the Eiffel Tower provide proof that he was really 

there, or does it rather provide proof of his skill with a green screen and image compositing? Was 

the sky really that blue, or was a post-processing filter used to intensify the colors? Was the original 

frame posted, or has a now-ex-girlfriend been cropped out? There are definitely clues in a photo that 

can provide information to a skilled reader about all of these potential ancillary activities regarding 

the creation of a photo, but such digital forensics can also be quite challenging and inconclusive 

(especially for non-experts). Or, they may not be undertaken at all, while a person simply accepts an 

image (or other traces) at face value.

Another way of putting this is that the means of producing traces are separated from the ends of 

the traces themselves. This separation of means and ends is something that Borgmann (1984) argues 

is characteristic of modern technologies. The example that he uses to illustrate this is central heating, 

which generally hides the means of its functioning while delivering the end (warm air) as an 

effortless commodity. Although Borgmann’s concern is generally with a loss of engagement with the 

world, this concealment of technologies’ interior workings has implications for mediated perception 

as well. If the kinds of traces that are produced follow directly from the nature of the substrate, 
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then it  follows that interpretation of traces relies on an understanding of the nature of the substrate. 

Put more simply, a person needs to know how a trace got there in order to know what it means. 

When seeing a desire path that has been worn through grass, there would be little reason to 

believe that it has been (or even could be) caused by anything other than a number of people 

walking the same trajectory over a period of time. There is a fairly transparent relation between 

substrate, activity and trace. Crop circles, on the other hand, are more difficult to interpret! They can 

also be seen as traces, but their cause is not as immediately apparent—there is not a clear relation 

between activity and substrate.

With digital material there is a tremendous flexibility in the possible relations between activity, 

trace, and perception. One example in which the same trace can be caused by two distinct activities 

is the ‘away’ status in an instant messaging client (e.g., iChat [Case 13] or Skype [Case 25]). The away 

status can be set intentionally, just like setting the status to ‘available’ or ‘busy’ or something else; and 

it can be set automatically after a period of inactivity. A person’s status might indicate that he is 

‘away’, even when he is not. When interpreting this status it is not possible to know  if the activity 

that caused it was the person leaving his computer, thus triggering the automatic change, or if it was 

the person setting it so as to make it appear that he is away. Understanding this distinction that 

follows from the nature of the instant messaging substrate, and the traces that can be actively 

constructed and those that cannot, can lead to subtle differences in interpretation on the part of 

someone looking at another’s status (and can figure into the performative setting of one’s own 

status).

A more fanciful example is the classic stunt of the ingenious crime show villains who replace 

live surveillance camera feeds with a pre-recorded video loop. In this case the hapless security 

personnel are duped by what they naturally consider to be a straightforward relation between 

camera, reality and displayed video, but which is actually a lie that plays on assumptions of how the 

technological apparatus normally functions. A similar example is the email time stamp. It is 
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commonly assumed to be objectively captured by the substrate of the email architecture. Thus, 

barring any server snafus, it can be seen as a fairly reliable indicator of when the sender of an email 

was sitting at a computer (or smart phone) and clicked the send button. But on the other hand, there 

can also be a lawyer who has the sending of his email delayed until the early hours of the morning 

to give his client the impression that he is up late working on the case. In this scenario he is playing 

on the common understanding of the relation between the substrate of the email system and the 

trace of the time stamp in order to mislead the email recipient. More commonly, many social media 

platforms now enable scheduling of posts, so that the time at which something is posted reflects this 

scheduling activity rather than the actual moment at which a person created the post (although this 

likely reflects the needs of  corporate marketing managers more than those of  nefarious lawyers).

Another somewhat amusing example is CouchCachet [Case 33], a web-based service that “finds 

the coolest parties in your neighborhood, and automatically checks you in on Foursquare so all your 

friends can be super jealous of how awesome you are.”28 This is a “tongue-in-cheek app,”29 but since 

the idea is actually feasible it still makes a good case. The idea is that instead of actually going to 

cool restaurants, concerts, etc., a person can relax at home while CouchCachet produces the kind of 

traces that would ordinarily reflect actually doing these things. What makes this idea work is that 

Foursquare is used as the substrate. If the service were to just automatically generate Tweets or 

Facebook posts consisting of text stating the person was doing the same things, this would still 

constitute a kind of performance of self that would be an illusion. But what makes this so 

compelling is that a Foursquare check-in requires using a GPS-enabled smart phone while actually 

being at the location at which one is checking in. It thus provides a confirmation of what a person is 

doing beyond what can be achieved in a text-only social media update in which one simply attests to 

being at a specific location (although many social media services, like Facebook, now integrate 
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check-ins as well). Understanding how Foursquare works in this regard enables mediated perception 

of a person actually being at a certain location when seeing the trace of a check-in. CouchCachet 

subverts this dynamic by changing the behavior of the Foursquare substrate, without letting on that 

this has been done. A person who perceives traces created by CouchCachet would ostensibly not be 

able to differentiate them from those that are genuine.

The scenarios in the above examples are possible because of the uncoupling of digital material 

mediation: the functions  of substrates and traces are separate, and it is not possible to perceive how the 

substrate functions and what the relation is between activity, substrate and trace. Most ordinary 

interactions with digital material probably do not involve quite the levels of intentional deception 

and obfuscation of CouchCachet. However, these extreme examples do point to the fact that digital 

material mediation is less than transparent; and when one sees only the traces that are the end 

products of activities without seeing the means by which they were produced, interpretation 

becomes more challenging and uncertain.

Temporal uncoupling

Whenever digital traces are created there is some degree of lag between the time at which the 

activity takes place and the time at which the trace is made visible. This time delay may be 

infinitesimal or it may be months or years, or anywhere in between. One small example where this 

time delay was made explicit was in the web cam that was part of the New York Times’ online 

coverage of Hurricane Sandy in November 2012 [Case 20]. During the time that the storm hit New 

York City there was a web cam that provided an almost-realtime view looking out over the city from 

the New York Times building. This enabled mediated perception of the at times scary and surreal 

scene, including the power outages that were quite noticeable at night, even by people in another 

part of the country or world. It was not quite realtime though, but was rather updated once a 

minute, with a timer that counted down the number of seconds to the next image. After the storm 
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passed the web page that showed current images was updated to show a four-and-a-half minute time 

lapse video of the storm.30 This video takes advantage of the temporal flexibility of digital traces in 

another way, while its viewing several months after the images were captured entails an even greater 

temporal uncoupling than the original 60 second delay.

Another way that temporal uncoupling can be seen is when traces are viewed as a historical 

record, and potentially processed and made visible in new  ways. One example of this is a 

visualization of three months of Foursquare check-ins worldwide [Case 10]. When the check-in 

locations are represented in a sort of heat map the resulting image forms a clearly recognizable map 

of the world, while also making visible where the ‘hot spots’ are. This mediates a certain kind of 

perception of the world in and of itself, even though it is quite removed from the original traces in 

terms of  both time and level of  processing.

Traces in digital material are also increasingly being used as evidence in legal cases and related 

investigations. One particularly striking example of this was in the uncovering of digital evidence of 

the affair between former CIA director General David Petraeus and his biographer Paula Broadwell. 

In addition to tracking IP addresses to physical locations, investigators uncovered draft messages in a 

Gmail account that the two shared (Ward 2012). Leaving draft messages in this shared account 

rather than actually sending messages between accounts is a standard way to thwart surveillance. 

However, once this account was uncovered the messages were taken as traces of these people’s 

activities, and thus as legitimate documentation of their affair. This is a case where the materiality of 

digital material can be clearly seen: the digital traces were traced back to real people, and the IP 
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addresses used were followed to real physical locations.31  Moreover, these digital traces were 

described as “a trail of digital fingerprints” (Ward 2012), a comparison to one of the most 

incriminating types of material evidence that connects a site of criminal action back to the physical 

body that created the prints. Given the complex and non-transparent nature of digital substrates, 

and the number of  places they now exist, this type of  use of  digital traces should give us pause.

Conclusion

Digital materials that make activities visible can also in turn mediate perception of the world, 

specifically the activities registered in the materials. These digital traces, like Latour’s circulating 

references (Latour 1999), can be traced back through a series of transformations to the particular 

actions that caused them. These traces are both marks and connections, the visible result of a chain 

of actions that begins in the physical world and is propagated through the various layers and 

processes of digital substrates. Rather than replacing reality, as Borgmann (2000) fears many 

technologies do, digital traces are embedded in and point to it. To be sure, taking digital traces at face 

value and as veridical representations of the world is quite another matter, and hardly advisable 

given the non-transparent nature and open possibilities of digital substrates. In fact, given the ‘real-

world’ origins of all digital traces, and the many ways in which they are taken as referring to the real 

world in everyday experience, the function and design of digital substrates seems to call for more 

focused attention in both research and practice. The fact that digital ‘grass paths’ show up in many 

areas of life and play increasingly significant roles points to the importance of understanding ‘digital 

grass’, and the digital material mediation it can enable. 
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Chapter 6: Conclusions and Implications

Digital technologies have become, at least for most in the developed world, constant 

companions. As they proliferate and come to be used in an increasingly wide variety of contexts and 

activities, they are also becoming more sophisticated and more embedded in processes and practices 

as well as literally embedded in physical environments. Understanding the social implications of 

these technologies and the ways in which they texture everyday experience is thus an increasingly 

important challenge.

In this dissertation I have argued that digital technologies can function as materials that 

constitute and reveal our hybrid digital/physical environments and can mediate engagement with the 

world by making activities visible. This points to a significant role of digital technologies in society  

that matters for a number of reasons. It matters in terms of designing digital technologies that will 

never be used in isolation, but will become part of and thus slightly alter the composition and 

dynamics of existing environmental infrastructures. The ways in which they function as digital 

material may also be significant in ways that are not part of their intended core functionality and that 

do not operate within their intended contexts of use. Additionally, an understanding of digital 

material as a ‘material’ for design could potentially open up new possibilities and opportunities for 

innovative design interventions. It also matters in terms of understanding the character and 

dynamics of human experience in a digital world, something that is a concern for areas of 

scholarship that include cultural studies, media studies, anthropology, and philosophy. It is also a 

relevant concern for political science and law, as governing, regulation, and ordinary affairs are 

carried out through digital technologies. Finally, it matters for those of us who live in this evolving 

digital world and need to make sense of our hybrid environments in order to make informed and 

intentional choices about how to act within and through them.

96



In this chapter I will consider implications of this work in terms of some of the broad issues it 

opens up that could benefit from further investigation, and then conclude with some more specific 

implications.

Issues raised

Viewing digital technologies in terms of their functions as responsive digital materials points to a 

number of implications and possible future directions for investigation. In broad terms, it means 

that as digital materials proliferate there will likely be more activities that will (or can be) made 

visible, and in more locations (both physical and digital). Many popular applications and online 

activities are already becoming hyper-social through making others’ activities visible. Even online 

shopping, formerly a rather solitary experience that made it quite different from ‘regular’ shopping, 

can now hardly be accomplished without being aware of the presence of other shoppers through 

their reviews, likes, Tweets, pins, and purchases.

Although many types of digital traces seem trivial, the significance of living with digital materials 

is that they provide a relatively new way of finding out what is going on in our worlds and making 

sense of our environments. Although more traditional kinds of media, such as newspapers, books, 

and television, have long enabled people to have a sense of living in a world that extends beyond 

their proximal spaces, this capability is greatly expanded through digital materials.

Many of the ways in which people are made visible are intentional, and sophisticated users of 

mediating technologies may even have a good understanding of their function. However, the lack of 

transparency that these technologies generally have also means that assumptions regarding typical 

function may render users oblivious when these functions are altered or subverted, or are simply not 

what they appear to be. There is also in general very little transparency on the part of digital service 

providers regarding exactly what they do with the traces of user data: how long they keep it, how it 
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is combined with other data, or with what cooperativeness and regularity they hand it over to 

government agencies on request.

Seen in this light, digital materials might function as ‘neighborhood gossips 2.0’, the sort of 

characters that people learn to not do anything around that they do not want to have remembered, 

spread, and come back to haunt them. Moreover, digital traces can appear, travel, and endure in ways 

that physical traces usually cannot; and they speak to activities with a persistent accuracy that is 

beyond the capabilities of  even the most industrious and committed neighborhood gossip.

This seeming reliability and objectivity is perhaps what makes digital traces so attractive as 

evidence, and digital substrates appear as some of the best witnesses. However, given the non-

transparent and less-than-straightforward relations between activities, substrates, and traces, there 

needs to be attention directed at considering the specific conditions under which digital traces 

should be considered valid indicators of activity and the legitimacy of their use as evidence for legal 

purposes.

The implications of living with an abundance of digital materials are by no means entirely bleak 

though. They have already enabled a wide variety of ways in which people can connect with each 

other and their worlds, providing many possibilities for rich (as well as not so rich) interactions and 

for expanding one’s horizons and engagement with the world. In fact, the ways in which people 

actually experience and engage through digital materials is an empirical question that could be 

productively explored. Specifically, it would be interesting to look at how people understand, make 

use of, subvert, or otherwise relate to digital substrates and traces; and whether they see them as 

having a status with respect to reality that is distinct from other types of media content.  The role 

that digital traces play in relationships and everyday practices could also be addressed. Although 

digitally mediated interactions are already extensively studied, the perspective of responsive digital 

material would enable accounting more specifically for how people’s activities are made visible and 

how the resulting digital traces are interpreted and used. Regarding interpretation, there is the 
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question of how people understand the ways in which specific technologies function as substrates, 

including the methods and evidence they use for doing this and the degree to which their 

understanding corresponds with the way the substrates actually function.

The types of evidence and strategies that can be used in order to understand the function of 

digital substrates, and the relation between activity and representation, is an area that could benefit 

from additional investigation. Digital material can be quite complex and non-transparent, and there 

are many ways in which simple and seemingly straightforward mechanisms can be adapted in 

complicated ways. For example, a time stamp on a blog or social media post has traditionally 

reflected the time at which the post was made; but now scheduling posts is quite common, especially 

in the case of major content producers who can use scheduling to both ensure a steady stream of 

content and to time posts for maximum impact. This suggests that there might also be common 

substrate protocols, like the time stamp, that come to be understood as digital substrates over time 

but can then be used differently or subverted. This issue of interpretation is a matter of both 

technical savvy on the part of users and also some level of functional transparency in the design of 

substrates, with the question of how to even design for transparency being another significant 

question in itself.

In terms of design, the perspective of digital materials can also be used as a conceptual tool for 

considering a technology’s capabilities for producing traces, and in a way that is independent from 

the more limited role the traces may be intended to play in the activities the technology is designed 

to support. The perspective of digital materials may also be generative in inspiring new design 

possibilities that can make activities and environments legible in creative and positive ways. 

Theoretically, there is also quite a bit of room for further developments and refinements. One 

significant aspect in which this is the case is in considering the need to use tools in order to create 

traces. Tools are needed to create even some of the traces I have discussed here, such as initials 

carved in wood (using a knife or other sharp tool), spray painted graffiti (using spray paint), and a 
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Foursquare check-in (using GPS technology). The representation of traces is another issue that can 

be quite complex. Things that could be explored here in specific cases include the level of 

granularity with which activities are represented; the degree to which traces are presented as more or 

less ‘raw’ data (such as GPS coordinates) versus processed in more sophisticated ways (such as the 

Foursquare check-in map visualization or Twitter trends); and the degree to which traces are 

removed (spatially, temporally, contextually) from the sites where they are produced.

Finally, the proliferation of digital materials and their integration in all areas of life means that it 

is not sufficient to only address specific cases in isolation. There is a need to conceptualize all of 

these technologies as together constituting environmental infrastructures: the materials of our 

hybrid digital/physical environments.

Implications

The overarching implication of this project is that it enables asking questions about the 

mediating role of digital technologies in society and experience. The work I have done in framing and 

theorizing this role as an area for investigation can be used to make it visible in specific contexts, and 

the methodological approach of close analysis of cases that I have developed can enable more precise 

analysis of specific digital material cases. In this section I will discuss these implications and some 

more specific questions that can be asked in relation to research, design practice, education, and 

public interest.

With regard to research, looking at digital technologies as responsive digital materials that can 

make activities visible enables asking different types of questions in a variety of settings and 

approaches. In studies of human-computer interaction this framing can enable asking about the role 

of digital traces in people’s lives and activities, and point to digital substrates that may be significant 

in potentially unexpected ways. In more anthropologically-oriented research that focuses on digital 

social practices and cultures, this framing provides a connection point between social dynamics and 
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artifact properties that can enable more robust and precise accountings of the roles that specific 

technologies play.

From the perspective of philosophy of technology, this work points to the distinctiveness of 

digital technologies and the need to more thoroughly theorize their particular character. It builds on 

and is the most relevant to postphenomenology, and it provides a theorization of digital material 

mediation that complicates existing conceptions of technological mediation while extending them 

into the material/bodily and the digital. This has implications on not only a basic theoretical level 

but also a practical level, as this type of development is necessary in order for philosophy of 

technology to speak more directly to what is arguably the most relevant contemporary class of 

technologies (the digital) and also to their specific properties that are considered during design.

One of the major goals and guiding principles of this project (and my continuing research 

trajectory) is to stay grounded in artifact properties so as to remain relevant to—or at least 

conversant with—design practice. This is what informed my development of close analysis of cases as 

a methodological approach. However, at this point I can only make some initial speculations about 

the implications this work could have for design practice, leaving more detailed accounts to future 

work and investigation.

The concepts developed here can be used in order to both think through the desired mediating 

properties and qualities of specific artifacts, and also to analyze and critique artifacts that are already 

developed. This might be helpful in being aware of and considering the places where ‘digital 

windows’ may be installed, so as to design the appropriate level and qualities of visibility in 

particular contexts. The idea of digital technologies as responsive materials might also be used in a 

generative way in order to explicitly design digital material substrates, and to think about building 

responsive digital material environments rather than digital tools. It could also potentially be used as 

a common language for dialogue with other design fields like industrial design and architecture that 

work with  more traditional kinds of  material, thereby perhaps enabling innovative hybrid designs.
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The approach and concepts of digital material could potentially be useful for a variety of actors 

in the design process and in various contexts and stages. From a high-level planning perspective, it 

could aid in envisioning how designed materials will fit into the rest of the ‘landscape’ in which they 

will be built, and how that might affect the subjectivities of people in relation to that landscape. At 

the level of designers and developers, there could be considerations of the digital substrates that 

exist in specific designs and of  how their traces should be represented, stored, and made visible.

If these concepts and the framing of digital technologies as material are useful in these ways in 

practice it  would seem to follow that they would also be useful in professional design education. 

Understanding of materials used is an integral part of various kinds of design and art education. For 

example, it is important to understand the materials used in industrial design, sculpture, painting, 

fashion design, and architecture. Since the digital is the ‘material’ of interaction design, learning 

about the properties and qualities of digital material could inform education in interaction design by 

supporting students in developing a deep understanding of the material they work with in design. 

The conceptual framework presented here as well as specific digital material cases could also become 

part of students’ repertoire and aid them in reflecting on their work. However, as with professional 

design practice, I here offer only some initial speculations; more work would need to be done to 

explore the ways in which this approach could be useful in education.

Finally, the ultimate high-level goal of this work is to enable more careful considerations of the 

role of digital technologies in society. In addition to research and design, there is also a more general 

public awareness of the ways in which digital technologies make our activities visible and mediate 

perception that could be informed by this work. One of the more serious contexts in which this 

needs to be carefully considered is when digital traces are used as evidence of wrongdoing. Digital 

traces of activities are, as seen in high-profile cases like the Petraeus affair, playing increasingly 

important roles as evidence. However, the rather non-transparent character of digital traces shown 

here calls for caution and for a more careful consideration of how they should be used (in both a 
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general sense and also more specifically in legal practice). This is related to policy issues with regard 

to governments and digital technology developers and service providers, which can potentially 

regulate the ways in which activities are captured, stored, and made visible, and then how these 

traces can be used, in what contexts, and by whom. These issues of the questionable use of traces as 

evidence and related policy decisions are both on display in the unprecedented collection of user 

data by the NSA (Greenwald and MacAskill 2013), which is a policy decision that enabled a practice 

of  collecting data to be used as evidence of  activities in ways that have very serious consequences.

The perspective presented here can be used in pointing to the ways in which digital technologies 

make activities visible, highlighting both the (pervasive) presence of these technologies and the more 

specific processes (and complexities and uncertainties) involved. This could potentially be used in 

legal considerations of the use of digital traces and policy decisions regarding their regulation, as 

well as individual decisions with respect to configuration and use of  digital technologies.

Conclusion

If we are indeed living in a hybrid digital/physical environment that is increasingly attuned to 

our activities, and if digital traces of activities are being used in ever more pervasive and 

consequential ways, this means that studying, designing, and using these digital materials and their 

traces is an increasingly important challenge and responsibility. The work presented in this 

dissertation frames these issues as an area of concern; provides a theoretical framework for 

conceptualizing digital technologies as responsive materials; and presents a methodological approach 

for considering specific cases in ways that are relevant for both theory and practice.
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Chapter 7: Contributions

This dissertation has been, broadly, an inquiry into the role of digital technologies in everyday 

experience. In order to do this I have developed theory and a conceptual framework centered 

around the concept of digital materials, as well as a method of analyzing digital materials that applies 

this theoretical framework and an archive of  cases that illustrates the method. 

One of the main goals of this project was to frame and bring into focus the mediating role of 

digital technologies. This required the obvious theoretical development, but also the development of 

a more specific method of analysis that could ground it. This method and the resulting archive of 

cases thus followed from my object of  study and purpose.

In this chapter I will outline the main contributions of this dissertation that fall under roughly 

four categories: articulation of  a problem space, theory, method, and an archive of  cases.

Articulation of a problem space

One of the most basic contributions made here is in framing digital technologies as responsive 

materials that can make activities visible and enable mediated perception of those activities. This 

points to a significant role of technologies in individual experience and society more broadly. Digital 

technologies are often viewed as tools that can be used for a wide variety of things: business 

processes, communication, artistic expression, entertainment, activism, commerce, and education, to 

name a few. These are all very important things that are rightly given attention in research, design, 

and more popular discourse. However, focusing on these specific activities occludes the more subtle 

role that digital technologies increasingly play in making activities visible, something that is 

significant independently of these other activities even as it happens alongside and in conjunction 

with them.
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In addition to foregrounding this mediating role that digital technologies can play, this also 

frames a different unit of analysis. It points to the many devices, applications, and digital 

infrastructures that constitute our digital environments; to the connections between and across 

them; and to the many places where different types of responsive digital materials may be present 

even within the same application. It can also extend the temporal scope of interest, enabling an 

analysis of digital traces that can include the ways in which they may be discovered and used long 

after they were created and in ways that those involved never imagined.32 

Framing technologies as responsive digital materials brings into focus the roles they play in 

responding to, recording, and revealing activities, and can enable further inquiry about the ways in 

which specific technologies do this.

Theory

In pursuing this line of inquiry I have developed several theoretical directions and concepts. In 

considering how digital technologies make activities visible, I have extended existing conceptions of 

digital materiality by focusing on the ways in which materials respond to and thereby reveal activities. 

I have conceptualized responsive digital materials  as compositions of physical devices and digital code 

that function as substrates that can register activities and make them visible as traces. In doing this I 

have defined the concepts of substrates and traces, and developed and used them in analyzing a 

number of  small cases.

I have also extended existing theories of technological mediation in order to account for the 

structure of digital material mediation. In attempting to unpack the things that are distinctive about 

digital material mediation I have identified dimensions of functional, perceptual, and temporal 

uncoupling that can be used in analyzing specific cases.
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The value of these concepts is not in being able to precisely define elements and functions in 

every situation, but rather insofar as they can enable thinking and talking about specific dynamics of 

digital material. In fact, it  is probably when these elements are the most difficult to identify and 

define that they most need to be talked about.

Method

In order to address the ways in which digital technologies and applications can make activities 

visible, I have developed a method of analyzing small cases. This method is focused on identifying 

specific traces, and then ‘tracing’ them back through potentially many layers of digital substrates to 

the activities that caused them. It provides a way of foregrounding the mediating role of technology, 

and of analyzing the relation between activity, substrate, and resulting trace. It is artifact-centered, 

which means that it can speak to designed qualities of artifacts and their function. Yet it also speaks 

to qualities of  experience in relation to and, more importantly, through mediating technologies.

Archive of cases

The small cases I have analyzed together constitute an archive that both demonstrates the 

method I have developed and can be used for further exploration and reflection. Some of the cases 

are discussed extensively in the main text, but others are analyzed more thoroughly in the collection 

itself. Also, none of the cases is exhaustive or conclusive, and each one is open to further analysis. 

They could be extended in terms of scope in order to encompass more of the social context and 

significance of use or, in terms of depth, to include more layers of the digital substrate. They could 

also be extended in detail in order to look in a more fine-grained way at the actual code, processes, 

contingencies, and protocols involved. The archive, along with the method and theory developed 

here, can provide a starting point and way in for these further explorations.
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Conclusion

The overarching contribution of this dissertation is the opening up of a perspective on the 

mediating role of digital materials in experience and society. This is a perspective that is anchored in 

a commitment to both theoretical richness and practical relevance, both human experience and 

artifact properties. The tensions between these seemingly diametrically opposed concerns has driven 

this project and shaped the nature of its contributions as I have attempted to consider digital 

technologies in relation to their experiential and social implications and in a way that can serve their 

thoughtful design. However, this is just a first step. If what I have done here has served to open up a 

useful perspective, I look forward to seeing what else this perspective might be able to reveal.
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Epilogue

When I began work on this dissertation I was in the unenviable position of wanting to study 

something that did not exist. That is to say that even while digital technologies existed, mediating 

digital materials had not been conceptualized as an object of study. Framing them as such required 

circling around and looking at this general problem space from a variety of perspectives, but in the 

end not using any one of them in a ‘pure’ or straightforward way. This also required developing a 

fairly unique method. The net result of all of these things put together is that what I have been 

working on for the last few years does not immediately look like research, at least judging by 

similarity to already-accepted protocols and paradigms. Seeing my ideas, intuitions, and arguments 

through to the form that they take in this dissertation has at times required a thick skin and a level of 

stubbornness that was high by even my usual standards.

While I have been tenacious about sticking to my overarching purpose of conceptualizing the 

role of digital technologies in experience in ways that are relevant to design, I have become more 

and more concrete in my analysis throughout the course of the project. The process involved in 

writing this dissertation has been generally one of narrowing, focusing, zooming in, and trying to get 

more precise and concrete in my analysis. I have found myself trying to get down to simple 

structures and relations as a way of wading through the inevitable complexity inherent in both the 

literal world and the world of academic research. This has often meant making decisions about what 

things to not include. For example, a model of making activities visible could include tools required 

to make traces. But in initially trying to make sure I had a model that was sound and could account 

for all different kinds of complex possibilities, I realized (with help from Erik) that it might be better 

to have a simple conceptual tool that could be used flexibly in a variety of complex analyses rather 

than an overly complex tool that would ultimately be confusing and not much use at all.
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I have been from the beginning concerned with digital technologies as ‘architectures of 

interaction’ and environmental infrastructures, and concepts and insights drawn from architecture 

and the physical world have been central in the development of my thinking. And yet I found that 

starting at the broad level of entire systems of interweaving structures, materials, and practices was 

overwhelming. I was finally able to get traction when I decided to focus on the very specific 

properties of materials in relation to making activities visible, since this is (as I have argued) one of 

the most basic things that digital technologies do and that underlies many specific interactions, 

activities and practices. I still think there is much to be done in terms of theorizing digital 

technologies in architectural terms, including the shaping of activities by specific architectural 

configurations. Materials are in a way both hard and soft, providing resistance and structure on one 

hand and being themselves marked by activities on the other. Digital materials function in both of 

these capacities, even though I have here focused only on the latter.

In a way I also think of my own intellectual development and research trajectory as a kind of 

long-term building project. I doubt that what I have constructed here constitutes even a complete 

foundation—but I think it at least serves as stakes marking out the area where I would like to build, 

and some tools I can use in the process.
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Appendix: Cases
The cases follow and are listed alphabetically. Each case consists of a title, screen shot(s), source, 

date accessed, substrates, activities, and traces. The source is usually a URL, and in cases where the 

source is an application running on one of my own devices I have usually included a link to the 

website for that application. I also include the date I took the screen shots in keeping with common 

citational practices for digital sources. In the case of screen shots of applications, the application 

should be assumed to be the version that was current on the date of  access.

The substrates, activities, and traces identified are only the ones that seem most salient for the 

particular case. For most cases it would be possible to identify many other components that I do not 

list. This is particularly true for substrates, which can include many levels of code, various devices, 

the internet, sensors, and displays. I have typically listed only the ones most immediately connected 

to the activities and traces of the particular case, but these larger underlying infrastructures (both 

physical and digital) should always be kept in mind. Often I list as part of the substrate ‘functions 

corresponding to the activities and traces listed below’. It is outside the scope of this project to dive 

into the actual code that governs how applications function, but this is a key part of the substrate. I 

have also focused on the traces visible in the specific screenshots I have captured. Most of the 

applications I look at have much more functionality than what can be seen in a single screen, and 

this should be kept in mind as well.

All of the following analyses should be considered illustrative, not exhaustive. They should be 

read as examples of the types of traces that can be created by certain configurations of digital 

material. They are not in any way definitive analyses of functionality of specific applications; 

although application names are used for the titles, this is simply because it is the easiest and most 

logical organizing principle and designation for the cases.
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Many screen shots are annotated with green ovals drawing attention to relevant components. 

These are often specific traces, but not always. In some cases it did not make sense to use these 

annotations because there were not individual elements that called for special attention, or because 

there were so many things of interest that calling attention to everything would have defeated the 

purpose (because the images would be obliterated and just look like they had been hit by a green 

paintball).

There is one ‘bonus’ case, CouchCachet (Case 33), that is a tongue-in-cheek concept only. 

However, because it is technically possible and has actually been implemented it still makes a good 

case.
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1. Dropbox Shared File Notifications

Source
Preferences in Dropbox app running on Mac OS X; https://www.dropbox.com/help/48/en

Date accessed
20 May 2013 and 5 February 2013

Substrates
Applications used to create files; Dropbox platform; Growl application.

Activities
Creating and updating files in shared folders.

Traces
Notification of  a file update.
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2.  Email Header

Source
Personal computer running MacOS X, Mail application

Date accessed
19 April 2013

Substrates
Device used to create and send email, email service provider and client.

Activities
Creating and sending email.

Traces
Email message and header information, including To and From fields and time stamp. 
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3.  Evernote Location Metadata

Source
Personal account at evernote.com

Date accessed
1 April 2013

Substrates
Mobile device with GPS, Evernote app.

Activities
Creating a note on a mobile device.

Traces
Location where a note was created, ‘created’ and ‘modified’ time indicators.
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4.  Fab♥

Source
http://fab.com/feed/

Date accessed
14 January 2013, 4 February 2013

Substrates
Devices used to access Fab.com; Fab web site/apps; Twitter, Pinterest, Facebook, and Tumblr 
platforms; functions corresponding to activities and traces listed below.

Activities
Buying, liking, tweeting, sharing, commenting.

Traces
Items bought, ‘liked’, tweeted, ‘pinned’ (to Pinterest), or shared on Facebook or Tumblr, with time 
indicator and device used (if  not website); comments.
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5.  Facebook Messages

1

2

3

Source
1: iPhone software update; 2 & 3: Facebook iPhone app (https://itunes.apple.com/us/app/
facebook/id284882215?mt=8)

Date accessed
1: 6 November 2012; 2 & 3: 4 February 2013

Substrates
iPhone, Facebook app, functions corresponding to activities and traces listed below.

Activities
Sending messages, being ‘active’ (presumably using the app to access one’s account, but this is 
unclear).

Traces
‘Active now’ indicator for friends; ‘seen’ indicator for messages (with time stamp in the case of a 
single recipient, and with list of  people who have seen it in the case of  multiple recipients).
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6.  Facebook Post

Source
https://www.facebook.com/NPR

Date accessed
10 April 2013

Substrates
Facebook platform (on the web and various devices), devices used to access Facebook, functions 
corresponding to activities and traces below.

Activities
Posting, setting privacy level for post, liking, commenting, sharing.

Traces
Original post with time and privacy setting indicators (the globe icon indicates it is public); ‘likes’; 
‘shares’; comments with time and device indicators.
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7.  File Metadata

Source
File info accessed through Finder on personal Mac computer

Date accessed
12 April 2013

Substrates
Program used to create file, underlying operating system, functions corresponding to activities and 
traces listed below.

Activities
Creating, modifying, and saving a file.

Traces
File name; created, modified, and last opened dates; file type; file size; label; file location within OS 
folder structure.
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8.  Flipboard

Source
https://itunes.apple.com/us/app/flipboard-your-social-news/id358801284

Date accessed
1 April 2013

Substrates
iPad/iPhone/Android device; Flipboard platform with functions corresponding to activities and 
traces below.

Activities
Creating magazines and adding content to them; sharing articles; reading magazines.

Traces
Categories and number of ‘magazines’ a user has created; number of times an article has been 
shared; number of  ‘page flips’ and ‘articles’ in a ‘magazine’; number of  people reading a magazine.
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9.  Foursquare

Source
https://itunes.apple.com/us/app/id306934924?mt=8

Date accessed
12 April 2013

Substrates
Smart phone with GPS, GPS infrastructure, Foursqure app with functions corresponding to 
activities and traces below.

Activities
Checking in, leaving tips.

Traces
‘Check-ins’, locations that are ‘trending’, tips.
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10. Foursquare Check-in Map

Source
https://foursquare.com/infographics/500million

Date accessed
25 March 2013

Substrates
Devices used for check-ins; GPS infrastructure; digital infrastructure used to create aggregate map 
(described at https://foursquare.com/about/#maps).

Activities
Checking in, processing and visualization of  aggregate check-in data.

Traces
‘Check-in’ locations.
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11. Ghostery

nytimes.com

amazon.com

coolhunting.com

huffingtonpost.com

arstechnica.com

cnn.com

lifehacker.com

design-milk.com

Source
http://www.ghostery.com, Safari with extension installed

Date accessed
4 February 2013

Substrates
Websites with online trackers, Ghostery’s tracker detection and blocking mechanisms.

Activities
Presence and activation of  online trackers on specific sites.

Traces
List of  trackers (ones that have been blocked are grayed out with a line through them).
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12. Google+ Post

Source
https://plus.google.com/u/0/+SimonsCat/posts

Date accessed
4 February 2013

Substrates
Various devices used to access Google+, Google+ platform with functions corresponding to 
activities and traces listed below.

Activities
Posting content and comments, +1-ing, sharing.

Traces
Original post with time and privacy indicators; ‘+1s’ and ‘shares’; comments with time indicators and 
notation if  one is edited.
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13. iChat Automatic Status Control

Source
iChat on Mac OS

Date accessed
14 January 2013

Substrates
Computer, iChat application with function that detects (in)activity.

Activities
‘Being active’ on computer (or not).

Traces
Status (Away, Idle).
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14. Imgur

Source
http://imgur.com/, http://imgur.com/gallery/DzzsNsA

Date accessed
1 April 2013

Substrates
Imgur platform with functions corresponding to activities and traces below.

Activities
Uploading images, viewing and ‘liking’ images, commenting, voting comments up or down.

Traces
Shared posts and their relative popularity; comments with time indicators and relative popularity.
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15. iOS Default Mail Signature

Source
iPhone and http://breakthroughdesign.com/sent-from-my-iphone-alternatives/876

Date accessed
4 February 2013

Substrates
iOS Mail app and signature preferences.

Activities
Modifying/deleting (or not) the default ‘Sent from my iPhone/iPad’ signature in iOS.

Traces
A line of  text in an email.
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16. Last.fm

Source
www.last.fm (logged in to personal account)

Date accessed
11 April 2013, 27 April 2013

Substrates
Various music listening applications, last.fm platform with functions corresponding to activities and 
traces listed below.

Activities
Listening to music using an application connected to last.fm, setting preferences that determine 
visibility of  this activity.

Traces
Application tracks were ‘scrobbled’ from, tracks listened to with time indicator.
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17. Life360

Source
http://www.life360.com/tour/

Date accessed
15 January 2013

Substrates
Mobile devices with GPS, GPS infrastructure, Life360 platform with functions corresponding to 
activities and traces listed below.

Activities
A GPS-enabled mobile device with the Life360 application installed being on and at a particular 
location.

Traces
Location of  family members on a map.
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18. Living Earth

Source
Living Earth app (https://itunes.apple.com/us/app/living-earth-hd-desktop-weather/id539362919?
mt=12) installed on personal computer running Mac OS X

Date accessed
22 April 2013

Substrates
The Weather Underground infrastructure (including both physical sensors and digital systems for  
processing weather data).

Activities
The earth’s atmosphere doing its thing.

Traces
Current temperature and other weather conditions; satellite image.
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19. Maps With Traffic

Source
h t t p s : / / m a p s . g o o g l e . c o m / m a p s ? q = n e w + y o r k ,
+ny&hl=en&ll=40.63063,-73.322754&spn=0.695156,0.811615&sll=39.766325,-88.538818&sspn=5
.437787,11.953125&hnear=New+York&t=m&z=10&layer=t

Date accessed
15 April 2013

Substrates
Presumably there are a variety of sensors in, on, or around the roads that register vehicles passing. It 
seems that traffic data comes from third party sources, but these sources and their methods of data 
collection are not readily available.

Activities
Vehicles driving.

Traces
Color-coded indicator of  how fast traffic is moving on particular sections of  road.
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20. New York Times Hurricane Sandy Webcam

Source
http://www.nytimes.com/interactive/2012/10/28/nyregion/nyt-webcam.html 

Date accessed
12 November 2012

Substrates
Webcam, digital infrastructure involved in publishing images on web page.

Activities
A webcam being set up to broadcast live images to a web page (and the ‘activities’ of Hurricane 
Sandy).

Traces
Still images updated every 60 seconds.
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21. Pandora

Source
http://www.pandora.com/profile/tim

Date accessed
2 October 2012

Substrates
Pandora platform on various devices with functions corresponding to activities and traces listed 
below.

Activities
Profile creation, station creation, bookmarking songs and artists, ‘liking’, ‘following’.

Traces
Profile text; creating stations, liking tracks, and following users with time indicators.
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22. Path

Source
https://itunes.apple.com/us/app/path/id403639508?mt=8; https://path.com/about

Date accessed
1 April 2013

Substrates
Foursquare platform (for locations); mobile devices with GPS; Path app with functions 
corresponding to activities and traces listed below.

Activities
Arriving at a certain location with a mobile device that has GPS capabilities and the Path app; 
manually posting current music track; setting emoticons (e.g., a heart or smiley face) on posts; 
sending and viewing messages.

Traces
Posts (location and music track in this case) with time and emoticon indicators; messages with ‘seen’ 
and time indicators.
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23. Pinterest

Source
http://pinterest.com/popular/

Date accessed
10 April 2013

Substrates
Pinterest platform on various devices with functions corresponding to activities and traces listed 
below.

Activities
Posting, repinning, liking, commenting.

Traces
Original posts, repins by other users, comments, likes, repin and like counters.
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24. RunKeeper

Source
https://itunes.apple.com/us/app/id300235330?mt=8

Date accessed
15 April 2013

Substrates
iPhone or Android device with GPS, RunKeeper platform with functions corresponding to activities 
and traces listed below.

Activities
Running with iPhone or Android device while tracking the run in the application (starting at the 
beginning, stopping at the end, then saving).

Traces
Run data (time, avg. min/mi, calories), run route plotted on a map, run log, number of activities 
(both self  and friends).
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25. Skype Activity

Source
Skype application on Mac OS X (www.skype.com)

Date accessed
14 January 2013, 23 May 2013, 27 May 2013

Substrates
Computer or mobile device with Skype application; functions corresponding to activities and traces 
listed below.

Activities
Either setting status or being inactive (if preferences set to change status on inactivity), typing (if 
using desktop Skype application with settings set to show typing) and sending messages.

Traces
Availability status, messages with time indicator, typing indicator.
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26. Spotify

 
Source
Spotify app connected to Facebook account running on Mac OS (https://www.spotify.com/us/)

Date accessed
16 January 2013

Substrates
Device with Spotify application; Spotify platform with functions corresponding to the activities and 
traces listed below; Facebook platform (for finding friends and following their activities on Spotify).

Activities
Listening to music tracks, starring tracks, subscribing to playlists.

Traces
Tracks listened to with time and ‘Using Spotify radio’ indicator (if applicable); identification of 
subscribed playlist; identification of  starred tracks.
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27. Social Media Sharing Buttons

Source
1: http://www.huffingtonpost.com/2013/02/04/sp-civil-charges_n_2616986.html; 2: http://
dealbook.nytimes.com/2013/02/04/u-s-and-states-prepare-to-sue-s-p-over-mortgage-ratings/?
ref=global-home 

Date accessed
4 February 2013

Substrates
News web site (Huffington Post, New York Times); Facebook, Twitter, LinkedIn, and Twitter 
platforms and their respective sharing buttons with counters; commenting functions.

Activities
Recommending article on Facebook; sharing article on Facebook, Twitter, LinkedIn, and email; 
commenting on article.

Traces
Number of people who have recommended article on Facebook; number of people who have 
shared article via Facebook, Twitter, LinkedIn, and email; number of people who have commented 
on article.

1: Huffington Post 2: New York Times
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28. Tweet

Source
https://twitter.com/jack

Date accessed
10 April 2013

Substrates
Twitter client for posting tweets; underlying Twitter platform with functions corresponding to the 
activities and traces listed below.

Activities
Tweeting/retweeting content, favoriting tweets.

Traces
Tweet, potentially including text, links, images, application used to post (in this case, Vine); time and 
date indicator; number of  retweets and favorites for tweet; original poster in case of  retweet.
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29. Twitter Trends (Location-Based)

Source
twitter.com

Date accessed
15 January 2013

Substrates
Devices used to post original tweets, Twitter infrastructure with function for sorting tweets by 
location and generating location-based trends lists.

Activities
Posting tweets using key words that ‘trend’.

Traces
Individual tweets, trend lists.
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30. Wifi Networks

Source
Personal computer running Mac OS X

Date accessed
1 October 2012

Substrates
Computer with wireless capability, wireless router, internet connection, program for managing router 
and setting up wireless network.

Activities
Presence of  working wireless router nearby; setting of  configurations (e.g., name, security protocol).

Traces
Wireless network ID in list of  available networks.
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31. Words With Friends

Source
https://itunes.apple.com/us/app/words-with-friends-free/id321916506?mt=8

Date accessed
15 January 2013

Substrates
Device with Words With Friends app; functions corresponding to activities and traces listed below.

Activities
Making plays (words on the game board).

Traces
Words played in game, move summary with time indicator.

156

https://itunes.apple.com/us/app/words-with-friends-free/id321916506?mt=8
https://itunes.apple.com/us/app/words-with-friends-free/id321916506?mt=8


32. Yelp

Source
https://itunes.apple.com/app/yelp/id284910350?mt=8

Date accessed
1 April 2013

Substrates
iPhone (camera and GPS); Yelp app; tip, photo, check-in, and bookmark functions.

Activities
Adding tips and photos, checking in to locations, bookmarking.

Traces
Tips, photos, check-ins, bookmarks.
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33. Bonus: CouchCachet (humorous concept only)

Source
http://www.couchcachet.com/; http://blog.foursquare.com/2013/01/08/if-you-build-it-they-will-
come-check-out-all-the-cool-new-things-you-can-do-with-foursquare-hackathon/ 

Date accessed
23 May 2013

Substrates
Foursquare platform, CouchCachet app.

Activities
Setting up fake itinerary on CouchCachet, sitting at home in pajamas.

Traces
Check-ins, Tweets, images. 

158

http://www.couchcachet.com
http://www.couchcachet.com
http://blog.foursquare.com/2013/01/08/if-you-build-it-they-will-come-check-out-all-the-cool-new-things-you-can-do-with-foursquare-hackathon/
http://blog.foursquare.com/2013/01/08/if-you-build-it-they-will-come-check-out-all-the-cool-new-things-you-can-do-with-foursquare-hackathon/
http://blog.foursquare.com/2013/01/08/if-you-build-it-they-will-come-check-out-all-the-cool-new-things-you-can-do-with-foursquare-hackathon/
http://blog.foursquare.com/2013/01/08/if-you-build-it-they-will-come-check-out-all-the-cool-new-things-you-can-do-with-foursquare-hackathon/


HEATHER WILTSE

Research Area
My research centers around trying to understand and critique the role of digital 
technologies  in everyday life and experience in ways that can speak to their de-
sign. I am particularly interested in how these technologies mediate engagement 
with the world through making activities visible.

Education
2007–2013  Indiana University Bloomington—Informatics PhD program completed, with a  

concentration in Human-Computer Interaction and PhD minor in Communication 
and Culture. Successfully defended dissertation and passed with no revisions 
required in July 2013.

2004–2007 Indiana University Purdue University Indianapolis  (IUPUI)—Master of Science de-
gree in Human Computer Interaction from Indiana University School of Informatics 
awarded December 2007.

	 Cumulative GPA: 3.979/4.0.

1999-2003  Southern Adventist University—Graduated magna cum laude with Bachelor of 
Arts degree in Psychology and minor in Computer Science.

	 Cumulative GPA: 3.85/4.0; within major GPA: 3.94/4.0.

Dissertation
Dissertation titled The Mediating Role of Responsive Digital Materials: A Concep-
tual Investigation and Analytic Framework. Successfully defended on 19 July 
2013  with no revisions required. Dissertation committee comprised of Erik Stol-
terman (primary advisor), Jeffrey Bardzell, Mary Gray, and Selma Šabanović.

Publications
Papers in progress

Heather Wiltse and Erik Stolterman. Characterizing ‘wicked’ technologies.

!

Page	  1	  of	  5

hwiltse@indiana.edu heatherwiltse.me @hrwiltse

mailto:hwiltse@indiana.edu
mailto:hwiltse@indiana.edu
http://heatherwiltse.me
http://heatherwiltse.me
http://twitter.com/hrwiltse
http://twitter.com/hrwiltse


Conference papers (peer reviewed full papers)
2010	 Heather Wiltse and Erik Stolterman. 2010. Architectures  of interaction: an archi-

tectural perspective on digital experience.  In Proceedings  of the 6th Nordic Con-
ference on Human-Computer Interaction: Extending Boundaries  (NordiCHI '10). 
ACM, New York, NY, USA,  821-824. DOI=10.1145/1868914.1869038 
http://doi.acm.org/10.1145/1868914.1869038

2009	 Heather Wiltse and Jeffrey Nichols. 2009. PlayByPlay: collaborative web brows-
ing for desktop and mobile devices.  In Proceedings of the 27th international con-
ference on human factors in computing systems  (CHI '09). ACM, New York, NY, 
U S A ,  1 7 8 1 - 1 7 9 0 . D O I = 1 0 . 1 1 4 5 / 1 5 1 8 7 0 1 . 1 5 1 8 9 7 5 
http://doi.acm.org/10.1145/1518701.1518975

Conference papers (peer reviewed abstracts)
2013 	 Heather Wiltse. 2013. Analyzing responsive digital material. Paper to be pre-

sented at 4S, the annual meeting of the Society for Social Studies of Science.

2013 	 Heather Wiltse. 2013. Unpacking digital material mediation. Paper presented at 
SPT 2013, the biennial conference of the Society for Philosophy and Technology.

2012	 Heather Wiltse and Erik Stolterman. 2012. Conceptualizing interactive technolo-
gies  as  environmental infrastructures. Paper presented at 4S, the annual meeting 
of the Society for Social Studies of Science.

2011	 Heather Wiltse and Erik Stolterman. 2011. Making activities  visible: Digital sub-
strates  and traces. Paper presented at 4S, the annual meeting of the Society for 
Social Studies of Science.

2011 Heather Wiltse. 2011. In search of a philosophy for ‘wicked’ technologies. Paper 
presented at SPT 2011, the biennial conference of the Society for Philosophy and 
Technology.

2011	 Heather Wiltse. 2011. Of birthdays and barns: Reflections  on memory in an age 
of technologies that never forget. Abstract accepted into the International Con-
gress of Qualitative Inquiry (ICQI).

Book reviews
2013 	 Heather Wiltse. 2013. Book review of Leonardi, Paul M, Bonnie A Nardi, and 

Jannis Kallinikos, ed., Materiality and Organizing: Social Interaction in a Techno-
logical World. The Information Society (29) 5.

2011 Heather Wiltse. 2011. Book review of André Nusselder, Interface Fantasy: A La-
canian Cyborg Ontology. New Media & Society (13), 1023. DOI=  
10.1177/14614448110130060103

Thesis
2007 Heather Wiltse. 2007. The everyday use and experience of computer-mediated 

communication. Master’s thesis, Indiana University Purdue University Indianapolis. 

Technical report
2012 Erik Stolterman, Heather Wiltse, Siyu Chen, Vincent Lewandowski,  and Leo 

Pak. 2012. Analyzing Artifact Interaction Complexity.  Technical Report Number: 
HCID-2012-002. (http://hdl.handle.net/2022/14360)

!

Page	  2	  of	  5

http://doi.acm.org/10.1145/1868914.1869038
http://doi.acm.org/10.1145/1868914.1869038
http://doi.acm.org/10.1145/1518701.1518975
http://doi.acm.org/10.1145/1518701.1518975
http://hdl.handle.net/2022/14360
http://hdl.handle.net/2022/14360


Patent
2009	 Jeffrey Nichols  and Heather Wiltse. Hybrid synchronous/asynchronous means 

for sharing user interactions across multiple devices.

	 Patent application was  filed by IBM in 2009 and based on work I did with Jeffrey 
Nichols on the PlayByPlay prototype during the summer of 2008  (described in the 
2009 publication listed above).

Workshops
Fall 2012 	 Participant in the Digital STS pre-conference workshop at 4S/EASST 2012.

Summer 2012	 Values in Design Fellow, 2012 workshop at the University of California, Irvine.

Summer 2012	 Participant in CSST 2012: the summer institute of the Consortium for the Science 
of Sociotechnical Systems, aimed at developing the sociotech community and 
supporting early-career scholars (late PhD and early tenure-track). Was one of 34 
participants  selected out of over 100 applicants.

Small Grants for Workshops
Fall 2012 	 Received $500 travel grant through the Sloan Foundation to attend the Digital 

STS pre-conference workshop at 4S/EASST 2012.

Summer 2012	 Travel, food, and lodging covered by organizers for participation in Values in De-
sign 2012.

Summer 2012	 Travel, food, and lodging covered by organizers for participation in CSST 2012.

Teaching History
Summer 2013 	 Instructor for I202 Social Informatics  and T100, the Informatics elective for the 

Groups program at Indiana University.

Spring 2013 	 Associate Instructor for I544 Experience Design. Did project grading and in-class 
critique.

Fall 2012 	 Instructor for I310 Media  Arts  and Technology. Managing two lecture sections  per 
week and three associate instructors.

Summer 2012	 Instructor for I202 Social Informatics  and T100, the Informatics elective for the 
Groups program at Indiana University.

Spring 2012	 Instructor for I202 Social Informatics. Gave two lectures  per week and managed 
three associate instructors.

Fall 2011 	 Instructor for I310 Media Arts and Technology. Completely redesigned the course, 
gave two lectures per week and managed three associate instructors.

Summer 2011	 Instructor for T100, the Informatics  elective course for the Groups  program at In-
diana University.
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Spring 2011	 Associate Instructor for I202 Social Informatics. Taught one weekly discussion 
section, delivered a guest lecture and did grading.

Fall 2010 	 Associate Instructor for I300 Human-Computer Interaction Design. Led a weekly 
design critique session and graded design projects.

Summer 2010	 Instructor for T100, the Informatics  elective course for the Groups  program at In-
diana  University. Developed an original syllabus  and led students in a class project 
that involved the design and implementation of a blog during the six weeks  of the 
course.

Spring 2010	 Associate Instructor for I453  Information and Computer Ethics  at Indiana Univer-
sity. Assisted with course logistics and developing and delivering course content 
in lectures, and did grading. Also developed and presented a two-week unit on 
philosophy of technology, including lectures and an associated assignment.

Fall 2009 	 Associate Instructor for I202 Social Informatics. Taught three weekly discussion 
sections and delivered guest lectures.

Spring 2009	 Associate Instructor for I202 Social Informatics. Taught one weekly discussion 
section, delivered a guest lecture and did grading.

Fall 2008 	 Associate Instructor for I202 Social Informatics. Taught one weekly discussion 
section, delivered guest lectures, and did grading.

Spring 2008 	 Associate Instructor for I202 Social Informatics. Co-taught two weekly discussion 
sections, delivered a guest lecture, and did grading.

Fall 2007 	 Associate Instructor for I202 Social Informatics. Taught one weekly discussion 
section and did grading.

Service
2009–present Reviewer for New Media & Society and the CHI, Emotion and Design, IASDR, and 

DIS  conferences. 

2012	 On the program committee for WIP (work in progress) submissions for CHI 2012.

2011–2012 Independent study supervisor for a student in the HCI/d Master’s  program in the 
Indiana University School of Informatics & Computing.

2011	 Research mentor for a team in an undergraduate research methods course 
taught by Geoffrey Fox in the Indiana University School of Informatics  & Comput-
ing.

2011–2012 Graduate Informatics  Student Association (GISA) Institutional Voice Chair—Indi-
ana University Bloomington, April 2011–March 2012.

2011	 On the program committee for WIP (work in progress) submissions for CHI 2011

2007-2009 Chair of Graduate Informatics Student Association (GISA)  Research and Profes-
sional Development Committee—Indiana University Bloomington, Sept 2007–Jan 
2009.
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Employment History
Aug. 2013-Aug. 2015 Post-doctoral Research Fellow at the Umeå Institute of Design, funded by the 

Kempe foundation.

2011- Summer 2013  Indiana University School of Informatics  & Computing—Instructor (except for As-
sociate Instructor role during spring 2013 semester)

2010-2011 (summers) Indiana University School of Informatics & Computing—Instructor of T100, the 
Informatics elective course for the Groups program

2007–2011 Indiana University School of Informatics & Computing—Associate Instructor.

2009 SociaLens — Cofounder and contractor on two paid client engagements.

June–Aug 2008  IBM Almaden Research Center (USER group) — Summer intern
Worked with Jeffrey Nichols  on PlayByPlay, an application designed to facilitate 
collaborative browsing on desktop and mobile devices. Resulted in a patent ap-
plication and a full paper  presented at CHI 2009.

June–July 2007  Pearson Education User Experience Group—Summer intern
Assisted with planning, execution and evaluation of usability testing, as well as 
interface design critique.

Aug. 2006–May 2007 Indiana University Purdue University Indianapolis  (IUPUI)—Research assistant for 
director of the Human-Computer Interaction program.

Professional Memberships
	 The Association for Computing Machinery (ACM)

	 ACM SIGCHI (the special interest group for Human-Computer Interaction)

 Lifetime member of Psi Chi—The National Honor Society in Psychology

	 The Society for Social Studies of Science (4S)

	 The Society for Philosophy and Technology (SPT)
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