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Kurzfassung. Das Ziel dieser Dissertation ist es, zentrale Entitäten 
der Mensch-Maschine Interaktion sowie des Interaktionsdesigns 
miteinander in Beziehung zu setzen, um ein besseres Verständnis 
der Zusammenhänge zu generieren. Dabei werden menschliche 
und nicht-menschliche Akteure adressiert, d.h. NutzerInnen und 
DesignerInnen einerseits, physisches und digitales Material, sowie 
die durch Kombination der Materialien entstehenden interaktiven 
Artefakte andererseits. Hauptaugenmerk wird dabei auf den wis-
senschaftlichen Diskurs zu materiality gelegt, d.h. auf den Erleb-
nisgehalt einer Interaktion, der erst durch eben diese Interaktion 
entsteht. Neben der Auseinandersetzung mit dem Begriff materia-
lity bestehen die theoretischen Beiträge aus der Erfassung der Bezie-
hungen zwischen NutzerInnen und Artefakten, einschließlich 
jener Zusammenhänge, die entstehen, wenn Technologien zwar 
nicht genutzt werden, sich dennoch auf den Menschen auswirken. 
Dazu dienen die Akteur-Netzwerk Theorie als auch medientheore-
tische Überlegungen als Grundlage, da beide es nicht nur ermög-
lichen, die Aktivität der menschlichen Akteure darzustellen, son-
dern auch jene der Materialien bzw. der interaktiven Artefakte. 
Als methodologischer Beitrag wird ein materiality-zentrierter Ansatz 
vorgestellt, um Interaktionen sowohl aus Sicht menschlicher als 
auch nicht-menschlicher Akteure abwechselnd zu untersuchen, 
um sie dann miteinander in Beziehung zu setzen. Die den theo-
retischen als auch methodologischen Reflexionen zugrunde lie-
genden empirischen Studien sind in zwei sehr unterschiedlichen 
Anwendungsbereichen verortet. Zum einen wurden Interaktionen 
zwischen älteren Menschen und Technologien untersucht, zum 
anderen jene zwischen Operatoren und Maschinen in einer Fab-
rik. Die Konsequenzen, die sich daraus für das Design von inter-
aktiven System ableiten ließen, stellen schließlich die angewandten 
Beiträge dieser Dissertation dar. Zusammengenommen zielen alle 
diese Forschungsbeiträge darauf ab, den wissenschaftlichen Dis-
kurs im Interaktionsdesign, der Mensch-Maschine Interaktion, 
und auch darüber hinaus, zu unterstützen.
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Abstract. The aim of this PhD thesis is to study relationships 
between central entities in Human-Computer Interaction (HCI) 
and Interaction Design in order to contribute to a better under-
standing of the interplay between them. Within my work, I spe-
cifically address users and designers as human actors, physical 
and digital design materials, as well as the interactive artifacts 
which are constituted of these materials, as non-human actors. 
Thereby, specific attention is paid to the scientific discourse on 
materiality, i.e., a quality of an interaction with an interactive 
artifact or material, which emerges only through this particular 
interaction. Additional to discussing in detail what materiality is 
constituted of, my theoretical contributions provide a framing for 
interactions between users and artifacts, including relations that 
reveal influences of technology on human actors even in case of 
non-use. Actor-Network Theory and media theory are the basis 
for this framing, as both allow to emphasize not only humans’ 
activity, but also those of materials or technological artifacts. 
In terms of methodological contributions, I illustrate a materiali-
ty-centered approach to data analysis, which alternately studies 
networks from the perspective of material and human actors to 
subsequently relate them with each other. The empirical inves-
tigations, which nurture the theoretical and methodological 
reflections, are situated in two distinct fields (i.e., older adults 
using technology, as well as operators interacting with factory 
equipment in a production environment), resulting in differ-
ent perspectives on a variety of interactions. The consequences 
for the design of interactive systems, which were derived from 
these studies, may finally be considered the applied contributions 
of this thesis. All of these research contributions aim to support 
the scientific discourse on materiality in Interaction Design, 
HCI, and beyond.
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Preface

The work, which constitutes my PhD thesis, illustrates a scientif-
ic journey that origins from and brings together a variety of dis-
ciplines and perspectives. The initial research interest emerged 
through the involvement with media theoretical considerations 
that were part of my studies in educational sciences at the Uni-
versity of Innsbruck. Therein, I focused on Media Pedagogy, 
a field of research that asks questions of whether and how to 
include media in education, with the aim to not only adequately 
teach children, but educate all generations about and via media. 
Furthermore, it discusses what larger impacts media have on 
the individual and on society. Consequently, both the human 
and the technology are in the center of attention. I started to 
specifically look at the situation of older people and their rela-
tion to media in order to find out about educational potentials 
and barriers. 

With the possibility to start working on a research pro-
ject focusing on older adults at the HCI & Usability Unit of the 
ICT&S Center (University of Salzburg), I became acquainted 
with applied research. With the previous theoretical work in 
educational science and this rather applied project work, it took 
me a while to figure out how exactly they may be combined and 
what the contribution of such a combination might be. Retro-
spectively, the main contribution, I would argue, is that theo-
retical notions of educational sciences allow to critically reflect 



vii

on the field, i.e., analyzing empirical, observational data of 
human-computer interactions through a theoretical lens leads 
to implications that I would not have been able to derive with-
out a theoretical framing. Conversely, all theoretical work would 
be meaningless without any possibility of application; it would 
become an end in itself. 

I find it intriguing what connections can be made and how 
one understanding leads to another, including theory and appli-
cation, methodologies and practices. During my PhD journey, 
I found one related field specifically interesting and relevant, 
namely, Interaction Design. It is the field that I address with my 
discussions and implications. Presumably, it attracts me as it is 
concerned with changing the current state, imagining future 
states, and exploring them. That’s what I wish to contribute to. 
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Introduction

This thesis focuses on the relation between humans and inter-
active artifacts, including the materials used for designing these 
artifacts and the materiality that arises through using them. The 
scientific discourse around issues of materiality is vivid in many 
disciplines, for instance, in textual studies (e.g., [20, 54]), anthro-
pology (e.g., [51]), product design (e.g., [1]), Media Pedagogy and 
media studies (see e.g., [100]), HCI (e.g,. [105]), and Interaction 
Design (see e.g., [94, 104]). 

In disciplines which are concerned with digital materials, the 
scientific discourse is strongly influenced by questions about the 
nature of interactive artifacts, i.e., physical and computational 
materials constituting an artifact, which is experienced by users. 
However, users do not experience the materials separately, but 
as combinations that allow a specific interaction, which may be 
referred to as the materiality of interactive artifacts. 

For instance, in HCI and Interaction Design, a “material turn” 
has emerged over the past few years (e.g., [24, 79, 105, 106]), which 
led to an increased attention towards material aspects in design 
research. However, with this emphasis on interactive materials, 
a fundamental discussion on what materiality is evolved (e.g., 
[39, 53]). Media are considered as being hyper, virtual, or cyber 
in order to indicate that they are situated outside of the known 
materiality. They exist independently of the usual (e.g., physical, 
societal) material constraints and determinants [101], although 
computation or software is bound to a physical data carrier [84]. 

The complexity of digital code is necessarily black boxed in user-friend-
ly interfaces, and this makes assumptions of mysterious immateriality 
hard to exorcize. [101, p. 9]
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1 The actual publications 
can be found in the 
second part of this thesis
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The work described here is positioned in the scientific realms 
of HCI and Interaction Design, with strong influences of media 
studies, and references to further related disciplines, such as 
textual studies. It attempts to provide a theoretical framing of the 
materiality discourse. Understanding materiality as residing in 
the interactions between materials and designers, or between 
users and the designed interactive artifacts, I aim to enhance our 
knowledge of materiality when it comes to interactive artifacts 
by investigating these interactions and interrelations. Based on 
reflections (e.g., referring to Actor-Network Theory and media 
theory) and investigations in the field (e.g., considering the ques-
tion of how to assess materiality) this thesis provides theoreti-
cal, methodological, and empirical contributions. It is a cumu-
lative thesis, meaning that seven published scientific articles 
are its core, accompanied by an introduction that clarifies their 
relations and which summarizes and discusses the contribution. 

This thesis is structured as follows. In the beginning, I brief-
ly outline the three scientific disciplines that I have explicitly 
addressed in my thesis, i.e., Media Pedagogy, HCI, and Interac-
tion Design (Chapter 2). Subsequently, I juxtapose their char-
acteristics to illustrate intersections that I found relevant for 
my work (Chapter 2.4) and describe the theoretical background 
and related work (Chapter 3). Then, I provide an overview of 
my research contributions for this cumulative thesis (Chap-
ter 4.2), before detailing my individual research contributions 
(Chapters 5.1 to 5.5), i.e., seven research papers.1 Afterwards, 
I summarize and discuss these contributions and their limita-
tions (Chapter 6), and conclude by depicting prospective work 
(Chapter 7). 





2 Reflecting on the term 
“new media”, Boomen et 
al. [101] note in the in-
troduction to their book 
on Digital Material that, 
although digital machines 
are widely distributed 
and taken for granted at 
the beginning of the 21st 
century, we still call them 
new media.
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Foundations

In order to clarify the scientific positioning of this work, the 
main characteristics of Media Pedagogy, HCI, and Interaction 
Design are outlined in the following paragraphs. Subsequent-
ly, I will contrast them in order to illustrate how they relate in 
regards to this thesis. 

Media Pedagogy

Media Pedagogy may be regarded as a subdiscipline of education-
al science [97]. Educational science itself is threefold; there is an 
empirical strand that applies experimental methods, a humanis-
tic school of thought that employs hermeneutic procedures, and 
an emancipatory strand with its ideology critical analyses. In 
order to be practically relevant, recent approaches center around 
action, for instance, action research or “Design-Based Research” 
(i.e., having a design experiment as its main practical method 
in the wild [78]). These approaches attempt to develop for and 
explore innovative learning as well as teaching scenarios and to 
establish and refine contextual theories [97]. Media Pedagogy, 
being oriented towards new media (such as Web 2.0 [25]), is con-
cerned with knowledge production that is influencing or influ-
enced by media.2 

Thereby, media may be understood as interfaces that mediate 
between humans and the world (designation), between humans 
and their acquaintances (communication), and between humans 
and themselves (self-understanding) [16]. They appear self-evi-
dent, but upon reflection, they appear to be multifaceted and 
multivalent “things” that are non-localizable at best [107]. How-
ever, the study of phenomena related to media in education 

2
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becomes inevitable with the technological diversity and societal, 
as well as educational, reactions towards media:

In order to understand knowledge dynamics and to find orientation in 
contemporary media constellations, we need knowledge about the rela-
tionship between media forms and media knowledge. [50, p. 32]

Key concepts in Media Pedagogy are, for instance, media edu-
cation, media literacy, and media competence. Media education 
may be considered a synoptic term, which covers educational-
ly relevant processes that are related to media [96], but which 
are not coercively related to school or children’s education [95]. 
Media literacy, considered as a specific concept within the area of 
media education, is often used synonymously to media compe-
tence; however, considering media literacy as a set of skills and 
competences may fall short, as it neglects the social diversity of 
literacy practices [9]. Media literacy is, consequently, more than 
the minimal skills that enable users to operate media effectively. 
This calls for a broader conception of media literacy than a purely 
functional definition, which, for instance, includes 

[...] the symbolic or persuasive aspects of digital media, of the emotion-
al dimensions of our uses and interpretations of these media, or indeed 
of aspects of digital media that exceed mere ‘ information’. [9, p. 47] 

However, many concepts of media competence that emerged 
in German-speaking countries (see e.g., an overview of the 
respective history in [103]) are similar to what is discussed inter-
nationally under the notion of literacy. This resulted in a vast 
variety of understandings of media competence, literacy, and 
literality [49]. Additionally, not only is the challenge on how to 
distinguish and contrast these notions discussed, but actually 
whether these “literacifications” are part of the problem, or the 
solution [49]. 
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In order to face these challenges, the field is opening up 
towards a variety of disciplines (e.g., not only psychology or phi-
losophy, but also cybernetics, information technology, or neuro-
sciences) and the 

[…] debates about media competence have reached a point at which the 
opposition between technophobic humanities and cultural studies, on 
the one hand, and techno-euphoric engineering and natural sciences, 
on the other, has become historically obsolete. [48] 

However, Media Pedagogy is not only concerned with com-
petencies, but also with aesthetic experiences and educational 
processes, although they are harder to verify [48]. In a broader 
perspective, Media Pedagogy contributes to the scientific disci-
pline of media studies, i.e., a constellation of interdisciplinary 
studies and activities holding a common interest in (electronic) 
mediation, including television, film, the Internet, games, or any 
new technologies [107]. Media studies are strongly influenced by 
cultural studies and critical theory [107], or considered as com-
plementary [40]. 

Human-Computer Interaction (HCI)

HCI is concerned with the design, evaluation, and implementa-
tion of interactive systems to be used by humans and includes 
the study of surrounding phenomena [88]. It is an interdisciplin-
ary field of research that includes notions of psychology, engi-
neering, design, philosophy, linguistics, communication scienc-
es, and so forth. According to Harrison and colleagues [41, 42], 
HCI currently is in its third paradigm.

While the first paradigm was characterized by research on 
human factors (i.e., interaction as a form of man-machine 

2.2
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coupling), the second focused on classical cognitivism and infor-
mation processing (i.e., human minds and computers are coupled 
information processors). The third paradigm 

[…] contains a variety of perspectives and approaches which focus on 
interaction and its study as phenomenologically situated. The goal 
for interaction is to support situated action and meaning-making in 
specific contexts, and the questions that arise revolve around how to 
complement formalized, computational representations and actions 
with the rich, complex, and messy situations at hand around them. 
[41, p. 389]

Similar to Media Pedagogy, which focuses on the “medi-
atic turn” and the “digital turn” to frame current educational 
phenomena, several contemporary turns in HCI may also be 
observed, i.e., a turn to design, to culture, to the wild, and to 
embodiment [81]. 

These indicate that interactions are no longer considered 
apart from cultural situations (i.e., they are situated). Therefore, 
the “wild” becomes a necessary area of investigation, as situated-
ness cannot be simulated. Furthermore, embodiment is regard-
ed as a central characteristic of our current understanding of 
interactions. Briefly speaking, it means that interactions are a 
practical engagement with the social and the physical environ-
ment [81], i.e., context and activity are mutually constitutive, 

[…] allowing users to negotiate and evolve systems of practice and 
meaning in the course of their interaction with information systems. 
[18, p. 28] 

Additionally, cultural aspects are increasingly paid atten-
tion to, bringing along a variety of theoretical, interdisciplinary 
discussions (e.g., [2, 21]). And finally, design becomes central to 
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explore and inquire about interactions, culture, or designs (e.g., 
[23, 36, 83]). Thus, the discourse around Interaction Design is 
strongly interwoven with HCI phenomena and research. 

Interaction Design

Interaction Design “is about shaping digital things for people’s 
use” [69]. According to Löwgren, there are five major characteris-
tics of Interaction Design:

1. Design involves changing situations by shaping and deploy-
ing artifacts 

2. Design is about exploring possible futures 

3. Design entails framing the “problem” in parallel with creating 
possible “solutions” 

4. Design involves thinking through sketching and other tangi-
ble representations 

5. Design addresses instrumental, technical, aesthetical and 
ethical aspects throughout 

One specific challenge of Interaction Design rests in the nature 
of its design materials, being physical and computational. The 
computer, as a design material, is specifically complex and differ-
ent than other materials, as it has the ability to change between 
states, i.e., its temporal form [98]. This requires a design practice 
that encompasses temporal form giving in combination with 
physical form giving and performance of the interaction gestalt 
(i.e., a performance of movements that users do in relation to 
the interactive artifact) [98]. While these design practices are 

2.3
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essential for every interaction design effort, there is one distinc-
tion to be made regarding design practice and design research. 
This distinction is necessary, as many of the below described 
contributions address design, but in different ways. When I refer 
to design practice, it is the profession I am addressing. Referring 
to design research, such as Constructive Design Research (e.g., 
[56]) or Research through Design (e.g., [3, 13, 35, 109]), I specif-
ically aim to contribute to research that incorporates construc-
tive design. Design practice and research differ in several ways 
(e.g., [22, 74, 80, 90]), requiring a sensitivity towards the goals 
and purpose of design. 

Media Pedagogy, HCI and Interaction Design: Intersections

All three disciplines address interrelations of humans and tech-
nology. While Media Pedagogy addresses educational issues, 
HCI and Interaction Design Research – a priori – do not address 
specific users, purposes, or technologies. Design, as a precondi-
tion in all three disciplines, is not only considered an object of 
study, but also a means to study phenomena, e.g., when it comes 
to Constructive Design Research in Interaction Design and HCI, 
or Design-Based Research in Educational Sciences. All three dis-
ciplines’ scope ranges between studies of individual phenomena, 
e.g., a specific interaction, learning environment, or artifact, and 
orientations towards impacts on society and culture. 

They certainly vary in paradigms, epistemological interests, 
methodologies, and terminology, but at the same time share the 
overall goal of improving people’s and society’s worlds, which is 
permeated by technology (e.g., critical theory can be found in 
all three disciplines as an means to question the status quo). All 
above-mentioned disciplines value interdisciplinarity in order 
to cope with the phenomena that surround usage and design of 

2.4
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technology, which change fundamentally with the progress in 
technological and societal developments. However, the extent 
of interdisciplinary research differs; for instance, a mixture of 
disciplines is fundamentally anchored in HCI’s self-conception, 
whereas Media Pedagogy is just opening up (see e.g., [48]). 

The tension between theoretical and applied research is one 
further commonality, which challenges all of these disciplines by 
requiring them to provide applied, practically relevant research 
while at the same time generating theoretical knowledge to nur-
ture the scientific discourse. Borrowing Donald Stoke’s termi-
nology on basic science and technological innovation (which he 
labels as “Pasteur’s Quadrant”), these three disciplines provide 
contributions in terms of pure basic research, use-inspired basic 
research, pure applied research, and finally, what may be called 
curiosity-driven explorations. These explorations are not a priori 
basic or applied research, but are likely to be precursors for sub-
sequent basic or applied research [89]. HCI, Interaction Design 
and Media Pedagogy are characterized by a range of scopes and 
epistemological interests, which are not coherent even within 
each discipline. While these tensions are challenging in terms 
of understanding and legitimacy of research contributions, they 
also allow a broad range of perspectives and approaches. 

This thesis is affected by these tensions, but also contributing 
to better understand, utilize or, if necessary, overcome them. It 
consists of theoretical, empirical, and methodological contribu-
tions, connects media theory with Interaction Design, and social 
theories with HCI. Apart from these paradigmatic position-
ings, there are specific theories and discourses that this thesis 
addresses in particular, as described in the following section. 





3  Monads have been 
introduced in the 18th 
century by the philoso-
pher Gottfried Wilhelm 
Leibniz. However, in this 
thesis, Bruno Latour’s 
understanding of monads 
is the basis (see e.g., [62, 
64]), although recognizing 
that his notion of monads 
is informed by a grand 
scientific discourse. 
Latour refers to Gabriel 
Tarde’s notion of monads, 
arguing that there are not 
individual elements, but 
monads (i.e., representa-
tions, reflections, or in-
teriorisations of a whole 
set of other elements 
borrowed from the world 
around) [62].
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Theoretical Background and Related Work

The theoretical background for this thesis is constituted, on one 
hand, of Actor-Network Theory, i.e., a theory originating from 
the social sciences. On the other hand, McLuhan’s work on 
media is drawn upon, which is an early contribution to media 
theory. Both allow to address the active role of media, interac-
tive artifacts, and materials and are, thus, fundamental for my 
thesis. For this reason, they are further described below. After-
wards, I depict the current scientific discourse that is addressed 
in this thesis, i.e., materials and materiality in HCI and Inter-
action Design. This background informs the research questions 
and approach, which are described subsequently. 

Actor-Network Theory and Monads

Actor-Network Theory (ANT) originated from Science and Tech-
nology Studies, attempting to describe “the social” as associ-
ations between different actors, which constitute a network. 
One of its main characteristics is that both human and non-hu-
man “things” can be actors the moment they influence another 
actor. This can be the technology influencing a human, but also 
a human influencing a technology. As soon as there is activity 
between actors, they form a network; however, this is only for 
the purpose of this specific activity [61]. ANT is, therefore, not a 
stable theory of actors, it rather assumes radical indeterminacy 
[10]. Any given phenomena is described in its actual constitution 
(e.g., what actors are involved, how they are interacting), but it is 
not decisive why the actors do certain things [64]. Bruno Latour 
(e.g., [61]), John Law (e.g., [65]) and Michel Callon (e.g., [10]) were 
leading in the development of ANT in the 1980s and still contrib-
ute to its discussion and refinement. In their later work, Latour 
and colleagues refine actor-networks by referring to monads,3 

3
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emphasizing that the social is characterized of networks rather 
than of separable individuals. Entities that are initially “just a 
dot”, but then they fill in 

[…] with more and more elements that specify it more and more until 
the observer considers that he or she knows enough and begins to take 
the name of the entity for the entire list. [64, p. 7]

In HCI, ANT has been referenced several times (e.g., [57, 91, 
93]). However, it has primarily been considered to describe the 
relation between artifacts and users, not regarding materials 
and their relation to designers. Furthermore, it has been criti-
cized for the symmetry of actors it assumes (e.g., [91]), as 

[…] persons and artifacts do not appear to constitute each other in the 
same way. [91]

However, whereas the assumed symmetry may be problem-
atic when human’s motives are in the center of an analysis, it 
is valuable to take symmetry as a starting point for analyzing 
actor-networks (or monads) (see also Chapter 5.5).

Media Theory

From an ANT perspective, interactive artifacts have agency in 
relation to humans. Similarly, the notions provided by McLu-
han’s media theory also emphasize the active role of media. The 
media (and not the content) would influence, if not determine, 
their effect on humans [72]. Based on Fiore’s and McLuhan’s writ-
ings in their seminal book on “The medium is the message” [72], 
they have been interpreted as just being technology determin-
ists. Contrasting this notion, Friesen and Hug [26] rather con-
strue their position as defining the media “coming before” other 
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considerations, but media do not necessarily found or give rise 
to social, cultural, and historical phenomena. A further (for this 
work relevant) notion provided by McLuhan is his observation 
that media from previous media ages would influence younger 
technological developments, which he considers problematic, as 
we would not make use of the full potential of new media, espe-
cially electronic media [70]. 

McLuhan also differed between sensory impressions and 
sensory effects; while the first are what a medium provides (e.g., 
releasing sound waves), the latter is the sense obtained, i.e., the 
sensory impact (e.g., acoustic perception) [26]. These notions still 
provide a relevant source of theoretical underpinnings, although 
they have been expressed almost 50 years earlier. The issues, 
which McLuhan described, can still be found in the discourse on 
materials and the materiality of human-computer interaction. 
However, while media theory has been referred to in HCI before 
(e.g., [39] as a recent example), there have been only few referenc-
es to McLuhan’s work (e.g., [6, 102]), and none of them relating it 
to the materiality discourse (see details in [30]). 

Materials and Materiality

Additional to these theories, the work described here is also 
strongly informed by current HCI research on “materials” and 
“materiality” (e.g., [24, 39, 82, 99, 106]).4 In terms of Interaction 
Design, both physical and computational materials are in the 
focus of research, as well as the combination of those in the 
design of an interactive artifact, which consists of a temporal 
form, a physical form, and an Interaction Gestalt [98]. The phys-
ical form is an artifact’s three-dimensional shape, the temporal 
form is the pattern of the state change (which is a key character-
istic of interactive artifacts), and the Interaction Gestalt is the 

3.3
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performance of movements a user will do in relation to the arti-
fact (e.g., touching) [98]. The Interaction Gestalt is experienced 
by the user in form of an interaction quality [68]. 

In contrast to materials, which are related to the form giving 
practice of Interaction Design, materiality is related to the user’s 
perception of an interactive artifact. It is a rather abstract concept 
of the relationship between users and the material artifact in terms 
of how it is used out in the world [53]. One aspect that relates to the 
materiality of artifacts is meaning, i.e., a user’s subjective interpre-
tation of qualities and values, which influences how users experi-
ence the artifacts and how they understand them in their personal 
and social life. Another aspect is related to material ecology, i.e., 
how different artifacts surrounding users are related to each other, 
how they work together, or compete with each other [53]. 

Gross et al. [39] explore three major strands of contemporary 
materiality research in HCI, i.e., physical materiality, metaphysical 
materiality, and craft-oriented approaches. Tangible user inter-
faces (e.g., as understood by [52]) are what Gross considers having 
physical materiality. Metaphysical materiality refers to the combi-
nation of physical and computational materials (e.g., [99]). There-
by, the materiality of computation can only be observed indirect-
ly, i.e., through the artifacts that employ it and the interactions 
with the artifact. Materiality, considered as a form of tradition 
communicating, emphasizes the crafting aspect in design prac-
tice (e.g., [37]) that involves materiality of interactions with design 
materials. Gross and colleagues relate these strands to philosoph-
ical aesthetics, visual cultural studies, and media theory, arguing 
that media theory is able to accommodate and augment individ-
ual understandings of materiality [39]. They recognized that the 
materiality discourse in HCI is closely related to framings provid-
ed by disciplines apart from HCI and Interaction Design, which is 
a fundamental argument of this thesis as well. 
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Research Contributions

Having outlined the theoretical background and related work, an 
overview of, and relations between, my research contributions 
are presented in this chapter. I begin with a description of the 
main objective, the research questions, and the approach. 

Research Objective and Approach

The main research objective of my thesis is to reflect on materi-
als and materiality based on Actor-Network Theory and media 
theory, in order to better understand the relation between sever-
al actors in HCI and Interaction Design. Therefore, the research 
questions that I aim to answer with this thesis are as follows: 

1. How is the relation between different central actors in 
Human-Computer Interaction (users, non-users, interactive 
artifacts, Interaction Gestalt, etc.) and Interaction Design 
(designers, materials, etc.) constituted? 

2. How do physical and digital materials, as well as materiality, 
relate? 

3. How would a materiality-centered approach to data collection 
and analysis look like? 

The work presented here is based on hermeneutic procedures, 
i.e., methods for text interpretation are applied, as they support 
understanding the meaning of phenomena (opposed to natural 
sciences that seek to explain them). By interpreting the topics 
outlined above through these discursive approaches, the aim is 
to broaden the theoretical framing of relations between various 
actors in HCI and Interaction Design. 
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Furthermore, ANT itself provides a method to describe rela-
tionships between actors, i.e., fully established descriptions of 
actor-networks [61]. This means that either the user, the design-
er, or the artifact, the material (which are also understood as 
actors) can be a potential starting point in framing their active 
role in relation to further actors. Based on this methodology and 
a respective refinement due to Latour’s work on monads [64], we5 
furthermore discuss methodological potentials for a materiali-
ty-centered approach, which will be described later on (see Chap-
ter 5.5). The core of this thesis is constituted of seven research 
publications. Before summarizing them, I describe the way this 
thesis evolved and how the respective contributions are related. 

Overview of Contributions

I started my research with an interest in technologies for older 
adults (e.g., [27]). However, I experienced some dissatisfaction 
with not being able to describe the relationship between seniors 
and computers adequately, which would have been needed in a 
project aiming at assistive technology for older adults (e.g., [32, 
34]). The notion of seniors being too old or not capable of using 
technology in a beneficial way was often inherent in research and 
development (e.g., [46]), ignoring seniors’ active choice of not using 
technology. Drawing on Actor-Network Theory (e.g., [10, 58, 61, 63, 
65]), I found a possibility to contrast this notion, as it allows to 
frame seniors’ non-use as an activity, providing them with a voice 
to actively choose not to use technology [28]. The reason is that 
ANT does not require a-priori assumptions about positive or neg-
ative effects of technology on actors, but considers them equally 
[61]. After reflecting on the relation of seniors and technology (see 
more detail in Chapter 5.1), I described non-use as an activity in 
terms of ANT in a more general way, resulting in a discussion of 
Human-Computer Non-Interaction [31] (see Chapter 5.2). 

4.2
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Through engaging with ANT, I came across the potential of 
ANT to not only refer to artifacts in a holistic sense, but also to 
their material dimensions, aligning with the aforementioned 
emphasis on material aspects in HCI research (e.g., [5, 11, 17, 
106]). This encouraged me to explore the role of materials on 
basis of ANT and when looking at the material as an actor, their 
influence on interaction designers became apparent. Consider-
ing the materiality discourse in depth, we found relations to a 
further theoretical notion, i.e., Marshall McLuhan’s media theo-
ry, that considers the media (i.e., the technology) as highly influ-
encing, if not determining, humans’ perception (e.g., [72]). 

Additionally, McLuhan argued that time would affect media 
usage, e.g., former media influence the perception of current 
ones [72]. Pursuing this line of thought, we have theoretically 
discussed different relations in HCI and Interaction Design [30] 
(see Chapter 5.3). Both theoretical lenses (i.e., ANT and McLu-
han’s considerations about media) provide a framing of mate-
rials in relation to something or someone else, i.e., the social 
life of things. While ANT and media theory have already been 
discussed over the past decades, their currentness is nurtured 
by the ongoing requirement to understand people’s interaction 
with the technological world. The technological world, however, 
is changing continuously. For instance, the current emphasis 
on materiality in HCI and Interaction Design is at least partly 
due to the characteristics of digital design material, which is, in 
contrast to physical material, harder to describe and understand 
(e.g., as it is not visible without any physical “substrate”), result-
ing in difficulties to grasp its agency. Thus, using ANT and media 
theory as theoretical background is still promising. 

After having reflected on the networks in HCI and Interac-
tion Design, we engaged more deeply with the terminology on 
materials and materiality. Therefore, we considered concepts 
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for materials and materiality in HCI and Interaction Design 
and related them to notions of digital and physical materials in 
other disciplines, which also face the transition and combination 
of different kinds of materials, such as textual studies [33] (see 
Chapter 5.4). 

While Actor-Network Theory provides a theoretical fram-
ing of relations between human actors in HCI (users, designers) 
and non-human actors (materials, interactive artifacts), we then 
reflected on the methodology that has been suggested as mode 
of inquiry in ANT. Therefore, we took Latour’s recent work on 
Gabriel Tarde’s monads as a foundation [64]. The resulting paper 
illustrates a synthesis of my previous research efforts, as it refers 
to the theoretical assumptions mentioned earlier, leading to a 
methodological quest for not only considering materials, inter-
active artifacts, users, or designers, but also to combine differ-
ent perspectives in the analysis of human-computer relations 
towards a “materiality-centered approach” [29] (see Chapter 5.5).  
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Individual Research Contributions

The following subchapters provide summaries of the individu-
al research contributions. Most of them are presented in the 
chronological order of their publication dates, but a few were 
rearranged in favor of content-wise relations. 

Technology and Seniors

As described earlier, my research on the relation between users, 
technology, and designers initially focused on seniors interact-
ing with artifacts. My first considerations towards that topic 
were related to the needs of older adults [27]. Thereby, I reflected 
on the Ambient Assisted Living (AAL) movement, in terms of 
older adults’ needs by means of Maslow’s hierarchy of needs (e.g., 
[55]). Although this position paper was only an initial thought 
on older adults’ interaction with technology, it was the starting 
point for intense work on technology for seniors. Having had the 
chance to work on a project of an intergenerational online plat-
form (i.e., a web platform that offers activities for remote meet-
ings between grandparents and grandchildren), I continued to 
focus on seniors’ technology usage in my research [32, 34]. 

For instance, in [32], we describe how we identified attributes 
of intergenerational online activities, which were appreciated 
by grandparents and their grandchildren in offline activities by 
means of workshops and interviews. We then discussed how they 
could be transferred to online activities as well. The aim was to 
provide entertaining and appropriate online activities for grand-
parents and their grandchildren, who were geographically sepa-
rated. For instance, we reflected on attributes related to the struc-
ture of activities (e.g., the duration of activities, how to schedule 
them, whom to involve), the appearance of the activities (e.g., what 

[32] Fuchsberger, V., 
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topics to provide, how to integrate artifacts), or the special user 
groups (e.g., relationship specifics).

In [34], we presented design challenges and concepts for a 
specific online activity for grandparents and grandchildren, 
i.e., intergenerational online learning. We contrasted the grand-
parents’ needs with those from their grandchildren in terms of 
learning, leading to what is required for such online teaching. 
For instance, children are likely to appreciate narrative content. 
At the same time, many grandparents indicated to like telling 
stories to their grandchildren. Thus, providing possibilities for 
storytelling and, thereby, attracting attention was one of the 
potentials we identified, in order to make intergenerational 
online learning a success. 

When working with the grandparents, I found many of them 
being active, confident, and open to technology. However, both 
in literature and in the public, the picture of older adults’ tech-
nology usage is often a negative one, loaded with stereotypes 
(e.g., [12]) that depicts older adults as needing assistance when 
they are not as fluent in their abilities with technology as the 
younger generation. Therefore, I took ANT as a starting point for 
describing the relation between seniors and technology  [28]. It 
allowed me to analyze the relation from the perspective of agen-
cy, which is distributed among them. 

Taking the notion of programs and antiprograms (e.g., [60, 
87]) as a basis, agency may be detected even in case of non-use. 
This means that actors are in constant negotiations. An actor’s 
program (e.g., a technology) tries to convince other actors (e.g., 
older adults) to perform a specific action (e.g., humans using 
the technology). However, the actors, which are attempted to be 
convinced, may have different goals and, thus, form an antipro-
gram. Thereby, agency and activity arises between them, even if 
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the program does not succeed. This results in a perspective on 
older adults’ non-use, which highlights their activity in rejecting 
technology, in actively deciding not to use a technology and pur-
suing this interest. I then extended the analysis by reflecting on 
the “generational divide”. Trenchantly speaking, 

[…] the generational divide is typically interpreted to mean that people 
on one side of the gap – youth – have more access and a greater abil-
ity to use new technologies than those on the other side – the adults 
(especially, older adults) who had the misfortune to be born before the 
advent of the Internet. [45, p. 71] 

Building on this consideration in combination with the older 
adults’ antiprogram to rejecting some technology, I established 
that the generational divide may be interpreted from different 
perspectives. Usually, the concept of the generational divide con-
veys the pictures that usage differences in new media are a dis-
advantage to the older adults. 

However, the generational divide also implies that there is a 
generation that the older adults are divided from, i.e., the group 
of younger, technology affine individuals. A variety of technolo-
gies is addressing the younger generation through, e.g., provid-
ing digital books, which have qualities that traditional books do 
not have (e.g., quickly searching within the book). Thereby, the 
younger people may develop an antiprogram towards traditional 
books that, for instance, could lead to disadvantages in the usage 
of traditional books. This results in what I called a “reversed gen-
erational divide”. The aim of this example is to illustrate that 
there are different perspectives to this phenomenon, which is 
not negative per se. It is rather the interpretation that requires 
several viewpoints to be analyzed to detect the activity between 
different actors. 
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Human-Computer Non-Interaction

Having described the actor-networks of seniors and technology, 
we then tried to do the same in a rather generic way to describe 
non-use and learn from analyzing non-use  from an ANT per-
spective [31]. Therefore, we considered technology non-use from 
an agency point of view, again drawing on the concept of pro-
gram-antiprogram. For instance, being used may be the goal 
(i.e., program of action) of a non-human actor, such as technol-
ogy. However, not only does the program require activity, but 
also the resistance in case of rejection (i.e., the antiprogram), 
which undermines the goal of the technology. If we consider the 
interplay between human and non-human actors as a continu-
ous struggle between programs and antiprograms, the activity 
becomes visible. 

If a technology is rejected by humans, the program of the 
technology is not strong enough. The struggle between the tech-
nology’s program and the human’s antiprogram may lead to the 
creation of a new goal, for instance, a new technology adapted to 
the humans’ needs. Referring to ANT, we not only look for rea-
sons on why humans do not use the technology (e.g, the technol-
ogy not being easy enough to use), but what they do to reject it. 
We do not only focus on an analysis of the program’s failure, but 
also on the success of the antiprogram or the new goal evolving. 

Consequently, we analyze four aspects of human-computer 
non-interaction on basis of ANT:

•	 the	program	
•	 the	antiprogram	
•	 the	constant	struggle	and	negotiation	between	them	
•	 the	outcome	of	the	negotiation	(use,	non-use,	the	emergence	

of a new goal) 

5.2
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We argue that the relevance of this analysis for technology 
non-use may enhance our understanding of humans in a tech-
nological world, as we consider them in non-use as well; they are 
given a voice for choosing whether to use a technology. 

Additionally, we may find that technology, which is not used, 
also influences the human actors. For instance, social media 
(such as Facebook) also influence humans that are not using 
them. For instance, the “like” button becomes a common icon 
also in the offline world, which affects non-users as well, or 
non-users are often also part of the social media (e.g., through 
being pictured in a shared photograph), which may influence 
them in their social world as well. 

Through an ANT lens, we consequently perceive the border 
between program and antiprogram clearly and find relations 
apart from those between users and artifacts. The struggle 
between program and antiprogram might be less relevant as 
soon as their is no attempt to change the situation. However, 
in that case, it would not be a relevant phenomenon to analyze 
in an ANT sense, as actors are required to evoke activity from 
another actor; otherwise, there is no actor and no network. 

In this discussion, ANT proved to be a valuable starting point 
for an analysis of human-technology relations. Thus, I proceeded 
with reflecting on such relations based on ANT, this time reflect-
ing on the relation between design materials and designers, as 
well as users and interactive artifacts, which may be considered 
the main actors in HCI and Interaction Design. 
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Materials, Materiality, and Media

In this work,6 we not only took ANT as a theoretical background, 
but also referred to Marshall McLuhan’s media theory for 
reflecting on the activity of materials in Interaction Design [30]. 
Thereby, we addressed the current discourse on materials in 
Interaction Design, where design materials (either physical or 
computational) are emphasized in terms of material practices 
and crafting. However, we recognized a lack in the theoretical 
framing of this emphasis, which would be able to frame both 
digital (or immaterial) and physical materials appropriately. 

We chose to take ANT and media theory as a starting point, 
as both allow to consider media and any other type of non-hu-
man actors as active parts in their relation to humans. Thus, we 
discussed junctures between these theories and materials as 
they occur in Interaction Design and HCI. Regarding McLuhan’s 
media theory, we found his basic notion that the medium would 
strongly influence the message [72] as similar to current claims 
in Interaction Design. Those emphasize that materials and the 
resulting materiality of interactive artifacts would be decisive 
for the user’s (and also a designer’s) experience when interacting 
with the artifact or the design materials. 

We reflected, in detail, on McLuhan’s work to figure out fur-
ther junctures. In the course of the work, we specifically focused 
on his claim to focus on sensory effects as they are provided 
by certain media, as well as respective ways to interact with 
them. We then took ANT as a frame to describe the connections 
between materials, designers, and users, including a discus-
sion on the respective methodology and its relation to Research 
through Design (RtD; see e.g., [3, 13, 35, 56, 108, 109]). 

5.3
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Our reflection revealed that through referring to McLuhan’s 
media theory (e.g., [72]), we can frame the material as a substan-
tial element in an interaction, which not only impresses users 
through stimuli that the material provides, but also affects 
humans beyond physical reality, being the sense obtained. 
McLuhan emphasized the media’s qualities providing these 
impacts, instead of only considering the content that is repre-
sented via a medium. In McLuhan’s terms, the medium then 
extends the human [71]. 

While McLuhan primarily referred to physical materials, we 
emphasize that the digital materials provide a variety of sensa-
tions that are yet to be explored. Furthermore, McLuhan postu-
lated that “old” media would influence new ones, e.g., through 
passing on familiar ways of interaction [72]. Again, an explicit 
exploration of qualities, properties, and affordances of new dig-
ital materials in their interplay with physical representations is 
required to make use of sensations that we may obtain through 
interacting with them. 

In reference to ANT (e.g., [10, 61, 65]), we then framed the 
relation between materials, designers, and users. Thereby, the 
materials’ agency becomes visible; associations between, for 
instance, designers and the materials are reciprocal, as not 
only the designer crafts, shapes, or inscribes behavior into the 
material, but the material also inspires, constrains, or forces the 
designer. In terms of the user-artifact relationship, the same 
is true. While the artifact stimulates, directs, or impresses the 
user, the user also touches, alters, or objects it. 

The junctures found between the two theoretical notions 
and HCI, as well as Interaction Design, finally led us to discuss 
several implications that arise through this reflection. Amongst 
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others, the strong emphasis on the effects of media, as described 
by McLuhan, provides designers with an argument to take the 
qualities and properties, as well as the emerging possibilities, of 
new digital materials and artifacts seriously (e.g., properties and 
qualities that contribute to the temporal form of an interactive 
artifact [98]). Much research and development is trying to re-use 
concepts for interaction (e.g., [38]) from former media to make 
new artifacts easy to use through allowing users to recognize 
familiar interactions. While this is not a disadvantage in itself, it 
may, nevertheless, inhibit explorations of new forms of interac-
tions, which would be inherent to the materials that are emerg-
ing. Thus, the emphasis on the effects of media on designers and 
users allows to explicitly focus on, and design for, new ways of 
interaction. 

While McLuhan explicitly highlights the role of the media, 
ANT does not assume priority of either non-human or human 
actors. However, through this equal consideration of all actors, 
it does not ascribe activity only to human actors. Instead, activ-
ity (or “the social” [61]) is distributed amongst the involved 
actors, be it human actors (e.g., users, designers), or non-hu-
man actors (e.g., materials, interactive artifacts). Following the 
activity through such a network thus reveals the important role 
of the materials as actors, which, however, require human-ac-
tors to result in an activity. Complementing this consideration 
with McLuhan’s thoughts, we may thereby also be able to make 
unconscious design assumptions, procedures and constraints 
visible, which were induced by former media ages, materials, or 
interactions. 

In terms of methodological approaches to describe 
human-computer and designer-artifact relationships, we also 
found connections to ANT. Research through Design (RtD), 
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which is an approach that employs methods and processes from 
design practices for inquiries [109], already claimed that descrip-
tions of design processes would be an appropriate outcome of 
design research. However, the discussion about how this will 
lead to theory in Interaction Design has not yet resulted in agree-
ment. In ANT, detailed descriptions of activity that do not need 
any further explanation [61] would be a satisfying outcome of 
a research endeavor. If we consider descriptions in ANT’s sense 
being a scientific outcome, we may also strengthen outcomes of 
RtD to arrive at theoretical foundations for this kind of research. 

Overall, ANT and McLuhan’s media analysis were valuable to 
provide a perspective on materials, which equally integrates the 
activity of materials, designers, and users. 

On Materiality

With the aforementioned discussion, we mainly focused on the 
materials from a designer’s point of view and the interactive arti-
facts from a user’s point of view. Within the previous paper [30], 
we already came across the term “materiality”. It’s a term that is 
frequently used, but it transfers very different meanings. In pre-
vious work, we considered materiality as follows: 

Similar to the distinction between method and methodolo-
gy, we understand materiality as the theoretical discourse about 
materials. This includes all illustrations and discussions of mate-
rials in HCI, like their roles in design processes, their forms, 
functions, ontologies, etc. Thus, under the umbrella of the mate-
riality discourse we are talking about materials when we refer to 
what things are made of or represented by [30].
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However, through further engagements with the discourse 
on materiality and materials in HCI and Interaction Design, we 
re-considered our understanding [33]. 

Therefore, we took a step back and collected different notions 
of materiality as they occur in HCI, Interaction Design as well as 
textual studies. We included textual studies in this analysis, as 
this discipline is also concerned with different types of materials 
and materialities. The transition from physical to digital mate-
rials (e.g., texts, libraries) characterizes the current state of the 
discipline, since it is a scientific field that is concerned with the 
creation and consumption of texts in material form in its core. 
Additionally, we still struggled with the terms used for design 
materials to create interactive artifacts. While physical materi-
als are rather easily comprehensible (see a description of kinds 
of physical materials relevant in Interaction Design provided by 
Vallgårda [98]), the terms digital, computational, and immaterial 
are harder to grasp and distinguish, especially as they are often 
used synonymously (e.g., [4, 76, 92]). 

In order to detail our respective understanding, we analyzed 
the following notions: 

•	 Hybrid	 status	 of	 born-digital	 artifacts:	 Referring	 to	 collec-
tions of writers’ archives, Kirschenbaum et al. [54] argue that 
artifacts, even if they are born-digital (i.e., they were created 
digitally), require some form of analogue material to be con-
ceived or collected. Thus, even digital materials are characte-
rized by a hybrid status of digital and analogue materials.  

•	 Materiality	 versus	 immateriality:	 Drucker	 [20]	 poses	 the	
question, whether textual “information” can be perceived 
without any relation to a material form of input or a mate-
rial form of output. Through referring to Kirschenbaum, she 
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distinguishes between “phenomenological materiality” of 
a text and “ontological immateriality” of its existence. She 
argues that information itself is immaterial, but as soon as it 
is in-the-world, it necessarily holds a form of materiality. This 
means that the existence of an information may be imagined 
without any reference to a specific form, but as soon as we 
think of what it is, we immediately include an embodied form 
and aesthetics into that thinking. 

•	 Computational	 composites:	 The	 notion	 of	 computational	
composites, as suggested by Vallgårda and Redström (e.g., 
[99]), offers a material perspective on computers. Vallgårda 
emphasizes the state changing properties of interactive arti-
facts, arguing that the computational material that induces 
the state changes, requires further materials to manifest in 
the form of a computer. Thereby, specific properties emerge, 
such as reversibility or connectability [98]. 

•	 Structure	 of	 the	 digital	 computer:	 Similar	 to	 the	 notion	 of	
computational composites, Hayles [43] thinks of digital com-
puters as having an “Oreo-cookie” like structure; they have 
an analogue bottom, a “frothy” digital middle (where frag-
mentations and recombinations happen), and an analogue 
top. She considers materiality not just as an inert collection 
of physical properties, but a dynamic quality that emerges 
from the interplay between a text in a physical form, its con-
ceptual content, and the reader’s or writer’s interpretation. 

•	 Interaction	 Gestalt	 and	 its	 relations:	 Although	 the	 concept	
of Interaction Gestalt (e.g., [68]) does not explicitly refer to 
materiality, it also refers to an in-between of an interactive 
artifact and a user (including her/his experience) through 
defining some form of Interaction Gestalt, which results 
from the interaction with an interactive artifact. In our 
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previous work, we integrated a “material” level into this con-
cept (adding to the already existing levels of the interactive 
artifact, Interaction Gestalt, and User Experience), empha-
sizing that the interactive artifact is constituted of different 
forms of materials [30].  

Analyzing those notions, we found that all of these concepts 
consider materiality as being layered. Hayles argues that 

Materiality can thus not be specified in advance; rather, it occupies a 
borderland […] joining the physical and mental, the artifact and the 
user. [44, p. 72] 

Even if the level of details differs, all concepts referred to 
combinations of materials, i.e., computations with any other 
(analogue) material. This means that the digital represents an 
ontological immateriality, which gets its phenomenological 
materiality through the interaction with it. Interaction Design, 
in our opinion, aims for creating phenomenological materiality. 
Materiality is emerging through one’s being in the world, which 
design targets to affect. The digital materials, however, seem to 
be inexistent as long as they are not combined or enriched with 
analogue materials. Thus, “digital” material only exists ontolog-
ically immaterial, getting its phenomenological materiality ini-
tially for the designer in the process of combining it with further 
materials to eventually enable the users to experience the arti-
fact’s and Interaction Gestalt’s emerging materialities. 
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Actor-Networks, Monads, and Methods

After having reflected on ANT in HCI and Interaction Design 
and having deepened our comprehension of materiality, we pro-
ceeded with related methodological issues. In HCI, a major para-
digm is user-centered design (e.g., [75]), i.e., the user’s needs are 
determining the design of an interactive artifact through focus-
ing on users as much as possible in the design process. On the 
other hand, as stated before, research on Interaction Design cur-
rently emphasizes material aspects as essential to design activi-
ties, including material studies and studies of design practice in 
order to benefit from a designer’s explicit and tacit knowledge. 

Jung and Stolterman [53], thus, claim an artifact-oriented 
perspective that would complement the user-centered one. Based 
on these two notions, we posed the questions of how we may 
bridge them, i.e., how we may capture the perspectives of both 
users and artifacts for and in design, as well as what approach-
es to data collection and analysis might be appropriate to orient 
studies towards human and artifacts. 

In reference to our understanding of materiality [33], which I 
described before, we see materiality as emerging from the inter-
action that is highly depending on the qualities and properties 
of an interactive artifact, which in turn are influenced by the 
designer. Thus, materiality is between the user and the interac-
tive artifact, as well as the materials it is constituted of and the 
designer. Based on this understanding, we elaborated further on 
the following question [29]: How would such a materiality-cente-
red approach look like?  

While we found appropriate data collection methods in HCI 
(e.g., as used in Contextual Inquiries [47], i.e., users are observed 
and interviewed in situ), we identified shortcomings of current 

[29] Fuchsberger, V., 
Murer, M., Meneweger, 
T., and Tscheligi, M. 
Capturing the in-between 
of interactive artifacts 
and users: A materiali-
ty-centered approach. 
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data analysis approaches. These shortcomings primarily affect 
the lens that is taken for the analysis; in design ethnogra-
phies, for instance, the users’ requirements are analyzed, lead-
ing mainly to design implications. However, the artifact (or its 
material properties) is hardly addressed. To approach this, we 
again referred to ANT and the respective research method, i.e., 
rich descriptions of actor-networks. In the very specific con-
text of an industrial production plant, we applied this meth-
odological thinking by describing how employees interact with 
artifacts (both physical or electronic ones). However, according 
to Latour’s latest work on monads, the perspective on these 
networks (i.e., the actor, we start to trace other actors from in 
the network) is influencing the outcome [64]. In consequence, 
this would mean that we not only might start with the human 
employee as an actor to follow through her/his network, but also 
the artifact, such as an interactive system or analogue artifact 
(e.g., paper). Therefore, one actor is chosen to be an entry point 
to an actor-network, from which associations are established to 
explore the network. 

The reasons for choosing the example of the production 
plant were twofold. First, we had a variety of data already avail-
able and, furthermore, we had the possibility to again observe 
the interactions between the factory workers and the interfaces 
they use in situ. Second, the very production plant had a tran-
sition in their cleanroom ongoing, which aimed to result in an 
exclusion of paper in the cleanroom (due to contamination prob-
lems). Thus, several paper artifacts were replaced by electronic 
artifacts, giving us the possibility to not only gather data about 
either physical or digital artifacts, but both of them used for the 
same work tasks. 
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After the final data collection in the cleanroom, we analyzed 
four different actor-networks (or monads), i.e., employees’ inter-
action with the paper artifact from the perspective of the human 
and the perspective of the artifact and the employees’ interac-
tion with the electronic artifact also from a human’s and an arti-
fact’s perspective. We then compared the resulting monads in 
terms of attributes they share and differences that are visible. 
The findings were related to the number and relation of actors, 
when we started the analysis from an artifact perspective versus 
starting it from a human-oriented perspective, including differ-
ences in the chronological course of the activity. 

Discussing the overlappings and differences of all four 
monads, for instance, led to an increased visibility of the “infor-
mation” (or the data, the content) that the factory workers inter-
acted with. When looking at the paper artifact, the actor “infor-
mation” did not play any significant role, i.e., we did not illustrate 
it, as the information was not perceivable without a specific 
artifact. In contrast, when starting from the electronic artifact, 
the separation between the physical artifact and the content it 
represents got visible immediately, as there are other qualities 
emerging (e.g., synchronous modification through various users 
at the same time). 

The monads provided us with an overview of actors and attri-
butes that differed according to the entry point to a network and 
the traces that we established. The value of such an approach, 
thus, lies in the meandering between different perspectives, 
bridging them as far as possible. Our suggestion for a materia-
lity-centered approach did not entail step-by-step instructions on 
how to proceed. Rather, it was a conceptual discussion with a 
recommendation to researchers and practitioners to take a step 
back from their analysis and looking at the data from another 
perspective.  
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Summary and Discussion

The work described here contributes to the theoretical fram-
ing of the relations between users and artifacts, designers and 
materials, and the connections among them. It addresses prob-
lems inherent to HCI and Interaction Design by providing a 
language and terminology that aims to support a comparable, 
and at the same time distinct, illustration of human-computer 
relationships. 

The respective research questions were finally answered by 
means of several research contributions. Regarding the first 
research question of how the relation between different central 
actors in Human-Computer Interaction (users, non-users, inter-
active artifacts, Interaction Gestalt, etc.) and Interaction Design 
(designers, materials, etc.) is constituted, I started with reflect-
ing on the very problem of the picture of older adults (not) using 
technology. In reference to ANT, I then analyzed technology 
non-use that allowed to visualize rejections as an active choice, 
which changes the picture at least a little. However, this analy-
sis was based on a general distinction between use and non-use, 
neglecting the different forms of use (e.g., individuals, who used 
technology once or seldom). Thus, my analysis provides a first 
step and will be continued by integrating different forms of uses 
in future work.

Having found this theoretical framing an appropriate one 
for non-use, I drew on ANT also for further investigations of 
human-computer and designer-material relations. The current 
discourse and emphasis on materials and materiality provided 
the case for a reflection that includes human actors (e.g., users, 
designers) and non-human actors (e.g., artifacts, materials), as 
ANT allows to consider them equally in an analysis. Further-
more, a connection to McLuhan’s media theory was promising, 

6
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as he already engaged with the role of the “material”, in his case, 
media, to highlight the important role of the media itself, com-
plementing the perspective that the content (i.e., the informa-
tion) is exclusively decisive for users’ or consumers’ experience. 
This reflection provided us with a theoretical framing of interre-
lations between different actors in HCI and Interaction Design, 
and was specifically valued by the research community. 

After the reflection on the actor-networks that are part of 
HCI and Interaction Design, I engaged with the second research 
question of how physical and digital materials relate to materi-
ality. Therefore, different notions of materials and materialities 
were analyzed in detail to provide a better understanding of 
what materials and materiality are. We ascertained that several 
concepts of materiality consist of different (im-)material layers, 
i.e., materiality is depending on a variety of different materials 
and the combinations of them. Furthermore, we refined our 
understanding of materials, and especially materiality, arriving 
at the following definition: 

[…] materials is what we work with, materiality is what emerges 
through design or usage. The perception of digital material is only pos-
sible through combinations with other materials, allowing the emer-
gence of materialities in an interaction. [33, p. 76]

As described earlier, the discourse around materiality is not 
specific to HCI or Interaction Design. For instance, in relation 
to organizational studies, Leonardi reflected on what materiality 
means apart from physical matter, e.g., when it comes to soft-
ware [66].7 He defined materiality as a form of practical instan-
tiation or significance rather than requiring physical substance. 
Thereby, materiality is not considered as a property of an arti-
fact, but a product of the relationship between artifacts and indi-
viduals producing and consuming them. Later on, Leonardi and 
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colleagues provided a book on organizational materiality [67], 
with contributions specifically focusing on social and organiza-
tional issues of materiality. While our materiality definition is 
far from disagreeing with, for instance, Leonardi’s notions of 
materiality [66], we rather focus on how materiality emerges and 
how it is related to materials used in the design of interactive 
artifacts. Leonardi and colleagues primarily consider the conse-
quences of materiality (both physical and digital materialities) 
on social structures. Thus, those notions are to be understood 
as complementary, instead of being exclusive. Our reflection 
on what materiality actually is a promising starting point for 
discussing it within the community, which we will carry on to 
enrich the respective understanding continuously. 

The latest work finally addressed the third research question, 
i.e., how a materiality-centered approach to data collection and 
analysis would look like. Therefore, we discussed a method-
ological approach to capture the “in-between” of a user- and an 
artifact-oriented perspective, i.e., a materiality-centered approach. 
Therein, we referred to Latour’s younger work on monads [64], 
which may be considered actor-networks with a special focus on 
the traces that are established through the network. This means 
that networks are “entered” at a specific actor, from which the 
connections to other actors (i.e., the activity) is traced. Through 
applying this procedure from different entry points, junctures 
and differences in the networks are analyzed. 

Thus, we analyzed monads from an artifact-centered perspec-
tive as well as a human-centered perspective, which allowed us 
to make differences and commonalities visible that would oth-
erwise not have been easily found. As we consider materiality as 
emerging from the interaction with an interactive artifact, being 
strongly influenced by its material properties and qualities, we 
think that this alternating between different analyses will help 
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us to develop theoretical framings to increase our understand-
ing of the materiality of interactions. Certainly, the present-
ed approach to assessing materiality is one potential approach 
among a variety of approaches, complementing purely user- or 
artifact-oriented perspectives. It created awareness that, when 
we refer to materiality, the respective approaches need to be 
in-between users and artifacts, which requires alternative ways 
to assess the materiality of interactions. Applying the proposed 
approach in the field was beneficial, but further applications, 
apart from the very specific context of the factory, need to be 
done to strengthen the legitimacy of the approach. 

The contributions of this thesis provided us with a variety of 
findings and challenges related to HCI and Interaction Design. 
However, it also faces limitations. One limitation concerns the 
multitude of theoretical background when it comes to ANT. As 
it is a rather prominent theory in the social sciences, it has been 
discussed in a variety of disciplines, tackling a variety of phe-
nomena (e.g., from technical sciences to communication scienc-
es, etc.). The literature is vast and so are the interpretations. The 
work at hand only addresses a segment of notions that have been 
provided in the context of ANT and probably the interpretation 
of this segment may also not always represent what the authors 
and creators of ANT wanted to say. However, even if the inter-
pretation differs, approaching phenomena in HCI and Interac-
tion Design from our point of view proved to be valuable as a 
theoretical framing and contributed to the respective discourse. 

Furthermore, in order to discuss my interpretations with 
experts of the social sciences, I took part in the 1st Vienna Eth-
nography Lab,8 which focused on the Practices of Materiality. Par-
ticipants of this Ethnography Lab were young scholars, as well 
as senior scholars, from various disciplines, such as Sociology, 
Science and Technology Studies, or Anthropology. One of the 
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participants was John Law, who contributed to the develop-
ment of ANT (e.g., [65]). Although my interpretation of ANT 
as a framework that allows for generic illustrations of relations 
between actors was challenged, it was considered an appropriate 
means for reflecting upon those relations, especially promising 
when empirical data is the basis for reflection. 

Strongly related to the aforementioned issue, the terminol-
ogy is somehow problematic in ANT. First, ANT is not really a 
theory, as it does not provide an explanatory framework. Thus, 
the term theory was primarily added to strengthen the concept 
of actor-networks [73]. Mol [73] highlights this problem in detail 
and argues that ANT was nonetheless a theory, though one with 
a different meaning of what a theory was; in the case of ANT, it is 
an adaptable, open repository. 

In the multitude of essays on ANT, a large number of partic-
ularizing terms are introduced (from activity, agency, actors and 
actants to delegates, inscriptions, descriptions, prescriptions, 
to intermediaries and mediators, programs and anti-programs, 
and many more). While all of them provide interesting and rel-
evant aspects of the theoretical background, at the same time, 
they complicate communication and discourse when the theo-
ry is transferred to a discipline that incorporates theories and 
concepts from a variety of scientific backgrounds, e.g., natural 
sciences, humanistic sciences, or social sciences. Thus, it is nec-
essary to carefully balance the level of details and terms to be 
appropriate for such an interdisciplinary audience. Therefore, I 
may not always have satisfied the theory in favor of communi-
cability. I attempt to overcome this limitation through going on 
with the work, to reflect on the details step-by-step. 



9 The controversy be-
tween Bloor and Latour 
is a worthwhile reading, 
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Finally, a remark on the actual choice of the theories drawn 
on is necessary. Both ANT and McLuhan’s media theory have 
been criticized for various reasons. The scientific and public 
perception of McLuhan’s work, for instance, has suffered from 
rather negative reports about his personal, religious, and polit-
ical opinion, a tendency that is now slowly disappearing again. 
Among other reasons, Actor-Network Theory has been criticized 
for its inherent symmetry (as already mentioned earlier), which 
would neglect humans’ motifs, motivations, and psychologi-
cal constitution. Bloor [8] provided a detailed critique on ANT. 
Regarding the proposed symmetry, Bloor stated that it would 
lead to confusion to treat all actors equally. For instance, using 
the same terms for describing the characteristics of human and 
non-human actors (such as both would have “interests”) would 
not provide any additional insights. Similarly, Bloor argues that 
the usage of terms such as monads would be obscure [8]. In 
response to Bloor’s critique, Latour refutes these argument, e.g., 
by clarifying what he attempted to emphasize when referring to 
monads, i.e., considering the empirical world at the same time as 
a non-social nature, a social nature and the connection between 
them instead of considering them separately [59]. However, even 
if the arguments of both, Bloor and Latour, are comprehensible, 
they carry on paradigmatic debates, trying to state what is the 
right world view.9

Certainly, Latour’s worldview was adopted for several con-
tributions of this thesis. Being aware of the respective cri-
tiques, it nevertheless provided us with a perspective on HCI 
and Interaction Design that allowed us to frame materials and 
materiality appropriately. For instance, we benefitted from the 
proposed symmetry by taking it as a starting point for the anal-
ysis of interrelations. However, we acknowledged both human 
and non-human attributes, which were not shared, in order to 
account for problems inherent to a strict symmetry, e.g., in terms 
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of terminology. With the respective reflection on the limitations 
and a careful consideration of how to draw on which theories, 
or how to refine them if necessary, we are convinced that such a 
combination of basic and applied research shows great promise 
also for prospective work. 
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Conclusions

The contributions of this thesis are positioned within and across 
the realms of educational sciences, HCI, and Interaction Design. 
They carry characteristics of these disciplines, connect them, 
or complement them. The intended impact of my contributions 
are in the field of Interaction Design research, aiming to provide 
framings, for instance, as a basis for articulation and reflection 
(on the need for articulation and reflection, see, e.g., [14, 15, 77, 
85, 86]). By providing reflections, methodological proposals, and 
notions of what materials and materiality are and how users as 
well as designers relate to them, I aimed to increase our under-
standing of the relation between several actors in HCI and Inter-
action Design. 

Given the diversity of disciplines that are concerned with 
questions of materiality, advancements of technology, and 
changes in society, many questions are still to be answered or 
only to emerge. As an example, how is materiality experienced 
when the user becomes a designer? Current technological and 
societal trends allow increasing participation not only in the 
production of content, but also in the design of software [84]. 
According to Schäfer, three domains of participatory culture are 
characterizing the current situation, i.e., accumulation (collect-
ing, altering, or remixed content, which was originally produced 
within established media industries), archiving (organization, 
maintenance and distribution of digital artifacts), and construc-
tion (forms of production taking place outside the established 
production and distribution channels) [84]. These developments 
in participation form new and complex sets of relations between 
producers and consumers [84], or between users and design-
ers. Regarding design materials and materiality, it seems to be 
worthwhile to consider how materiality evolves when users actu-
ally experience the design materials as such. 

7
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For this future work, my thesis provides a foundation, as it 
addressed the respective scientific discourse in several ways. 
First, it provided theoretical contributions. By reflecting on mate-
rials, materiality, and media by means of ANT and media theory, 
theoretical framings were established that allow to depict the 
relation between several actors. At the same time, the material 
aspects in design and in form of materiality as it appears to users 
were made visible. Additionally, the analysis of non-use from an 
ANT perspective allowed to identify the activity that is inherent 
in rejecting interactive artifacts and enabled us to analyze con-
sequences of non-use, which are again related to the interactive 
artifact. In order to enhance our understanding of materiality, 
the terminology has also been discussed and related to different 
notions of materiality. Independent from the disciplines, which 
they originated from (e.g., textual studies, HCI, etc.), all notions 
considered materiality as being layered, i.e., computation or “the 
digital” is always connected to some other material that is ana-
log or physical. The digital represents ontological immateriality, 
which gets its phenomenological materiality in the interaction. 

Second, this thesis offered methodological contributions. By 
applying a method derived from ANT (respectively its refine-
ment towards monads) on interactions taking place in a factory 
environment, we established an approach that requires alternat-
ing between different perspectives when analyzing the interac-
tions in complex contexts and domains. Thereby, empirical data 
is analyzed from a user viewpoint and material perspectives. 
Through complementing these two modes of analysis with each 
other, this approach is centered around materiality, which, as 
described earlier, just emerges in the interaction. 

Finally, the applied contribution is constituted by the appli-
cation areas, user groups, and problems that were addressed. 
Although some of the research contributions are highly 
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theoretical and as such primarily addressing the research com-
munity, some contributions are connecting the theory with the 
“field”. The research on the interrelation between older adults 
and technology, which I focused on in the earlier contributions, 
concerned technology non-use. Although analyzing non-use is 
uncommon, it provided us with insights on how to understand 
and acknowledge humans’ reluctance to technology. Later on, I 
empirically investigated specific interactions in a factory envi-
ronment, paying attention to the materiality that emerges when 
factory operators interact with electronic or purely physical arti-
facts. Apart from the methodological contribution of this work, 
consequences for designing interactive systems in such excep-
tional environments were derived to pass the knowledge gained 
back to the field. 

Understanding and taking into account materiality in HCI 
and Interaction Design, nevertheless, will remain a challenge, 
even more as the scientific discourse around materiality is 
broader than the discussions taking place within these two dis-
ciplines. It is a discourse that not only will benefit from a looking 
into related (or even unrelated) disciplines, but may require to 
do so. I find it encouraging that many researchers and practi-
tioners engage with materiality, and will continue to contribute 
to this discourse by carrying on my research in the intersections 
of HCI, Interaction Design, and Media Pedagogy. If we manage 
to further intensify transdisciplinary collaborations on materi-
ality (e.g., with sociology, anthropology, or Science and Technol-
ogy Studies, where intense debates about materiality are held as 
well), I am confident that our epistemological interests will be 
embraced. 
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for grandparents to be included in 
family activities and grandchildren 
to benefit from their grandparents’ 
experiences and time. In order to 
create successful, i.e. appropriate and 
entertaining intergenerational online 
activities, we identified attributes of 
offline activities conducted by grand-
parents and grandchildren, which 
can be applied to interactive sys-
tems as well. During a user require-
ments analysis phase end users were 
involved to assess the most important 
activities as well as the communica-
tion behavior and the characteristics 
of relationships between grandpar-
ents and grandchildren. Finally, 13 
attributes of entertaining activities 
have been deduced, which focus on 
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users‘ goals as well as on special char-
acteristics of the user groups. 
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ABSTRACT
Changing family structures and associated geographical dis-
tances between family members lead to a transfer of offline
activities to online environments to maintain and facilitate
the relationships. Especially in the case of grandparents
and grandchildren this is crucial both for grandparents to
be included in family activities and grandchildren to bene-
fit from their grandparents’ experiences and time. In order
to create successful, i.e. appropriate and entertaining in-
tergenerational online activities, we identified attributes of
offline activities conducted by grandparents and grandchil-
dren, which can be applied to interactive systems as well.
During a user requirements analysis phase end users were
involved to assess the most important activities as well as
the communication behavior and the characteristics of rela-
tionships between grandparents and grandchildren. Finally,
13 attributes of entertaining activities have been deduced,
which focus on the structure, the appearance and the users‘
goals as well as on special characteristics of the user groups.

Categories and Subject Descriptors
H.5 [Information interfaces and presentation]: Miscel-
laneous

General Terms
Human Factors, Design, Theory

Keywords
user centered design, children, elderly, intergenerational on-
line activities, Ambient Assisted Living

1. INTRODUCTION AND MOTIVATION
The 20th century has brought a substantial change in the

way families live together. While in the past different gen-
erations often shared one roof, members of many families
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nowadays live distributed over the globe. While in tradi-
tional families grandparents acted as support for the par-
ents and therefore were in contact with their grandchildren,
the modern western way of life often leads to a geographi-
cal separation of grandchildren and grandparents. This can
be caused by parents moving for employment opportunities
or simply because more international couples create families
and thus live far apart from at least one pair of grandpar-
ents. But not only living on different continents leads to
separation, also moving into a different town might signifi-
cantly influence the communication between and the activ-
ities conducted by grandparents and their grandchildren.
Many geographically separated families thus depend on

tele- communication technology (i.e. ICTs) to stay in con-
tact with family members. Nevertheless up to today tech-
nology mediated communication has not been able to reach
the quality level of face to face activities and communica-
tion. Thus, it is often a poor substitute for face to face
activities and leads to a slow alienation of communicators
although both sides are in contact with each other. While
certain qualities of real world communication will not be re-
produced by technology in the near future, we believe that
current ways of technology mediated communication can be
improved by adapting attributes from face to face activities.
This would allow grandparents and grandchildren to stay in
contact over distance while maintaining a high level of social
connection, leading to a lower degree of alienation. Further-
more, interacting over distance with other family members
will be entertaining and varying especially for grandparents
living alone.
The issues raised above argue for research on how to com-

bine the advantages of both face to face activities and telecom-
munication in order to design entertaining intergenerational
online activities. The spectrum of activities on target reaches
from offline activities that can be easily transferred to on-
line activities (e.g. reading books, playing games) to offline
activities that call for a more detailed analysis of charac-
teristics and properties in order to be re-interpreted as an
online activity (e.g. cooking together, physical activities).
Deploying ICTs (in this context telecommunication sys-

tems, e.g., the Internet) for intergenerational interactions
between grandparents and grandchildren is challenging. This
is not only true due to potential technology barriers and
user interface issues, but also to a low amount of existing
knowledge on what functionality should be provided and
which usage behaviors supported. With the presented work
we therefore introduce a way in which intergenerational on-
line activities should be designed in order to entertain both



1

Attributes of Successful Intergenerational Online Activities | 61

Introduction and Motivation

The 20th century has brought a substantial change in the way 
families live together. While in the past different generations 
often shared one roof, members of many families nowadays live 
distributed over the globe. While in traditional families grand-
parents acted as support for the parents and therefore were in 
contact with their grandchildren, the modern western way of 
life often leads to a geographical separation of grandchildren 
and grandparents. This can be caused by parents moving for 
employment opportunities or simply because more international 
couples create families and thus live far apart from at least one 
pair of grandparents. But not only living on different continents 
leads to separation, also moving into a different town might sig-
nificantly influence the communication between and the activi-
ties conducted by grandparents and their grandchildren.

Many geographically separated families thus depend on tele- 
communication technology (i.e. ICTs) to stay in contact with 
family members. Nevertheless up to today technology mediat-
ed communication has not been able to reach the quality level 
of face to face activities and communication. Thus, it is often 
a poor substitute for face to face activities and leads to a slow 
alienation of communicators although both sides are in contact 
with each other. While certain qualities of real world communi-
cation will not be reproduced by technology in the near future, 
we believe that current ways of technology mediated communi-
cation can be improved by adapting attributes from face to face 
activities. This would allow grandparents and grandchildren to 
stay in contact over distance while maintaining a high level of 
social connection, leading to a lower degree of alienation. Fur-
thermore, interacting over distance with other family members 
will be entertaining and varying especially for grandparents liv-
ing alone.
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The issues raised above argue for research on how to combine 
the advantages of both face to face activities and telecommuni-
cation in order to design entertaining intergenerational online 
activities. The spectrum of activities on target reaches from 
offline activities that can be easily transferred to online activi-
ties (e.g. reading books, playing games) to offline activities that 
call for a more detailed analysis of characteristics and properties 
in order to be re-interpreted as an online activity (e.g. cooking 
together, physical activities).

Deploying ICTs (in this context telecommunication systems, 
e.g., the Internet) for intergenerational interactions between 
grandparents and grandchildren is challenging. This is not only 
true due to potential technology barriers and user interface 
issues, but also to a low amount of existing knowledge on what 
functionality should be provided and which usage behaviors sup-
ported. With the presented work we therefore introduce a way 
in which intergenerational online activities should be designed 
in order to entertain both involved parties and to successfully 
bridge the distance between geographically separated grandpar-
ents and grandchildren. The basis are offline activities, which are 
preferably and frequently conducted by grandparents and their 
grandchildren. The goal is to deduce attributes (i.e. characteris-
tics and qualities) of the proposed activities and the embedding 
interactive system in order to provide settings grandparents and 
grandchildren are used to and which they like.

Those attributes seek to help developers of intergeneration-
al interactive systems, i.e. online activities, to meet elderly’s and 
children’s needs. Furthermore, the attributes can serve as a basis 
for the design of these online activities, but also for the evalu-
ation of concepts, prototypes or existing activities. There are 
some attempts in research drawing attention to the importance 
of remote communication (e.g., [26] or [30]) for geographically 
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separated family members, but up to now there has been no sys-
tematic investigation of attributes which need to be considered 
in intergenerational online activities.

Related Research

Although seniors’ usage of ICTs (e.g., [19]) and the challenges of 
game design for elderly users (e.g., [11]) are currently investigated 
intensively, there are few attempts focusing on an intergenera-
tional context. However, this would be of specific importance as 
intergenerational relationships are decisive for senior’s well-be-
ing, which is the focus of Ambient Assisted Living (AAL). Rela-
tionships with family members also contribute to a feeling of 
being cared about [10]. Furthermore, they are beneficial for shar-
ing skills, knowledge, experiences [12], besides being a source 
of fun and entertainment. However, the problem is that many 
families do not live near each other due to a rising flexibility of 
living, e.g., for job purposes. In order to overcome geographical 
distances, online ICTs might support those relationships. Never-
theless, intergenerational relationships between grandchildren 
and grandparents innate a peril, as both age groups are usually 
not used to ICTs very well. 

While children might cope with ICTs in order to interact 
with their grandparents (at least with the help of their par-
ents, who are anyhow necessary to maintain the relationship 
between grandchildren and their grandparents [1]), the situa-
tion of seniors is complex. Older persons are regarded to have 
more difficulties in acquiring new skills than young people and 
might achieve a lower level of performance [24]. When develop-
ing intergenerational online activities it has to be clear that the 
applications are developed for a very special target group, which 
has special needs and requirements. Rau and Hsu [24] indicate 
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that learning experiences of older Internet users can be very 
frustrating. However, the interaction with beloved ones might 
help overcome this burden.

Although the importance of intergenerational entertain-
ment is recognized, there are few digital possibilities facilitating 
these family interactions [17]. Regarding entertainment through 
digital games, Mahmud et al. [21] observed that elderly prefer 
playing games with their grandchildren over playing with peers 
[21]. Digital games might “hold a significant promise for enhanc-
ing the lives of seniors, potentially improving their mental and 
physical well-being, enhancing their social connectedness, and 
generally offering an enjoyable way of spending time.” [15] 

Although computer mediated interactions are optimized (e.g., 
through real-time communication, video and audio casts, etc.), 
they are still not equivalent to face to face interactions (as there 
is no physical contact). “Media spaces in general use a combina-
tion of audio, video, and networking to create a ‘virtual window’ 
across a distance and into another room” [28]. Bits of the real 
world of other family members become perceivable - the social 
distance will not be equivalent to the geographical distance any 
more. Singh et al. [28] furthermore suggest that supporting social 
presence in online interactions is not depending on physical sim-
ilarities but on continuity in treating interaction partners.
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When providing such media spaces in the form of online 
activities for grandparents and their grandchildren, it is obvious 
to use available guidelines and heuristics for elderly and children 
to meet their needs in terms of general web usability. Although 
there are guidelines available ([5] for example defined usability 
guidelines for children and [31] for elderly), they only refer to 
overall usability aspects and do not focus on what to consider 
when developing entertaining intergenerational activities (e.g., 
the type of activities). 

Research Goals

All research activities presented in the following chapters are 
addressing the main research goal of this work: The identifica-
tion of interactive system attributes, which need to be consid-
ered when designing services for intergenerational online activ-
ities that both entertain the users and foster the relationship 
between grandparents and their grandchildren.

As described before, successful intergenerational online 
activities have to combine both the advantages of face to face 
activities and communication over distance. In the tradition of 
the requirement gathering phase in user centered design (i.e., 
users are in the focus of every development phase), we aimed 
at understanding how grandparents and grandchildren conduct 
these face to face activities currently in real life. Our goal was 
to extract aspects, which make those activities a positive enter-
taining experience. Additionally, we wanted to understand the 
characteristics of successful remote communication. For that 
purpose we also investigated factors, which negatively affect face 
to face activities and communication over distance. 
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We defined the following research questions: 

•	 How	do	grandparents	and	grandchildren	communicate	over	
distance at the present day?  How is the communication orga-
nized?  Which factors affect communication over distance 
negatively?  

•	 Which	face	to	face	activities	do	grandparents	and	grandchil-
dren conduct together for entertainment and for fostering 
their relationship?  How are those activities organized?  What 
affects face to face activities negatively?  

•	 Which	activities	would	grandparents	and	grandchildren	like	
to conduct with each other, but are unable to do so, due to the 
geographical distance between them?  

We expect that with the information gathered on these ques-
tions, the development of attributes for successful online activ-
ities is possible.  

Study Setup

In order to find answers to the research goals mentioned above 
several studies were conducted within an Ambient Assisted 
Living Project on intergenerational interaction: workshops (4 
workshops, n = 15), end user interviews (n = 11) and expert inter-
views (n = 10). Following a user-centered design (UCD) approach, 
end users (i.e. seniors) were invited to explore and discuss their 
communication behavior and the activities they conduct togeth-
er with their grandchildren within workshops of 3 to 5 partic-
ipants each. The results of the workshops informed the design 
and implementation of structured end user interviews. Thus, the 
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results, which have not been clear or were inconsistent within 
the workshops, were clarified through individual interviews.

Furthermore, expert interviews were conducted to assess the 
children’s point of view. Questions in the interviews were also 
based on the findings of the workshops. The reason for talking 
with experts (e.g., teachers, psychologists, educational scien-
tists) instead of inviting children was based on the consideration 
that the intergenerational activities also aim at reaching very 
young children (from three years on), who cannot be interviewed 
appropriately. Therefore we decided to talk to experts, who were 
able to provide information on the preferences and abilities of 
children between the age of three and nine. Altogether these 
approaches were a valuable mixture to explore the preferences 
and dislikes of two different generations as well as their perspec-
tives on their relationship.

The workshops as well as the interviews were recorded by 
video and audio in order to transcribe them for the analysis. 
All statements were categorized (based on a grounded theo-
ry approach, i.e. an examination of the interplay between data 
collection and analysis to produce a theory during the research 
process [4]) and summarized using the software nVivo. In the 
following, the individual studies will be described in order to 
clarify the specific procedures.

Study 1: Workshops

The goal of the workshop was to assess seniors communica-
tion behavior with their grandchildren as well as the activities 
they conduct together. Creating a relaxed atmosphere was cru-
cial to motivate discussions. Therefore, creative methods (e.g., 
the random picture technique, adapted from the random word 
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technique [8]) were used as well as unstructured and semi-struc-
tured discussions and card sorting techniques (e.g., [22]). Four 
workshops were conducted in summer 2010, two of them in 
Austria and two in Switzerland, each took about two hours. The 
participants were seniors between 62 and 85 years, all of them 
having grandchildren. The geographical distance between the 
participants and their grandchildren varied between living in 
the same house and living on different continents. 

Study 2: End User Interviews

After the workshops had been analyzed, the found contrasts and 
uncertainties were used to phrase the interview questions. This 
aimed at clarifying all important issues, noticing so far unmen-
tioned aspects and intensifying the findings of the workshops. A 
structured guideline was the basis for the interviews, consisting 
of 27 open questions. Eleven end user interviews were conducted 
in total, six in Switzerland and five in Austria. The time needed 
for the interviews varied between 45 minutes and one and a half 
hours. The participants were seniors between 52 and 75 years, all 
of them having grandchildren. 

Study 3: Expert Interviews

The expert interviews were conducted to explore children’s per-
spectives on their relationship with grandparents, preferences 
for activities and abilities in using computers. Therefore, teach-
ers, psychologists, educational scientists, etc. were interviewed, 
all of them having an expertise for children between three and 
nine years. The interviews were based on the results from the 
workshops. Thus, the grandparents’ appraisal of their grandchil-
dren and their preferences was examined on its appropriateness 
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and the grandchildren’s point of view was clarified. 38 open 
questions were asked, summarized within a structured inter-
view guideline. Five interviews in Austria and five in Switzerland 
were conducted; each interview took about one hour. 

Attributes

The assessed data finally led to the identification of activities (e.g. 
playing games, singing, sports, etc.), characteristics of communi-
cation (e.g. duration, means of communication, etc.) and quali-
ties of the relationship between grandparents and grandchildren 
(e.g. geographical distance, frequency of contact, etc.). These 
findings were then used to deduce attributes that are relevant 
to the design and implementation of successful and entertain-
ing intergenerational online activities. The deduction process 
was done by card sorting (e.g., [25]). Therefore, three researchers 
investigated the assessed activities to find relevant attributes, 
based on a grounded theory approach. Afterwards, the results 
of the three researchers were compared, sorted and categorized. 
Within the next section all 13 extracted attributes will be pre-
sented by quoting selected statements from participants and the 
respective study at the beginning of each paragraph. Thereafter 
the important characteristics and implications deduced from the 
study results are illustrated.

Activity Duration

“Sure I would like to have my grandkids more often. Not for too long, 
but more often” (Workshop); As soon as the youngest grandchild will 
visit the Kindergarten “It will be getting calmer for me, that will not be 
too bad for me” (Workshop)
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The duration of activities needs to be considered for meeting 
grandparents’ needs. Allowing flexibility for handling the dura-
tion of activities is required; nevertheless grandparents appreci-
ate a limitable duration. Due to the fact that they often devote 
much time for their grandchildren, they want to have time for 
themselves as well. Thus, the challenge is to provide enough, but 
also limitable time. However, different activities require differ-
ent durations to be conducted appropriately. Allowing one party 
to decide on the duration would in fact mitigate the time issue, 
but disempower the other party. A determining factor will thus 
be the grandchildren’s age. Children will differ in their atten-
tion span, e.g., 7-year-olds show a better attention than younger 
children [2]. Depending on the age of the involved children, the 
duration of an interactive activity or session might be discussed 
in advance. In case the grandchildren are too young, their care-
givers might decide together with the grandparents.

Furthermore, it is important for both interaction partners 
to have the possibility to exit the activity at any time without 
fearing negative consequences, e.g. hurting the other ones feel-
ings. This is important especially for the children. Young chil-
dren sometimes quit a communication without saying anything 
and start a new activity. Offline this might not be a problem, as 
the interaction partner can perceive the whole situation and will 
be able to better understand the child’s reasons for ending the 
activity. In online situations it might be painful or dissatisfying 
for the grandparents if their grandchild leaves the interaction 
without knowing what happened. 

Scheduling Activities

“The kids are at school, from 7.45 a.m. to 4 p.m. Afterwards, the older 
grandson needs to do some homework. Then they want to play, so their 
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time is rather rationed.” (Workshop); “You never know, how you find 
your children, when calling them.”; “Mainly I call them on weekends, 
so they do not have school on the next day (…) this is well organized” 
(Workshop)

Due to the fact that at least some children are occupied with 
all kinds of school and leisure activities, the time for activi-
ties with their grandparents needs to be scheduled to a certain 
extent. Conversely, also grandparents want and need to sched-
ule the activities, as they often have steady intentions about 
their activities of daily living. Thus, both parties follow routines, 
which are usually fixed in everyday life. In order to meet the 
users’ requirements on scheduling activities, sufficient possibil-
ities should be elaborated. Online activities benefit from being 
detached from time, i.e. they could be conducted almost inde-
pendently from the time of the day (except for time differences, 
which need to be taken into account in case grandparents and 
their grandchildren life in different time zones). However, the 
users cling to their daily schedule, so it will be necessary also 
for online activities to consider the time of the day and allow for 
integration into everyday life schedules. Additionally, schedul-
ing activities can also contribute to support rituals, which might 
tighten the relationship between grandparents and grandchil-
dren, as rituals are very important for both of them; e.g., sched-
uling an activity every Saturday evening could serve as a fixed 
time for recalling the past week.

Furthermore, there might be activities that family members 
or other caregivers should know about, as they might influence 
routines [23], e.g., a grandchild needs help from her/his mother 
to turn on the computer for an online activity, which requires 
her being there at the right time. Nevertheless, the request for 
scheduling activities might not be suitable for everyone so allow-
ing flexible handling will be appropriate to facilitate every user 
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in scheduling the activities if she/he wants to. This means, dif-
ferent alternatives need to be provided, which can be chosen on 
basis of individual preferences.

Preparation and Initiation

Preparation is needed for “doing handicrafts, for which I borrow books 
in the library before to get suggestions” (Workshop); “We are doing 
handicrafts in autumn, or similar things, then I go shopping before 
because clearly I do not have everything at home” (Workshop)

An issue of high importance for intergenerational online 
activities is the pre-usage phase. Since both participating par-
ties are placed at distant locations, the activities have to be ini-
tiated by means of telecommunication. Highly relevant for the 
initiation of activities therefore is the computer literacy of both 
parties. Young children for example do not use email or have 
an email account, due to the inability to read or simply a lack of 
interest. Initiating an activity via email would therefore fail. The 
example shows that the initiation method and procedure has to 
be child suited for independent use.

Before conducting real world activities with their grandchil-
dren, grandparents often prepare an activity. Preparation could 
be shopping when it is planned to bake a cake or skimming 
through a book to see if it is appropriate. The same is necessary 
for intergenerational online activities. Access to the activity has 
to be given to the grandparents before the activity is conduct-
ed with the children. This enables the grandparents to try the 
activity out without time pressure, to get used to the interaction 
design and to prepare it for the children to join.
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Regarding the selection of an activity as part of the prepara-
tion phase, grandparents care about the wishes of their grand-
children. Therefore the specific online activity will often be cho-
sen by the children. Nevertheless, the children’s caregivers or the 
grandparents themselves might have a certain activity in mind, 
which they think will be good to conduct, for example for educa-
tional purposes. In order to smoothen the selection process and 
avoid displeasure, the selection of the online activity has to be 
conducted in a consensual way. This allows to develop compro-
mises and explaining the reasons to the children. The online sys-
tem therefore should support communication before an activity 
is chosen, to make the consensual decision possible.

3rd Party Involvement

“This begins with calling. Because you are calling your daughter, and 
she says then ‘mum, Daniela is now here, and then Anna’.” (Workshop); 
“For the 3 to 6 year old children the parents are definitely important as 
participants for activities, also as planners of the activities.” (Expert 
interview)

Besides the grandchildren and the grandparents there is a 
third user group involved in online activities, namely the care-
givers. Concerning children, caregivers are mainly parents or 
other adults who look after the kids. Caregivers of grandparents 
can, if the grandparents need them, be manifold (nurses, own 
children, …). What unites all caregivers is their role as media-
tors in intergenerational activities by planning, triggering and 
supporting the activities. This role has to be supported by the 
interactive system. 

Caregivers must have the possibility to initiate activities, 
mainly because they have the computer literacy and they often 
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manage the day schedule of the individuals they take care of. 
Caregivers on the children’s side are also an important source 
of information that should be taken into account. They know 
about current events in the children’s life, up-to-date trends and 
topics currently covered in school, all information that supports 
the selection of an activity. The system therefore has to be open 
towards input from the children’s caregivers. Caregivers will also 
be able to help and support the communicating users, hence they 
need the possibility to handle and observe the online activities. 

Nevertheless the involvement of caregivers has to be done 
carefully. Caregivers will support the activities, but have a limit-
ed amount of time. The online activities therefore cannot require 
a constant presence of caregivers to be conducted successfully. 
Additionally, the involvement of caregivers is a privacy issue. 
Third persons from outside the family might not be welcome in 
private conversations. Children might want to tell their grand-
parents something they don’t want their parents to know. A 
successful online activity system will allow the involvement of 
caregivers but reduce their effort and still guarantee privacy and 
transparency.

The Content of Activities

“It is important to impart values and meaning in life” “Because they 
are happier in life then” (Workshop); “Imparting values is of special 
importance, as the grandmother is the only one, who can impart those 
values” (End user interview)

Activities, offline and online, can be described in terms of 
their content. Especially for grandparents the content of activi-
ties is very important and they often have very concrete ideas of 
what they like and dislike. According to a study of [3], the most 
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common leisure-cultural activity between grandparents and 
grandchildren is explaining things, a result that was reproduced 
within our study. This means, grandchildren benefit from their 
grandparents’ experiences. Grandparents are often homework 
assistants, career-advisors, or general supports for educational 
issues [13]. Furthermore, grandparents often try to impart val-
ues or educate their grandchildren morally through the activi-
ties they conduct together, e.g. reading fairy tales containing 
ethical questions, discussing social and moral issues or values, 
etc. Grandparents sometimes define their role explicitly by the 
transport of moral education. In order to achieve this goal, (1) 
content can be provided, which transports values itself, e.g. fairy 
tales; (2) moral or educative content can be prepared, e.g., stories 
which force reflection and reflective discussions or (3) impulses 
for real world involvements and curiosity (e.g., references to cur-
rent political situations, etc.) can be offered.

Topics to Choose for Activities

“There are gender differences; girls in kindergarten prefer horses and 
barbies, boys rather prefer adventure stories, everything around cars” 
(Expert interview)

In order to achieve attractiveness in activities, the chosen top-
ics are of special importance. While the above-mentioned attri-
bute on content refers to the rather implicit and thus abstract 
transport of values, this attribute refers to the concrete infor-
mation or knowledge, which is presented. The main demand is 
to integrate real world topics into all kinds of activities, wheth-
er offline or online. For online activities, this might be ensured 
through an equivalent to real world activities, e.g., playing chess 
online, which does not differ except for the medium by which it 
is presented.
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Beside the activity itself, the context, which grandparents or 
grandchildren are situated in, may serve as a cue for potential 
topics. On the one hand, geographical and cultural topics can 
be used, which comply with the users’ actual environment. On 
the other hand, the course of the year might be reflected in the 
activities, e.g., Christmas, seasons, etc. Finally, there are partic-
ular topics, which can be addressed easily, i.e. trends. Although 
these trends differ according to the users’ situation and loca-
tion, they can be assessed easily through analyzing the market 
or TV shows. 

Shortness and Simplicity

“I am not perfectly familiar with the computer, there are some things 
that I cannot use. (…) For me the computer is just for working (…) I 
would like to have the abilities for more, but I do not.” (End user 
interview)

Successful intergenerational online activities have to be short 
and simple. This relates to aspects of usability and user inter-
face design, but also to the conceptual design of the activities. 
Both children and grandparents are user groups, which require 
special attention in terms of usability due to their limited com-
puter skills and requirements. For that purpose aspects like 
the inability of young children to double click with a computer 
mouse have to be taken into account. Guidelines and heuris-
tics can support the design for children (e.g., [5]) as well as for 
grandparents (e.g., [18]).

Simplicity is highly important, not only in terms of usabili-
ty but also in terms of the activity design. The activities have to 
be easy to understand, to learn and to conduct. Both children 
and grandparents benefit from repeated interaction designs that 
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allow users to apply what they have already learned. Children are 
especially trained in imitating and repeating, thus, unexpected 
interaction steps will cause a barrier. Grandparents on the other 
hand are more patient and will benefit from an explanation of 
the activities, for example in the form of a tutorial.

Regarding shortness as important attribute of online activ-
ities, activities need to be brief, since children have a rather 
limited attention span in comparison to adults [9]. The online 
activity therefore has to be flexible taking into account the 
expected attention span of the children depending on factors 
like their age, phase of development and potential disorders like 
attention deficits.

Artifacts

“Pictures are made every time, when the granddaughter is visiting, 
that is happening very often.” (End user interview) “The artifacts are 
stored or put up on a wall or shown during the next visit (‘ look, it is 
still working’)” (End user interview) “We have a small gallery, where 
we put up our grandchildren’s paintings and handicrafts” (End user 
interview)

One irreplaceable aspect of the relationship between grand-
parents and their grandchildren are meaningful artifacts that 
remind them of each other as well as of shared experiences and 
interests. Those artifacts are ranging from physical artifacts 
(e.g., photographs showing the grandchild carried in the wal-
let, drawings, gifts) to non-physical artifacts (e.g., a song the 
grandchild was taught by the grandparent). Equally, artifacts 
can also serve as important parts of intergenerational online 
experiences (e.g., [29]). 
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A first step to incorporate this concept of artifacts into the 
system is to allow the joint creation of online artifacts (e.g. dig-
ital paintings). Storing those artifacts for future sessions will 
generate a shared memory and thus support the relationship of 
grandparents and grandchildren as well as foster the attachment 
to the system. The integration of artifacts that already carry 
weight (e.g. photos taken during the time spent together) and 
the subsequent usage of those artifacts across various activities 
(e.g., co-creation of a digital photo album) might further support 
that. Vice versa, the transfer from online artifacts to physical 
artifacts (e.g., a printout of a digital drawing) will create tangible 
objects, serving as a memento of the other person.

Intersession Transfer

“I always invent stories (…) the children are saying, ‘grandma, please 
make a story up for us’.”; “I tell them a story every day.” (Workshop)

Regarding offline activities between grandparents and their 
grandchildren, continuity is of high relevance. People like to play 
games they are already familiar with, they continue an action 
at a later meeting, they reuse material created during one ses-
sion at another time, etc. This behavior helps to generate a con-
sistent experience and thus supports the relationship. In order 
to achieve those goals with intergenerational online activities 
the system has to allow for the adoption of the aforementioned 
behavior.

This can be established by enabling an ongoing use of arti-
facts across the system (e.g. using a painting that was creat-
ed together as the theme of a jigssaw puzzle) and by providing 
shared topics across different activity types. Again, by adopting 
a well known behavior from offline activities, online activities 
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might support one-time, continuos and multiple usage: the users 
might for example want to continue a half-finished jigsaw puzzle 
at another session, redo it from start or perform a certain activi-
ty over and over again.

Diversity and Balance

“For children it is important to address as many senses as possible, to 
have movement, to have action.” (Expert interview)

In order to be attractive the system and the offered activi-
ties have to be diverse and balanced in many aspects. The con-
tent, topics, means of interaction and addressed sensual chan-
nels should be manifold across the system to keep the activities 
entertaining and challenging. Regarding the balance between 
challenges and skills the well established concept of flow [7] 
has to be considered: The activities have to be challenging while 
avoiding that users experience anxiety or frustration. Achiev-
ing this optimal balance that allows for flow experiences is alike 
important for group experiences.

Another important issue regarding the attractiveness of 
intergenerational online activities is to find a balance between 
activity and communication. The system should drum up inter-
est and attract the attention of children and grandparents while 
still leaving room for satisfying conversation. Thus, activities 
must not require fast reactions nor should games be based on 
speed (e.g., speed chess).
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Social Presence as a User Goal

“Connectedness is important. It would be sad to have no contact to the 
child”; “I got all the staff (photos) on a DVD, from their holidays, so 
you are somehow experiencing things together” (Workshop)

When designing interactive technology, user goals need to be 
taken into account. Tasks, which can be conducted with the sys-
tem have to support the goals, that made the users use the tech-
nology in first place [6]. Within our studies, we identified goals, 
which are driving forces to stay in contact, even when the other 
person was geographically distant: 

The main goal that has to be supported by intergenerational 
activities and related interactive systems is the creation of social 
presence [27]. Grandparents expressed a strong wish of being 
together with their grandchildren. Since a physical presence was 
often not achievable, their goal is to experience social presence 
virtually. In order to do so it is necessary to allow the commu-
nication of emotional expressions through the online activity. 
This will support the experience of presence as the expression 
of emotions plays a central role in interpersonal communica-
tion. Secondly, the limitations of communication technology can 
lead to misunderstandings regarding the emotional state of the 
other user. Grandparents fear that children might get a wrong 
impression of their current condition and that they had no pos-
sibilities within the online activity to clarify this. By allowing 
the transport of emotions, online activities will support social 
presence and reduce misunderstandings caused by limitations of 
the media used.

Although the benefits of computer mediated communi-
cation are generally acknowledged, the goal of having more 
personal, real world contact is always present. Therefore the 
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virtual presence can only be seen as solution during the inability 
to experience real world presence. All intergenerational online 
activities therefore have to provide virtual presence, but need 
to foster personal and real world meetings. Online activities 
can substitute real world contact for some time, but can never 
replace it. Giving grandparents the impression that using the 
online activity could reduce their chance to experience real world 
presence will lead to a rejection of the system.

Relationship Specifics

“The grandparents do not have the responsibility for their grandchil-
dren, so it is easier for them. Children enjoy things, to which their par-
ents would say ‘no, we do not allow this at home’, so the grandparents 
have a different relationship.”; “They have life experiences, as they are 
the grandparents, they are older, they can be immensely important for 
their grandchildren.”; “They are not excited any more to achieve many 
goals (‘this is needed to learn’, ‘that is important’), they just highlight 
what is important for life, like basic values.” (Expert interview) 

Intergenerational online activities have to take into account 
that the relationship between grandparents and their grandchil-
dren is significantly different in many aspects from other types 
of relationship. First and foremost the resource grandparent has 
to be considered: Grandparents offer experience and knowledge 
hardly to get elsewhere. Most often they are up to date what is 
going on in their grandchild’s life, they can share rich stories 
from their family history and usually possess certain special-
ized knowledge (e.g. from their professional experience). The 
online system might use those special types of knowledge and 
experience by offering activities that allow for the integration of 
own stories, personal issues and special topics. Moreover, activ-
ities may provide content that fits shared interests and (offline) 
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activities conducted together, e.g. stories about fishing when it is 
planned to go fish at the next face to face meeting.

Miscellaneous

The card sorting process also resulted in two cards, which could 
not be attached to a group but are nevertheless highly relevant 
for successful intergenerational online activities:

“It would be nice, if further family members could take part, e.g., 
grandma communicates with the grandchild and grandpa joins.” 
(Expert interview)

The activities have to be flexible regarding the amount of 
users. There are different constellations possible on both sides of 
the interaction. Multiple grandchildren using the system at once 
might appreciate having fair, well-balanced interaction possibil-
ities in order to avoid fights between the kids. But also on the 
grandparents’ side at least two users have to be supported in the 
design of the activity, when for example both grandparents want 
to take part. Multi-user aspects of a system cover the application 
design (e.g., support of two mice) but also aspects of communica-
tion (e.g., microphones and cameras for multiple users). 

“I usually write a text message, if she is available (…) and then she 
answers, so we skype or speak on the phone then.” (Workshop)

While online activities are usually bound to a single medium 
(i.e. computer, mobile phone, etc.), there might be the need for 
the integration of multiple ICTs, e.g., for scheduling activities 
by text messaging or landline phones. The easier the schedul-
ing, planning and conducting of activities are, the more likely 
it is that the activities will be conducted. In order to minimize 
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barriers of online activities the integration of well-known ICTs 
will reduce fears and worries and thus facilitate usage. Especially 
older people are often suspicious of new means of communica-
tion and interaction, they use technology only with a specific aim 
in mind [14]. Although children might not be that skeptical, their 
parents will. According to Livingstone and Helsper [20], parents 
regulate their children’s Internet usage; the younger the children 
are, the more regulations they implement. Thus, it is important 
to integrate known and familiar means to enhance the feeling of 
security for grandparents and grandchildren as well as the mid-
dle generation, i.e. the parents of the grandchildren. 

Summary

Finally, 13 attributes have been deduced from the investigation 
of offline activities and communication between grandparents 
and three to nine year old grandchildren, describing the char-
acteristics and qualities of entertaining intergenerational online 
activities that need to be considered when designing and evalu-
ating the respective services and systems. These attributes can 
be summarized into the structure of the activities, the appear-
ance of the activities and the users’ goals as well as on special 
characteristics of the user group.

•	 Structure	 of	 Activities:	 Activity Duration, Scheduling Activi-
ties, Preparation and Initiation, Intersession Transfer, 3rd Party 
Involvement 

•	 Appearance	 of	 the	 Activities:	 Topics to Choose for Activities, 
Diversity and Balance, Artifacts, Shortness and Simplicity 

•	 Special	User	Group:	The Content of Activities, Social Presence as 
a User Goal, Relationship Specifics 
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Furthermore, flexibility is needed in terms of the amount of 
users due to very heterogenous family structures. Be, the inte-
gration of further ICTs should be considered to allow using 
familiar ICTs in order to reduce barriers of access. 

Future Work

One limitation of the identified attributes is the so far missing 
validation through the development of new and/or evaluation 
of already existing intergenerational online-activities. Within a 
next step it is planned to implement activities, which correspond 
to the attributes and will be evaluated in lab and field. By taking 
the attributes as a basis for design considerations and decisions, 
entertaining intergenerational interactions will be supported 
and will facilitate the social connection between grandparents 
and grandchildren. All those attributes do not serve as a set of 
guidelines, i.e., the higher or more the attribute is met, the bet-
ter and more successful the activity will be. Instead, the attri-
butes illustrate characteristics for entertaining intergenerational 
online activities, which need to be considered according to the 
goal of the activity that is designed or evaluated. They rather rep-
resent a checklist of issues aiming to make sure that the activi-
ties are suitable for and adapted to an intergenerational context. 

Conclusion

The raising need of grandparents and their grandchildren to stay 
in contact over distance while maintaining a high level of social 
connection led to the presented investigation of intergeneration-
al activities. By identifying characteristics and qualities of offline 
activities and communication between grandparents and grand-
children we developed a set of 13 attributes which can be applied 
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to intergenerational online activities. As the attributes have 
been identified from first-hand data, i.e. collecting data through 
the involvement of end users, they will be a relevant indicator for 
preferences, likes and dislikes of the addressed parties to satisfy 
their needs regarding the maintaining of intergenerational inter-
actions, social presence and entertainment.
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Abstract. Online learning activ-
ities between grandparents and 
grandchildren are a promising solu-
tion for those, who live geographi-
cally separated or cannot meet face-
to-face. Up to now, little is known 
about the characteristics these activ-
ities should have. In order to find out 
about the challenges that arise when 
designing an intergenerational online 
learning activity we analyzed chil-
dren’s preferences and needs, as well 
as those of grandparents. Investigat-
ing both perspectives ensures that 
the children benefit best from the 
activity itself and their grandparents’ 
support. As the identified challenges 
mainly refer to the general set-up of 
learning activities, we also discuss a 
design concept illustrating how to 
meet the challenges.
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ABSTRACT 
Online learning activities between grandparents and grandchildren 
are a promising solution for those, who live geographically 
separated or cannot meet face-to-face. Up to now, little is known 
about the characteristics these activities should have. In order to 
find out about the challenges that arise when designing an 
intergenerational online learning activity we analyzed children’s 
preferences and needs, as well as those of grandparents. 
Investigating both perspectives ensures that the children benefit 
best from the activity itself and their grandparents’ support. As the 
identified challenges mainly refer to the general set-up of learning 
activities, we also discuss a design concept illustrating how to 
meet the challenges. 

Categories and Subject Descriptors 
H.5.m [Information interfaces and presentation] (e.g., HCI): 
Miscellaneous;  

General Terms 
Design, Human Factors. 

Keywords 
Children; Older Adults; User-Centered Design; Intergenerational 
Activities; 

1. INTRODUCTION 
Education through the Internet provides many possibilities for 
children to engage in learning, e.g., through simply researching 
information or working together with others on learning 
platforms. As in “the offline world” grandparents are often 
involved in their grandchildren’s lives, they are also concerned 
with school activities [7]. However, if the children do not live 
near their grandparents, it is challenging to connect and engage 
with each other [11]. In order to nevertheless allow for joint 
learning, possible online settings and requirements have to be 
investigated. Although the learning activity primarily aims at 
promoting the children’s learning, it is also beneficial to take the 
grandparents’ needs into account. If both are motivated for 
conducting the activity, the children can benefit best from the 

knowledge and experiences of their grandparents. This is 
addressed by our first research question (RQ1): “What preferences 
and needs do children and their grandparents have in terms of 
interaction and activity design for learning together online?” 

Based on the identified needs and preferences, challenges for 
the design of the activity can be derived, which are addressed by 
our second research question (RQ2): “Which challenges arise in 
the design of online learning activities for children and their 
grandparents?” In order to support the development of 
intergenerational online learning activities, we will describe a 
design concept that provides possible solutions for the challenges. 
Our design concept advances already existing online learning 
activities by focusing on the remote interaction of children and 
their grandparents. It copes with different challenges, which have 
not been described so far for an intergenerational setting.  

In order to answer RQ1, an analysis will be presented, which 
illustrates children’s and grandparents’ preferences and needs. 
The children’s perspective has been researched thoroughly within 
the Interaction Design and Children community (e.g., IDC 
conference, like [1], [4], or [8]). Thus, we rely on this research for 
assessing the children’s perspective. In order to investigate the 
grandparents’ preferences and needs regarding online learning 
activities with their grandchildren, we conducted workshops, as 
there are no experiences available in literature. On basis of the 
results, we derive design challenges (RQ2) and discuss those at 
the end of this paper on basis of our design concept.  

2. BACKGROUND 
In order to find out how intergenerational online learning should 
look like, the preferences and needs of both involved parties need 
to be investigated. As learning activities primarily aim at 
children’s learning, a detailed analysis of their preferences and 
needs is required. Although the grandparents are not primarily 
targeted in terms of learning outcome, they are crucial in spending 
their time together with their grandchildren, motivating them and 
sharing their own knowledge and experiences.  

2.1 Children’s Preferences and Needs 
On basis of a literature review, we identified several important 
aspects in terms of activity and interaction design, which are 
promising for supporting children’s learning. 

2.1.1 Constructivist Learning Theory 
In interaction design for children’s learning, the constructivist 
learning theory is often referred to [14]. Constructivism in its 
original meaning believes that the personal world is constructed in 
one’s mind, which defines the personal reality. The mind, as an 
instrument of thinking, interprets events, objects, and 
perspectives, rather than remembering and comprehending 
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1 Introduction

Education through the Internet provides many possibilities for 
children to engage in learning, e.g., through simply researching 
information or working together with others on learning plat-
forms. As in “the offline world” grandparents are often involved 
in their grandchildren’s lives, they are also concerned with 
school activities [7]. However, if the children do not live near 
their grandparents, it is challenging to connect and engage with 
each other [11]. In order to nevertheless allow for joint learning, 
possible online settings and requirements have to be investigat-
ed. Although the learning activity primarily aims at promoting 
the children’s learning, it is also beneficial to take the grandpar-
ents’ needs into account. If both are motivated for conducting 
the activity, the children can benefit best from the knowledge 
and experiences of their grandparents. This is addressed by our 
first research question (RQ1): “What preferences and needs do chil-
dren and their grandparents have in terms of interaction and activity 
design for learning together online?”

Based on the identified needs and preferences, challenges for 
the design of the activity can be derived, which are addressed 
by our second research question (RQ2): “Which challenges arise in 
the design of online learning activities for children and their grandpar-
ents?” In order to support the development of intergeneration-
al online learning activities, we will describe a design concept 
that provides possible solutions for the challenges. Our design 
concept advances already existing online learning activities by 
focusing on the remote interaction of children and their grand-
parents. It copes with different challenges, which have not been 
described so far for an intergenerational setting. 
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2.1 

In order to answer RQ1, an analysis will be presented, which 
illustrates children’s and grandparents’ preferences and needs. 
The children’s perspective has been researched thoroughly with-
in the Interaction Design and Children community (e.g., IDC 
conference, like [1], [4], or [8]). Thus, we rely on this research for 
assessing the children’s perspective. In order to investigate the 
grandparents’ preferences and needs regarding online learning 
activities with their grandchildren, we conducted workshops, as 
there are no experiences available in literature. On basis of the 
results, we derive design challenges (RQ2) and discuss those at 
the end of this paper on basis of our design concept. 

Background

In order to find out how intergenerational online learning should 
look like, the preferences and needs of both involved parties 
need to be investigated. As learning activities primarily aim at 
children’s learning, a detailed analysis of their preferences and 
needs is required. Although the grandparents are not primarily 
targeted in terms of learning outcome, they are crucial in spend-
ing their time together with their grandchildren, motivating 
them and sharing their own knowledge and experiences. 

Children’s Preferences and Needs

On basis of a literature review, we identified several important 
aspects in terms of activity and interaction design, which are 
promising for supporting children’s learning.

Constructivist Learning Theory. In interaction design for chil-
dren’s learning, the constructivist learning theory is often 
referred to [14]. Constructivism in its original meaning believes 
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that the personal world is constructed in one’s mind, which 
defines the personal reality. The mind, as an instrument of 
thinking, interprets events, objects, and perspectives, rather 
than remembering and comprehending objective knowledge 
[9]. Thus, children are constantly trying to make sense of and to 
understand their experiences [13]. According to this, learning is 
more likely to be successful, if the learner is not just a passive 
recipient of the presented content, but engaged actively. Reflec-
tion on experiences further facilitates the learning process, and 
can be achieved by building associations with children’s lives 
through images or objects. Those support exploration and “active 
construction of knowledge in domains, where children still have 
unstable ideas.” [1] Allowing exploration with all senses and 
manipulating the environment also promotes children’s learning 
[12]. Furthermore, Antle et al. [1] and Hunter et al. [8] regard the 
process of making mistakes as an opportunity for humor and 
surprise. Thus, the children need space to explore, understand 
and make mistakes in order to learn.

Narrative Content and Multimedia. Traditional offline story-
telling fosters creativity and imagination, supports reading, 
writing, as well as speaking, and contributes to the cultivation 
of social and cultural understanding. Digital storytelling offers 
further benefits like a multitude of expression possibilities, 
which will encourage children to participate in the activity [8]. 
Thus, children can be actively supported in creating, sharing and 
performing stories, which enhances the creative, social and fun 
aspects of learning. Furthermore, Göttel [6] found out that chil-
dren automatically learned the computer tools they had to use 
when creating and sharing stories. Children need to be engaged 
with the content for learning, which can be enhanced by the 
integration of narrative elements.
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Additionally, new media can be used for storytelling in order 
to foster socialization, creativity and imagination. The goal is to 
attract children’s attention for an activity. While younger chil-
dren prefer visual perception for remembering content, older 
children are able to use verbal forms too. Moving objects seem to 
attract more attention and to be more memorable, “[…] presum-
ably because action provides a developmentally appropriate visu-
al mode for children to encode and think about information.” [3] 
The children’s need for visual content and their preference for 
animations are thus believed to contribute to learning effects.

Simplicity. The activity has to be easy to conduct [12] and easy 
to learn, because the goal is not to learn the system, but to 
learn through the system [1]. In terms of interaction design, 
the activity can include objects from every day life and simple 
actions for using them. Cognitive load needs to be reduced in 
order to get the children focused on the main issues of the activ-
ity. To do so, objects and digital actions need to be consistent 
with the real world to facilitate learning [1]. Children need to be 
engaged with the actual learning activity, which the technology 
needs to support.

Collaboration. Learning is a fundamental social process. The 
Internet provides unique learning spaces, as it not only deliv-
ers content, but contains many possibilities for mutual support 
between learners [2]. Preferably, the support for learners will not 
be limited to teachers and classmates, but extended across ages 
and distances, e.g., with the support of older adults, who like to 
teach children and might have free time to contribute [2]. Learn-
ing is not a solitary act, as it is embedded in social and cultural 
understandings. Thus, children need to derive their knowledge 
not only from direct experiences with the environment, but also 
from the input of other people [5], e.g., peers, parents or grand-
parents. Collaborative learning is possible in different settings, 
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2.2

e.g., in museums. Moura et al. [10] reported about a game in the 
Boston Museum of Science (USA), where students and their par-
ents collaborated to solve fictive crimes. 

The literature analysis revealed many insights on children’s 
preferences and needs regarding online learning. However, as we 
aim at describing the collaboration between children and their 
grandparents, also the older adults’ needs and preferences have 
to be considered, which are presented in the following. 

Grandparents’ Preferences and Needs

In order to assess the grandparents’ preferences and needs for 
conducting online learning activities with their grandchildren, 
we conducted four two hour workshops with older adults (aged 
between 50 and 70 years, average age 62) in Austria, Switzerland 
and Finland. The 16 participants (12 female, 4 male) had at least 
one grandchild between three and nine years (who did not par-
ticipate in the workshop). They were asked to discuss and work 
on tasks in order to identify their needs in learning activities 
with their grandchildren. We considered the grandparents’ per-
spective as important, as they will influence the children’s per-
ception of and performance in the activity.

Variety. The grandparents emphasized the importance of variety 
in learning activities. On the one hand, they referred to differ-
ent levels of difficulty to have an appropriate activity for their 
grandchild. On the other hand, they requested a range of dif-
ferent themes and topics, which were mainly connected to the 
real world (e.g., learning about nature or learning in museums). 
Furthermore, they stated that a variety in the activity supports 
getting the child’s attention and avoids boredom.
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Self-Made Tasks. Some participants in the workshops stressed 
the importance of being engaged also in the development of 
the tasks. Some disliked constraints, and some feared blam-
ing themselves when not knowing the correct solution or how 
to proceed. Thus, they asked for tasks, which they could create 
themselves in order to teach the grandchild according to their 
individual preferences.

Keeping up the Interaction. The participants liked the idea of 
interacting with their grandchild online and supporting it in 
learning. They appreciated the possibility to gain shared experi-
ences in order to get a better connection to the grandchild. Keep-
ing up the interaction in the activity is thus crucial to get the 
grandchild’s attention for a longer time. On the one hand, the 
activity itself was supposed to be able to keep up the interaction, 
but the grandparents also emphasized to require hints for com-
munication and especially for telling stories to the child.

Mental Challenges. The participants appreciated the possibil-
ity not only to support the grandchild in learning, but also to 
remain young through conducting the activity. Although the 
intergenerational setting would at a first glance provide the role 
of the coach for the older adults, they stressed the importance 
of mutual learning. Thus, not only the children can benefit from 
a constructivist interaction design, but also their grandparents.

The workshops revealed that the grandparents have addition-
al preferences and needs to their grandchildren’s ones, which 
were assessed in a literature review.
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Design Challenges

On basis of the above described needs and preferences of chil-
dren and grandparents, several design challenges were derived 
addressing RQ2 (Which challenges arise in the design of online 
learning activities for children and their grandparents?). The 
identified needs of children and grandparents mainly refer to 
the general set-up of the activity, e.g., possibilities for explora-
tion, narration and collaboration, different topics, and support 
for keeping up the interaction. The concrete content depends on 
the goal of the specific learning activity.

Knowledge Construction

According to the constructivist learning theory, children’s 
knowledge construction (and also those of their grandparents) is 
supported by exploration and manipulation of the environment. 
The difficulty in implementing those features in an activity is 
that all possible outcomes have to be considered. In case of mis-
takes, amusing solutions have to be found to avoid frustration. 
Allowing the children to explore the activity without reading 
instructions can enhance the experience, so a proper replace-
ment for written instructions is needed. 

Personal Engagement

Besides achieving personal engagement through exploration, 
the integration of grandparents into the development of tasks 
can foster the personal engagement. However, allowing them to 
create some tasks themselves requires more complex activities 
or respectively a separate creation tool. The more possibilities 
for creating activities they have, the more they will be engaged, 
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and as they will know their grandchildren best, they can adapt 
it to the child’s needs and preferences. Nevertheless, creating 
activities requires a more complex handling of the technology, 
which might overchallenge older adults, who require a simple 
and easy usage.

Storytelling and Attracting Attention

Storytelling is a favored offline activity for children and their 
grandparents. It fosters their personal engagement and enhanc-
es the memorization process [4]. Therefore, a reasonable way of 
integrating narrative content into the activity has to be found. 
While the narrative elements need to arise children’s interest 
and curiosity, they should also provide room for own creativity.

Furthermore, animations (i.e. moving objects) and actions 
within the activity are decisive. However, it is challenging to 
find a proper level of action. In addition, a reasonable variety of 
themes, related to school or everyday life is required to keep chil-
dren and grandparents interested. The decision about which and 
how many different topics to choose is difficult, as the interests 
differ according to the children’s age and cultural background.

Collaboration

Both children and grandparents might fear not being able to 
cope with an activity on their own. Therefore, a teamwork sit-
uation has to be established through combining children’s and 
grandparents’ tasks. Additionally, it has to be avoided that chil-
dren wonder, whether they could have done the activity alone 
too. Thus, the tasks have to be clearly illustrated as collabora-
tive ones. 

 
3.3

3.4

98



The identified design challenges need to be considered in 
intergenerational online learning. They form a basis for the 
design and should be met in order to facilitate the children’s 
learning. Thereby, it is important to find a balance between the 
different challenges in order to avoid contradictory activities, 
e.g., engaging the grandparents in the creation of the tasks is not 
a collaboration opportunity. However, the collaboration can be 
increased afterwards, as the grandparents are deeply involved in 
the task and will therefore be able to support the children bet-
ter. In order to demonstrate how to cope with the challenges, 
we describe a design concept in the following, called “Visit the 
museum”, which we are planning to implement on an intergener-
ational online platform.

“Visit the Museum”: A Design Concept 
for Intergenerational Learning

Our design concept provides an online learning environment, 
which integrates the benefits of a real museum, i.e. it provides 
space to explore and understand. The children are supported in 
engaging with the content through a variety of tasks, narrative 
elements and animations, which are believed to contribute to 
learning. The activity is easy to use and understand for both the 
children and their grandparents. Furthermore, there is a focus 
on collaboration, which will facilitate conducting the task. 

In order to foster personal engagement within the activity 
for both parties, a museum was chosen as activity location, as 
it was mentioned by the grandparents to be one of the favorite 
offline locations to visit. Using the scenery of a virtual museum 
meets two different requirements. On the one hand a museum 
can provide a variety of themes and topics, from real paintings 
and sculptures to school related content. On the other hand, the 

 
4

Design Challenges and Concept for Intergenerational Online Learning | 99



grandparents could for example decide, which departments (see 
Figure 1) they would like to explore with their grandchildren (i.e. 
integration of grandparents into the task creation).

The objective is to solve riddles in the different departments. 
The grandparents are given the task to tell stories related to the 
objects, and children have to listen closely and e.g., put objects 
back into the painting (see Figure 2). Thus, mutual engagement and 
collaboration are supported. 

The whole activity is framed by a story (i.e. narrative elements), 
which aims at maintaining the children’s attention and provides 
hints for the grandparents to keep up the interaction. The main 

Figure 1 
Potential departments 
of the museum

Figure 2 
Exercise in the history 
department
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character in the museum is the curator, who finds his exhib-
its completely mixed up after last night’s storm. Unfortunate-
ly the night guard forgot to close a window, so the wind blew 
through the exhibition rooms and caused havoc in the exhibits 
(see Figure 3).

Furthermore, the main character can be animated. The use 
of animations is very closely connected to a narrative content, 
because every character comes to life through animation and 
synthesized voice, and leads to increased attention. In order to 
avoid that the character of the curator speaks when someone 
else is speaking, the utterances could be connected to a play 
button to click on. Furthermore, the curator knows a lot about 
the museum, so he may provide support without the need to read 
anything. According to constructivist learning theory, the actual 
learning will take place by exploring the departments and exhib-
its of the museum. Children can experiment and get amusing 
solutions, also in case of mistakes. This will lead to ease and fun, 
and may provide hints for new stories. Grandparents may get a 
recap of their general knowledge and they can assist the children 
in solving the riddles, so both are mentally challenged. 

Figure 3 
The curator explains what 

has happened
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Our design concept seeks to meet the challenges, which arise 
when designing intergenerational learning activities (RQ2). 
Those challenges are based on the children’s and grandparents’ 
needs and preferences (RQ1) for learning activities. Thus, our 
design concept provides space to explore, understand and make 
mistakes. The children are supported in engaging with the con-
tent through narrative elements and animations, which are 
believed to contribute to learning. Besides the experiences with 
the activity itself, the children benefit from a collaborative set-
ting. Thus, also the grandparents’ needs and preferences need to 
be considered. Our design concept provides a variety of themes 
and topics, which allows choosing according to individual prefer-
ences. The activity supports them in keeping up the interaction, 
and seeks to challenge both involved parties mentally.

Future Work

The design concept, which we presented in this paper, will be 
implemented on an intergenerational online platform and evalu-
ated afterwards. Although many challenges, which we described, 
can be met with our design concept, some challenges still remain 
(e.g., how to decide on the content). However, we are convinced to 
meet the primary needs of both parties and correspond to their 
preferences to create a successful online learning environment. 
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Abstract. Using the term generational divide implicitly contains 
the idea that the generational divide is exclusively or at least 
mainly disadvantageous for the older generations. Regarding 
western societies, they do not keep up with the younger ones in 
terms of new media, i.e. the Internet, social media etc., still less 
in an environment of manifold and rapid technological transi-
tions. However, when considering traditional forms of media, 
e.g. newspapers or books, there might be a reversed generational 
divide. Do younger ones unlearn how to read books and newspa-
pers? The aim of this paper is to describe the generational divide 
as a crisis, which is driving changes positively or negatively. 
According to Bruno Latour’s actor-network theory and its expla-
nation for adopting a change, a divide illustrates a crisis, which 
leads to action. As soon as any prescription is perceived, actors 
will act (according to Latour, those can be humans or non-hu-
mans, e.g. technology or media). 

Potential Crises and the Potential of Crises
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This paper tries to figure out how the generational divide might 
be described in terms of Latour and his understanding of the 
process of change. Thus, two modes of action in the relationship 
between seniors and media are conceivable:

(1) The program (i.e. an attempt to cause a change) is stronger 
than the antiprogram, (i.e. the (re-)action of the attained 
actors to avoid a change) – seniors might accept and use new 
media as the media make them to.

(2) The program cannot convince the antiprogram – the adop-
tion is not performed by the human but by the non-human 
actors through a resignation in the prescriptions.

If the program and the antiprogram are equal, there will be no 
crisis or divide and thus no change. The paper will describe those 
structures in detail and illustrate them through examples about 
reading in times of ongoing transitions and instability, e.g., 
seniors reading the news “online” or “offline”, their preference of 
printed books instead of reading them online, etc.

Reprinted from Online proc. 7th Media in Transition Conference, MIT, Cambridge 
(2011).  http://web.mit.edu/comm-forum/mit7/papers/Fuchsberger_MiT7.pdf 	   1	  

Generational	  Divides	  in	  Terms	  of	  the	  Actor-‐Network	  Theory:	  

Potential	  Crises	  and	  the	  Potential	  of	  Crises	  
	  

Verena	  Fuchsberger	  

Doctoral	  Student	  at	  the	  University	  of	  Innsbruck	  
Research	  fellow	  at	  the	  HCI	  Unit	  of	  the	  ICT&S	  Center,	  University	  of	  Salzburg	  

Sigmund-‐Haffner-‐Gasse	  18	  
A-‐5020	  Salzburg	  

email:	  verena.fuchsberger@sbg.ac.at	  
web:	  http://www.icts.sbg.ac.at	  

	  

	  

Paper	  for	  the	  seventh	  Media	  in	  Transition	  conference	  

May	  13-‐15,	  2011,	  MIT,	  Cambridge	  (MA),	  USA	  

	  

Abstract	  

Using	  the	  term	  generational	  divide	  implicitly	  contains	  the	  idea	  that	  the	  generational	  divide	  

is	  exclusively	  or	  at	  least	  mainly	  disadvantageous	  for	  the	  older	  generations.	  Regarding	  

western	  societies,	  they	  do	  not	  keep	  up	  with	  the	  younger	  ones	  in	  terms	  of	  new	  media,	  i.e.	  the	  

Internet,	  social	  media	  etc.,	  still	  less	  in	  an	  environment	  of	  manifold	  and	  rapid	  technological	  

transitions.	  However,	  when	  considering	  traditional	  forms	  of	  media,	  e.g.	  newspapers	  or	  

books,	  there	  might	  be	  a	  reversed	  generational	  divide.	  Do	  younger	  ones	  unlearn	  how	  to	  read	  

books	  and	  newspapers?	  The	  aim	  of	  this	  paper	  is	  to	  describe	  the	  generational	  divide	  as	  a	  

crisis,	  which	  is	  driving	  changes	  positively	  or	  negatively.	  According	  to	  Bruno	  Latour’s	  actor-‐

network	  theory	  and	  its	  explanation	  for	  adopting	  a	  change,	  a	  divide	  illustrates	  a	  crisis,	  which	  

leads	  to	  action.	  As	  soon	  as	  any	  prescription	  is	  perceived,	  actors	  will	  act	  (according	  to	  Latour,	  

those	  can	  be	  humans	  or	  non-‐humans,	  e.g.	  technology	  or	  media).	  This	  paper	  tries	  to	  figure	  

out	  how	  the	  generational	  divide	  might	  be	  described	  in	  terms	  of	  Latour	  and	  his	  

understanding	  of	  the	  process	  of	  change.	  Thus,	  two	  modes	  of	  action	  in	  the	  relationship	  

between	  seniors	  and	  media	  are	  conceivable:	  
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Introduction

Media and their rapid transitions are a hardly comprehensible 
phenomenon because of their enormous diversity and variabili-
ty. New possibilities (i.e. devices, content, structures) are emerg-
ing, which are both transient and determining for at least some 
consumers. This is illustrated distinctly by the history of the 
term “new media”, which is used to describe digital media, but 
initially focused on video communication or email (e.g., Den-
nis and Kinney 1998, p. 256). Due to the immense progress in 
digital media, like mobile phones or virtual worlds (e.g., Rein-
hard and Dervin 2010, p. 3), the term is still used to cover all of 
these possibilities, although many of them are obviously not new 
any more. Thus, also the meaning of terms changes rapidly and 
requires people’s constant pursuit to be up to date. 

The aim of this paper is to describe and discuss changes and 
instabilities of media in regard to their potentials and problems 
for old as well as young people. My interest in this topic is inten-
sified through an involvement in the project FamConnector, 
which aims to facilitate online interactions between geographi-
cally distant grandparents and grandchildren. It is located in the 
field of Ambient Assisted Living (AAL) and focuses on intergen-
erational activities. Within this project, both young and old peo-
ple are addressed and thus it is of specific interest how they are 
affected by the instabilities and changes of media. 

Discussions about the effects of changes on individuals and 
societies mainly focus on “young” people, from children to adults 
and their usage of digital media (see, e.g., Kaplan and Haenlein 
2010 or Vandewater and Lee 2009, for two illustrative examples). 
When talking about young people it is assumed that they are 
able to cope with changing circumstances and environments, 
especially those young people are often driving changes and 
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progress. At least there are efforts to educate them by address-
ing “issues that are central to the experience of growing up in 
a world full of mass media, popular culture and digital media” 
(Hobbs and Jensen 2009, p. 9). These digital media require a 
range of important new media literacy skills (Hobbs and Jensen 
2009, p. 9), involving ‘writing’ the media as well as ‘reading’ them 
(Buckingham 2010, p. 68). 

Nevertheless, there is the apprehension that these media 
transitions will or might have negative effects at least for some 
individuals or groups. One very popular and also well-researched 
domain is the digital divide (e.g., Zillien and Hargittai 2009, p. 
274 or Agarwal et al. 2005). This divide in access and usage of 
digital media is addressed in various ways by the investigation 
of the variables that seem to influence or cause a gap between 
users or usage. Typically, those variables involve barriers due to 
people’s ethnic origin, culture, gender (Brandtzæg et al. 2011, p. 
123) or socioeconomic background (Zillien and Hargittai 2009, p. 
274). Thereby, the digital divide does not only refer to an access 
divide, but also to an imbalance of usage; it can thus be described 
as a participation inequality (Brandtzæg et al. 2011, p. 123f). 

Besides, there is one important factor determining an 
inequality of technology usage, i.e. age. Brandtzæg et al. (2011, 
p. 133) investigated the relationship between access and age of 
Internet user types in five European countries (Austria, Spain, 
Norway, Sweden and UK). Their results showed evidence that 
most older people are non-users, who often do not even have 
access to the Internet (80 % of 65 to 74 year old people). About 
15 % of persons aged 55 to 64 years are instrumental users, who 
use the Internet in a goal-orientated fashion (e.g., searching for 
information about goods and services). However, this kind of 
usage decreases for 65 to 74 year old persons beyond 10 %. The 
authors conclude, that
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“It is to be expected that the penetration and diffusion of broadband, 
digitalization, and media convergence will increase in the near future. 
It is reasonable to believe that, together with the emphasis on new 
technology in schools, this convergence will result in a trend towards 
more widespread use of the Internet among young generations.” 
(Brandtzæg et al. 2011, p. 134) 

All these findings refer to a generational (digital) divide, 
which also extends beyond questions of access (Loges and Jung 
2001, p. 556). Although the gap seems to disappear due to the 
increased work with computers for almost everyone, there is still 
the evidence that seniors will not use certain media (e.g., the 
Internet for homebanking) as an intrinsic consequence of age-
ing, e.g., to guard privacy or preserve resources (Loges and Jung 
2001, p. 559). Herring (2008, p. 87) suggests focusing on life-stage 
related behavior rather than indicating an ongoing change for 
all users. However, Gilleard and Higgs (2008) rebut this perspec-
tive of age as an ‘endogenous’ explanation for the digital divide 
on basis of a longitudinal study of ageing in the UK and infer 
that “those now entering retirement may well bridge the current 
divide.” (Gilleard and Higgs 2008, p. 238) These perspectives cor-
respond mainly with two major social theories of ageing, i.e. the 
activity theory and the disengagement theory (e.g., Alley et al. 
2010 or Franklin and Tate 2009), which describe seniors’ tenden-
cy to participate in social life actively versus refusing to as a kind 
of retreat. 

Discussing the usage of digital media does not only mean 
focusing on access to or the technology itself, but also on 
changing behaviors to be able to cope with the content provid-
ed, e.g., for reading texts. In the past, reading texts required 
printed papers or books and thus specific skills to handle these 
print-based texts, but reading (and writing) is now changing 
in terms of altered demands for competencies and behaviors 
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(Hagood 2003, p. 389). When reading this statement, one is 
tempted to interpret it as a disadvantage for older users to the 
benefit of younger ones, or as Herring (2008) writes ironically: 

“... the generational divide is typically interpreted to mean that people 
on one side of the gap – youth – have more access and a greater abil-
ity to use new technologies than those on the other side – the adults 
(especially, older adults) who had the misfortune to be born before the 
advent of the Internet.” (Herring, 2008, p. 71)

In order to overcome this perspective, Herring (2008, p. 72) 
suggests moving away from a fascination with technologies to 
a focus on people themselves. The competencies and behaviors 
in using digital media adjudicated to the youth are more or less 
visions of adults, who construct a certain picture of the youth 
(Herring, 2008, p. 72ff). She claims a more balanced view that 
recognizes not only flux and change in new technologies but also 
continuities and trends (Herring, 2008, p. 86). The generation-
al divide thus might be a construct, which is influenced by the 
perspectives of those, who deal with it. Furthermore, the gener-
ational divide almost always portrays the seniors as the losing 
part of this dichotomy. However, is it really only one dimension, 
i.e. a gap between ‘winners’ and ‘losers’? Maybe there is another 
dimension, illustrating a dichotomy within one party of the gap, 
i.e., gaining specific knowledge for and of digital media might 
also mean losing (or never getting) knowledge about other kinds 
of media. Perhaps younger people unlearn how to read books or 
newspapers, or at least are not willing to handle printed texts. 
The following example, found in a blog about the future of books, 
perfectly illustrates these concerns:

“This is going to sound incredibly lazy, like someone who gets in their 
car to drive a few blocks rather than walk, but the physicality of the 
book, having to hold it open then lift and turn each page, was a lot 
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more exhausting than I remembered. All of that holding and lifting 
and turning distracted me from the act of reading, took me out of the 
story if you will. A few pages into it I gave up, logged in to Amazon, 
and bought the Kindle book.” (White 2011)

Currently there are efforts to even create books with char-
acteristics of digital media (Dresang 2009), probably to address 
readers like the author of the blog entry. This means that chang-
es of media lead to altered behaviors, which again cause changes 
in technology or media to meet the new requirements. 

All these changes, instabilities and concerns are now becom-
ing obvious and require to be investigated on their potential and 
problems for different generations. Within the following chapter 
this will be done based on the actor-network theory to create a 
new perspective on the generational divide. 

The generational divide in the light 
of the actor-network theory

What we know after the preliminary chapter is that we do not 
know how the generational divide affects the young and the old 
generation, and if it does, whether it is beneficial or disadvanta-
geous. What we further know is the assigned characteristics to 
digital media, i.e. driving changes and instabilities, which can be 
considered as potential crises. In the following these crises will 
be discussed on their potential especially for older generations 
regarding their media usage. 

It seems to be obvious that digital media are advantageous 
for many purposes, e.g., the Internet is seen as an extraordinary 
educational and cultural heritage resource (Preece 2002, p. 24). 
But, some authors, e.g., Nickerson and Landauer (1997, p. 19), 



1 Estimations vary consid-
erably, with some believing 
printed newspapers might 
cease to exist within the next 
two years, whereas others 
believe within thirty years 
(Thurman and Myllylahti 
2009, p. 691). 
 
2 When using the acronym 
“ANT” for the actor-network 
theory, Latour (2007, p. 9) 
also establishes a connection 
with (non-human) animals 
and their behavior, which 
he finds comparable in some 
ways to humans (e.g., both 
try to find trails). 
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wonder what happens if access and computer-based resources 
become a critical determinant of how effectively one can func-
tion in society? Apart from “functioning effectively” in society, 
the essence of this statement also brings along a negative con-
notation in terms of seniors’ voluntary goals. Thinking about 
seniors reading the newspaper, one might not be surprised if it 
involves a printed version. We might not be concerned about this 
situation, but having in mind the prediction that there will not 
be any printed newspapers in the near future1 any more, seniors 
will have to cope with a somehow changed situation – and a cri-
sis will have begun. 

Describing a crisis in terms of actor-network theory (short: 
ANT2) requires at least a brief comment on this theory, which 
will be presented in the following. 

One basic postulation of ANT is the view of everyone and 
everything being an actor as soon as he/she/it acts and thus 
influences or evokes an action of someone or something else. 
Actors can thus be humans, but also every kind of artifact that 
influences the behavior of others as the term implies no special 
motivation of human individual actors, nor of humans in gener-
al (Latour 1996, p. 5). In this sense technology, media, younger 
or older people are considered equally as actors. They might have 
different assigned attributes (e.g., being human or not), but this 
does not make a difference in their role as actors. 

This is illustrated best with an example, which is frequently 
used to describe ANT (e.g., Schulz-Schaeffer 2006, p. 131). Imag-
ine a hotel manager telling you that you should hand in your key 
when you leave the hotel, as she does not want you to lose it. 
Maybe you follow her wish sometimes, but you might also forget 
to hand it in. This happens very often, so, in frustration, she plac-
es a note at the reception desk which repeats the wish. As this 



3 The pioneers of the 
ANT (Latour, Callon, Law, 

etc.) developed the term 
“actor-network theory”, 

although they indicated 
often that it is not a theory 
in a regular sense, as it does 
not provide an explanatory 

framework. The third link 
was added to strengthen 

the term, which “actor-net-
work” could not serve. Mol 

(2010, p. 253f and 261f) 
highlights this problem in 

detail and argues that ANT 
is nonetheless a theory, 

though one with a different 
meaning of what a theory 

is (Mol, 2010, p. 262) – in 
case of the ANT it is an 

adaptable, open repository 
(Mol 2010, p. 265). 
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does not bring about the effect either, she decides to use heavy 
and bulky key chains. Every time you leave the hotel, the key-
chain prompts you to hand it in just because of its heaviness and 
bulkiness. As soon as the artifact leads to an action, i.e. handing 
in the key, it is an actor. If the note on the front desk had got 
you to hand in the key, it would also have been an actor. With-
in ANT this is called prescription, i.e. a behavior that is imposed 
onto humans by non-human delegates, which in the example is 
the key chain or the note (Latour 1992, p. 232). 

After having illustrated briefly what an actor is in terms of 
ANT, the next step is to define the network, being a central part 
of the theory.3 The actors act – but always within a network, 
which they form in turn. If a network falters, the actors may fal-
ter too (Mol, 2010, p. 258). A network consists of associations, 
which initially have to be made, and this is hard work. The asso-
ciations define the relatedness within the network, and can be 
clarified by the terms collaboration, clash, addition, tension, 
exclusion, inclusion etc. (Mol, 2010, p. 259). The term “tinkering” 
is now more frequently used than “association”, which might bet-
ter describe the step-by-step activities performed by the actors. 
Thereby, not only gaps (i.e. places where no associations exist) 
are depicted in networks but also tensions (Mol, 2010, p. 264f).

“… there is not a net and an actor lying down the net, but there is an 
actor whose definition of the world outlines, traces, delineate, limn, 
describe, shadow forth, inscroll, file, list, record, mark, or tag a trajec-
tory that is called a network.” (Latour 1996, p. 11)

This quotation highlights that a network is not stable, but is 
constituted by the actions of the actors involved. Actors partic-
ipate and mediate the relational networks, but are also the out-
come of the same relationships (Cordella and Shaikh 2003). 
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ANT, its actors and networks, will now serve as a basis to 
describe seniors’ rejection of online newspapers and their pref-
erence of reading offline versions instead. The actors seem to be 
quite clear in this case: seniors and the (offline, print-based or 
online) newspaper. Both act, somehow, in this relationship, i.e. 
the seniors are reading a printed newspaper and the newspa-
per provides the information, which can be read. Although the 
online version is not read, it is also an actor, as it tries to be read 
by seniors. We could go further by looking at potential actors: 
What about the paper the news is printed on? What about the 
Internet content providers? What about the editors? What about 
everyone and everything else that is involved in the relation-
ship between seniors and their newspapers? The network we 
are talking about will get very complex if we try to find every 
participant (human or non-human), involved in any way. Thus, 
the following steps will focus on the network senior-newspaper 
to illustrate the basic idea. 

After having figured out the basic actors and the foundation 
of the network senior-newspaper the next step will be to have a 
closer look at what makes the involved actors behave like actors. 
An actor-network is characterized by ‘something social’ that con-
nects the actors. In this sense, the social is not a substance, but 
a movement between non-social elements (Latour 2007, p. 159). 
This means that the social is temporary; it is within the network 
and attributed to actions, not to the actors. Thus, both human 
and non-human actors are non-social elements within the net-
work. As soon as they interact, the interaction itself is the social 
component of the relationship. 

Thus, there needs to be an interaction to talk about an 
actor-network, here constituted by seniors and newspapers. The 
senior buys the newspaper, reads it, stores it or throws it away. 
The newspaper is printed, sold, read, stored or thrown away. 



4 This statement also illustrates 
the basic assumptions of ANT: 

An expression leads to an 
impression – the actor ‘sentence’ 

has an effect on the actor ‘reader’, 
i.e. the impression. A network 
is made. As soon as the reader 

really gets the impression, or 
is amused or annoyed about 

it, there is a ‘social something’, 
which connects the actors.  

 
5 According to Latour, describ-

ing phenomena is central in 
research, rather than finding 

explanations. Thereby, the object 
will be focused, and nothing else. 

Many arguments for this per-
spective can be found in Latour 

(2007, p. 141ff) as an readable 
interlude in form of a dialog on 

the difficulty of “being an ANT”. 

3
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These passive expressions might lead to the impression4 that the 
newspaper itself cannot be an actor, as it does not do anything 
itself, it does not act. But, in a different way, it does. It is the 
newspaper that e.g. provides information and news. The argu-
ment against this might be that it is not the newspaper itself, 
but the journalists, who investigated and wrote the articles. But 
here is a key point of the actor-network theory: Although jour-
nalists (also editors, designers, graphic artists etc.) intend to 
affect or influence the potential readers, they can only inscribe 
the readers’ anticipated behavior into the artifact (i.e. the news-
paper), what can both succeed or fail. Nevertheless, the interac-
tion takes place without them as it only includes the newspaper 
and the person reading it. Finally, these two actors constitute the 
network, which will be described in the following chapter.

Arguing for activity: 
Program or Antiprogram

In order to describe5 the relationship, the interaction or the 
interplay between seniors and newspapers, it is necessary to 
understand that we can only notice and describe phenomena if 
they are about any kind of controversy. Latour suggests to “par-
adoxically take all the uncertainties, hesitations, dislocations, 
and puzzlements as our foundation.” (Latour 2007, p. 47) Regard-
ing the situation of seniors and unstable media this becomes 
obvious. If there were no recognition of a generational divide, we 
would not think about it and we would not talk about it. In this 
sense, a change (i.e. a crisis) is needed to become aware of sit-
uations, actors and networks. Thus, the generational divide can 
serve as a starting point to figure out about the effects of media, 
their usage and potential. 



6 In terms of the ANT, 
I could also argue for the 
disadvantageous role of the 
printed newspapers, which 
might cease sooner or later. 
But as the paper is about the 
generational divide, I will 
focus on the seniors to be 
consistent. 
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One essential point of ANT is its perspective while describing 
phenomena. Actors are – as already indicated by the term itself 
– acting and thus active. This is one aspect that makes the ANT 
interesting: when using it to describe things, there is no possi-
bility to assign a passive, pitiful role to any involved party. Espe-
cially if the phenomenon has per se a negative connotation, i.e. 
being disadvantageous for seniors,6 it helps to evade clichés and 
stereotypes. 

With regard to the active role of the involved actors I will 
now try to define the relationship between seniors and online 
newspapers. To do so, I will briefly come back to the above-men-
tioned example of the key chain to illustrate the term ‘program 
of action’, which was introduced by Latour to “… denote goal-di-
rected behavior of human actors as also of technological arte-
facts” (Schulz-Schaeffer 2006). The example of the key-chain is 
a typical one, which Latour (2000, p. 41) described in terms of 
a program of action, saying that the key chain tries to reach a 
goal, i.e. to be left at the reception desk. The hotel guests have 
another goal, they just want to have the key available as soon as 
they need them, regardless of whether they take it with them or 
leave it at the reception desk. Consequently, they form the anti-
program, i.e. they do not want to leave the key at the reception 
desk primarily, as this would mean to think about it every time 
they leave the hotel and come back. 

Regarding the network of seniors and newspapers, this would 
mean the following: The program is the newspaper; its goal is to 
provide information and to be read. Regarding the generational 
divide I will focus on the online version, as the digital equivalent 
of the newspaper. Consequently, the seniors constitute the anti-
program, trying to avoid reading the newspaper online. As we 
have seen before, there is the need for a crisis to be able to per-
ceive situations, to become aware of them. Thus, if seniors read 



7 Besides, the two modes of 
action could be transferred to 

almost every example about 
seniors and new media. 

 
8 Although this seems cur-

rently not to happen for online 
newspapers, it is for printed 
ones (or also books, the pro-

gram remains the same).

4
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the newspapers offline there is no crisis. Crises arise as soon as 
there is a change of the situation. Talking about media transi-
tions, crises become obvious. All instabilities and changes can 
cause crises, and as media change rapidly, we have to deal with 
many of them. 

Two modes of action

After having figured out what the program and the antiprogram 
might be, two modes of action are conceivable in the network of 
seniors and new media. Using online newspapers as an example 
illustrates the program-antiprogram link.7 

(1) The program is stronger than the antiprogram. Briefly, this 
means seniors accept and use new media as the media make 
them do.8 Thereby, the program can be understood as having 
all the benefits that will arise in case of reading the online 
version of the newspaper, but also the disadvantages that 
appear when not reading it. 

In case of seniors and online newspapers the program might be 
phrased as follows: as long as there are many printed versions, 
there will not be the necessity to deal with online versions. But, 
as stated above, the printed versions will cease and thus the avail-
ability of alternatives changes. Not reading an online version 
would possibly mean not reading any newspaper. Furthermore, 
it might be beneficial for seniors to read the newspaper online 
due to its form of appearance: being in a good physical condition, 
a senior might be outside, traveling etc. In this case, the online 
version would only be advantageous if the senior would have a 
mobile device to take with her/him, but then it would increase 
mobility as it becomes unnecessary to find a seller, to deal with 
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many large-format pages, which will crumple if it’s raining, and 
with small font sizes, which could be adjusted in online versions. 

All these possible benefits of the online newspaper are pre-
scriptions as soon as they impose an action on another actor, i.e. 
the senior. However, the seniors are striving against this pro-
gram and form an antiprogram. This means they might not agree 
with the benefits or accept potential disadvantages. In case the 
prescriptions are strong enough, they will convince the antipro-
gram and its actors, thus the seniors will read the newspapers 
online.

But, as stated above, this is currently not happening, so there 
is the need for a second mode of action to describe the situation, 
which will probably be more adequate to describe seniors’ inter-
play with newspapers: 

(2) The program cannot convince the antiprogram. Although 
there is a program trying to convince the antiprogram, the 
attempts might fail due to the strength of the antiprogram. 
For the senior-newspaper network this implies that there 
is no adoption by the older adults. Instead, the non-human 
actors (i.e. the newspapers) resign; they do not prescribe 
behavior onto seniors any more. Thus, seniors have a strong 
antiprogram, which is defined by the rejection of buying, 
reading or even considering online newspapers. Again, this 
can be transferred to other phenomena as well, e.g., reading 
books online. 

 The important point within this case is that the seniors 
choose not to act (either consciously or unconsciously); they 
are actively not adapting or changing anything. 

Although both above-mentioned modes are conceivable, neither 
of them represents the current situation exhaustively. If one of 
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them would, we would not have a crisis, because the situation 
was defined than as there were no more efforts of the program or 
antiprogram. Furthermore, there would be the problem of simply 
producing clichés, which would mean in case (1) e.g., to describe 
all seniors as early adopters of new media without a reflection 
of whether the progress is good or bad, in case of (2) to describe 
them as deniers of potentially beneficial programs. Consequent-
ly, this is not a question of either/or, but a continuous struggle of 
two opposed parties. 

To bring it back to a reversed generational divide, there would 
also be many examples for describing the situation of younger 
users in terms of programs and antiprograms. Just imagine the 
above-mentioned attempts to create books with digital char-
acteristics – the program of the books changes to convince the 
actors of the antiprogram, i.e. young people, who do not want to 
or are not able to read conventional books. 

The reversed generational divide (see figure 1) is a gap in 
access, knowledge or skills that depends on the one hand from 
the media itself (old versus new) and on the other hand from the 
people’s age (young versus old). 

Figure 1: 
 reversed generational divide



5

9 In the example of the key, 
Rip (2009, p. 410) refers to 
its shape, which changes 
and remains open to 
further changes induced by 
the program.
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Balancing the programmatic behavior:  
the effect of transitions/crises

The situation we are now able to describe is a struggle between 
program and antiprogram, or between actors of the program and 
those of the antiprogram. There will be temporary outcomes9 
(Rip 2009, p. 410), or as Schulz-Schaeffer (2006) states, referring 
to Latour:

“His answer is that the programmes of action will affect each other 
with the result that neither of the original goals will be realised but 
a new programme of action will emerge and a new goal to which it 
leads.” (Schulz-Schaeffer 2006, p. 132)

This implies that every actor, and thus every program, has a 
specific goal, which he/she/it seeks to achieve, but as long as the 
program and the antiprogram are not equal, this is associated 
with efforts and thus activity. Nevertheless, I would not refer to 
it as a ‘new’ goal emerging through these attempts of balancing, 
rather as an adopted, adapted or balanced goal. If one of the two 
programs is stronger than the other one, it is clear which goal 
will be achieved. But – as we already know this might rarely hap-
pen – it is more a continuum, within which the goal is balanced 
or also ‘hard-fought’. 

The potential of crises has now become visible. There would 
be no activity at all, if there were no transitions or instabilities. 
There would be no struggle for change, or even more important, 
for situations to remain unaffected. A crisis is on the one hand 
a point of departure for an involvement and an analysis of sit-
uations, triggered by transitions and instabilities. On the other 
hand it is also the result of the struggles, which might lead to 
new or adapted crises. 



6

10 According to Herring 
(2008) the description or 

construction of genera-
tional issues is often not 

done by the generation con-
cerned, but by others. Thus, 
it is biased and may lead to 

descriptions, which contain 
much information about 
the author’s perspective, 

not about the generation 
in question. Or – referring 

to Wittgenstein – both 
construct a perspective, 

but one’s own construction 
about oneself is usually 

more coherent (Lütterfelds 
1995). 

 
11 I decided to use the 

example of the newspapers’ 
program here to illustrate 

the potential complexity of 
networks and situations. 
The example would have 

been much longer if I 
had tried to describe the 
complexity of the role of 
seniors as actors within 

this network. Even so, the 
important point is that 

inconsistencies of goals will 
not only affect the program 

and the antiprogram, but 
also different goals of one 

single actor. 
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Conclusion

Describing seniors’ joint behavior with media and not being a 
senior myself demands to acknowledge that this paper is influ-
enced by my perspective on seniors,10 which is not first-hand, 
but mediated. This means that all the descriptions are from 
the outside of the target group, but are mediated by literature, 
theories and observations. Nevertheless, this paper tries to 
describe the relationship between seniors and media – and hope-
fully it will serve as a basis to better understand it or at least 
for rising the discussion about the potential of transitions and 
instabilities (i.e. crises). 

Using ANT for this purpose had two reasons: First, this the-
ory allows to ascribe to both seniors and technology an equally 
important role – as soon as they are actors, there is no assump-
tion about who or what is in a better (i.e. convincing) situation. 
Second, the ANT makes specific, surprising, so far unspoken 
events and situations visible, audible, and sensible (Mol, 2010, p. 
255). However, one problem when using the ANT for the exam-
ples above is the complexity of the situation as soon as actors 
are involved in more than one network, with their different dis-
courses, logics, modes of ordering and practices (Mol, 2010, p. 
260). E.g., the online newspapers try to persuade seniors to read 
them. The program could be very specific for seniors, but as the 
newspapers also strive to be read by other age groups, they can-
not focus exclusively on seniors. Thus, they are actors in more 
than one network, which makes the situation more complex 
and challenging.11

However, the ANT served as a starting point for describing 
the generational divide from a new perspective, which takes the 
effects of a situation into account, but does not hunt for causes – 
and the effects are mostly unexpected (Mol, 2010, p. 261). 
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The overall goal of this paper was to describe the potentials 
and problems of changing media. However, these instabilities 
illustrate points of departure for producing activity, as the actors 
are challenged to do something, whether adopting or rejecting 
the changes. This applies to both younger and older generations 
and manifests itself e.g., in access to and skills of certain kinds 
of media. The implication for the above-mentioned project is 
that seniors as well as children need to be confronted with the 
new possibilities media bring along for taking over active roles 
within the senior-children-technology network. The challenge 
for the development of the intergenerational online activities 
is to inspire activity and to overcome the reversed generational 
divide. The basis is already made within the project, as it inte-
grates both parties and requires joint activity. Thus, the perspec-
tive of forming and constituting a network allows the actors not 
only to deal with instabilities but also to tap their full potential.

Finally, the paper aimed to stress that the generational divide 
need not be negative per se, as it accentuates the active role of 
seniors, youths and technology. Loges and Jung (2001) phrased 
the active role of seniors vividly: “Older people may have lower 
Internet connectedness because they don’t want higher Internet 
connectedness” (Loges and Jung 2001, p. 559). This statement 
illustrates perfectly the core of the ANT and its appropriateness 
for describing the interaction between seniors and media, as it 
allows and also requires activity of all actors. 
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Abstract. Presumably, technology non-use is not 
an activity. However, in reference to Actor-Net-
work Theory we argue that non-use may be con-
sidered an activity. For instance, rejecting or dis-
regarding technology requires activity of human 
actors, who undermine the goal of non-human 
actors (such as technology) of being used. In this 
paper we present some aspects of Actor-Network 
Theory that we think are relevant in this context 
and describe what they may contribute to better 
understand non-use. Afterwards, we illustrate 
some examples of non-use, followed by a discus-
sion why we consider non-use an activity. 
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Abstract
Presumably, technology non-use is not an activity.
However, in reference to Actor-Network Theory we argue
that non-use may be considered an activity. For instance,
rejecting or disregarding technology requires activity of
human actors, who undermine the goal of non-human
actors (such as technology) of being used. In this paper
we present some aspects of Actor-Network Theory that we
think are relevant in this context and describe what they
may contribute to better understand non-use. Afterwards,
we illustrate some examples of non-use, followed by a
discussion why we consider non-use an activity.
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Activity; Non-Use; Rejection; Actor-Network Theory.

Introduction
Working in HCI, much of our “raison d’être” is the fact
that people use technology. Although HCI strives to
support people by making technology usable and enabling
desirable experiences, we struggle with people not using
technology. We rather target helping people to use
technology in order to prevent them from experiencing
disadvantages through the non-use, such as extra costs if
one does not use ATMs but wants to talk to a bank clerk,
or if people need to work with technology on the job,
being a precondition to function in the professional world.
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Introduction

Working in HCI, much of our “raison d’être” is the fact that peo-
ple use technology. Although HCI strives to support people by 
making technology usable and enabling desirable experiences, 
we struggle with people not using technology. We rather target 
helping people to use technology in order to prevent them from 
experiencing disadvantages through the non-use, such as extra 
costs if one does not use ATMs but wants to talk to a bank clerk, 
or if people need to work with technology on the job, being a pre-
condition to function in the professional world. 

While those motifs certainly justify a focus on use instead 
of non-use, they involve the danger of perceiving persons, who 
do not use technology, as in need of something. Thereby, users’ 
active choice of not using technology is often neglected. In this 
paper, we will provide a theoretical background for discussing 
technology non-use (which recently got attention in research, 
e.g., [1, 9]) based on Actor-Network Theory (ANT), as it allows to 
focus on agency independent of actual use. After briefly outlin-
ing the theory, we will describe examples of technology non-use 
and how the perspective differs as soon as we consider non-use 
an activity. 

Theoretical Background

In ANT (e.g., [2, 5, 7]), both humans (e.g., a user) and non-humans 
(e.g., technology) are actors as soon as they influence another 
actor. A symmetric network (or monad, as Latour calls them now-
adays [6]) is formed in case of agency between them, but only 
for the purpose of the specific activity [5]. Networks consist of 
associations that have to be established and negotiated, which 
is important, but difficult. Thereby, the relations within the 

1
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network are gradually defined and characterized, e.g., as collabo-
ration, clash, addition, tension, exclusion, etc. [8]. 

A relevant notion of ANT is the constant negotiation of actors 
in forming a network. Latour suggests to “paradoxically take all 
the uncertainties, hesitations, dislocations, and puzzlements as 
our foundation” ([5], p. 47) Non-use as a form of uncertainty is 
thus a valid starting point for an analysis from an ANT perspec-
tive, i.e., inquiring about various actors’ activities. ANT’s concept 
of ‘program of action’ allows to finally describe non-use as an 
activity. Latour refers to actors having a goal or a function [4]. 
As the former rather relates to human actors, the latter is rath-
er associated with non-human actors. Both kinds of actors can 
be described as programs of actions, thereby putting all actors 
on the same level. Thus, programatic behavior concerns not only 
human actors, but also non-human ones.

For instance, a technology’s program might be to convince 
human actors to use it. If the human actors have an objection 
against this program, they automatically form an antiprogram, 
independent from the reasons they do so (e.g., not wanting or 
needing the technology, or not being able to use it). In ANT, 
the notion of a goal does not require a motif or motivation; the 
motifs might come from a designer trying to inscribe a specific 
behavior into it, which in turn tries to prescribe another actor’s 
(e.g., user’s) behavior [4]. Still, it is the technology that in the end 
influences the human actor, whether to use it or not to use it, but 
not the designer. The essential aspect is that the technology is 
also attributed agency, even if a human actor does not use it in a 
specific way. 

The starting point for an analysis in ANT has tradition-
ally been a setting, i.e., a definition of the network that is of 
interest for a given phenomena (as otherwise networks are 
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technology non-use 
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Understanding materials:
designers will be able to 

address the reasons for non-
use through under- standing 
the agency of the interactive 

artifact or the digital and 
physical material that is used 

for the interactive artifact

Figure 1:
Relevance of ANT
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potentially infinite), including the identification of all relevant 
actors. Recently, Latour changed from talking about actor-net-
works to talking about monads [6], wherein the perspective on 
the network plays a crucial role. This means that an analysis of 
a phenomenon is started from a specific actor, from which the 
network is established. In case of the technology as an actor, this 
perspective allows to address non-use in a very specific way, i.e., 
from the program of the technology, the antiprogram (i.e., the 
non-users’ agency) can be observed and described, and the con-
stant negotiations between the two become visible. 

Finally, the negotiations may result in the non-human actor’s 
program succeeding (e.g., the technology is used), or the human 
actor’s antiprogram being stronger (e.g., not using the technolo-
gy). And, there is a third possibility, i.e., creating a new goal that 
corresponds to neither of the actor’s programs of action. In the 
next section, we will discuss examples of how non-use might dif-
fer according to the results of these constant negotiations. If we 
consider activity of actors (and finally agency within networks) 
as the mode of inquiry to better understand a given phenome-
non, we will be able to better understand the non-use, since the 
focus is not only on the users not using a technology, but also on 
designers and researchers accepting that people may not use a 
technology, even if they do their best to support them (see Fig. 1). 

Examples of Technology Non-Use

Considering the interplay between human and non-human 
actors as a constant struggle between program of actions and 
antiprograms, agency becomes visible, which is exemplified in 
the two following examples.

3



132

Example 1. If a technology is rejected by humans, the program of 
the technology is not strong enough. For instance, online news-
papers are there to be read by human actors. If we consider older 
adults, they often refuse these media, their activity of rejection 
is rigid (for further details see [3]). Furthermore, the program of 
traditional printed newspapers may be stronger, resulting in a 
successful program of action. Finally, there is a third possibility. 
The struggle between the online newspaper’s program and the 
seniors’ antiprogram may lead to the creation of a new goal, for 
instance, a new technology adapted to their needs or including a 
further actor, e.g., the older adults’ children using the technology 
to read out the newspapers. 

Example 2. Another example would be a factory with workers not 
using an interface that aims to support their decision process of 
what item to process next. Instead, they base their decision on 
previous experiences. Again, the interface’s program of action 
does not succeed. The technology (non-human actor in this net-
work), follows a program, i.e., to be used by the operators to read 
the order of items to process. 

Though inscribing a specific activity into a technology, it is not 
the designer of the technology that evokes activity, it is the tech-
nology that the user interacts with. This perspective may be dis-
concerting, but it allows analyzing situations without too many 
preconditions and histories. 



With ANT, we may
analyze four aspects:

•	 The program
•	 The antiprogram
•	 The constant struggle 

and negotiation 
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•	 The outcome of the 
negotiation:
•	 use
•	 non-use
•	 emergence of a new 

goal

Figure 2: 
Foci of Analysis
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The Activity of Human-Computer Non-Interaction. When con-
sidering rejection as an antiprogram, it is also the activity of the 
human actor’s of non-using the technology, that we will look at 
in depth. In the factory example, we may analyze what it is that 
lets the workers rely on their own valuation than the one pro-
vided by the technology, while even consciously contravening 
the rules. We may find a variety of answers, such as distrust in 
technology or in the origin of the information that is displayed 
on the interface (e.g., not trusting a person being responsible for 
providing this information), or a feeling of power when not fol-
lowing regulations, etc. We also perceive the border between pro-
gram and antiprogram clearly, non-use thus becomes a relevant 
topic of inquiry. Non-use may facilitate a better understanding 
of what we need to change in the design of interactive artifacts, 
or what we cannot change (see Fig 2). 

A further dimension in considering non-use an activity is that 
technology may affect human actors also in case of non-use, 
even if they do not “actively” reject or refuse the technology. 
Taking social media (e.g., Facebook) as an example, and its rela-
tion to non-users, its program evokes activity also in non-use. 
Non-users are also part of the social media that are established 
virtually; people are represented that are not part. The social 
media’s program influences them through talking with social 
media users or other non-users. The program of action thus 
reaches actors also without negotiating with their antiprogram, 
as they are not rejecting or struggling with it. 

Conclusion

In this paper we argued that exploring Human-Computer 
Non-Interaction may re-focus our attention to the new goals 
that are emerging in technology non-use. However, we are aware 
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that the scope of this paper has its limitations. We only consid-
ered those moments of non-use, where people potentially have 
access to the technology. Non-use in terms of not being able to 
afford technology, or living in a part of the world, where certain 
technologies are actually not available, is not sufficiently covered 
by our perspective. Still, we think that for many issues that HCI 
is addressing, an analysis in an ANT sense may be helpful. And 
we will in future study in detail how to cope with further dimen-
sions of technology non-use. 

We do not claim that the findings we gather through tak-
ing an ANT perspective cannot be gathered in other ways as 
well. However, starting an analysis of users from a technology 
point of view may include both actors equally into the analy-
sis, emphasizing the hybrid actor-networks [4] of human and 
non-human actors that may lead to the identification of attri-
butes and competencies that one actor alone would not have or 
reveal (e.g., establishing a new goal that is combining the actors’ 
competencies, considering non-users as active). 
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Abstract. In HCI, and especially in 
interaction design, the material aspect 
of interactions is currently empha-
sized. Nevertheless, it is challenging 
to theoretically frame the variety of 
digital or immaterial, and physical 
materials. In order to contribute to 
this materiality discourse, we reflect on 
McLuhan’s work on media analysis and 
on Latour’s Actor-Network Theory in 
this paper. Both emphasize the active 
role of the material – be it media or any 
other kind of non-human actors – in 
the interplay with the human. Thus, we 
establish junctures between their find-
ings and materials, as used in interac-
tion design in HCI. We discuss McLu-
han’s claim to focus on new sensory 
effects and ways of interaction brought 
forth by new media. Furthermore, 
we illustrate how describing the con-
nections between materials, design-
ers, and users in terms of Latour’s 
Actor-Networks can be beneficial for 
interaction design. Finally, we discuss 
the respective methodology and its 
relation to research through design.M
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ABSTRACT
In HCI, and especially in interaction design, the material as-
pect of interactions is currently emphasized. Nevertheless,
it is challenging to theoretically frame the variety of digital
or immaterial, and physical materials. In order to contribute
to this materiality discourse, we reflect on McLuhan’s work
on media analysis and on Latour’s Actor-Network Theory in
this paper. Both emphasize the active role of the material –
be it media or any other kind of non-human actors – in the
interplay with the human. Thus, we establish junctures be-
tween their findings and materials, as used in interaction de-
sign in HCI. We discuss McLuhan’s claim to focus on new
sensory effects and ways of interaction brought forth by new
media. Furthermore, we illustrate how describing the con-
nections between materials, designers, and users in terms of
Latour’s Actor-Networks can be beneficial for interaction de-
sign. Finally, we discuss the respective methodology and its
relation to research through design.

Author Keywords
Actor-network theory; design; materiality; materials; media
theory

ACM Classification Keywords
H.5.m. Information Interfaces and Presentation (e.g. HCI):
Miscellaneous

INTRODUCTION
In HCI, design materials are getting more and more attention.
At CHI 2012, a panel was held on “Material Interactions”
– From Atoms & Bits to Entangled Practices outlining dif-
ferent perspectives on materials [51]. The panelists provided
heterogeneous approaches to an understanding of materials.
Hiroshi Ishii talked about his vision of tangible interfaces and
respective properties of the materials. Paul Dourish referred
to the complexity of the interplay between current materials
and design in HCI. Anna Vallgårda outlined her understand-
ing of computational composites as design materials. While
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Petra Sundström emphasized the crafting aspects of working
with digital materials, Daniela Rosner referred to the cultural
histories embedded in technology. Tobie Kerridge focused
on public engagement. Finally, Mark Rolston provided an
industrial point of view on creative usage of materials. The
presented notions of materials were thus manifold. On one
hand, the design practice with both digital and physical mate-
rials was discussed, which finally aims at providing rich user
experiences. On the other hand, the theoretical point of view
was emphasized. However, a lack of shared terminology and
framing, which would facilitate the discussion about materi-
als in HCI, was recognized.

In order to strengthen this framing, we reflect on two theo-
ries from other disciplines, i.e., McLuhan’s media analysis
and Latour’s Actor-Network Theory. Both have focused on
the interplay between humans and artifacts and provided a
theoretical understanding within their disciplines. The reason
for reflecting on these very theories is their explicit emphasis
on the active role not only of humans, but also of artifacts.
This emphasis complies with the current notion in interaction
design that material properties and qualities have an underes-
timated influence on the design of interactive artifacts.

First, we will refer to Marshall McLuhan’s theoretical work
on media (e.g., [33]). McLuhan studied the relation between
media, humans, and society, and focused especially on sen-
sory effects and transitions from one medium to another. One
of his arguments is that media are not only transmitting infor-
mation, but are information themselves. This will be the start-
ing point for our theoretical reflection, as materials in HCI are
also considered to be more than solely “the stuff that things
are made of” [19, p. 1]. Thus, we aim to find out whether
McLuhan’s further inferences on media effects are also true
for materials in HCI.

Second, we will describe Bruno Latour’s Actor-Network The-
ory (ANT; e.g., [26]), a sociological theory. This theory un-
derstands human and non-human artifacts as actors that form
a network. As long as an actor influences another person or
artifact, the network not only exists, but also changes con-
tinuously. Considering materials as actors might help us to
describe and understand their active role in the interplay with
the user, as well as with the designer.

Our aim is to reflect on McLuhan’s and Latour’s work in order
to identify what they can contribute to strengthen the theoret-
ical framing of materials in the HCI design realm. According

Session: Narrative and Materiality CHI 2013: Changing Perspectives, Paris, France
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Introduction

In HCI, design materials are getting more and more attention. 
At CHI 2012, a panel was held on “Material Interactions” – From 
Atoms & Bits to Entangled Practices outlining different perspec-
tives on materials [51]. The panelists provided heterogeneous 
approaches to an understanding of materials. Hiroshi Ishii talk-
ed about his vision of tangible interfaces and respective prop-
erties of the materials. Paul Dourish referred to the complexity 
of the interplay between current materials and design in HCI. 
Anna Vallgårda outlined her understanding of computational 
composites as design materials. While Petra Sundström empha-
sized the crafting aspects of working with digital materials, 
Daniela Rosner referred to the cultural histories embedded in 
technology. Tobie Kerridge focused on public engagement. Final-
ly, Mark Rolston provided an industrial point of view on creative 
usage of materials. The presented notions of materials were thus 
manifold. On one hand, the design practice with both digital 
and physical materials was discussed, which finally aims at pro-
viding rich user experiences. On the other hand, the theoretical 
point of view was emphasized. However, a lack of shared termi-
nology and framing, which would facilitate the discussion about 
materials in HCI, was recognized. 

In order to strengthen this framing, we reflect on two theo-
ries from other disciplines, i.e., McLuhan’s media analysis and 
Latour’s Actor-Network Theory. Both have focused on the inter-
play between humans and artifacts and provided a theoretical 
understanding within their disciplines. The reason for reflecting 
on these very theories is their explicit emphasis on the active role 
not only of humans, but also of artifacts. This emphasis complies 
with the current notion in interaction design that material prop-
erties and qualities have an underestimated influence on the 
design of interactive artifacts.

1
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First, we will refer to Marshall McLuhan’s theoretical work 
on media (e.g., [33]). McLuhan studied the relation between 
media, humans, and society, and focused especially on sensory 
effects and transitions from one medium to another. One of his 
arguments is that media are not only transmitting information, 
but are information themselves. This will be the starting point 
for our theoretical reflection, as materials in HCI are also con-
sidered to be more than solely “the stuff that things are made 
of” [19, p. 1]. Thus, we aim to find out whether McLuhan’s further 
inferences on media effects are also true for materials in HCI. 

Second, we will describe Bruno Latour’s Actor-Network The-
ory (ANT; e.g., [26]), a sociological theory. This theory under-
stands human and non-human artifacts as actors that form a 
network. As long as an actor influences another person or arti-
fact, the network not only exists, but also changes continuously. 
Considering materials as actors might help us to describe and 
understand their active role in the interplay with the user, as well 
as with the designer. 

Our aim is to reflect on McLuhan’s and Latour’s work in 
order to identify what they can contribute to strengthen the the-
oretical framing of materials in the HCI design realm. Accord-
ing to Jung and Stolterman [22], design in general is the mate-
rialization of meanings into an artifact form. While the design 
process in HCI focuses on the communication with the users 
and their needs (i.e., a conversation based on words, actions, or 
objects [43]), the design process of traditional design disciplines 
(e.g., product or graphic design), is rather characterized by craft-
ing particular materials [22]. Fernaeus and Sundström [12] pro-
vide several reasons why material knowledge is underestimated 
when it comes to interactive system design in HCI. For instance, 
there is the illusion that the digital allows building everything. 
Furthermore, the complexity of digital material makes it hard to 
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show, share, and fully understand it. Fernaeus and Sundström 
[12], as well as Jung and Stolterman [22], argue to nevertheless 
“integrate a designerly approach in an analytical HCI approach” 
[22, p. 403], taking the properties of the materials explicitly into 
account; or as Hallnäs and Redström put it: “Interaction design 
is product- and systems design where computational technology 
is a basic design material” [16, p. 24].

These notions emphasize the importance of understand-
ing the effects of the complex digital material on designers and 
users. Therefore, we will reflect on McLuhan’s work on media 
and their sensory effects and on Latour’s ANT, which offers an 
instrument to describe the dynamic nature of (non-human) 
materials and their interplay with other (human) actors. Both 
McLuhan and Latour highly value the material (be it media or 
any other non-human artifact) and its influence. While McLuhan 
emphasizes the effects of media and the respective consequenc-
es for the design, Latour provides methodological possibilities 
to describe the complex interplay between the artifact and the 
human. 

In order to identify the potential of those two perspectives 
for the materiality discussion in interaction design, we will ini-
tially depict definitions of materials, materiality, and media 
and explore their similarities and differences. A reflection on 
McLuhan’s and Latour’s work will follow, including some already 
existing connections to HCI, and parallels to the materiality dis-
course. Finally, we will discuss our main question, i.e., what ele-
ments McLuhan and Latour can provide for a theoretical fram-
ing of materials in interaction design.
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Towards Materials and Materiality

Ingold [19] defines materials for the anthropology realm: “I 
mean by materials the stuff that things are made of” [19, p. 1] 
(or according to Schön material objects “are just what they are” 
[42, p. 9]). However, in HCI things are not only made of materi-
als, they might also be represented by further materials. When 
for example users manipulate content, they interact not directly 
with it, but through input and output modalities, like computer 
screens, keyboards or mice (i.e., materials for interacting with 
materials). Interaction design thus works with the content and 
the representation, and both content and representation can 
be digital (which means here virtual or immaterial material) or 
physical materials. These multidimensional aspects of materials 
become tangible in a design perspective, When designing compu-
tational things the material is somehow absent and only concep-
tually present [16]. 

Vallgårda and Redström [48] propose to think of computational 
composites, i.e., computation needs to be combined with other 
materials, to become a material itself which can be used in 
design practice. Furthermore, computational materials are com-
ing to be over time and in context, i.e., they cannot be reduced 
to the terms of being or doing, but must be understood as con-
stantly in movement [3]. Consequently, several temporal com-
binations of physical or digital content with physical or digital 
representations can be the basis for interaction design to work 
with. The designer is in progressive relationships with the mate-
rial, i.e., in conversation, “where she is getting some response 
back from the medium” [43]. Herein, Schön [43] emphasizes the 
designers’ reflection on action (i.e., pausing to think back over 
what has been done), and reflection in action (i.e., reflecting on 
the design without stopping). 

2
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Having clarified what we understand by materials in HCI’s 
design, we will now proceed with the term materiality. Ingold 
[19] states it as: “To understand materiality, it seems, we need 
to get as far away from materials as possible” [19, p. 2]. Although 
Ingold relates this argument to anthropology, what he is refer-
ring to is similar to HCI. It is about the abstract discussion of 
materiality without considering the properties of the individual 
materials. Ingold even poses the question whether materiality 
was the academic perversion of materials and their properties. 
In our opinion it is though an abstract term, but not a purpose-
less one. Similar to the distinction between method and meth-
odology, we understand materiality as the theoretical discourse 
about materials. This includes all illustrations and discussions of 
materials in HCI, like their roles in design processes, their forms, 
functions, ontologies, etc. Thus, under the umbrella of the mate-
riality discourse we are talking about materials when we refer 
to what things are made of or represented by. On basis of this 
understanding of materials and materiality, we will proceed by 
exploring how the term media relates to materials. 

From Materials to Media

The term media is used in various ways and in various disci-
plines. Most often, it is used as an expression for means of com-
munication (e.g., [34]), especially in relation to social media. The 
primary purpose of (social) media is to speed up and increase the 
likelihood of communication, facilitate coordination of actions, 
especially with changing interaction partners and finally to 
allow complex cooperation. Thus, media are more than techni-
cal instrumentalizations, as they also include natural languages 
or writing systems [41]. However, besides the exchange of infor-
mation in a dialogue, interaction with information can also be a 
monologue, i.e., an individual perception and reflection [17].

3
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As information is principally dematerialized [9], it needs a 
material to manifest in order to provide humans a way to per-
ceive this information. The information can be regarded as the 
content and the manifestation, like the media, is the representa-
tion of the content. Thus, media can be any material that allows 
to interact with the information, and in HCI it will most often 
be the material interaction design works with. Although not 
defined explicitly, the term media has often been used in this 
way in HCI, e.g., by Ames and Naaman [1] or Carter and Mankoff 
[6].

As McLuhan focused on media analysis throughout his 
work, we will reflect on it in the following. After illustrating his 
connections to HCI, we will discuss his notion of media and con-
sider relevant aspects in detail.

Marshall McLuhan’s Media Analysis

Marshall McLuhan (1911-1980) was a Canadian English Profes-
sor, who focused on media analysis, and many of his articles 
relate to media education [13]. McLuhan has been related to 
HCI several times, mainly in reference to his book “Understand-
ing Media: the extensions of man” [32]. This is not surprising, 
as McLuhan describes his interpretation of 26 different types 
of media in one chapter each. His discussions from the spoken 
word to photography to automation allow for immediate connec-
tions to any related subject (see as examples [4, 7, 23, 50]). 

In 2011, McLuhan would have had celebrated his 100th 
birthday, which motivated several discussions about his work. 
Although considered ambivalently in academia, e.g., being a 
charlatan through neglecting the need for evidence (see e.g., [2] 
or [36]), there were many events for resurrecting his ideas. One 
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of those events was a conference entitled re-touching McLuhan, 
which dealt with McLuhan’s take on sensory effects of electron-
ic media, and his legacy on artistic and digital cultural practice 
[39]. It focused on questions of tactile sensing and embodiment, 
and aimed to link McLuhan’s work with today’s media real-
ity. In comparison, we will reflect on McLuhan’s basic ideas in 
order to identify connection points to interaction materials and 
materiality. 

Overview of McLuhan’s Work

One of McLuhan’s most attention-getting books (with Quentin 
Fiore as co-author) is about the medium being the message. Put 
very briefly, McLuhan’s basic idea is that the medium influences 
if not determines its effect on the individuals. While one could 
argue that he is just another technology determinist, Friesen 
and Hug [13] respond that, although McLuhan would see media 
“coming before” other considerations, it does not mean that 
media found or give rise to social, cultural and historical phe-
nomena. However, McLuhan considers the content as having a 
subordinate role in messages. Instead, by stressing the impor-
tance of the media, he argues, the chance of perceiving and influ-
encing the impact of new technologies on humans is increased, 
and the revolutionary environmental transformations can be 
extensively used [31].

Stadler [44] argues that the medium-content distinction is 
related to the figure-ground discussion from Gestalt psycholo-
gy. It is assumed that perception is based on both the figure, on 
which we focus, and the ground, which appears unstructured in 
the background. The boundary is perceived as a shape belong-
ing to the figure, while the ground appears to be shapeless. Nev-
ertheless, the ground is essential for perception. According to 
McLuhan, the media are like the ground, they are the shapeless 
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environment of the content, but they are pervasively influenc-
ing perception and impressions. This is also strongly related to 
what Fallman [10] refers to as the non-neutrality of technology, 
i.e., technologies not being neutral means for realizing human 
ends, as they actively shape the users’ experiences of the world; 
and they not only influence the users’ experiences, but also 
the designers’ ways of designing. While Fallman emphasizes 
that technology is actively influencing human’s experiences, 
McLuhan even considers media, and especially electronic tech-
nology, as extensions of the human. 

You’ve got to remember that my definition of media is broad; it includes 
any technology whatever that creates extensions of the human body 
and senses, from clothing to the computer. [31]

Again, the medium is the message, as not the content is 
extending the human senses, but the medium itself (e.g., the 
phone being an extension of the ear). Furthermore, McLuhan 
separates four stages of cultural history: a primitive tribal cul-
ture, an audile culture, using the oral technology of speech, the 
“Gutenberg Galaxy”, i.e., a visual culture, using the mechanical 
technology of printing, and finally the electronic age of television 
and computers [18]. His claim is that the media, which were prom-
inent in the different ages, did not necessarily address all human 
senses. As a consequence, the deprived senses were affected 
negatively, and the humans unlearned to perceive with all their 
senses comprehensively. For instance, the audile culture extend-
ed the auditive sense, but left behind the visual or tactile sense. 

But it is necessary to understand the power and thrust of technologies 
to isolate the senses and thus to hypnotize society. […] Every new tech-
nology thus diminishes sense interplay and consciousness, precisely in 
the new area of novelty where a kind of identification of viewer and 
object occurs. [30, p. 272]
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McLuhan argues that the media of the electronic age have the 
capability to affect and transform all human senses through acti-
vating a sensual interplay, whereas for example the manuscript 
culture in the Gutenberg Galaxy extended a single sense, i.e., 
the visual sense. Addressing solely for example the visual sense 
would be associated with linear continuity, uniformity, abstrac-
tion, and individualization, and a culture dominated by visuality 
would be characterized by separation, distance, alienation and 
the dissociation of sensibility [18]. The argument is that media, 
which characterize certain societies or cultures, affect the whole 
human perception. As an example, McLuhan referred to the tele-
vision, which at McLuhan’s times requested the viewer to active-
ly participate in filling in vague and blurry images [31]. Media, 
which require such a strong involvement through providing 
slight granularity (like the electronic age), McLuhan called “cool” 
media, opposed to “hot” media, which provide enough details to 
not require strong involvement, like the radio [32].

Media Analysis and Materials

McLuhan’s understanding of human involvement with media 
illustrates that the media, i.e., the representing material or the 
ground surrounding a figure, essentially impress and affect the 
humans. Furthermore, according to McLuhan, past media ages 
influence the subsequent ones. In order to discuss what this 
means for interaction design, we will reflect on those aspects in 
detail in the following. 

Sensory Impressions and Effects. Friesen and Hug [13] empha-
size McLuhan’s distinction between sensory impressions and 
sensory effects; while the first are what a medium can provide 
(e.g., releasing sound waves), the latter is the sense obtained, 
i.e., the sensory impact (e.g., acoustic perception). Friesen and 
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Hug furthermore refer to Aristotle and his notion of a common 
sense, which combines all senses. Not the unique senses, but 
the movement, rest, number, and magnitude become important 
parts of the perception. 

Figure 1 illustrates the distinction between sensory effects 
and sensory impressions. It is in the style of a page in McLuhan’s 
book The Medium is the Massage, showing a graph in comic style. 
While the sensory impression is constituted of color and con-
trast, the sensory effect goes beyond the physical reality. Look-
ing at the picture might also result in hearing the bang, or even 
feeling it. The picture is perceived dynamically, as the reader is 
engaged with several senses. 

 
Figure 1: Can you hear 
the bang?  Multiple 
sensory effects through 
visual impression (based 
on [33, p. 111f]).
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Also the book title expresses the distinction of impressions 
and effects. It was supposed to be The Medium is the Message, but 
due to a compositor’s error, it got The medium is the Massage. After 
recognizing the error, McLuhan was delighted, as it even more 
expressed what he wanted to say, i.e., the media affect more 
senses than the mode of presentation would suggest, like being a 
massage to the senses [13]. Friesen and Hug [13] emphasize that 
“An imbalance of the senses induced by media can deprive one 
of rationality or consciousness” [13, p. 91]. Similarly, Ullmer and 
Ishii [47] argue that GUIs represent information in an almost 
entirely visual form, which would neglect the various possibili-
ties to address human senses. Ishii [20] expresses concerns that: 

Our visual and auditory sense organs are steeped in the sea of digital 
information, but our bodies remain imprisoned in the physical world. 
[20, p. XV]

Also Goodman and Rosner [15] recognized the importance 
of addressing various senses with digital tools. They investigat-
ed how to combine handwork experiences, like knitting or gar-
dening, with digital tools. They emphasized that, especially for 
handwork, the sensory sensitivity is crucial, be it a physical or 
digital activity. While Ullmer and Ishii [47] as well as Goodmann 
and Rosner [15] implicitly assign the responsibility of address-
ing various senses to the design of interactions, Friesen and Hug 
[13] argue for training the senses and perception in education in 
order to re-establish sensual interplay and unity. Both perspec-
tives are related to McLuhan’s concerns about people’s sensory 
capabilities. McLuhan assumes that in different media cultures 
sensory capabilities are brought forth or inhibited by the media. 
Furthermore, the effects of preceding cultures often continue 
also in the age of new media. As an example, manuscript culture 
(i.e., the Gutenberg Galaxy) addressed primarily the visual sense. 
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Although the electronic age offers the possibility for var-
ious sensory experiences through multimediality, there are 
behavioral or perceptual leftovers from the manuscript culture. 
“They [people] suspect the ear: they don’t trust it” [33, p. 117]. 
This means that things that are visible, and preferably constant, 
are more likely to be considered as real [5]. McLuhan and Fiore 
argue that people sometimes would not understand purely ver-
bal concepts, as seeing things would ensure a certain feeling of 
safety. There would be evidences in the language, like speaking 
of visionaries or seers when talking about wise people [33]. This 
leftover can also be found in Dourish’s [8] description of coding 
signals in interactive systems. He argues that extracting infor-
mation content from a medium requires the ability to decode 
signals, which “[…] typically arises as variety of issues around the 
topic of ‘visibility’” [8, p. 165]. Dourish refers to the visibility of 
the activities from one person to another across time and space, 
or the system’s response to a user’s activity. Having put the term 
visibility in quotation marks himself, leads us to the assumption 
that the term does not perfectly fit; although it could be a coinci-
dence, this might still implicitly address the lack of appropriate 
terms for expressing the sensory effects of new media and subse-
quently of new materials. Thus, turning towards new materials, 
new media or environments not only requires explicit processes, 
but also new ways to express them. 

Through sensitively making use of new interaction possibil-
ities, which the electronic age provides, and establishing new 
ways of experiencing the interaction, design can help overcome 
the sensory deprivations. This also relates to McLuhan’s claim 
that new mediatic environments require new ways of interac-
tion, which will be discussed in detail in the following section. 
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The Old and the New. According to McLuhan and Fiore [33], new 
media require new ways of dealing with them, and new perspec-
tives to understand their effects.

The main obstacle to a clear understanding of the effects of the new 
media is our deeply embedded habit of regarding all phenomena from a 
fixed point of view. [33, p. 68]

They emphasize that the interplay between old and new 
environments would be problematic and confusing, as the new 
media would be forced to do the work of the old. People would 
rather stick to an asynchronous action-reaction mode, which has 
different time patterns than what the electronic age would sug-
gest; action and reaction would occur almost at the same time. 
Today, this is still true for e.g., some newspapers, which are pro-
vided online and issued on a daily basis, instead of being distrib-
uted continuously. However, there is a transition from the rather 
“static” newspaper to continuous news exchange, including the 
possibility for direct feedback in form of comments to the news-
paper entries. This complies with McLuhan’s and Fiore’s argu-
ment that media, and especially electric technology, reshape and 
restructure patterns of social interdependence and every aspect 
of our personal life [33]. A more subtle but similar perspective is 
provided by Dourish [9], who refers to a transformative mate-
riality of digital networks. Digital technologies intentionally or 
accidentally shape and modify physical or social environments, 
like WiFi networks shaping public spaces.

Following McLuhan’s claim to deal with new environments 
in new ways, one could ask whether the combination of the phys-
ical and the digital would be contradictory then, as the physi-
cal is what we traditionally dealt with, and the digital is the new 
environment’s material. However, designers’ awareness of the 
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constitution of the materials and the various ways to combine 
and work with them, will meet McLuhan’s claim.

So far, we reflected on several aspects McLuhan referred to, 
which we consider highly relevant in the context of materials in 
interaction design. According to McLuhan, media, which can be 
interpreted as materials representing content, are pervasively 
influencing human perception and impressions. However, sen-
sory impressions are not necessarily equal to sensory effects. 
While impressions are what the medium (the material) provides, 
the effect is rather the sense obtained [13]. Consequently, new 
media and materials require new ways of designing them in 
order to overcome perceptual leftovers from former media ages 
and to enable rich sensory effects. In the following we will thus 
focus on the effects of interactive media in detail. 

Affecting Artifacts: Interaction Design

In order to differentiate more clearly between the effects of mate-
rials on the users and the effects on the designers, we refer to 
Lim et al. [29], who distinguish between user experience, inter-
action gestalt, and interactive artifact. Lim et al. consider the 
interactive artifact to have properties, which are not equivalent 
to the usage qualities that the users experience. The designers’ 
task is thus to bridge this gap by translating interaction attri-
butes (like movement or connectivity) to the interactive artifact 
properties in order to shape the interaction, i.e., the interaction 
gestalt. Designers anticipate how a certain gestalt will be experi-
enced by the users. Or as Hallnäs and Redström [16] highlight, 
interaction design increasingly focuses on what we do with the 
interactive artifact (which is in their terminology the act that 
defines the intended use of things and systems), rather than 
the things as such.

5
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According to the model, which Lim et al. propose, the design-
ers translate and manifest attributes to the artifacts’ properties 
[29]. Nevertheless, the artifact properties need to play an active 
role in this process, like Fernaeus and Sundström emphasize: 

[…] in terms of interaction design, choices made on the technical level 
of tools and materials are essential not only in the fine-tuning, but also 
for achieving the fundamental properties of the envisioned design. 
[12, p. 494]

Thus, artifacts with their (im)material properties sensorily 
affect both the designers during the act of designing, and also 
the users while experiencing the artifact. In order to further 
illustrate the dependencies of materials, designers, and users, we 
will in the following section reflect on Bruno Latour’s Actor-Net-
work Theory (e.g., [26]), which also stresses the active role of 
artifacts.

Bruno Latour’s Actor-Network Theory (ANT)

Bruno Latour, a French sociologist and anthropologist, was sig-
nificantly involved in the development of the Actor-Network 
Theory. ANT describes the interplay between humans, and 
non-human actors. Non-human actors can be analogue artifacts, 
technology, or anything else (e.g., describing Pasteur’s agricul-
ture discovery of a vaccine against anthrax in terms of ANT was 
one of Latour’s first and most prominent examples).

The term activity is a central one in ANT, i.e., everyone and 
everything can be an actor as soon as he/she/it evokes an action 
of someone or something else. Thus, a network of actors emerg-
es, “whenever action is to be redistributed” [27], be it between 
humans, between human and non-human actors, or solely 
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between non-human artifacts (e.g., machine-2-machine commu-
nication). A behavior can be imposed onto humans by non-hu-
man delegates (e.g., technology), which is called prescription [25]. 
Actors are connected as soon as they influence each other, and 
this happens within a network, which they form in turn. As 
there are human and non-human actors, Latour calls it a hybrid 
network [24]. A network consists of associations, which have to 
be established. These associations define the relatedness of the 
actors within the network, and can be described with the terms 
collaboration, clash, addition, tension, exclusion, inclusion etc. 
Associations are also sometimes called tinkering, emphasizing 
the step-by-step activities performed by the actors [35]. 

[…] there is not a net and an actor laying down the net, but there is 
an actor whose definition of the world outlines, traces, delineate, limn, 
describe, shadow forth, inscroll, file, list, record, mark, or tag a trajec-
tory that is called a network. [24, p. 11]

Consequently, a network is not stable, but constituted by the 
actions of the actors involved. Besides the emphasis on activity, 
ANT also includes a methodological claim. Through describing 
all relations (actions, actors, etc.) in detail, an understanding of a 
phenomena is developed, theory is thus embedded and extended 
in empirical practice [28]. The detailed description of networks is 
the researchers’ task, and ANT provides the respective terminol-
ogy and methods.

In a later section we will illustrate what this methodological 
claim holds for interaction design research. Prior to this, we will 
discuss the connection between ANT, HCI, and especially mate-
rials in interaction design. 
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ANT and Materials. In HCI, there have been several references to 
ANT or Latour, e.g., [14, 15, 37, 40, 45]. Suchman [45], for exam-
ple, described among others machine agency referring to ANT. 
Besides the description of the interplay between users with tech-
nology as such, like Suchman used ANT for, we are focusing in 
the following on the interplay not only between technology and 
users, but between materials, designers, and users. 

If we consider materials and designers as influencing each 
other and thus forming a network, one might argue that the spe-
cific characteristic of HCI, the user perspective, needs to play a 
central role in this network too. In order to clarify the connec-
tions between materials, designers, and users, we again refer to 
Lim et al. [29]. Lim et al. outline that the designer anticipates 
how the interaction gestalt (i.e., the shape of the interaction) will 
be experienced by the users, and considers this in the design. 
This process of anticipating the users’ experiences with the arti-
fact or the interaction gestalt is called inscription in ANT. It is the 
designer’s or engineer’s effort to influence the user’s interaction 
in a specific way; however, the inscription can succeed or fail. 
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Figure 2 illustrates this network. It shows that the network con-
sists of different levels, i.e., the material, the interaction gestalt, 
and the interactive artifact. Furthermore, the designers and the 
users both are active parts in this network, but they are only 
connected with each other in a mediated way, i.e., only indirectly 
and asynchronically. The networks are thus of a dynamic nature, 
they emerge in activity, and are absent in disactivity.

In 2011, Latour held a keynote on network multidimension-
ality in the digital age at the international seminar on network 
theory. He related the digital to ANT, and argued that: 

[…] the expansion of digitality has enormously increased the material 
dimension of networks: the more digital, the less virtual and the more 
material a given activity becomes. [27, p. 8]

What he refers to is the material representation of the digi-
tal (“Go tell Google engineers that their vast array of servers are 
just virtual!” [27, p. 8]). When we focus on the network of design-
ers and materials, this means that the dependencies of materi-
als, their properties, and qualities are central in the respective 
actor-network. Viseu [49] puts it that way: 

[…] the objects themselves have competencies which must be taken 
into account. These competencies give them agency. [49] 

The activity of objects (or materials) depends on competen-
cies, and those competencies derive from the objects’ properties 
and qualities. What ANT can thus contribute to a theoretical 
framing of materials in interaction design is the perspective on 
the actors and the respective descriptions. In the following, we 
will bring together Latour’s and McLuhan’s considerations with 
interaction design. 



Materials, Materiality, and Media | 157

Interaction Design Linked 
to McLuhan & Latour

Having reflected on McLuhan’s work on media and Latour’s 
ANT, we are now transferring these theoretical notions to inter-
action design in HCI by sketching the junctures between them. 
We explicitly emphasize that the following sections do not pro-
vide practical implications; they rather illustrate a theoretical 
framing of materials in interaction design. 

Rich Sensory Effects Through New Media

McLuhan complained that the printed page separated, for exam-
ple, poetry and music [30]. Following McLuhan’s argumentation, 
materiality needs to be a holistic paradigm of feeling and sens-
ing the material, which allows also subtle peculiarities of mate-
rials to be recognized and used in design. As an example in the 
context of education, the importance of recognizing the “mate-
rial” as a substantial element in the learning process has been 
discussed by Friesen and Hug [13]. Friesen and Hug criticize that 
media are often used for conventional educational purposes, like 
having instructional media, which take over or complement the 
traditional role of a teacher. They claim that 

Instead, media need to be seen as thoroughly interpenetrating school 
and classroom, and educational practices and purposes. The implica-
tion is that education taken as a whole, needs to be radically re-thought 
in a sustained manner, from a mediatic perspective. [13, p. 85]

They emphasize the effects of media on educational out-
comes by arguing that the properties and qualities of new media 
cannot be neglected, and suggest to take the sensory effects, as 
described by McLuhan, as a starting point. Rich sensations that 
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can be achieved through the usage of specific materials and their 
interplay, go beyond pure physical stimuli. 

In an age of twitchspeed and twitter, multitasking and multimedia, 
such a radical exploration of alternative sensual orientations and sub-
ject constructions in education is both current and compelling. […] any 
purchase remaining for thought or practice to engage media and their 
determinations will be of no small value. [13, p. 99]

In our opinion, this is especially true for interaction design, 
which also requires a radical exploration of alternative sensa-
tions, which can only start in the design by experiencing and 
playing with the materials. Considering the interplay of sens-
es as a desirable state, which not only affects but also extends 
humans, spaces evolve to facilitate and understand this inter-
play. Interaction design faces the difficulty of designing sensory 
impressions, i.e., what the material can provide, in order to allow 
sensory effects. With the complexity of digital and physical mate-
rial, this is even more difficult, as the material itself sensorily 
affects the designer in various ways, or as Schön expresses it: 
“The designer designs not only with the mind but with the body 
and senses [...]” [42, p. 5]. Consequently, interaction design in 
HCI needs to assess the sensory effects the material has on the 
designer, acknowledge the qualities or properties of materials 
and design the sensory impressions in a way that they result 
in rich sensory effects for the users. Furthermore, dedicated 
material studies are necessary in design research to investigate 
the effects in different contexts, i.e., with different human and 
non-human actors.

Rich Ways of Interaction Through New Materials

McLuhan claimed to consider the historical and social context of 
media, but that does not mean to carry forward traditional ways 
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of interaction. It rather means that research needs to understand 
why certain media or materials led to specific ways of interaction 
in order to consciously identify new ways, which are enabled by 
new materials. About electric media, McLuhan and Fiore [33] say 
that they would have an active, exploratory quality, which would 
involve all senses – to be “with” them. For example, they argue 
that television demanded different sensory responses than 
for example printed media. However, the age of the Gutenberg 
Galaxy predetermined the sensory interaction with the “new” 
medium television. The same is true for digital materials: Using 
them in the tradition of physical materials will withhold maxing 
out the possibilities it would provide due to its immediacy (e.g., 
direct feedback), dimensionality (e.g., hyperlink structures), and 
especially multimediality and multimodality (e.g., addressing 
various senses).

The intertwining of historical contexts and new ways of 
interaction can be illustrated on basis of Fernaeus et al. [11], who 
examined the Jacquard Loom. This loom was a system, which 
was used to produce patterns of fabric in the early 19th centu-
ry. Fernaeus et al. discussed its qualities in terms of interaction 
design, like the role of physical materials for interacting with a 
system, or whole body interaction, which means that the loom 
explicitly involved the whole body when interacting with it. They 
assume that: 

Some of these [qualities] may be aspects that we value today but that 
were probably not considered significant at the time of its original use. 
[11, p. 1597]

The argumentation of Fernaeus and colleagues [11] thus 
includes two implications. First, interaction design should focus 
on qualities of the material, as the qualities constrain and enable 
certain ways of interaction. Second, looking into the past can 



160

help us making those subtle processes visible. The perspective 
of Ferneaus et al. fits McLuhan’s claim to understand former 
ways of interaction, while concurrently recognizing the materi-
al’s potentials and constraints. Their strong focus on whole body 
interaction might have delighted McLuhan, as the human senses 
are addressed in a comprehensive way. They also argue that the 
Jacquard Loom was a predecessor of modern day computers, as it 
worked with punched cards which define the patterns of fabric. 
However, they were criticized by Reeves [38] for not discussing 
the fundamental difference between analogue and digital com-
puting sufficiently.

Combining Reeves’ with Ferneaus and colleagues’ findings 
would finally comply to what McLuhan considered relevant. On 
the one hand, understanding the ways of interaction in preceding 
media or technology cultures can help us to provide new ways of 
interaction. On the other hand, it needs to be acknowledged that 
the new materials need new ways of interaction, which neverthe-
less can integrate formerly used interaction techniques. Ishii et 
al. [21] even go one step further: they propose Perfect Red, being 
what they call radical atoms. Perfect Red would be a new design 
material, which would change dynamically and have a complex 
set of responsive behaviors. Although Perfect Red is currently 
only a fictional material, representing a possible substance, Ishii 
et al. explored the interactions that would be possible with this 
material. However, in contrast to McLuhan, they begin with the 
exploration of new ways of interaction even if the corresponding 
physical material itself has not been invented.

Recognizing that new materials provide new ways of interac-
tion seems to be self-evident at a first glance. However, the var-
ious perspectives on how to explore and develop the new ways 
of interaction as well as how to integrate former ways result in 
a vast complexity. McLuhan ascribes the ability for creatively 
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managing this complexity to artists, probably due to the fact 
that interaction design has not been prominent at his time. He 
assumes that: 

[…] inherent in the artist’s creative inspiration is the process of sub-
liminally sniffing out environmental change. It’s always been the artist 
who perceives the alterations in man caused by a new media, who rec-
ognizes that the future is the present, and uses his work to prepare the 
ground for it. [31]

Consequently, the difference between an artist and a designer 
needs to be the level of consciousness. While the artist might 
succeed in his work by subliminally apprehending the environ-
mental changes, the designer also needs to explicitly recognize, 
explore and understand the new environment in terms of digi-
tal and physical materials. In HCI, this is formalized by Research 
through Design, both theoretically (e.g., [52, 53]), and practically 
(e.g., [12, 46]). Fernaeus and Sundström [12] indicate that: 

[…] there is no coincidence that the more successful interaction designs 
are built on deep technical understandings of the specific materials 
worked with […]. [12, p. 488]

They rescind McLuhan’s concerns that humans are only con-
sciously aware of the environment that has preceded it [31]. One 
could argue that McLuhan refers to the environment, and not 
to the specific material, which would make the argument obso-
lete. Nevertheless, if we consider the environment in McLuhan’s 
sense as the media, or the ground that surrounds the figure, it 
also encompasses the materials interaction design works with. 



162

A Network of Materials, Designers, and Users

Regarding the mediating role of artifacts between humans, 
McLuhan argued that: 

Manuscript culture is conversational if only because the writer and his 
audience are physically related by the form of publication as perfor-
mance. [30, p. 84]

This relation can also be described in terms of ANT. As the 
writer influences the audience, also over time, they form a net-
work. This network would in addition to the writer and the read-
er consist of further actors, like the text, or the paper form of the 
manuscript. 

Whenever an action is conceived as networky, it has to pay the full 
prize of its extension, it’s composed mainly of voids, it can be inter-
rupted, it is fully dependent on its material conditions […]. [27, p. 8]

Latour, hereby, refers to the complexity of the networks, 
bringing along a difficulty in describing them thoroughly. How-
ever, the benefit of identifying the network lies in the detailed 
description of the connection between the actors, which includes 
also the materials in an active role. In interaction design this 
means that designers are impressed by the materials in a very 
different way than users, as they for example are inspired and/
or constrained by the potential for crafting them. The users are 
influenced by the materials (or interaction gestalt, or interactive 
artifact), which direct them to reach a goal, be it efficient per-
formance and/or having positive user experiences. Nevertheless, 
the designers and users influence each other indirectly; their 
network is mediated.

7.3
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Regarding the designer’s role in anticipating or inscribing 
the users’ experiences into the materials or the artifact, Latour 
refers to blinking text cursors (e.g., in text editors): 

As for the computer user input, the cursor might flash forever without 
the user being there or knowing what to do. There might be an enor-
mous gap between the prescribed user and the user-in-the-flesh […]. 
[25, p. 237] 

Latour hereby refers to Don Norman’s Gulf of Execution, 
which he considers “[…] an excellent introduction to the study 
of the tense relations between inscribed and real users” [25, p. 
257]. However, Latour expresses regrets that Norman only refers 
to dysfunctions in the interface with the final user, instead of 
considering the shaping of the artifact by the engineers or the 
designers themselves. This is exactly what we can achieve with 
referring to ANT as theoretical framing; it can provide an instru-
ment for describing the dynamic networks. The material, the 
designer, and the user have active parts in those networks, which 
do not require a priori definitions of the roles in the development 
process of any interaction system. Although McLuhan would 
argue for exclusively taking the new material into account, the 
historical and social contexts need to be described in the net-
works as well, as long as they affect the current design or usage. 
This will facilitate understanding the effects of the materials on 
designers and users, and contribute to consciously explore and 
comprehend the new environment for designing new ways of 
interaction.

The descriptions of these networks can finally also be regard-
ed as the methodological grounding for interaction design 
research. For instance, Zimmerman and Forlizzi [52] claimed for 
research programs, which focus on research through design, to 
nurture multidisciplinary and cross-disciplinary insights into 
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design and HCI, creating a body of examples for the commu-
nity to build on. In order to contribute to that claim, it seems 
to be promising to take the perspectives of networks in the 
sense of ANT. 

Doing Research Through Describing Design

Both McLuhan and Latour argue for a descriptive investigation 
of situations, networks, or interactions. While McLuhan does 
not follow any paradigm or theory in doing so, Latour grounds 
his methodological claim in ANT. Fully established descriptions 
are the method used in ANT, and these descriptions do not need 
further explanations: “If a description remains in the need of 
an explanation, it means that it is a bad description” [26, p. 137]. 
However, he also admits that: 

To describe, to be attentive to the concrete state of affairs, to find the 
uniquely adequate account of a given situation, I myself have always 
found this incredibly demanding. [26, p. 144]

According to ANT, the more details the description compris-
es, the better the scientific analysis is, which is expressed simi-
larly in research through design. Zimmerman et al. [54] call for 
a proper research methodology, realized for example by rigorous 
documentation of progress and evolution of research through 
design projects. 

Such documentation should preferably cover the whole process from 
problem framing and the idealized preferred state to the final outcome. 
[54, p. 316]

Furthermore, research examples, which are describing 
and examining the intentional choice and use of the research 
through design approach as a methodology and process would be 
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needed. However, there is still the discussion of how to formal-
ize research through design (e.g., standards, processes) in order 
not to restrict “the ability to continually and creatively challenge 
status quo thinking”, which characterizes design research [14]. 
Gaver [14] argues that convergence cannot be the basis for a the-
oretical foundation in design, but discursiveness and elabora-
tion, as well as a specific set of detailed design examples. Accord-
ing to Gaver, describing design examples should be the core of 
design research. ANT’s methodological claim thus complies with 
Gaver’s notions of research through design, but also with the 
need for rigorous documentation of progress and evolution of 
research through design projects. ANT would explicitly include 
the activity of the involved actors into the descriptions, i.e., of 
materials, designers and users. It would provide a common way 
of describing the design examples, and thus facilitate a shared 
understanding especially in the materiality discourse.

Conclusion

The junctures between Latour’s and McLuhan’s work and inter-
action design described above have the potential to strengthen 
the theoretical framing of the materials in interaction design 
by providing a perspective on materials, which equally inte-
grates the activity of materials, designers and users. The strong 
emphasis on the effects of media on both designers and users 
allows to explicitly focus on, and design for new ways of inter-
action. Describing the design process in terms of a network 
reveals not only the important role of the materials as actors, 
but also unconscious design assumptions, procedures and con-
straints, which were induced by former materials or interactions. 
Research through design already claimed descriptions of design 
processes as outcome of design research. However, the discus-
sion about how this will lead to theory in interaction design has 

8
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not resulted in agreement. If we consider descriptions in ANT’s 
sense being the scientific outcome, the theoretical framing might 
be strengthened. We are thus convinced that both McLuhan and 
Latour are valuable references in the materiality discourse, fore-
most by avoiding a priori assumptions about the role of materi-
als, the designer, or the user to the benefit of describing activity 
caused by either human or non-human actors.

Within this paper, we discussed several theoretical glimps-
es, which we consider being a basis for further discussions, con-
cerns, and additions. Our prospective work will, for instance, 
include a discussion of McLuhan’s and Latour’s work in respect 
to Hallnäs’ and Redström’s function-expression circle [16], which 
has several analogies to McLuhan’s media analysis and Latour’s 
actor-networks, as well as a reflection on the idea of becoming-
ness [3] in terms of sensory effects and impressions. This paper 
aimed at identifying elements for a theoretical framing of mate-
rials in interaction design based on Latour and McLuhan in order 
to facilitate the materiality discourse in HCI; when opening up 
such a reflection, a variety of topics for discussions and links to 
related notions emerges, which hopefully not only encourages us 
to proceed, but also inspires other HCI researchers to contribute 
to this discourse.
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Abstract. This is a work-in-progress, 
in which we theoretically reflect on 
notions of materiality from Interac-
tion Design research and the scien-
tific field of textual studies to discuss 
what it means to work with digital 
materials, and what their materiali-
ty is. We found that several notions 
entail a layered concept of material-
ity. We will discuss the “ontological 
immateriality” of the digital and the 
“phenomenological materiality” that 
emerges through interaction. Thus, 
design is necessarily engaged with 
combining materials and experienc-
ing the materialities that emerge 
from the interactive artifact.
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Abstract 
This is a work-in-progress, in which we theoretically 
reflect on notions of materiality from Interaction Design 
research and the scientific field of textual studies to 
discuss what it means to work with digital materials, 
and what their materiality is. We found that several 
notions entail a layered concept of materiality. We will 
discuss the “ontological immateriality” of the digital and 
the “phenomenological materiality” that emerges 
through interaction. Thus, design is necessarily 
engaged with combining materials and experiencing the 
materialities that emerge from the interactive artifact. 

Introduction 
In Interaction Design (IxD), there is an ongoing debate 
about materials and materiality (see e.g., [13]). The 
material used in IxD is characterized by its ability to 
change between states [10], bringing along a 
complexity in understanding the dynamics of the 
material. The goal of IxD is to provide the user with a 
desired experience, which is enabled by the interactive 
artifact, or rather the interaction gestalt that emerges 
between the user’s experience and the interactive 
artifact [6]. The challenge that is inherent to the 
complexity of these design materials may concern 
conceiving, refining and communicating design ideas, 
especially when we talk about immaterial material [7], 
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1  The terms “immateri-
al”,“digital” and “computa-

tional” materials are often 
used synonymously in liter-
ature. They mainly indicate 
some form of intangibility 

of materials, e.g., [7] refer to 
the immaterial material of 
software, while [9] refer to 
radio either as immaterial 

or digital material.
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Introduction

In Interaction Design (IxD), there is an ongoing debate about 
materials and materiality (see e.g., [13]). The material used in 
IxD is characterized by its ability to change between states [10], 
bringing along a complexity in understanding the dynamics of 
the material. The goal of IxD is to provide the user with a desired 
experience, which is enabled by the interactive artifact, or rather 
the interaction gestalt that emerges between the user’s experi-
ence and the interactive artifact [6]. The challenge that is inher-
ent to the complexity of these design materials may concern 
conceiving, refining and communicating design ideas, especially 
when we talk about immaterial material [7], computational or 
digital material.1 Their material properties may be invisible for 
all practical purposes [9], complicating an effective conversation 
with the material of software [7, 8]. However, what does material 
actually mean regarding the digital? What is materiality? What 
are materialities of the things we are working with and how can 
we talk about them? 

We reflect on notions of materiality in IxD, as well as textu-
al studies, a scientific field that is concerned with the creation 
and consumption of texts in material form. Our motivation is 
grounded in what Wardrip-Fruin stated: “When studying a work 
of digital literature […] we must operate with some model […] of 
the work’s elements and structures – one which foregrounds cer-
tain aspects while marginalizing others.” ([12], p. 164) We aim to 
reflect on the structure of materials and materiality, approach-
ing a model that supports articulation and communication of 
the constant interplay of digital and non-digital design material.
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Layers of Materiality

The Hybrid Status of Born-Digital. Regarding digital collections 
of writers’ archives, Kirschenbaum et al. [5] start with the ques-
tion of what is collected when we refer to digital materials, e.g., 
is it the physical hardware and storage media, or the binary data 
it contains? In order to label artifacts that came into being only 
in a digital way (e.g., writing an email), they refer to born-dig-
ital artifacts, in contrast to those that were digitalized (e.g., a 
scanned paper text). The born-digital artifacts, however, are 
assumed to have a hybrid status, as they require some form of 
analogue material to be conceived or collected (Figure 1). 

Phenomenological Materiality vs. Ontological Immateriality. 
Drucker [1] argues that electronic media push the examination 
of form to the limit of its existence as binary code. She raises 
the question how graphical and visual features of single letters 
need to be considered as textual “information” in an electronic 
environment. In electronic media, there is no necessary relation 
between the material form of input and output, as it is possible 
to imagine a letter or text outside or independent of any specific 
embodied form. Referring to Kirschenbaum, she distinguishes 
between “phenomenological materiality” of the text, and the 
“ontological immateriality” of its existence [1] (Figure 2). Thus, 
the information itself is immaterial, but as soon as it is in-the-
world, it is a form of materiality. Although it is possible to imag-
ine the existence of a digital material (e.g., concept of a letter) 
independent of any specific form, thinking of what it is may 
already rely on an embodied form and aesthetics. An interaction 
(i.e., design and use) with the “pure” digital thus requires this spe-
cific embodied form. 

2

 

computational or digital material1. Their material 
properties may be invisible for all practical purposes 
[9], complicating an effective conversation with the 
material of software [7],[8]. However, what does 
material actually mean regarding the digital? What is 
materiality? What are materialities of the things we are 
working with and how can we talk about them?  

We reflect on notions of materiality in IxD, as well as 
textual studies, a scientific field that is concerned with 
the creation and consumption of texts in material form. 
Our motivation is grounded in what Wardrip-Fruin 
stated: “When studying a work of digital literature […] 
we must operate with some model […] of the work’s 
elements and structures – one which foregrounds 
certain aspects while marginalizing others.” ([12], p. 
164) We aim to reflect on the structure of materials 
and materiality, approaching a model that supports 
articulation and communication of the constant 
interplay of digital and non-digital design material.  

Layers of Materiality 
The Hybrid Status of Born-Digital 
Regarding digital collections of writers’ archives, 
Kirschenbaum et al. [5] start with the question of what 
is collected when we refer to digital materials, e.g., is it 
the physical hardware and storage media, or the binary 
data it contains? In order to label artifacts that came 
into being only in a digital way (e.g., writing an email), 
they refer to born-digital artifacts, in contrast to those 
that were digitalized (e.g., a scanned paper text). The 
                                                   

1 The terms “immaterial“,“digital“ and “computational” materials 
are often used synonymously in literature. They mainly 
indicate some form of intangibility of materials, e.g., [7] refer 
to the immaterial material of software, while [9] refer to radio 
either as immaterial or digital material.  

born-digital artifacts, however, are assumed to have a 
hybrid status, as they require some form of analogue 
material to be conceived or collected (Figure 2).  

Phenomenological Materiality vs. Ontological 
Immateriality 
Drucker [1] argues that electronic media push the 
examination of form to the limit of its existence as binary 
code. She raises the question how graphical and visual 
features of single letters need to be considered as textual 
“information” in an electronic environment. In electronic 
media, there is no necessary relation between the 
material form of input and output, as it is possible to 
imagine a letter or text outside or independent of any 
specific embodied form. Referring to Kirschenbaum, she 
distinguishes between “phenomenological materiality” of 
the text, and the “ontological immateriality” of its 
existence [1] (Figure 1). Thus, the information itself is 
immaterial, but as soon as it is in-the-world, it is a form of 
materiality. Although it is possible to imagine the 
existence of a digital material (e.g., concept of a letter) 
independent of any specific form, thinking of what it is 
may already rely on an embodied form and aesthetics. 
An interaction (i.e., design and use) with the “pure” 
digital thus requires this specific embodied form.  

Computational Composites 
Computational composites [11] offer a material 
perspective on computers and explain how their 
changing states may manifest in the physical form of 
tangible or intangible materials. The computer only gets 
useful properties if it is combined with other materials, 
i.e., computations need to be associated with other 
materials (e.g., physical material) to have specific 
properties, such as reversibility or connectability [10], 
and a specific structure. The computational composite’s 
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computational or digital material1. Their material 
properties may be invisible for all practical purposes 
[9], complicating an effective conversation with the 
material of software [7],[8]. However, what does 
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materiality? What are materialities of the things we are 
working with and how can we talk about them?  
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Our motivation is grounded in what Wardrip-Fruin 
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1 The terms “immaterial“,“digital“ and “computational” materials 
are often used synonymously in literature. They mainly 
indicate some form of intangibility of materials, e.g., [7] refer 
to the immaterial material of software, while [9] refer to radio 
either as immaterial or digital material.  

born-digital artifacts, however, are assumed to have a 
hybrid status, as they require some form of analogue 
material to be conceived or collected (Figure 2).  
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materiality. Although it is possible to imagine the 
existence of a digital material (e.g., concept of a letter) 
independent of any specific form, thinking of what it is 
may already rely on an embodied form and aesthetics. 
An interaction (i.e., design and use) with the “pure” 
digital thus requires this specific embodied form.  

Computational Composites 
Computational composites [11] offer a material 
perspective on computers and explain how their 
changing states may manifest in the physical form of 
tangible or intangible materials. The computer only gets 
useful properties if it is combined with other materials, 
i.e., computations need to be associated with other 
materials (e.g., physical material) to have specific 
properties, such as reversibility or connectability [10], 
and a specific structure. The computational composite’s 
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Electronic Texts are Cookies. Similarly, Hayles [3] argues that an 
“[…] electronic text literally does not exist if it is not generated 
by the appropriate hardware running the appropriate software. 
[…] an electronic text is a process rather than an object, although 
objects (like hard- and software) are required to produce it.” 
([3], p. 79) The digital computer is thus not entirely digital. She 
considers it having an Oreo cookie-like structure with an ana-
logue bottom, a frothy digital middle (where fragmentations 
and recombinations take place), and an analogue top ([4]; Figure 
4). She emphasizes that it is impossible to create an electronic 
work without grasping the significance of the work as a materi-
alist production. Materiality is not just an “[…] inert collection 
of physical properties, but a dynamic quality that emerges from 
the interplay between the text as a physical artifact, its concep-
tual content, and the interpretive activities of readers and writ-
ers. Materiality can thus not be specified in advance; rather, it 
occupies a borderland […] joining the physical and mental, the 
artifact and the user.” ([3], p. 72) 
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associated with other materials (e.g., physical material) to have 
specific properties, such as reversibility or connectability [10], 
and a specific structure. The computational composite’s front 
allows changing the state in the composite through the com-
puted result (the output), while the rear side is the access to the 
input stream (e.g., algorithms, data) [11] (Figure 3). 
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that it is impossible to create an electronic work without 
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production. Materiality is not just an “[…] inert collection 
of physical properties, but a dynamic quality that emerges 
from the interplay between the text as a physical artifact, 
its conceptual content, and the interpretive activities of 
readers and writers. Materiality can thus not be specified 
in advance; rather, it occupies a borderland […] joining 
the physical and mental, the artifact and the user.” ([3], 
p. 72)  

Interaction Gestalt 
We see the concept of the interaction gestalt as a 
multiple layer concept. According to Lim et al. [6], an 
interaction is an abstract entity that emerges between 
the interactive artifact and the user’s experiences. 
Additionally, also the interaction gestalt results from 
the design [6]. Drawing on this concept, we previously 
added another layer, i.e., the material [2] (Figure 5). 
Thus, from a design perspective, three interdependent 

layers need to be considered: the material, the 
interactive artifact, and the interaction gestalt.  

Discussion 
Through analyzing the above-described notions, we 
derived two themes. Those are of specific relevance for 
the conceptualization, articulation and communication 
regarding digital materials and their materialities.  

There is Nothing Entirely Digital 
A commonality of the concepts presented in this paper 
is their reliance on multiple layers that compose the 
materials worked within IxD. The combination of 
materials, i.e., the digital (or computation) with an 
“other material” (analogue) was mentioned in all 
concepts, as the digital represents an ontological 
immateriality, which gets its phenomenological 
materiality through interacting with it. The level of 
detail in the concepts is though differing, e.g., some 
concepts argue for analogue bottoms and tops [3] (or 
fronts and rears [11]) that are “glued” together by 
computations [11]. Similarly, considering an electronic 
text as a process [3] may express this dynamic, state-
change inducing property of the digital.  

Materials are There, Materialities Emerge  
Phenomenological materiality is what we aim at in IxD, 
if we take Kirschenbaum’s distinction as a basis [1]. It 
is the materiality that is emerging through one’s being 
in the world, which we aim to affect with design. The 
digital materials, which we are working with, however, 
seem to not exist as long as they are not combined, 
added, or enriched with other materials. As such, the 
“digital” material only exists as ontological immaterial, 
which gets its phenomenological materiality initially for 
the designer in the process of defining combinations 
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Interaction Gestalt. We see the con-
cept of the interaction gestalt as a 
multiple layer concept. According 
to Lim et al. [6], an interaction is an 
abstract entity that emerges between 
the interactive artifact and the user’s 
experiences. Additionally, also the 
interaction gestalt results from the 
design [6]. Drawing on this concept, 
we previously added another layer, 
i.e., the material [2] (Figure 5). Thus, 
from a design perspective, three 
interdependent layers need to be con-
sidered: the material, the interactive 
artifact, and the interaction gestalt. 

3

 

(computing and adding further materials), to finally 
allow the user to experience the artifact’s and 
interaction gestalt’s emerging materialities.  

Conclusion 
In this work-in-progress, we identified two themes: 
First, although we may imagine the existence of a 
digital material, any form of (mental, physical) 
engagement with and communication about it requires 
an embodied form. Second, materials is what we work 
with, materiality is what emerges through design or 
usage. The perception of digital material is only 
possible through combinations with other materials, 
allowing the emergence of materialities in an 
interaction. Thus, it is crucial for interaction designers 
to be aware that we can never directly manipulate the 
digital material. Whenever we design digital or 
computational artifacts we deal with specific and 
subjective physical embodiments of the digital. 
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Discussion

Through analyzing the above-described notions, we derived two 
themes. Those are of specific relevance for the conceptualization, 
articulation and communication regarding digital materials and 
their materialities. 

There is Nothing Entirely Digital. A commonality of the concepts 
presented in this paper is their reliance on multiple layers that 
compose the materials worked within IxD. The combination of 
materials, i.e., the digital (or computation) with an “other mate-
rial” (analogue) was mentioned in all concepts, as the digital rep-
resents an ontological immateriality, which gets its phenomeno-
logical materiality through interacting with it. The level of detail 
in the concepts is though differing, e.g., some concepts argue for 
analogue bottoms and tops [3] (or fronts and rears [11]) that are 
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“glued” together by computations [11]. Similarly, considering an 
electronic text as a process [3] may express this dynamic, state-
change inducing property of the digital. 

Materials are There, Materialities Emerge. Phenomenological 
materiality is what we aim at in IxD, if we take Kirschenbaum’s 
distinction as a basis [1]. It is the materiality that is emerging 
through one’s being in the world, which we aim to affect with 
design. The digital materials, which we are working with, how-
ever, seem to not exist as long as they are not combined, added, 
or enriched with other materials. As such, the “digital” material 
only exists as ontological immaterial, which gets its phenome-
nological materiality initially for the designer in the process of 
defining combinations (computing and adding further mate-
rials), to finally allow the user to experience the artifact’s and 
interaction gestalt’s emerging materialities. 

Conclusion

In this work-in-progress, we identified two themes: First, 
although we may imagine the existence of a digital material, any 
form of (mental, physical) engagement with and communication 
about it requires an embodied form. Second, materials is what 
we work with, materiality is what emerges through design or 
usage. The perception of digital material is only possible through 
combinations with other materials, allowing the emergence of 
materialities in an interaction. Thus, it is crucial for interaction 
designers to be aware that we can never directly manipulate the 
digital material. Whenever we design digital or computational 
artifacts we deal with specific and subjective physical embodi-
ments of the digital.
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Capturing the In-Between of 
Interactive Artifacts and Users

A Materiality-Centered Approach

Abstract. The materiality of interactive artifacts 
concerns, on one hand, design materials and activ-
ities, while on the other hand, it is strongly related 
to the users experiencing the materiality. Howev-
er, current approaches to investigate the material 
and the user perspective face several shortcomings, 

as they focus on either the human or the artifact. 
In our paper, we describe a materiality-centered 
data analysis approach that puts the user and the 
artifact equally in the center of attention. Based 
on Actor-Network Theory and Bruno Latour’s 
thoughts on monads, we provide examples stem-
ming from interactions in an industrial fabrication 
plant in order to illustrate the potentials of such a 
“monadological” approach for accessing materiali-
ty from a user and artifact perspective. We show 
that this approach allows alternating between a 
human- and an artifact-oriented perspective that 
finally leads to the identification of material attri-
butes of actors that are less obvious. 
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ABSTRACT
The materiality of interactive artifacts concerns, on one hand,
design materials and activities, while on the other hand, it
is strongly related to the users experiencing the materiality.
However, current approaches to investigate the material and
the user perspective face several shortcomings, as they focus
on either the human or the artifact. In our paper, we describe a
materiality-centered data analysis approach that puts the user
and the artifact equally in the center of attention. Based on
Actor-Network Theory and Bruno Latour’s thoughts on mon-
ads, we provide examples stemming from interactions in an
industrial fabrication plant in order to illustrate the potentials
of such a “monadological” approach for accessing material-
ity from a user and artifact perspective. We show that this ap-
proach allows alternating between a human- and an artifact-
oriented perspective that finally leads to the identification of
material attributes of actors that are less obvious.
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INTRODUCTION
In 2012, Jung and Stolterman critically reflected on the role
of form and materiality in Interaction Design [21]. Al-
though valuing its benefits, they criticized User-Centered De-
sign (UCD) for focusing on functionality that determines
the form and aesthetics of an interactive artifact. They pro-
pose a new approach, i.e., form-driven interaction design re-
search, in order to emphasize form and materiality of in-
teractive artifacts as part of Interaction Design, not leaving
these aspects to engineering and production. Consequently,
they claim an artifact-oriented perspective rather than a purely
user-centered one [21].
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Similarly, Wiberg [44] proposes to study interaction design
through a material lens, as materials are the fundamental
components of any computational composition. The current
material turn is characterized by revisiting the core of the
subject and acknowledging the material dimension of interac-
tion design, i.e., the materials we relate to and interact with in
design and usage of interactive artifacts. In order to stress the
importance of material studies [44] (or an orientation towards
form and materiality [21]), the agenda of this notion’s advo-
cates is explicitly distinct from user-centered perspectives.

Wiberg [44] suggests “materiality” as an analytical lens, but
at the same time discerns a lack of systematic studies of meth-
ods that allow exploring interaction design research through
such a lens. In a User-Centered Design tradition, there would
be a variety of such studies, which, however, do not focus
on the material aspects. What still unites design and research
efforts in user-centered and artifact-oriented studies is the ac-
knowledgement of the relationship between the artifact and
the user. Therefore, the notion of materiality is currently ad-
vanced and applied in Human-Computer Interaction (HCI)
and Interaction Design, which is – although vaguely – indi-
cating the relevance of material and individual aspects char-
acterizing this relationship.

However, how can we capture the perspectives of both users
and artifacts for and in design? What approaches to data col-
lection and analysis are appropriate to orient studies towards
humans and artifacts to capture what is in between them?
How would a materiality-centered approach look like? In
order to answer these questions, we will subsequently out-
line approaches to investigate human-computer interaction,
which focus on users and their requirements. According to
an artifact-oriented perspective, we will then shift our focus
to related work of materiality, discussing the shortcomings
of current approaches to capture the importance of materials
used in interactive artifacts and their resulting materiality.

Afterwards, we will provide a methodological proposal that
allows an alternating focus on either humans or artifacts (or
materials) according to the scope of the respective study. Our
methodological proposal is based on Bruno Latour’s current
refinements on Actor-Network Theory (ANT; e.g., [24]) to-
wards monads [26] as an analytical approach. Therefore, we
will give a brief overview of ANT and monads and describe
in detail why we think that this notion may help us overcome
shortcomings of current approaches, such as separated foci
on either humans or artifacts.
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Introduction

In 2012, Jung and Stolterman critically reflected on the role of 
form and materiality in Interaction Design [21]. Although valu-
ing its benefits, they criticized User-Centered Design (UCD) for 
focusing on functionality that determines the form and aesthet-
ics of an interactive artifact. They propose a new approach, i.e., 
form-driven interaction design research, in order to emphasize 
form and materiality of interactive artifacts as part of Interac-
tion Design, not leaving these aspects to engineering and pro-
duction. Consequently, they claim an artifact-oriented perspec-
tive rather than a purely user-centered one [21]. 

Similarly, Wiberg [44] proposes to study interaction design 
through a material lens, as materials are the fundamental com-
ponents of any computational composition. The current materi-
al turn is characterized by revisiting the core of the subject and 
acknowledging the material dimension of interaction design, 
i.e., the materials we relate to and interact with in design and 
usage of interactive artifacts. In order to stress the importance 
of material studies [44] (or an orientation towards form and 
materiality [21]), the agenda of this notion’s advocates is explicit-
ly distinct from user-centered perspectives. 

Wiberg [44] suggests “materiality” as an analytical lens, but 
at the same time discerns a lack of systematic studies of meth-
ods that allow exploring interaction design research through 
such a lens. In a User-Centered Design tradition, there would be 
a variety of such studies, which, however, do not focus on the 
material aspects. What still unites design and research efforts 
in user-centered and artifact-oriented studies is the acknowl-
edgement of the relationship between the artifact and the user. 
Therefore, the notion of materiality is currently advanced and 
applied in Human-Computer Interaction (HCI) and Interaction 
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Design, which is – although vaguely – indicating the relevance of 
material and individual aspects characterizing this relationship.

However, how can we capture the perspectives of both users 
and artifacts for and in design?  What approaches to data col-
lection and analysis are appropriate to orient studies towards 
humans and artifacts to capture what is in between them?  How 
would a materiality-centered approach look like?  In order to answer 
these questions, we will subsequently outline approaches to 
investigate human-computer interaction, which focus on users 
and their requirements. According to an artifact-oriented per-
spective, we will then shift our focus to related work of mate-
riality, discussing the shortcomings of current approaches to 
capture the importance of materials used in interactive artifacts 
and their resulting materiality. 

Afterwards, we will provide a methodological proposal that 
allows an alternating focus on either humans or artifacts (or 
materials) according to the scope of the respective study. Our 
methodological proposal is based on Bruno Latour’s current 
refinements on Actor-Network Theory (ANT; e.g., [24]) towards 
monads [26] as an analytical approach. Therefore, we will give a 
brief overview of ANT and monads and describe in detail why 
we think that this notion may help us overcome shortcomings 
of current approaches, such as separated foci on either humans 
or artifacts. 

In order to clarify its practical value, we will go through 
several examples of monads (i.e., actor-networks) in the very 
specific context of a factory, as we have been confronted with a 
material phenomenon there (i.e., the transition from purely phys-
ical artifacts to digital-physical composites for the employees to 
interact with). By illustrating these examples, we demonstrate 
the potential of monads as an analytical approach for better 
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understanding materiality as it occurs to users. In the end of the 
paper, we will discuss potential implications of this materiali-
ty-centered approach for research in HCI and Interaction Design. 

Related Work

Approaches to Understand Human-Computer Interaction

In order to investigate how users interact with technology, there 
is a variety of approaches available, each of which has particular 
opportunities and challenges (e.g., [3, 5, 28, 19]). In earlier days of 
HCI, the focus was on measuring task-related parameters to find 
out how well a technology supports a user in the execution of a 
task. Since then, attention shifted to experience-related aspects 
[28], taking into account that, for instance, not only efficiency is 
important, but also the satisfaction of any individual goal. This 
shift is reflected by the third-wave HCI, which is characterized 
by its interest in broad use contexts (e.g., home, everyday life) 
and application types. Accordingly, the user’s culture, emotion, 
and experience are central [6]. The goal of the respective design is 
not simply how people can get their work done, but how they can 
create their own meanings and uses for the system [12]. 

One focus in HCI is on user requirements, referring to the 
consideration of users’ needs and capabilities in the design of 
interactive systems. A growing variety of methods are available 
to assess these requirements (e.g., to be found in textbooks [3, 7, 
23, 28], in descriptions of the application of such methods [30, 31, 
34] or method refinements, such as integrating supplementary 
materials like maps to inform interviews [4]). 
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Also, the situatedness (e.g., situated action, as coined by 
Suchman [37]) and contextual embeddedness of interactions 
(e.g., [12]) are emphasized in user research, which is particular-
ly considered in ethnomethodological approaches, such as eth-
nography (e.g., [11, 37]) or contextual inquiry (e.g., [5, 19]). For 
instance, ethnographic approaches are applied to investigate 
what people do, how they organize action, and interaction in 
areas that are relevant for system design [10]. 

Being grounded in social sciences, ethnographic approach-
es aim to understand the human or the human’s agency; in her 
seminal work on situated action, Suchman already emphasized 
that every course of action essentially depends upon its materi-
al and social circumstances [37]. This means that abstract views 
on action, apart from the context and situation of the interac-
tion, may fall short in providing an embracing understanding. 
Additionally, new approaches of ethnography in design engage 
designers in a critical dialogue that is based on cultural interpre-
tations of everyday settings, activities, and artifacts. [10]

From Materials to Materiality

The current emphasis on material aspects of artifacts in HCI 
and Interaction Design (including physical, computational, and 
digital materials), brings along a variety of discussions related to 
qualities and properties of materials that affect both the design-
ers (e.g., [14, 33]) and the users of interactive artifacts (e.g., [15]). 
With physical material, we refer to the constituents of the physi-
cal form of things, e.g., their three-dimensional shape (e.g., [40]). 
Computational material is needed for creating a design’s tempo-
ral form, i.e., it is an act of programming [40]. What we mean by 
digital materials is the information that is generated, collected, 
managed, distributed, and employed [13]. Hence, making and 
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using interactive artifacts [21] are included in the materials dis-
course. Making refers to the act of instantiating a design, using 
either physical or digital materials (e.g., [33]). Using refers to 
users’ practices that, for instance, are changing with the increas-
ing availability of digital materials (e.g., legacy aspects [17]). 

Besides the distinction between physical and digital materi-
als, their interplay is also often discussed (e.g., [21, 14]), such as 
their potentially complementary nature (e.g., [41]). Crabtree and 
Rodden [9] even talk about a physical-digital divide, which they 
seek to overcome by hybrid ecologies, i.e., a new class of digital 
ecology that merges multiple digital and physical environments. 
Vallgårda and Redström [41] introduced the concept of compu-
tational composites, meaning that computations require a com-
plement consisting of other materials to come to expression as 
materials. Rosner et al. [35] argue that neglecting the digital/
physical boundary, but staying with the action, is beneficial, for 
instance, regarding material traces in design processes. 

Regarding methodological approaches to study the material-
ity of interactions, Wiberg [44] distinguishes four levels of mate-
rial analysis, i.e., materials, details, texture, and wholeness. All 
levels are exclusively addressing the act of designing, except for 
wholeness, which, for instance, also includes contextual studies 
or ethnography to analyze materials depending on their social, 
organizational, and cultural context [44]. In this perspective, a 
user is part of the context a material is used in, putting the main 
emphasis on material aspects of interactive artifacts. 

However, it is not only the material point of view, that is of 
relevance (i.e., the abstract and ineffable digital stuff actually 
taking material form [13]), but also the materiality of the forms 
in order to understand their particular material properties and 
consequences for how people encounter, use, and transform 
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them [13]. Gross et al. [16] discussed active and influential trends 
in the theorization of materiality in HCI, providing a critique 
of contemporary materiality research: (a) physical materials 
(tangible User Interfaces - TUIs), (b) metaphysical materiality 
(materiality of computation that is observed indirectly through 
artifacts that employ it), and (c) tradition communicating, i.e., 
the materials of craft practice and the materiality of interactions 
with them. 

Shortcomings of Current Approaches

In contrast to material studies, user studies (e.g., in a UCD or 
participatory design tradition) focus on the users’ capabilities, 
needs and requirements (i.e., the functionality that is needed 
for an interactive artifact to provide). By means of surveys, dia-
ries, interviews, focus groups (e.g., [1, 28]), or ethnographically 
inspired approaches such as Contextual Inquiry (e.g., [19]) and 
Design Ethnography (e.g., [11]), the users are studied to capture 
their individual requirements. Investigations are mainly based 
on analysis of interactions from the user’s perspective, without 
drawing specific attention to the physical and digital materials 
constituting an interactive artifact that contribute to the expe-
rienced materiality. 

While ethnographic approaches acknowledge the materi-
al contexts of interactions [37], material approaches concede 
the user context as relevant aspect of inquiry [44]. Thus, mate-
rial studies and user studies are not completely neglecting the 
respective other perspective, rather, they are determined by the 
lens they are taking. This is certainly not a problem, as long as 
the perspective matches the research goals: as soon as we, how-
ever, target the materiality of interactions, we need to emphasize 
and investigate both the user and the artifact at the same time. 

3
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In order to depict the consequences for studying interactions 
through these two lenses, we distinguish between data collection 
approaches and data analysis approaches when it comes to mate-
riality. This distinction is based on the assumption that specific 
approaches have individual potentials and limitations in either 
taking an artifact- or user-oriented perspective. As an exam-
ple, if we aim to investigate user’s interactions with an ATM, we 
would rarely observe one user for a longer period of time (e.g., 
one specific user’s repeated withdrawals), as a data collection in 
a Contextual Inquiry would require. We would rather stay with 
the ATM, looking at various users at a particular artifact’s site. 
In a UCD tradition, we would then analyze what the users expe-
rienced during the interactions, i.e., we would (e.g., by means of 
affinity diagrams) summarize and cluster what we observed in 
the user’s behavior or her/his subjective opinion. However, the 
data collection approach would also allow to analyze the data 
from an artifact-oriented perspective, i.e., analyzing its form and 
materiality as it appears to the users, leading to an integrated 
materiality-centered analysis approach. 

On the other hand, some artifact-oriented investigations do 
not allow a way to collect the data without studying the user. For 
instance, if an interactive artifact is yet to be developed, but we 
want to uncover what users do without it, we need to study their 
current situations and how they fulfill their tasks, be it through 
observations, interviews, or other contextually appropriate 
data collection methods. Regarding “digital” information (i.e., 
the data that contains meaning), it is - also in an artifact-ori-
ented perspective - impossible to directly investigate interaction 
with it. Digital information requires a physical representation 
(e.g., a computer), and may be processed in parallel by various 
users. Thus, the artifact itself cannot be observed, it is the user 
that we are able to study, even in an artifact-oriented perspec-
tive. These examples show that data collection (i.e., the actual 
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assessment via observations, inquiries, etc.) and analysis may 
not be considered as a unity, but separated steps that are chosen 
and combined according to a research goal. They also show that 
data collection depends highly on the circumstances in which we 
observe1 a phenomena. Thus, we focus on the analytical strategy 
to understand both artifacts and humans and their relation. 

One approach that explicitly addresses both, humans and 
technology, is Actor-Network Theory (ANT), which focuses on 
agency in the relation between users and artifacts. For this rea-
son, ANT was a starting point for our work to suggest a bridg-
ing methodological approach. In the following section, we will 
outline the basic assumptions of ANT, including Latour’s recent 
refinement towards monads [26]. 

From Actor-Network Theory to Monads

Basic Assumptions of ANT and Monads

Actor-Network Theory has been prominently developed and 
discussed by Bruno Latour (e.g., [24]), John Law (e.g., [27]) and 
Michel Callon (e.g., [8]). Heterogeneous examples of applying 
ANT are available in literature (e.g., on Internet, e-commerce and 
older adults [38], a door closer [20], or dairy milk [32]). Howev-
er, there are only few actual application examples in HCI, as the 
majority of references concerns reflections based on ANT. For 
instance, Suchman [36] reflected on machine agency, Kumar and 
Rangaswamy [22] used an ANT approach to discuss the practice 
of piracy in media, or, in our earlier work, we emphasized the 
materials’ and interactive artifacts’ activity that influences users 
and designers and vice versa [15]. These reflections demonstrate 
that ANT is a valid theoretical framing in HCI, but as it also 
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provides a methodological proposal (see the subsequent chap-
ter), we took it as a starting point for our analysis. 

ANT’s basic assumption is that, in case of any given activi-
ty, human and non-human subjects and objects are considered 
as actors. This can be an (interactive) artifact or any material 
influencing a human, but also a human affecting an artifact or 
material. As soon as there is activity between actors, they form 
a network for this specific activity [24]. ANT is thus not a stable 
theory of actors, but rather assumes radical indeterminacy. This 
means that neither the actor’s size, nor its psychological make-up 
or motivation are predetermined [8], be it a human’s motivation 
in using an interactive artifact or a behavior that is inscribed in 
a non-human actor. Any given phenomenon is described in its 
actual constitution (e.g., what actors are involved, how they 
are interacting), but it is not decisive why the actors do certain 
things. An actor is always defined by its network (i.e. affected by 
and affecting other actors) and a network is fully defined by its 
actors [26].

In their latest work, Latour and colleagues take a further 
stance on ANT by referring to monads [26], a concept that dates 
back to the philosopher Gottfried Wilhelm Leibniz in the 18th 
century. In our work, we draw on Bruno Latour’s understanding 
(see e.g., [25, 26]), being aware of the huge preceding scientif-
ic discourse. Latour refers to Gabriel Tarde’s notion of monads, 
arguing that there are not individual elements, but monads (i.e., 
representations, reflections, or interiorisations of a whole set 
of other elements borrowed from the world around) [25]. This 
means that the social is characterized of networks rather than of 
separable individuals. 
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Drawing on this work, emphasis is put on the difference it 
makes if a specific perspective (or entry) is taken to a specific 
actor-network. 

A monad is not a part of a whole, but a point of view on all the other 
entities taken severally and not as a totality. […] At first the entity 
is just a dot […] but then it fills in with more and more elements that 
specify it more and more until the observer considers that he or she 
knows enough and begins to take the name of the entity for the entire 
list. [26, p. 598]

Consequently, a monad is a highly specific point of view on 
all the other entities present in a dataset, as each monad pos-
sesses its own particular perspective of the “whole” [26]. Latour 
et al. provide the example of preparing a meeting and searching 
the name of the person to be met on the web. Soon, we will dis-
cover many attributes related to the person, finding a network 
that characterizes the person [26]. However, depending on how 
we enter a network and how we navigate through it (e.g., through 
a person, an institution, or an artifact), different networks (i.e., 
monads) will be visible. 

Similar to ANT, the value of applying monadological think-
ing is not its predictions, as monads also do not aim at forecast-
ing, but at clarifications of provisional wholes. 

[…] each entity is entitled to have its own curriculum vitae, that is, its 
own trajectory through successive attributes. [26, p. 608] 

In terms of HCI, following the traces of entities rather aims 
to understand specific interactions between different actors, 
than trying to generally explain phenomena in a holistic way. 
These entities may either be called monads or actor-networks. 
As for our work, we will use the term monads in order to stress 
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their specific notion, i.e., being entities whose traces can be fol-
lowed, but not separated. However, we explicate that we are not 
drawing on the philosophical discourse, but on the very specific 
interpretation presented by Latour and colleagues (e.g., [25, 26]).

Due to the pre-assumed equality of human and non-hu-
man actors (i.e., the hybrid entities formed by humans and 
non-humans are in the focus, providing a relationality between 
monads instead of separated, single actors), we take ANT as a 
starting point for a methodological discussion on how to inte-
grate human- and artifact-oriented perspectives for approaching 
materiality. Therefore, we will, subsequently, describe the meth-
odological approach in ANT that allows to alternate between 
perspectives without neglecting nor favoring one.

The Methodological Approach

Latour [24] furthermore proposed a method based on ANT. Sim-
ply put, he argues for rich, detailed descriptions of actor-net-
works. The more details such a descriptive investigation has, 
the better the scientific analysis is [24]. Through tracing activi-
ties of hybrid networks (i.e., of human and non-human actors), 
we can find out how the world is interpreted, reinterpreted, and 
changed [39]. A description in an ANT’s sense is the retrieval of 
a script (i.e., a scenario or scene that is investigated) from a sit-
uation. Descriptions contain definitions of actors (human and 
non-human) that are endowed with competencies and which 
make them do things and evaluations of the sanctions that come 
with the actions taken [20]. Akrich [2], for instance, argues that 
a description is insufficient if it is solely made from a designer’s 
or a user’s perspective. It is rather going back and forth, from the 
designer to the user, from the user that has been projected by the 
designer and the real user. In Latour and colleagues’ reference 
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to monads, they again emphasize descriptions of wholes, be it 
verbal ones or visualizations of keywords [26]. 

Ethnographic approaches, as described earlier in this paper, 
may lead to the requested rich descriptions (i.e., the data col-
lection may be similar). Through these rich descriptions, it is 
assumed that phenomena can be explained and understood. 
Latour’s work on monads [26], however, also affects the data 
analysis of the rich descriptions. The reference to the perspec-
tive on the monad is the crucial moment in the analysis, as the 
“reality” that unfolds during the analysis is closely related to 
the perspective, i.e., the actor that we trace through her/his/its 
network. Then, Latour [26] suggests that after drawing complex 
overlapping monads, one may begin analyzing (i.e., detecting) 
the few attributes they share. In order to demonstrate how such 
an analysis may look, we will provide examples in the following 
section. Afterwards, we will discuss the results of this analysis 
and reflect on the methodological potentials and pitfalls con-
nected to such an approach. 

Monads: Factory Examples

We chose the specific context of a semiconductor factory to draw 
examples from for three reasons. First, our research group had 
the chance to intensively research human-computer interactions 
in a specific factory and its cleanroom in the past four years (e.g., 
[43]) to understand the different user roles, artifacts, and their 
interactions. Thus, we have a large body of data to draw on for 
detailed analysis of phenomena. 

Second, we recently accompanied the factory in the transi-
tion from a specific, purely physical artifact (i.e., paper) to an 
interactive, electronic artifact. The factory and specifically its 

5
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cleanroom are pervaded with analog and digital technology and 
interfaces of various kinds, ranging from paper and rather typ-
ical screen and keyboard interactions in form of terminals to 
RFID authentications (i.e., radio-frequency identification, that 
allows operators to register at the machine they are working 
with) and many more. The current transition, aimed to abandon 
the remaining sheets of paper from the cleanroom to better com-
ply with particle contamination standards. 

The third reason is less related to the monadological analysis 
as such. Instead, it is related to the suitability of the examples to 
reflect on the potentials of the method for HCI research. Obvi-
ously, the actors in the examples’ networks are humans, comput-
ers (in a broad sense) and their interaction, the main concern of 
any HCI effort. However, the examples not only allow us to look 
at the interaction between humans and interactive artifacts, but 
also to study the interaction between humans and non-interac-
tive artifacts. Thus, the examples represent common themes in 
HCI research and allow studying human- and artifact-oriented 
perspectives in interactions in settings with and without inter-
active artifacts. 

Subsequently, we will briefly outline the context in which the 
examples are situated in. Afterwards, we describe the data col-
lection, followed by a description of the analysis and the result-
ing monads. 

The Context and the Phenomena

The context is constituted of a factory’s cleanroom, in which 
wafers are produced. Wafers are very sensitive products that 
require a multitude of processing steps in various depart-
ments until they are completed, which may take several weeks. 

5.1



196

Usually, operators do not handle single wafers, but process them 
in bundles, i.e., wafer lots. Their activities range from loading 
and unloading machines with the correct lots, operating the 
machines that process the wafers, transport wafers between 
places and departments, etc. The cleanroom itself has several 
specific characteristics, resulting in specific requirements for 
interactions with interactive systems (e.g., operators need to 
wear specific cleanroom clothes, there is constant artificial light, 
no fast movements are allowed to not raise dust, etc.). 

To date, the wafer lots have been complemented with a stack 
of paper (i.e., a control sheet), indicating its production steps. 
The control sheet is meant to inform the operators and shift 
leads about processing steps, transfers to other departments, 
and evaluation stops to see whether the processes led to the cor-
rect results. The current efforts to abandon the paper consist of 
digitalization of the control sheets, which is difficult due to the 
restricted access to computers and input possibilities for oper-
ators. However, the operators need to see the steps to perform 
and, afterwards, to confirm the execution in order to have the 
possibility for reconstruction of production processes. As a first 
attempt, the paper control sheet was recreated electronically 
in the internal software; however, the need to print one specif-
ic page, which requires operators to confirm processing steps, 
remained. 

Accompanying these efforts, we investigated the various 
purposes of the control sheets (e.g., as asynchronous means of 
communication between operators, shift leads, etc.). We also 
investigated digital alternatives separate from recreating the 
paper control sheet on a screen (being the initial solution that 
is carried out currently). This, on one hand, satisfies the opera-
tors’ needs and on the other hand, does not neglect important 
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information. Within this scope, we were confronted with the 
user’s and the artifact’s point of view. 

Data Collection

For this particular research activity, a group of three researchers 
spent half a day in the cleanroom to collect data about opera-
tors’ handling of paper. A second half-day observation took place 
during the transition to paperless interactions, where we focused 
our investigation on the electronic control sheets. Wafer lots 
take several weeks to process and operators handle them irregu-
larly. Thus, we decided to observe the same shift in order to bet-
ter understand the transitions that are not based on differences 
between shifts. The methodological approach to collecting data 
was informed by Contextual Inquiries [19], i.e., observations 
were combined with interview questions to learn from the oper-
ators how they work with the wafer lots’ control sheets. 

Furthermore, we accompanied and interviewed further 
employees (e.g., who define the processing steps), from whom we 
learned about the wafer lots’ complete journey in the factory. In 
contrast to the above-mentioned ATM example (where spatially 
staying with the artifact would be an appropriate data collection 
approach), we decided in this setting to trace the users, as the 
control sheets are not continuously used. Thus, concentrating on 
the employees was the most promising approach. As video and 
audio recordings are not feasible in the cleanroom (due to ambi-
ent noise and required face masks on the operators), notes were 
taken on cleanroom paper and summarized directly after the 
observations. 

5.2
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Data Analysis

Based on the collected data of operators handling the paper and 
electronic control sheets in the cleanroom, we found Latour’s 
considerations of monads [26] valuable to provide us with dif-
ferent perspectives on the phenomena. Thereby, the data anal-
ysis starts by choosing an entry point for a network, which may 
be any actor. This may, however, be done for multiple actors, if 
we are interested in different notions and “realities” that consti-
tute different monads to establish different views on the whole. 
According to the research goal of combining a human-oriented 
and artifact-oriented perspective in our analysis to arrive at 
a materiality-centered approach, a minimum number of two 
monads would be needed in order to be able to alternate between 
those perspectives. In our examples, we chose human (opera-
tors) and non-human (artifacts) actors to start navigating with-
in monads, as those represent the human and artifact-oriented 
perspectives. As we aim to present a methodological discussion 
in this paper rather than a results presentation for the specific 
problem, the monad descriptions are extracts for reasons of clar-
ity; they are not detailed in a sense that we describe all involved 
actors and activities, but demonstrate the kind of findings and 
implications that may be derived from such an analysis.

We will show with our exemplary monadological analysis 
that both artifact-oriented and human-oriented perspectives are 
possible with the same set of data. Subsequent to the description 
of the monads, we will address their commonalities and differ-
ences to demonstrate what a synopsis of the different perspec-
tives reveals. 

5.3
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Exemplary Monads

The main aim of the following examples is to illustrate what we 
may learn from a monadological approach in terms of human- 
and artifact-oriented perspectives. We have two situations 
(paper control sheets, electronic control sheets), along which 
we present the two respective perspectives. Thus, four relevant 
monads are in the scope of our work, which are addressing the 
relation between operators and control sheets. In the following 
paragraphs, the monad examples are described and visually rep-
resented in Figure 1 (showing the human- and artifact-oriented 
monads relating to the paper control sheets) and Figure 2 (illus-
trating the two respective monads related to the electronic con-
trol sheet). 

Paper Control Sheets

Human-Oriented Perspective: Beginning with the operator as the 
entry to the monad (being the primary user), we identify sever-
al further actors, such as the paper control sheet, the pen with 
which the operator confirms having performed the required pro-
cess, the lot on which the control sheet is placed, another oper-
ator that brought the lot with the control sheet to the employ-
ee’s department, the machine it is processed with, the shift lead 
who supervises the operator’s work, etc. All of these actors have 
competencies, such as the operator reading and interpreting the 
steps on the paper control sheet, processing the lot as required, 
confirming the process; or not processing them, for instance, in 
case of uncertainties, informing the shift lead, etc. The paper 
control sheet has the competency of displaying the information, 
having important information presented in red and the other 
information in black, being crinkled or presenting illegible hand-
writing, etc. The evaluation of the sanctions of the actor’s actions 
are revealing whether the lots have been processed properly, i.e., 
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Figure 1: Exemplary 
excerpt of the analysis 
regarding the interaction 
with paper control 
sheets, showing the 
attributes of two monads 
(from a human-oriented 
respectively an arti-
fact-oriented perspective). 
In order to visualize 
the different attributes 
and competencies of 
actors, we distinguish 
here between human 
actors (which may be 
categorized as primary as 
well as other users) and 
non-human actors (user 
interfaces and related 
physical artifacts.)
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whether the wafers in the lot are as they are supposed to be, and 
whether the paper control sheets properly identify the procedure 
(e.g., who did what task when).

Artifact-Oriented Perspective: Taking the paper control sheet 
as the entry to the monad, we can again identify the actors 
involved, such as the dispatcher printing the paper control sheet, 
the lot that carries the paper control sheet, the operator who 
transported the lot with the paper control sheet to its first pro-
cessing department, the operator that first processed the lot, the 
pen that the operator used to confirm a performed step, and also 
the archivist that archives control sheet for potential later recon-
structions of processes. The competencies of the actors are the 
same as described in the monad before. 

By analyzing these two monads, we find several commonal-
ities. Besides operators and the paper control sheet, we identify 
further actors that the monads share (e.g., pens used to manip-
ulate the paper control sheet). However, we also uncover differ-
ences. Only in the artifact-oriented perspective, the employees 
who are involved in paper creation and archiving become visible. 
Thereby, attention is given to the chronological course of a paper 
control sheet, which we would not immediately focus on if we 
concentrated on one user. 

Electronic Control Sheets

Human-Oriented Perspective: The operator is the entry to the 
monad. What we can draw from the observation is that the lot is 
less involved in this network as an actor, as there is no physical 
proximity of the control sheet and the lot, which would require 
the operator to consider them together. Further actors are the 
terminal with a screen, where the electronic control sheet is dis-
played, and the keyboard, which the operator uses to fill in the 
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Figure 2: Excerpt of the analysis regarding 
the interaction with electronic control 
sheets, highlighting differences between an 
human-oriented and an artifact-oriented 
perspective. Taking the lot tracking data 
as an entry point to the network unveils 
how the information is distributed and only 
indirectly manipulated. This manipulation 
may happen in parallel, using multiple and 
varying interfaces. This requires distin-
guishing between the information (i.e., the 
lot tracking data) and the representation 
(i.e., the interfaces). Additional actors (e.g., 
dispatchers, process engineers, or archivists) 
are related to or may manipulate the lot 
tracking data. Their relation to the network 
can be analyzed, although the interfaces they 
use are not part of the particular analysis. 
Contrasting this network to the one present-
ed in Figure 1 unveils that there is no existing 
relation between the lot and its tracking 
information.
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confirmation information. The competencies of the operator are 
reading the information on the screen, processing the lot accord-
ingly (or not in case of uncertainties), confirming the process by 
adding information to the electronic control sheet through the 
use of the keyboard, etc. The electronic control sheet’s compe-
tencies are constituted of displaying information via a further 
device, i.e., a screen, allowing input via a keyboard, and so on. 
Finally, the evaluation of the sanctions is again the assessment 
whether the lots have been processed correctly and whether 
the electronic control sheet allows traceability of the steps per-
formed and the identification of the persons involved.

Artifact-Oriented Perspective: We find terminals (keyboards and 
computer screens) and data processors being relevant actors. 
Thus, information is only indirectly manipulated by the oper-
ator. Taking this entry to the monad, we focus much more on 
the digital information (the lot tracking data) than we did in the 
other monads, as there is no necessary tie between the informa-
tion and one specific representation (e.g., a specific terminal, con-
sisting of screen and keyboard); the information is distributed, 
as it potentially can be manipulated in parallel through comput-
er screens and keyboards. We need to distinguish between the 
actors lot tracking data and representations of the data (the differ-
ent terminals), which we were not required to do in the previous 
monads. 

In these two monads, we identify terminals (keyboards and 
screens) as actors that are visible in both, being central to manip-
ulate the lot processing data. Especially in the artifact-oriented 
perspective, there is a necessity to consider the lot processing 
data (the digital information) as an additional actor, which has 
not been visible before. As we cannot observe it directly (e.g., 
due to its distribution across various terminals), screens and 
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keyboards are the specific representations, which enable access 
to the data. 

Commonalities of all Monads

Analyzing the intersections between all monads, we see that 
paper control sheets are surrounded by agency, as there are asso-
ciations to a variety of further actors, e.g., several human actors, 
as well as the lot tracking data. Attributes that are connected to 
the paper control sheets are its allowance of asynchronous com-
munication, bounding one specific digital information (i.e., the 
content) to one specific manifestation (i.e., the paper), having 
spatial proximity to the lot, whose information is displayed, etc.

Analyzing the monads, we also see that we are often con-
fronted with the data (the digital information) that is developed, 
manipulated, and archived. What the artifact-oriented views 
clearly reveal is that the information requires possibilities for 
manipulation, i.e., an input and output. While this issue has 
been increasingly discussed in the past few years in HCI and 
Interaction Design (e.g., Dourish and Mazmanian’s discussion of 
the materiality of information, or digital goods, as they also call 
it [13]), the same issue may be very self-evident for non-interac-
tive artifacts. Not only does information require some form of 
physical representation, but also a possibility to interact with it. 
While in Interaction Design computations are central to enable 
users’ interactions, it is, for instance, the pen, that is required to 
manipulate the information in purely physical materials. 

Furthermore, the operators are associated with a variety of 
further actors, from human to non-human ones. Similar to the 
paper control sheets, we may consider them also as overlapping 
parts in the monads. A further possibility to analyze the data 
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in a monadological view is to focus on the differences of the 
monads, which we will describe in the following section. 

Differences in the Four Monads

One major difference in the monads concerns the operators, i.e., 
the users of the artifacts. Investigating their associations in the 
monads, we come to understand the changes for them in the 
transition from paper control sheets to electronic ones. With 
the paper, they shared the very artifact with others, and recon-
structing the lot history was possible for all. There was no pos-
sibility to hide information or to display personalized informa-
tion (e.g., operators may not need the same information than the 
developers of the information). In contrast, with the electronic 
control sheet, the information is spatially detached from the lot 
it refers to, and manipulation is possible synchronically for dif-
ferent users and employees. 

In the description of the context, we stated that the factory 
tried to recreate the physical control sheets in digital form; while 
this is true for the information as it comes from the informa-
tion’s author, the attributes accompanying the information are 
distinct. Information that is distributed and worked on in paral-
lel takes different courses than if it sticks to one specific piece of 
paper. In turn, this implies serious consequences, as the locus of 
problem solving is connected to the very place the information is 
to be found (“sticky information” [42]), which potentially means 
the electronic control is nowhere or everywhere, resulting in a 
question of responsibility and ownership for the information in 
case it is distributed. 

 
5.6



206

Design Consequences

Concluding on the above-presented analysis of human-computer 
interaction in the cleanroom, we can derive a variety of consid-
erations relevant for design. Again, we only provide exemplary 
considerations in order to give an impression of the practical rel-
evance such an analysis will bring. 

•	 In	 the	 transition	 from	physical	 to	 digital	 lot	 tracking	 data,	
the lot is a less active actor, as there is no physical proximity 
between the data and the lot. For instance, while in the phys-
ical paper setting, operators immediately recognize whether 
a control sheet is missing; the electronic version is detached 
and does not indicate any lacking combination of a lot and 
its tracking data as it is not visible any more. Thus, the two 
actors do not meet any more, leading to a changing practice 
when handling the lot and its data. 

•	 Digital	 data	 may	 be	 handled	 simultaneously	 by	 several	
users, resulting in potentially overlapping or even conflict-
ing manipulation of data. Whereas input and output mecha-
nisms may be designed appropriately, the data itself has other 
qualities than it had in combination with the paper control 
sheet (e.g., being inseparable from the material representing 
it). We thus need to allow different actors to manipulate the 
data at the same time, while avoiding conflicts. 

In terms of materiality, we identified several qualities of physical 
and electronic materials that influence the user-artifact-inter-
action (e.g., distribution, proximity/distance of data and repre-
sentation). However, some of those only became visible in the 
synopsis of human- and artifact-oriented perspectives. 
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Monads: Methodological Reflections

The exemplary monadological analysis that we provided in the 
previous sections show that we alternated between the artifact 
and the user, between human and non-human actors. In order 
to determine whether we met our claim that we stated in the 
beginning of this paper, i.e., through applying a monadologi-
cal approach we will be able to investigate the materiality to be 
experienced by the users, we now will reflect on the method and 
its exemplary results. 

Data Collection

Our data collection approach did not significantly differ from 
any data collection as it is used, for instance, in Contextual 
Inquiries [19]. For our monadological analysis, it turned out to 
be an appropriate approach, allowing us to analyze both user 
and artifact perspectives in an alternating way. However, we 
also identified some limitations when it comes to collecting data 
about digital information. The monads have provided us with an 
overview of actors and attributes, and we showed that the differ-
ent entry points to the networks enriched the analysis in vari-
ous ways. However, if we would like to detail the fourth monad, 
and especially the attributes that come with the electronic con-
trol sheet, the data collection as it was would not be sufficient. 
This, among others, is due to the observational procedure that 
we chose for sketching the networks. 

Observations and interviews only allow capturing what is 
visible, which the digital information is not on its own (i.e., any 
“digital” data). The data basis needs to be something other than 
data gathered in an observation, such as data logging. Howev-
er, this will not entirely solve the problem of describing digital 

6
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information, neither in an artifact-, nor in a human-oriented 
analysis, as through data logging alternating between users, 
technology, and designers will not be possible. Although we can 
assess the digital information’s traces (e.g., who created it, who 
edited it, where it was distributed to, what points in time it was 
used or changed, etc.), we cannot observe how it influenced the 
other actors, like how it affected the user in his work or task sole-
ly through data logging. Consequently, a mixture or triangula-
tion of data collection would be needed. Still, this will severely 
increase the complexity, as, for instance, synchronous and asyn-
chronous activities need to be assessed, which are not directly 
(e.g., physically, spatially) connecting the actors.

Data Analysis

One major benefit of analyzing the data based on a monadolog-
ical approach becomes visible when we, for instance, compare 
the monads from the human-oriented perspective with those 
from the artifact-oriented view. In the former, we trace the user 
through her/his network. We describe how she/he interacts via 
a terminal with the information. In the latter monad, however, 
we start with tracing the artifact, i.e., the electronic version of 
the control sheet. Thereby, we do not have any other possibili-
ty than recognizing attributes such as parallelism of manipula-
tion or traceability. These attributes, in turn, will contribute to 
the experienced materiality of the interactive artifacts and thus 
comply with our aim by establishing monads. The digital infor-
mation, as it is detached from one specific representation (as, in 
our examples, it may be manipulated via all computers in the 
cleanroom or, almost, the whole factory) is a much more pres-
ent actor than if we trace the user. In our examples, we could 
have used a variety of entry points and perspectives, as there is 
a variety of interfaces that we could look at. However, according 
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to the context and goals, we chose specific artifacts and users to 
analyze their attributes, relations and differences. This selection 
was based on our research aims in this specific context and sit-
uation, i.e., to better understand materiality when it comes to 
paper versus electronic control sheets and, thereby, to generate 
relationality between these differing monads.

This analysis could have been continued by integrating fur-
ther levels of detail and/or more actors into the analysis. The 
more it extends, the more precise the viewpoint of an individual 
monad becomes [26]. Latour furthermore indicates that the deci-
sion on when to stop is determined by the observer’s assessment 
of when to know “enough”, as these inquiries could potentially 
be continued until the whole world is reflected [26]. Acknowledg-
ing the exploratory nature of our investigation, we stopped when 
we were able to relate the monads to each other, finding com-
monalities and differences that are relevant in future designs in 
this specific context.

In Between an Artifact- and User-Oriented Perspective

Hybrid ecologies, as suggested by Crabtree and Rodden [9], 
which are complemented with human actors, might then be 
what Latour (e.g., [24]) referred to as hybrid networks, i.e., act-
ing consists of human and non-human aspects, which cannot be 
separated. By means of a monadological approach, we attempt 
to bridge artifact- and user-oriented perspectives. While mate-
rial studies or user requirements investigations on their own 
fulfill many purposes, they face shortcomings as soon as we 
consider the materiality of interactive artifacts as an essential 
part of interactions. Thus, it highly depends on the goal of the 
respective research. 
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This is also related to the discussion about the function-ex-
pression-circle by Hallnäs and Redström [18]. By staying with 
the user during data collection and analysis, we may oversee 
the importance of the expression, where, according to Hallnäs 
and Redström, function resides. Therefore, they suggest to dis-
regard functionality as a starting point and instead work with 
the experimental design in order to expose aesthetics and aes-
thetic choices [18]. A monadological analysis allows alternating 
between perspectives and the resulting realities, thereby neither 
neglecting expression nor functionality. Through identifying 
intersections and differences (as demonstrated above), we gath-
er a rich understanding of users, interactive artifacts, and the 
materiality that comes with the interaction. 

Conclusion

In this paper, we show that variations of monads (i.e., activities 
of entities established from a specific perspective, e.g., starting 
from the user, or starting from the artifact) help to analyze mate-
riality of interactive artifacts. The description of the monads, 
which were in our case interactions between factory operators 
and electronic as well as paper control sheets, were valuable to 
detect differences and commonalities between dissimilar per-
spectives, as the reality differs depending on what actor is chosen 
to start navigating through a monad. This allowed us to address 
the materiality of the interactive artifact to be experienced by 
the users, without deciding for either a purely human-arient-
ed or an artifact-oriented standpoint, which complies with our 
research scope to better understand the materiality of physical 
versus electronic artifacts. 

Our suggestion for a materiality-centered approach does not 
entail step-by-step instructions on how to proceed. It is rather 
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a conceptual discussion that resulted in the recommendation 
to researchers and practitioners to take a step back from their 
analysis and “put on” another orientation to the results. With 
the examples presented above we aimed to illustrate the bene-
fits of taking another perspective, recommending fellow scholars 
and practitioners to perform such analytical exercises as well, in 
order to deepen investigations on the materiality of interactive 
artifacts and how it is experienced by users. 

Certainly, our approach faced shortcomings, mainly related 
to the decisions upon the extent of data collection and anal-
ysis. Choosing the relevant monads and entry points needs to 
be based on the research aims and, as we are referring to real-
world examples, the possibilities within the context. Thus, the 
main criterion for these choices needs to be the appropriateness 
in terms of research rigor and goals in relation to the application 
area. Furthermore, we may arrive at the same knowledge also 
without referring to ANT and monads. However, explicating 
the actors and deploying the respective attributes of the entities 
may support an explicit consideration of different realities with-
in one context or phenomenon. We call our approach a materi-
ality-centered one, acknowledging at the same time however, 
that it has been an approach to a specific case, i.e., the relation 
of users to control sheets in a factory. Thus, our future work will 
comprise further applications, in and beyond factories, to iden-
tify the appropriateness of the approach in regards to other HCI 
related contexts. 

For future work, we will additionally detail our investiga-
tion of materiality. For instance, we will turn to Lim et al. [29] 
and their reasonable discussion of interaction gestalt. Lim et 
al. argue that it is not the interactive artifact (and thus not the 
material constituting it) that the users experience, but the inter-
action gestalt, which is the interaction itself or, more precisely, 
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the shape of a particular interaction [29]. It would be interesting, 
for instance, to analyze monads from that point of view as well, 
i.e., considering not only digital actors, but also virtual ones.

Acknowledgments

We gratefully acknowledge the financial support by the Austrian 
Federal Ministry of Economy, Family and Youth and the Nation-
al Foundation for Research, Technology and Development 
(Christian Doppler Laboratory for “Contextual Interfaces”).

References
[1] Adams, A., and Cox, A. L. Questionnaires, in-depth interviews and focus groups. In 

Research Methods for Human Computer Interaction, P. Cairns and A. L. Cox, Eds. Cam-
bridge University Press, 2008, 17–34.

[2] Akrich, M. The de-scription of technical objects. Shaping technology/building society 
(1992), 205–224.

[3] Baxter, K., and Courage, C. Understanding your users: A practical guide to user require-
ments methods, tools, and techniques. Elsevier, 2005.

[4] Beckhaus, S., Brugger, S. L., and Wolter, K. Collect and map it all: The artifact map, a 
tool for complex context analysis. In Proc. NordiCHI’12, ACM (2012), 119–128.

[5] Beyer, H., and Holtzblatt, K. Contextual design: defining customer-centered systems. 
Elsevier, 1997.

[6] Bødker, S. When second wave hci meets third wave challenges. In Proc. NordiCHI’06, 
ACM (2006), 1–8.

[7] Cairns, P., and Cox, A. L. Research methods for human-computer interaction. Cambridge 
University Press, 2008.

[8] Callon, M. Actor-network theory - the market test. In Technoscience. The Politics of 
Interventions, Unipub (2007), 273–286.

[9] Crabtree, A., and Rodden, T. Hybrid ecologies: Understanding cooperative interac-
tion in emerging physical-digital environments. Personal Ubiquitous Comput. 12, 7 
(Oct. 2008), 481–493.

[10] Crabtree, A., Rodden, T., Tolmie, P., and Button, G. Ethnography considered harm-
ful. In Proc. CHI 2009, ACM (2009), 879–888.

[11] Crabtree, A., Rouncefield, M., and Tolmie, P. Doing Design Ethnography. Springer, 
2012.

8



Capturing the In-Between of Interactive Artifacts and Users | 213

[12] Dourish, P. What we talk about when we talk about context. Personal Ubiquitous Com-
put. 8, 1 (Feb. 2004), 19–30.

[13] Dourish, P., and Mazmanian, M. Media as material: Information representations as 
material foundations for organizational practice. June, 2011.

[14] Fernaeus, Y., and Sundström, P. The material move how materials matter in interac-
tion design research. In Proc. DIS 2012, ACM (2012), 486–495.

[15] Fuchsberger, V., Murer, M., and Tscheligi, M. Materials, materiality, and media. In 
Proc. CHI 2013, ACM (2013), 2853–2862.

[16] Gross, S., Bardzell, J., and Bardzell, S. Structures, forms, and stuff: The materiality 
and medium of interaction. Personal Ubiquitous Comput. 18, 3 (Mar. 2014), 637–649.

[17] Gulotta, R., Odom, W., Forlizzi, J., and Faste, H. Digital artifacts as legacy: Explor-
ing the lifespan and value of digital data. In Proc. CHI 2013, ACM (2013), 1813–1822.

[18] Hallnäs, L., and Redström, J. Interaction design: foundations, experiments. Textile 
Research Centre, Swedish School of Textiles, Unversity College of Borås and Interac-
tive Institute, 2006.

[19] Holtzblatt, K., and Jones, S. Contextual inquiry: A participatory technique for sys-
tem design. Participatory design: Principles and practices (1993), 177–210.

[20] Johnson, J. Mixing humans and nonhumans together: The sociology of a door-clos-
er. Social problems (1988), 298–310.

[21] Jung, H., and Stolterman, E. Digital form and materiality: Propositions for a new 
approach to interaction design research. In Proc. NordiCHI’12, ACM (2012), 645–654.

[22] Kumar, N., and Rangaswamy, N. The mobile media actor-network in urban india. In 
Proc. CHI 2013, ACM (2013), 1989–1998.

[23] Kuniavsky, M. Observing the user experience: a practitioner’s guide to user research. Mor-
gan kaufmann, 2003.

[24] Latour, B. Reassembling the Social. An Introduction to Actor-Network-Theory. Oxford 
University Press, 2007.

[25] Latour, B. Tarde’s idea of quantification. The social after Gabriel Tarde: debates and 
assessments (2010), 145–162.

[26] Latour, B., Jensen, P., Venturini, T., Grauwin, S., and Boullier, D. The whole is always 
smaller than its parts - a digital test of gabriel tardes’ monads. In The British Journal 
of Sociology, vol. 63. 2012, 590–615.

[27] Law, J. Actor network theory and material semiotics. In The new Blackwell companion 
to social theory. 2008, 141–158.

[28] Lazar, J., Feng, J. H., and Hochheiser, H. Research methods in human-computer interac-
tion. John Wiley & Sons, 2010.

[29] Lim, Y.-k., Stolterman, E., Jung, H., and Donaldson, J. Interaction gestalt and the 
design of aesthetic interactions. In Proc. DPPI 2007, ACM (2007), 239–254.

[30] Lindley, S. E., Harper, R., and Sellen, A. Desiring to be in touch in a changing com-
munications landscape: Attitudes of older adults. In Proc. CHI 2009, ACM (2009), 
1693–1702.



214

[31] McGee-Lennon, M.  R., Wolters, M.  K., and Brewster, S. User-centred multimodal 
reminders for assistive living. In Proc. CHI 2011, ACM (2011), 2105–2114.

[32] Nimmo, R. Actor-network theory and methodology: Social research in a more-than-
human world. Methodological Innovations Online 6, 3 (2011), 108–119.

[33] Pierce, J., and Paulos, E. Electric materialities and interactive technology. In Proc. 
CHI 2013, ACM (2013), 119–128.

[34] Raita, E. User interviews revisited: Identifying user positions and system interpre-
tations. In Proc. NordiCHI’12, ACM (2012), 675–682.

[35] Rosner, D. K., Ikemiya, M., Kim, D., and Koch, K. Designing with traces. In Proc. CHI 
2013, ACM (2013), 1649–1658.

[36] Suchman, L. Human/machine reconsidered. Cognitive Studies 5, 1 (1998), 5–13.

[37] Suchman, L. A. Plans and situated actions: the problem of human-machine communica-
tion. Cambridge university press, 1987.

[38] Tatnall, A., and Lepa, J. The internet, e-commerce and older people: an actor-net-
work approach to researching reasons for adoption and use. Logistics Information 
Management 16, 1 (2003), 56–63.

[39] Underwood, J. Stakeholders, signs and ant: A theoretical basis for is?  In Canberra: 
Workshop Information Systems Foundations: Building the Theoretical Base (2002), 1–2.

[40] Vallgårda, A. Giving form to computational things: Developing a practice of interac-
tion design. Personal Ubiquitous Comput. 18, 3 (Mar. 2014), 577–592.

[41] Vallgårda, A., and Redström, J. Computational composites. In Proc. CHI 2007, ACM 
(2007), 513–522.

[42] Von Hippel, E. “sticky information” and the locus of problem solving: implications 
for innovation. Management science 40, 4 (1994), 429–439.

[43] Weiss, A., Meschtscherjakov, A., Buchner, R., Strasser, E., Kluckner, P., Osswald, S., 
Mirnig, N., Wilfinger, D., Perterer, N., Sundström, P., Laminger, A., and Tscheligi, M. 
Exploring challenging environments: Contextual research in the car and the factory 
through an hci lens. In Designing Socially Embedded Technologies: A ‘European’ Chal-
lenge, V. Wulf, K. Schmidt, and D. Randall, Eds. 2014 (to appear).

[44] Wiberg, M. Methodology for materiality: Interaction design research through a 
material lens. Personal Ubiquitous Comput. 18, 3 (Mar. 2014), 625–636.





Interrelating Materials, Artifacts, 
Interaction Designers, and Users

HCI & Usability Unit
ICT&S Center
University of Salzburg
PhD Thesis, 2014

In
te

rre
la

tin
g 

M
at

er
ia

ls
, A

rti
fa

ct
s,

 In
te

ra
ct

io
n 

D
es

ig
ne

rs
, a

nd
 U

se
rs

Ve
re

na
 F

uc
hs

be
rg

er    The work described here contributes to the theoretical  
framing of the relations between users and artifacts, designers 
and materials, and the connections among them. It addresses 
problems inherent to HCI and Interaction Design by providing a 
language and terminology that aims to support a comparable, 
and at the same time distinct, illustration of human-computer 
relationships.

Verena Fuchsberger


	Table of Content
	1 Introduction
	2 Foundations
	2.1 Media Pedagogy 
	2.2 Human-Computer Interaction (HCI)
	2.3 Interaction Design 
	2.4 Media Pedagogy, HCI and Interaction Design: Intersections 

	3 Theoretical Background and Related Work
	3.1 Actor-Network Theory and Monads 
	3.2 Media Theory 
	3.3 Materials and Materiality 

	4 Research Contributions 
	4.1 Research Objective and Approach
	4.2 Overview of Contributions 

	5 Individual Research Contributions 
	5.1 Technology and Seniors 
	5.2 Human-Computer Non-Interaction 
	5.3 Materials, Materiality, and Media 
	5.4 On Materiality 
	5.5 Actor-Networks, Monads, and Methods 

	6 Summary and Discussion 
	7 Conclusions
	References
	Publications
	Attributes of Successful Intergenerational Online Activities
	Design Challenges and Concept for Intergenerational Online Learning 
	Generational Divides in Terms of the Actor-Network Theory
	Human-Computer Non-Interaction: The Activity of Non-Use 
	Materials, Materiality, and Media
	The Multiple Layers of Materiality
	Capturing the In-Between of Interactive Artifacts and Users 




