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Abstract 
 

Non-human animals have had a long co-existence and relationship with hu-
man culture and society, and we interact with them in a number of ways, and 
for various reasons. Their involvement in technology can be traced back more 
than half a century, initially restricted to scientific contexts, for example, for 
the study of animal behavior, cognition, or language learning abilities. The 
advancement and growing ubiquity of technology has extended their interac-
tions with technology beyond scientific settings to other domains and every-
day contexts, and for a broader set of reasons. This development is also driven 
by the emerging research area of animal-computer interaction (ACI), in which 
scholars of human-computer interaction (HCI) are starting to explore the pos-
sibilities of designing interactive technology for and with animals. This re-
quires engagement with the difficult task of understanding this new set of ac-
tors and the types of interactions and functionality they possibly would like to 
have with computing. This is a challenge even when it comes to humans, but 
the challenge escalates when considering other animals, and presents even 
more challenges. Animals live different lives to us, and include a broad and 
diverse category of species, with different ways of experiencing and being in 
the world, and we have difficulty understanding each other due to these inter-
species differences. The shift from human to animal interaction is far from 
straightforward.  

This new and embryonic situation contests traditional notions of what a 
“user” is and can be, and how both digital technologies and other species, are 
being used. Consequently, it also challenges previous theoretical foundations 
and methods for understanding and designing user-computer interactions. The 
latter has received special attention, where user-centered design approaches 
and methods from the field of HCI and interaction design (IxD) has become a 
natural point of departure. As a complement, ACI needs a bolder and more 
creative way of progressing when it comes to building a theoretical framework 
to account for these new forms of interaction. There is a need to extend our 
thinking and the conventional ways of doing research and design, and to pre-
serve curiosity and theoretical and methodological openness. As an alternative 
to many other design approaches, this thesis advocates the theoretical investi-
gation of the “I” in ACI, aiming to extend the conventional notion of how 
interaction is conceptualized, a topic that has suffered from negligence. Draw-
ing on ethnomethodological and ethnographic fieldwork–covering a maxi-
mum variation of extreme and deviant of cases–this thesis investigates the 
boundaries of the field and different theoretical perspectives and empirical in-
sights, in order to increase our understanding of the emerging dynamics of 
multispecies-computer interactions, and also how these insights can excite the 
imagination and generate topics for zoocentric design and computing. 



 

Sammanfattning 
 

Icke-mänskliga djur har ett långt förhållande med människor, och vi interage-
rar med dem på flera sätt och av olika anledningar. Deras engagemang i teknik 
kan spåras tillbaka till mer än ett halvt sekel, initialt begränsat till vetenskap-
liga sammanhang och studier av deras beteende, kognition eller språkinlär-
ningsförmågor. Teknologins framsteg och utökade tillgänglighet har utvidgat 
deras interaktioner med teknik utöver vetenskapliga inställningar till andra do-
mäner och vardagliga sammanhang, och för en bredare uppsättning av skäl. 
Denna utveckling drivs också av det framväxande forskningsområdet djur-da-
torinteraktion (ACI), där forskare från människa-datorinteraktion (HCI) har 
börjat utforska möjligheterna att utforma interaktiv teknik för och med djur. 
Detta medför den svåra uppgiften att förstå denna nya uppsättning av aktörer 
och vilken typ av interaktion och funktionalitet de eventuellt skulle vilja ha 
med ny interaktiv teknik. Detta är en utmaning även när det gäller människor, 
men utmaningen eskalerar och medför en ny uppsättning av utmaningar när 
andra djur inkluderas. De lever olika liv jämfört med oss och inkluderar en 
bred och stor artvariation, med olika sätt att uppleva och vara i världen. Vi har 
svårt att förstå varandra då vi inte delar ett gemensamt språk. Övergången från 
människa till djurinteraktion är långt ifrån oproblematisk. 

Denna nya situation kastar om traditionella uppfattningar om vad en så kal-
lad ”användare” är och kan vara, och hur såväl digital teknik som andra arter 
används. Följaktligen utmanar det också tidigare teoretiska grunder och me-
toder för att förstå och utforma interaktioner mellan användare och datorer. 
Det senare har fått särskild uppmärksamhet, där användarcentrerade design-
metoder och angreppsätt från HCI och interaktionsdesign (IxD) har blivit en 
naturlig utgångspunkt. Som ett komplement behöver ACI ett mer djärvt och 
kreativt sätt att utvecklas när det gäller att bygga en teoretisk ram för att förstå 
de nya former av interaktion som skapas. Det finns ett behov av att utöka vårt 
tänkande och konventionella sätt att göra forskning och design, samt att bevara 
en nyfikenhet och teoretisk och metodologisk öppenhet. Som ett alternativ till 
de många designmetoder inom fältet förespråkar denna avhandling att teore-
tiskt undersöka interaktionsbegreppet inom ACI, i syfte att utvidga den kon-
ventionella uppfattningen om hur interaktion förstås, ett ämne som har drab-
bats av försumlighet. Baserat etnometodologiskt och etnografiskt fältarbete–
innefattandes en maximal variation av extrema och avvikande fall–undersöker 
denna avhandling gränserna för fältet och olika teoretiska perspektiv och em-
piriska insikter, i syfte att öka vår förståelse för den växande dynamiken för 
djur-datorinteraktioner, och hur dessa insikter kan väcka fantasin och generera 
ämnen och idéer för djurcentrerad design och teknik. 
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I like to think 
(and the sooner the better!) 
of a cybernetic meadow 
where mammals and computers 
live together in mutually 
programming harmony 
like pure water 
touching clear sky. 
 
I like to think 
(right now, please!) 
of a cybernetic forest 
filled with pines and electronics 
where deer stroll peacefully 
past computers 
as if they were flowers 
with spinning blossoms. 
 
I like to think 
(it has to be!) 
of a cybernetic ecology 
where we are free of our labors 
and joined back to nature, 
returned to our mammal 
brothers and sisters, 
and all watched over 
by machines of loving grace. 

 
- Richard Brautigan, 1967 
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1. Introduction 

Just like computing, non-human animals are deeply entangled and omnipres-
ent in the human world. We interact with them in variety of ways and for a 
multitude of reasons, ranging from sheer exploitation to love and affection. 
Given the omnipresence of both these categories of non-humans in human life, 
it is not so strange that encounters between them have intensified. Animals 
have been equipped and trained to use technology in scientific settings since 
the 1960s.1 The advancement and growing ubiquity of technology has ex-
tended animals interactions with technology beyond scientific settings to other 
domains and everyday contexts, and for a broader set of reasons. We have 
seen the increased use of technology in farming, such as automatic milking 
systems from the early 1990s, which now are more or less standard. Hunters, 
who are generally early adapters of technology, embraced tracking technolo-
gies from conservation studies by equipping their dogs with trackers during 
driven hunts. More recently this kind of technology has entered the pet market, 
in popular applications such as FitBark2 and Whistle3, which also measures 
the physical activity of canines. Primates in zoos have been exposed to tablets 
and touchscreens for playing instruments and games in the App for Apes pro-
ject.4 We have also seen a wider development of interactive games for pet 
animals and their human companions. 

Despite a long history of animal exposure to technology it is only recently, 
with the initiation of the research area of animal-computer interaction (ACI), 
that they have been recognized as legitimate “users” of interactive technology 
and as co-designers or participants in design (e.g. Mancini, 2011). Researchers 
and designers from the field of human-computer interaction (HCI), who have 
a long tradition of designing interactions and computational artifacts for hu-
man use and experience, have started to explore the possibilities of designing 
ethically justifiable and appropriate computer interfaces for animal use, and/or 
                                                   
1 Experimental research in behavioristic psychology has involved animals, such as mice and pigeons, op-
erating technology in operant conditioning chambers (e.g. Skinner, 1957). In animal ecology and conser-
vation studies, wild animals have been equipped with radio tags for tracking purposes since the 1960s, and 
since the 1990s there has been an expansion of other tracking technologies such as GPS and proximity 
sensor cameras (e.g. Benson, 2010; Kucera and Barrett, 2011). Primates have used lexigram keyboards in 
research into their communicative and language learning abilities since the late 1970s (e.g. Rumbaugh and 
Gill, 1977), which later expanded to dolphins using underwater keyboards for similar purposes (e.g. Reiss 
and McCowan, 1993).  
2 https://www.fitbark.com (accessed 2020-04-29). 
3 https://www.whistle.com (accessed 2020-04-29). 
4 https://redapes.org/multimedia/apps-for-apes (accessed 2020-04-29). 
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to increase their wellbeing. This endeavor sees animals as “the new humans”, 
to design for and with (e.g. Mancini, 2011). The increased involvement of an-
imals in technology is also driven by research and design in this field, where 
different types of interfaces are being explored and developed to fit animals 
physical and cognitive prerequisites. This includes, for example, systems for 
working dogs (e.g. Mancini et al., 2015; Zeagler et al., 2016), interspecies 
games (e.g. Tan et al., 2011), as well as digital enrichments and playful envi-
ronments for captive animals (e.g. French, 2015; Pons et al., 2014). We are 
just at the beginning of a new era of computing, which not only embraces 
everything in the human world, but progressively also encompasses the non-
human world of other living beings. The way animals interact with computing 
re-configures not only their lives and what it means to be animal, but also the 
many variations and dimensions of human-animal relations and interactions. 
How then, we need to ask ourselves, should interactive technology be de-
signed to make life better and meet the needs and desires of other animals, and 
to improve our relationships with them? 

The ontological expansion of designing interactive technology not only for 
humans, but also for and with other animals, entails severe epistemological 
and methodological challenges. The shift from human to animal interaction is 
not straightforward. It requires us to engage with the difficult task of under-
standing this new set of actors, and the types of interactions and functionalities 
they possibly would like to have with computing. This is a challenge even 
when it comes to humans, but when the focus is shifted to other animals the 
challenge escalates and creates a new set of obstacles. We do not share the 
same language and consequently have difficulty understanding each other due 
to interspecies differences. Similarly, animals are an exceptionally broad cat-
egory5 with a diverse set of species in terms of, for example, physiology, sen-
sory abilities and ways of perceiving and experiencing the world. Our under-
standing is also problematic as it can be biased from a human perspective and 
suffer from anthropomorphism. There are also difficulties when it comes to 
validating our understanding of animal users and evaluating their satisfaction 
and experiences with designs. These kind of obstacles and interspecies barri-
ers make it difficult for us to understand and design for and with other animals. 
Testing the adaptability of user-centered design approaches and methods from 
HCI (e.g. participatory design, speculative design, design interventions in the 
lab) has become the standard procedure for attempts to understand and em-
body and embody the requirements of animals in a priori design ideas and 
topics, occasionally in combination with insights from animal science. It is a 
logical point of departure, but not the only way to proceed.  

                                                   
5 Separating humans from other animals is a categorical error, not only because humans are also animals in 
a strict biological sense, but also due to the absurdity of including all animals (from slugs and ants, to 
elephants and whales) in a single category, which is only distinguished by not being human (Derrida, 2008). 
It is, indeed, an expression of anthropocentrism where the human is at the center, and is the point of depar-
ture for everything. 
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At this early stage, we need to carefully articulate the potential of different 
methods and theories, as well as create new ones for this particular purpose, 
i.e. to get closer to an understanding of what a meaningful interaction for ani-
mals could be. We need to extend our thinking and conventional ways of doing 
research and design, and preserve curiosity and creativity. As a complement 
to the many design approaches in ACI, this thesis suggests a slower procedure 
based on theoretical contemplations grounded in empirical observations of sit-
uated animal interaction. This is performed in order to spark considerations 
regarding the notion of interaction in ACI, and what kind of interactions with 
technology that animals possibly would like to have, and suggest new topics 
and ideas for design that could be meaningful for them.  

1.1. The Idea and Challenge of ACI 
The research area of ACI is young and emerging. It was first mentioned in the 
mid-1990s as an “outrageous HCI expertise” that could develop with the in-
creased ubiquity of computing (Thomas, 1995, p. 222).6 A few years later, in 
the early 2000s, a small number of HCI researchers started to embrace animals 
in the design of interactive technology to support human-animal relations, 
communication and play (e.g. Resner, 2001; Mankoff et al., 2005; Lee et al., 
2006; Tan et al., 2006). These designs include, for example, a remote com-
puter-mediated clicker trainer system (Resner, 2001), a haptic vest for remote 
vibro-tactile stroking (Lee et al., 2006), remote and mixed reality interspecies 
games (Tan et al., 2006), and a system to stimulate bored home-alone dogs 
(i.e. Mankoff et al., 2005). Engaged with the task of developing interactive 
technology for animals, these early attempts employed, for example, user-cen-
tered design principles and methods from HCI (e.g. Resner, 2001), and labor-
atory methods from animal welfare science for evaluating the animal’s user 
experience (i.e. Lee et al., 2006), and argued for the need of awareness of the 
psychology and physiology of animals (e.g. Resner, 2001). Other early con-
tributions were written with a humoristic and overstatedly anthropomorphic 
narrative (i.e. Mankoff et al., 2005; Wingrave et al., 2010). Weilenmann and 
Juhlin (2011) warned that this type of account “diminishes the relevance of 
the area” (p. 2632), and stressed the need to theoretically articulate and find 
an appropriate level of anthropomorphism when designing systems for hu-
man-animal interaction. Despite its hoax-like quality, it has been argued that 
Mankoff et al. (2005) succeeded in revealing important aspects of the design 
of user-centered technology for animals, for example, “think from the animal 
users ‘viewpoint’, the methodological inequity of most HCI frameworks and 
                                                   
6 More specifically he predicted that: “[w]e may expect that a variety of devices will attempt to monitor, 
control, train and, yes, even entertain animals in their owners’ absence… [and that such systems] …needs 
to be designed with the widely disparate sensory, cognitive, and motoric abilities of animals, as well as 
their physiologies in mind” (p. 222). To a large extent his prediction became reality.  
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techniques, the necessity to closely refer to animal physiology and natural be-
havior to inform requirements, and the challenge of conducting controlled or 
at least reliable evaluations from the animals’ perspective” (Mancini et al., 
2013, p. 2229). 

It was, however, not until the early 2010s that the general idea of ACI was 
articulated in the shape of a manifesto (i.e. Mancini, 2011). It was written as 
a “response to the fragmentation of the early work in the field” (Mancini, et 
al., 2017, p. 130), and included a set of ethical principles and guidelines in-
volving a non-speciesist approach to research (e.g. Dunayer, 2004). The man-
ifesto paradigmatically defined the field by engaging scholars in a certain kind 
of “puzzle solving” (Kuhn, 1960/1970, pp. 35-42), and setting the field’s main 
agenda. It placed the perspectives and wellbeing of animals at the center of 
attention in the undertaking of designing computational artefacts supporting 
their activities and welfare. Engaging other animals as legitimate users, and as 
stakeholders and participants in design, is fundamental for ACI. Several aims 
were established for this task in the manifesto, namely: (i) to study and theo-
rize interactions between animals and technology in naturalistic settings; (ii) 
to develop animal-centered technology to improve animal welfare, support 
animals in their activities and foster interspecies relationships; and (iii) to in-
form the development of animal-centered design approaches, enabling them 
to participate in the design process on an equal basis with humans. 

Most efforts in ACI have involved the latter two aims in the manifesto: the 
methodological and ethical challenges of positioning other animals as rightful 
users, stakeholders and participants in design, as well as proposing systems 
and interfaces supporting animals in their activities or increasing their welfare. 
The latter tends to be restricted to a specific set of animals, and predefined 
features of their lives, such as working tasks (e.g. Robinson et al., 2014; 
Mancini et al. 2015), play (e.g. Pons and Jaen, 2016), physical wellbeing (e.g. 
Haladjian et al., 2017; Jukan et al., 2017), environmental enrichment and stim-
ulation (e.g. French, et al., 2015; French, et al., 2016; Scheel, 2018), and hu-
man-animal relations and communication (e.g. Resner, 2001; Lee et al., 2006; 
Neustaedter and Golbeck, 2013; Rossi et al., 2016). This is almost exclusively 
done by exploring the applicability of conventional and already established 
methods and user-centered design principles from HCI and IxD in order to 
engage animals as participants in design.7 This is often also informed by meth-
ods and research findings from animal science, for example, on animal behav-
ior, biology, cognition, and welfare.  

                                                   
7 Nevertheless, there is still room for a more creative development and procedure than solely testing the 
applicability of conventional HCI methods. This is a logical and relevant way to proceed, but for developing 
the field further it is necessary to continue to explore and keep an open mind for alternative methods and 
approaches. A call for methodological creativity has been made for social science in general (e.g. Law, 
2004), but it is perhaps even more intensified when dealing with the issue of designing for the wants and 
needs of non-human animals. A relevant discussion regarding the latter can be found in Latour’s (2016) 
foreword to What Would Animals Say, If We Asked the Right Questions? by Vinciane Despret (2016). 
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The most fundamental challenge, however, when it comes to designing in-
teractive technology for animals, is to understand this new set of actors and 
the kind of interaction and functionality they would possibly like to have with 
computing: that is, what they could gain from it and how it could enrich their 
lives. Much effort has been made to involve animals as design participants in 
a priori design ideas and systems, and in that sense design for and with ani-
mals. The topics and design ideas, per se, and the extent to which they meet 
the needs, interests and desires of non-human animals, is less discussed. When 
engaged with the task of designing technology for animals, we need to ask 
ourselves what kind of systems and functionalities they might like to have in 
the first place, and what topics should be emphasized. Interspecies differences 
and variations (e.g. in terms of physicality and sensibilities), problems of in-
tersubjectivity, and the diversity of animal users in terms of biological (e.g. 
species, breed, individual) or contextual factors (specific settings and environ-
mental circumstances, such as zoo or service animals), mean that the challenge 
of designing computer technologies for animals and their needs is immense. 
They are living different lives to our own, and they can’t express themselves 
in the same way as we do. Understanding “users” and their needs is a chal-
lenge even when it comes to humans, and when the user is an animal, the 
challenge is increased. 

ACI is a relatively young field of research with a tendency to become some-
what narrow. The narrowness of the field can be seen in its framing, the con-
ceptualization of what interaction means, and the kinds of animals that are 
involved and for what reasons. The idea of interaction is commonly reduced 
to the interface. Restrictions are also visible in the relatively small number of 
methods (e.g. participatory design, prototyping, design interventions in the 
lab) and the limited set of theoretical reflections. The main focus is to build 
and develop methods for engaging animals as participants in the design pro-
cess. It is also often unclear how ideas for design are generated and how they 
fit the needs of animals beyond the specific design setting and a priori design 
idea and interface.  

Despite the new situation of including other animals as users, and the com-
pound sociotechnical dynamics it brings; little effort has been made towards 
reflecting and theorizing on what the emergence of ACI implies and means in 
terms of interaction. The idea of interaction is inherited from HCI and is con-
centrated on the interface between the well-established boundaries of the ani-
mal or human “user” and the computer. Interaction is to a large degree equal 
to the different modalities of computer interfaces and a large focus in ACI is 
on designing appropriate and novel interfaces that fit, for example, the differ-
ent physiology, biology, and sensory abilities of animals (e.g. Mancini et al., 
2016; French et al., 2017). There are only a few theoretical accounts that ex-
plicitly deal with the notion of interaction (i.e. Weilenmann and Juhlin, 2011; 
Mancini et al., 2012). In HCI, on the other hand, a broad range of theoretical 
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perspectives have successfully been imported from other disciplines. Theoret-
ical development in HCI seems to be driven by technological advancement, 
as they offer “whole new forms of interaction and activity” (e.g. Dourish, 
2004, p. 1), and by the increased ubiquity of computing to continually “reach 
out” (Grudin, 1989) to new spheres and dimensions of human life. Thus, in 
times of sociotechnical change, there is a “growing need for theoretical and 
conceptual development” (Stolterman and Wiberg, 2010, p. 98). The emer-
gence of ACI is a radical change, and a novel situation that requires an updated 
interactional understanding. The reconceptualization of other animals as users 
and participants of design adds a complexity to the notion of interaction and 
creates a new set of challenges.  

It needs to be stated again: the challenge of understanding the needs and 
requirements of animals in computing, is vital and immense. The challenge 
has two main layers, on the one hand (i) it is necessary to understand animal 
needs in predefined systems and interfaces, which have usually been designed 
for anthropocentric purposes. On the other hand (ii), which is even more fun-
damental, it is necessary to think about the new systems that could be devel-
oped to meet the needs of animals on their own terms. Both these levels of 
needs are important, but it seems that ACI primarily focuses on the first layer. 
We need to remain open-minded and explore a wide range of resources for the 
task. The suggestion offered in this thesis, is that instead of simply building, 
we also need to think, and we need to think as broadly as possible. The state 
of ACI and its practice leans heavily on HCI approaches and conceptualiza-
tions, and also a specific set of approaches and conceptualizations of interac-
tion within HCI, but where the human user is replaced by an animal. The treat-
ment and theorizing of the notion of interaction in ACI is narrow, especially 
regarding the delicate and even more problematic situation at hand, compared 
to human interactions with computers. There is room to explore several per-
spectives on ACI and to open a discussion about avoiding its current narrow-
ness. There is thus a growing need for creative theorizing and theoretical re-
flections, something which this thesis intends to do. Theoretical reflections, 
grounded in empirical observations of animal interactions in situ, can also 
generate design and reveal aspects of interaction and animal needs that might 
previously have been overlooked. What theories can possibly be relevant for 
understanding this new set of interactions? What can they reveal about the 
interactions, needs and desires of animals with regard to computing? 

1.2. Aim and Scope of Thesis 
This thesis sets out to investigate the notion of interaction in the research field 
of animal-computer interaction (ACI). The field of ACI has become somewhat 
narrow in terms of the types of animals that are involved, in what kind of 
interactions, and for what purposes, and also how the very idea of interaction 
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is understood. The overall aim of this thesis is to ontologically consider other 
options than the conventional understanding and framing in ACI, and thus un-
leash the field from its narrowness. We are especially interested in reflecting 
upon what kind of interactions that other animals possibly would like to have, 
and generating ideas and topics for designs for animals on their own terms, 
rather than for intrinsically anthropocentric purposes. This is a severe episte-
mological and methodological challenge, which ACI scholars must face in 
order to take the ACI principle of designing for animals seriously. Rather than 
taking an agnostic position, we should at least consider what kind of interac-
tions animals would possibly like to have with computing, and what a mean-
ingful interaction for them could be. The overall aim of theoretically investi-
gating the “I” in ACI, as outlined above, is articulated in the following re-
search questions, around which the thesis is oriented: 
 

RQ1.  How should we understand the notion of interaction in-between  
animals and interactive technology? 

 
RQ2.  What kind of interactions do animals possibly want to have with  

interactive technology?  
 
RQ3.  What theoretical and analytical perspectives would be suitable for  

investigating and understanding the kind of interaction that can be 
meaningful for animals, and how can they inform design?  

 
The first research question (RQ1) invites us to rethink what we mean by in-
teraction in ACI. The conventional framing, which is inherited from HCI, 
tends to be reduced to the interface between and its well-established bounda-
ries (i.e. animal-computer, human-computer). How we frame and conceptual-
ize interaction guides our focus and the ways of doing research and design. A 
large part of ACI concentrates on developing suitable and natural user inter-
faces for animals in terms of fitting, for example, their physiological and sen-
sory abilities. The second research question (RQ2) concerns the kind of inter-
actions that animals would possibly like to have with interactive technology 
and computational artifacts. Instead of limiting the interests and needs of ani-
mals to requirements of a priori design ideas in participatory design ap-
proaches, or treating the topic ironically with speculative design, we at least 
strive towards theoretical contemplations regarding what animals would pos-
sibly like. We argue that animal-computer interaction should be more closely 
linked to animal needs and interests on their own terms and not for anthropo-
centric purposes, which is common in ACI. We have strived towards a diver-
sity in terms of both empirical cases and theoretical perspectives to increase 
the chances of opening up the field. That is, we examine the theoretical and 
analytical perspectives that are suitable for considering the interactions and 
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needs of animals in computing. The third question (RQ3), requires an evalua-
tion of different theoretical perspectives, as well as the role of theory in in-
forming and inspiring design.  

1.3. Research Approach and Methods 
The aim and scope of this thesis is approached through a theoretical investi-
gation advocating additive empiricism (Latour, 2016) and theoretical plural-
ism (Feyerabend, 1978). It involves an assembly of theories generarted from 
a maximum variation of extreme and deviant empirical cases (Flyvbjerg, 
2011), derived from ethnomethodological and ethnographic fieldwork. The 
cases, which all depict ordinary animal life and interaction in situ without any 
prior design agenda are divergent in relation to conventional ACI. They are 
primarily selected on the basis that the topic or setting have not been previ-
ously considered in the field. It is equal to an ambition of exploring the un-
known or neglected topics. They are not selected to have specific design im-
plications relative to a certain topic or a priori design idea which is the com-
mon procedure in ACI, instead, they are selected to generate new insights, 
ideas and topics for the field as a whole. That is, we have not started with any 
design idea or topic, rather we gone out into the world looking for interesting 
and innovative sites of interaction that could potentially reveal something in-
teresting. Design ideas and topics have emerged from these studies, rather than 
letting predefined ideas determine the choice of empirical settings.  

The diversity of empirical cases, and theorizing upon them, unpacks differ-
ent dimensions and dynamics of interaction, as well as creating a foundation 
for reflections on what a meaningful interaction could be for animals. These 
empirical observations and proposed theories are intended to enrich reflective 
discussions on what counts as interaction in ACI, and the kind of interactions 
that animals would possibly like to have with computing. In that sense, the 
approach is open for interpretation by adding empirical examples as well as 
theoretical and analytical perspectives, which is crucial in this initial stage of 
ACI. It is also necessary to remain curious, and explore the issue at hand 
openly, as opposed to starting off by building and creating prototypes based 
around more or less a priori design ideas and topics. In order to stimulate a 
breadth of thinking, this thesis engages in a theoretical investigation of a rich 
variation of extreme and deviant cases aimed at generating and exploring the 
different theoretical and analytical perspectives that could be used to get closer 
to an understanding of what animals might want. These empirical cases and 
theories are discussed in relation to conventional forms of interaction and ap-
proaches within ACI, in order to extend knowledge and open up the field. 

As such, this thesis stresses the importance of maintaining a preserved cu-
riosity, and highlights the need to continue to investigate and open up the no-
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tion of interaction, rather than omitting such understanding and relying on in-
herited ideas of interaction from HCI. In that sense, it is an attempt to “imagine 
and to fight against ‘ready-made’ models of inquiry” (Stengers, 2011, p. 11). 
The role of theory is thus not only to provide extended scientific explanations 
of empirically observed phenomena. Its strength and value can also be found 
in its “power to get in the way: to offend and interrupt … and thereby, hope-
fully, open up new possibilities for thinking and doing” (MacLure, 2010 p. 
277). In that sense, theory can also be used as a means to unleash thinking, 
and in turn also affect praxis. Rather than using theory solely to describe, ex-
plain, predict, prescribe or generate interactions, as suggested by Bederson 
and Schneiderman (2003), this thesis also uses theory to interrupt and obstruct 
the conventional idea of interaction in ACI, which more or less uncritically 
relies on definitions and theoretical perspectives from HCI. 

We are using theories of interaction involving other animals to unpack di-
mensions and dynamics of ordinary animal interactions in situ that can be im-
portant for design. Observing situated and contextualized animal interaction 
can also inform us about their interests and needs, and what a meaningful in-
teraction might possibly be for them, and stimulates thinking about the kind 
of interactions and functionalities they would possibly like with computing. 
Theoretical reflections, grounded in the empirical observation of animal inter-
actions in situ, can also generate design and reveal aspects of interaction and 
animals wants and needs that might previously have been overlooked.  

In sum, the aim of this inquiry is to enrich our understanding of animal 
interactions with, and possible needs and desires from, technology, by gener-
ating additional perspectives regarding what we mean by interaction in ACI 
and the kind of interactions animals would possibly like to have with compu-
ting. ACI so far is atheoretical, and its interactional understanding is inherited 
from HCI, combined with insights and guidelines from animal science. This 
thesis, and the included publications, can be seen as an effort to offer a theo-
retical perspective of the field so as to foster an additive, richer and broader 
interactional understanding of animal involvement in technology. It suggests 
a slower and more reflective procedure for the quickly growing research area 
of ACI, in which other non-human sentient animals are promoted as “users” 
and participants to design for and with. 

1.4. Summary of Contributions 
The extended arguments of this thesis can be summarized under the parole 
“unleashing ACI”, which calls for (i) a wider interactional understanding in 
the field of ACI, (ii) a more zoocentric ACI where the possible needs and 
desires of animals are the point of departure for design ideas, (iii) a maintained 
empirical curiosity and methodological and theoretical creativity to generate 
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an understanding of what interactions animals would possibly like with inter-
active technology, and to spark ideas for design. 

The notion of interaction in ACI is narrow and concentrated on the animal-
computer interface. Design ideas commonly emerge from human problems 
and tasks (e.g. systems for assistance dogs), or from dealing with the conse-
quences of keeping animals in captivity (e.g. supporting the welfare and well-
being of pets, and farm and zoo animals). Such efforts are important and have 
a function to play for the sake of the animals and their welfare, but we argue 
that there are possibilities in an even more animal-centered or zoo-centric de-
sign which aims at increasing animal satisfaction. We suggest that design 
ideas and topics in ACI should be grounded more closely in the ordinary eve-
ryday life of animals, embracing their problems, interests, demands and de-
sires. We thus call for a more zoocentric ACI, where we must engage empath-
ically with animal needs and desires on their own terms as a point of departure 
for design ideas and topics. Knowing what animals would possibly like is in-
deed a challenge. Instead of giving up on this task, ACI scholars must face 
this challenge if we are serious in the attempt to design for and with animals. 
Despite its challenges, we should at least try to investigate and consider the 
kinds of interactions animals might would like to have with interactive tech-
nology. To generate an understanding of animal needs and desires with inter-
active technology requires a maintained curiosity and boldness when selecting 
the topics, settings and animals to design for, as well as the methodological 
creativity for studying them. We also suggest that ACI (and even HCI) can 
benefit from theoretical considerations of animal interactions and involvement 
with interactive technology.  

We have argued for a broader interactional understanding and have ex-
plored as many extreme and deviant empirical cases as possible (Flyvbjerg, 
2011), and likewise a broad arsenal of theoretical and analytical perspectives. 
These includes ethnomethodology and leashed dog walking, ANT and 
Goffman’s notion of strategic interaction and the use mobile proximity sensor 
cameras in boar hunting, biological theory and the involvement of plants in 
technology, and a kinesthetic and semiotic analysis of social media represen-
tations of animal life and human-animal interaction in so-called “dog blogs”. 
These all emphasize different forms of interaction, from direct and dyadic, to 
networks and representations. How we define and frame interaction also has 
consequences for design and the involvement of animals in technology. In-
stead of concentrating on the animal-computer interface we can look more 
widely, and see these forms of interactions as always being multispecies, and 
at the way they affect animals and human-animal relationships on long-term 
and structural levels.  

If ACI is to take the task of designing for animals seriously, then a broader 
interactional understanding is necessary, as we need to design to make life, 
and the world in general, better for animals. Much attention is paid to design-
ing interfaces for animals for anthropocentric purposes and we suggest that 
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design ideas in ACI should be grounded more in the ordinary everyday life of 
an animal, embracing, for example, their problems, interests, requirements and 
desires. We thus call for a more altruistic and symmetrical ACI, where we 
engage empathically with animals on their own terms as a point of departure 
for design ideas and topics. Encouraging such ideas is indeed a challenge, but 
one which ACI scholars must face if we are serious in our attempts to design 
for animals. ACI should also work to develop methods of generating design 
ideas centered on an animal’s wants and needs, rather than around humans. 
We need to explore the potential for understanding animals and what is mean-
ingful for them, and how interactive technology can be designed to support 
them. For example, it could be to create systems that support animal-animal 
interaction and their intraspecies social lives. 

This research primarily contributes with theoretical reflections on, and in-
sights into design in the domain of ACI, but its insights could also be valuable 
for IxD and user-computer interaction research in general. Just as the cases in 
this thesis are more or less unusual and extreme within ACI (e.g. embracing 
wild animals and plants), the inclusion of animate beings other than humans 
provides interesting perspectives and reflections for HCI and IxD in general. 
This thesis may also be of relevance for the interdisciplinary field of human-
animal studies (HAS), which has explored many of the areas in which humans 
and animals interact (e.g. DeMello, 2012). The way animals are involved in 
interactive contexts supported by digital technology is still rarely examined 
within this kind of research. This research can thus also enable a more tech-
nology-oriented HAS, something which will probably be a major topic in the 
future, given that animals are increasingly involved in technological settings, 
which in turn could reconfigure human-animal relationships, our perceptions 
of animals, and what it means to be an animal today and in the future. 

1.5. Thesis Outline 
In this theoretical inquiry investigating the notion of interaction in animal-
computer interaction, we start by considering the historical and ontological 
prerequisites for ACI and its inclusion of animals as “users” and co-designers. 
This implies reflections on (i) scientific developments in animal science, (ii) 
the animal turn in the social sciences and humanities, and (iii) a paradigmatic 
expansion in human-computer interaction research. Without progress and 
shifts in these fields of research the idea of ACI would probably not have been 
possible. We then review the current state of ACI in terms of the types of 
animals that are included and under what interactional circumstances: how 
interaction is framed and conceptualized, and how and to what extent animal 
needs and desires are considered in such interactions. This becomes the theo-
retical background of the thesis, which also highlights the conventional ideas 
and praxis of ACI. 
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Thereafter, the overall theoretical approach of the thesis is described and 
justified. The selection of cases and theoretical perspectives, as well as the 
research methods behind the different empirical cases, is also justified and 
evaluated in this chapter. As previously stated, we have selected a diverse set 
of extreme and deviant empirical cases, and included a breadth of theoretical 
and analytical perspectives in order to open up and cast new light on the “I” 
in ACI. We are interested in asking questions about what ACI can potentially 
be, beyond the conventional, rather than what it is. 

Following the methodology chapter, we present empirical cases, theoretical 
perspectives, and theoretical considerations regarding the notion of interaction 
and the animal needs generated from this interaction. This includes: (i) ethno-
methodology and the case of leashed dog walking; (ii) actor-network theory 
combined with strategic interaction and the case of online mobile proximity 
sensor cameras in hunting; (iii) plant dissemination theory and the case of 
cherry blossoming; (iv) kinesthetic and biographical empathy and the case of 
dog blogs and quantified pets, and (v) the rhetoric theory of tropes applied to 
the same case of dog blogs, but with additional data observations. Theoretical 
contemplation of the different cases reveals different dimensions and forms of 
interaction as well as considerations on animal interests, desires and benefits 
as regards computing. These cases and theories reveal different ideas and con-
ceptualizations of interaction, from direct and dyadic, to networks and repre-
sentations. They also reveal different theoretical considerations for what a 
meaningful animal interaction could be and suggests topics and ideas for a 
more zoocentric design. 

In the light of conventional ACI, this out-of-bounds excursion of perspec-
tives constitutes an interactional prism, allowing new interpretations of what 
interaction in ACI is, what it isn’t, and what it could be, including what mean-
ingful computer-interaction for animals might be. The idea of the prism de-
parts from C. Wright Mills’ (1959) metaphor of the mind as a moving prism, 
casting light from as many angles as possible. ACI and its conventional ideas 
will be reviewed in the light of the diverse theoretical considerations and ideas 
generated from the different cases. A concluding summary of the thesis and 
its extended arguments under the parole “unleashing ACI” follows, which 
calls for: (i) a wider interactional understanding of the field of ACI, (ii) a more 
zoocentric ACI where animal interests are the point of departure for topics and 
ideas for design, and (iii) the need for continued curiosity and methodological 
and theoretical creativity to generate an understanding of what kinds of inter-
actions animals would possibly like to have with interactive technology. 
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2. From Mindless Machines to Users and 
Participants in Design  

The first part of this chapter will provide a historical and ontological back-
ground for the deliberation of animals from Cartesian ideas of animals as in-
sentient automata, to being so-called “users” of technology and participants in 
design, which is fundamental to the research area of animal-computer interac-
tion (ACI). Progress in animal science, the animal turn in the social sciences 
and humanities, and the paradigmatic expansion of HCI are identified here as 
important puzzle pieces. This will also function as theoretical sources of in-
spiration for understanding animals and their interactions, needs and interests, 
which can put ACI in perspective. In the second part, we shift attention to how 
and what kind of interactions animals are involved in within the research area 
of ACI. In addition to considering what animals are involved, for what reasons 
and under what interactional circumstances, this review of the state of ACI 
also describes conventional ideas, methods and theories of interaction. 

2.1. Ontological Prerequisites for Animal-Computer 
Interaction 
The re-conceptualization of other animals as so-called “users” and as co-de-
signers, which is common in ACI, is radical in comparison to previous views 
of animals as lower beings and second-hand citizens of the world. It stands in 
stark contrast to the Cartesian notion of animals as reduced to mindless ma-
chines (Descartes, 1911/1991), operating without higher thought or con-
sciousness,8 which has fostered ideas of humans as unique and superior to 
other animals. Aristotle (1943) offered a foundation for such anthropocen-
trism and human exceptionalism, with his consideration of humans as the only 
rational being with exclusive rights to an ethical existence. Animals he argued, 
lack rationality due to their inability to speak and reason, and should therefore 
only function to serve humans.9 These hierarchical and differential ideas pro-
vided the main and widespread narrative justifying animal exploitation, which 
                                                   
8 Even though Descartes denied animals thought and self-consciousness, the extent to which Descartes 
articulated his denial that they possess feelings has been questioned (Cottingham, 1978). 
9 Specifically, Aristotle wrote: “Plants exist for the sake of animals, and animals for the sake of man–
domesticated animals for his use and food, wild ones for food and other accessories of life, such a clothing 
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was also adapted by and transferred into different religious beliefs and hierar-
chical thinking, and lingers on today, even in secularized societies. The way 
humans define themselves as something unique and greater than other ani-
mals, which is defined as human exceptionalism (Haraway, 2008), has been 
demonstrated to have a severe impact on our treatment and exploitation of 
animals. It has justified negative treatment and the use of animals for solely 
anthropocentric purposes. Much of this differentiation is centered around ra-
tionality and sentience, and the extent to which this is present in other beings, 
something that historical narratives restricted to humans alone.  

In the following sections we will cast light on three significant influences 
on the emergence of ACI. These areas have also had a significant impact on 
how we perceive and treat other animals: progress in animal science, the ani-
mal turn in social sciences and humanities, and the paradigmatic expansion of 
human-computer interaction (HCI). In addition to describing the ontological 
prerequisites for the field, this will also function as way to inspire reflections 
on animals and their interactions, interests, and abilities in general. By empha-
sizing how humans are conceptualized as interacting with technology, we put 
ACI, and animal involvement in technology, into perspective. 

2.1.1. Progress in Animal Science 
Advances in animal science, for example, the rise of modern and cognitive 
ethology and animal welfare science, have continually opened up and rede-
fined ancient beliefs of animals as insentient automata or mindless machines 
(e.g. Descartes, 1911/1991). Alongside HCI, these advances are the most ob-
vious and significant influence on ACI, because they have increased our un-
derstanding of animals as sentient beings. They have advanced our knowledge 
of what an animal is in terms of, for example, cognitive, emotional and com-
municative abilities, seeing them as sentient beings with the implication that 
humans are not as exceptional as previously considered. This development, 
which is a prerequisite for considering animals as possible “users” of compu-
tational artefacts and as participants in design, is emphasized below. We will 
further reveal the difficulties, and similarly the possibilities, of understanding 
animals and our shifting focus over the years.  
 Ethology is the biological discipline for studying animal behavior and 
emerged as a scientific discipline in the mid-nineteenth century. Its roots can 
be found in Charles Darwin’s (1859) idea of evolution by natural and artificial 
selection. As noted by Crist (1992), this idea “established the phylogenetic 
continuity between humans and animals, thereby irreparably undermining the 
credibility of religious doctrines of the fixity of species, of special creation, 

                                                   
and various tool. Since nature makes nothing purposeless or in vain, it is undeniably true that she has made 
all animals for the sake of man” (Aristotle, 1943, p. 16) 
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and of the unique status of human beings” (Ibid., p. 11). Darwin was particu-
larly interested in instinct, and viewed it “primarily in behavioral terms and 
considered his ability to explain instinct through natural selection to be one of 
the most critical tests of his theories” (e.g. Bekoff et al., 2002).  

Early zoologists such as C. O. Whitman (e.g. Whitman and Riddle, 1919) 
also focused on instinct in terms fixed action patterns, referring to the uncon-
scious and uncontrolled behavioral patterns triggered by environmental stim-
uli, and shared similarities with the Cartesian notion of animals as reduced to 
machines or mindless automata. The focus on instinct is also present in the 
work of ethologist Konrad Lorenz (e.g. 1952), and his idea of imprinting: an-
imals mimicking the first animal they see, even if they aren’t of the same spe-
cies. Lorentz worked together with Nikolaas Tinbergen who focused more on 
the causes of animal behavior and how the behavior of animals changes over 
time (Tinbergen, 1951). They studied animals “in the wild”, in their own nat-
ural habitat, and under natural conditions,10 and developed methods to avoid 
slipping into the trap of anthropomorphism, which was perceived as unscien-
tific and anecdotal. How animal behavior is described is crucial for ethology, 
and it can be categorized as either empirical description (i.e. behavior in terms 
of body part, such as flapping wings) or functional (i.e. incorporation of ref-
erence to the behavior’s function, for example, flying). For an ethologist, these 
descriptions “should inform others of your descriptions in an objective way 
without bias to your own experiences or personal beliefs” and anthropomor-
phism should always be avoided (Lehner, 1979, p. 83). Functional descrip-
tions are a form of anthropomorphism. It is also noted that there are degrees 
of anthropomorphism and also that there can be functional descriptions that 
isn’t anthropomorphic (Ibid., p. 85).  

In addition to the way we describe animal behavior, it also matters how we 
observe behavior. As opposed to ethological field studies “in the wild”, be-
havioristic psychology is interested in understanding and comparing human 
and animal behavior, and has conducted experiments in controlled laboratory 
environments, such as those by F. B. Skinner (e.g. 1938, 1957) and his operant 
condition chambers. Lorentz and other ethologist were suspicious of data col-
lection in artificial environments, as it omitted to study behavior in terms of 
what an animal really was doing (Lehner, 1979, p. 15). The psychological 
perspective of behaviorism reduces action to mechanical responses to external 
or environmental stimuli, as opposed to internal thoughts or feelings (which 
according to behaviorism cannot be directly observed). Behavior refers only 
to physical movement which is directly observable, compared to the inner and 

                                                   
10 However, as noted by Despret (2013), the way a scientist’s body is involved in observations is seldom 
mentioned and it is almost an unwritten rule in animal sciences that “human bodies shouldn’t interfere in a 
properly scientific research process” (p. 52). “In his popular writings Lorenz’s depictions of his own work 
with geese and jackdaws involves his body in a process that takes the shape of a transformative experiment: 
he creates an embodied relation with the animals for whom he becomes a social partner – mother or com-
panion”.  
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mental life of animals. It concentrates on how environmental stimuli shape 
behavior and how introducing new stimuli creates new behaviors. Psycholo-
gist B. F. Skinner (e.g. 1938), the father of operant conditioning (a central 
element of behaviorism), applied this type of radical behaviorism in his labor-
atory experiments, where, for example,  he trained rats and pigeons in operant 
conditioning chambers. In behavioristic approaches, animals are nothing less 
than behavior, and behavior is defined as physical movement. A similar type 
of behaviorism is found in the work by physiologist Ivan Palov and his theory 
of classical conditioning (e.g. Pavlov, 1927), which was based on the discov-
eries he made during his research on the physiology of digestion. He noted 
through their unconditional response (salivation), that dogs could learn to as-
sociate things or events prior to a stimulus (e.g. food). He thus observed that 
dogs could also associate events or things with a certain stimulus (e.g. a bell 
with food, which caused them to salivate). Behavioral science and condition-
ing have been highly influential in animal training, which has been interpreted 
by some as creating a human-animal communication system (Sutherland, 
2009). The reductionist ideas of traditional behaviorism, for example, that an-
imals are reduced to a machine-like creature with instinctive and mechanical 
behaviors and a limited or non-existent mental life, have in principal disap-
peared. Such accounts echo ancient views about animals that can be traced 
back to the Cartesian notions of what an animal is. Even if animals, did operate 
technology in this era, it would have been impossible to consider them as us-
ers. Even pigeons placed in a rocket and trained to steer it (i.e. Skinner, 1960), 
were not considered users, but rather as part of the machinery in an early pro-
totype of a guided missile. This kind of cruel use can only have been possible 
by de-anthropomorphizing the animals. Anthropomorphism can be positive 
for animals, as they are treated better and loved, as in the case of pets. 
 As opposed to behaviorism, which neglected the underlying motivations of 
behavior by treating behavior as instinctive and mechanical, scientists in the 
1960s took knowledge about human mental processes, and examined whether 
such processes could be found in other animals. In the 1970s, Donald Griffin, 
the founder of cognitive ethology, believed that “traditional animal learning 
and comparative psychology were ignoring the really interesting phenomena 
presented by animals as a result of their narrowly focused laboratory studies 
of a few selected domesticated species” (Bekoff et al., xi). He argued that an-
imals was not only capable of cognition, but also possessed consciousness and 
was capable of conscious and adaptive behavior. According to Beakoff et al. 
(2002, p. xi), Griffin stressed that ethology: 

“…was falling under the influence of behaviorists and ignoring the cognitive 
implications of the flexible and diverse accomplishments their studies of ani-
mals were uncovering. For Griffin, cognitive ethology was not only the study 
of complex natural behaviors of diverse species, it was also the study of taboo 
subjects such as consciousness and awareness in other species. A cognitive 
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ethology that ignored consciousness, choice, deliberation, planning, intentions 
and other mental processes was, for Griffin, not possible” (Bekoff et al. 2002, 
p. xi).  

 
Modern ethology was also heavily influenced by primatologist Jane 

Goodall’s close and detailed empirical work on chimpanzees (e.g. 1971), 
which  provided an insight into animal behavior as individuals. It confronted 
preceding homogenizing ideas of chimpanzee behavior as species-specific 
(i.e. all animals of the same species are the same) and contributed new scien-
tific discoveries about chimpanzees, for example, that they “not only use tools 
but also make them as well, that they self-medicate when ill, and that they 
engage in co-operative hunting of monkeys and other animals” (DeMello, 
2012, p. 536). She was criticized for being unscientific and anthropomorphiz-
ing, as she gave the chimpanzees human names, in addition to being female 
and without a scientific degree when she started her work. 
 Animals communicate with each other to varying degrees (depending on 
the species), through oral messages, body language, facial expressions, scent, 
and other cues, in order to communicate information to other animals (De-
Mello, 2012, p. 365). Many of these modes of communication are also used 
in human communication. Humans’ ability to use symbolic language and “ar-
bitrary symbols to communicate abstract concept” (Ibid.) is sometimes con-
sidered a fundamental aspect of what distinguishes us from other animals. Pri-
mates, cetaceans (i.e. whales and dolphins), and several birds are claimed to 
have complex communication systems. The experimental ethologist Karl von 
Frisch famously discovered that honey bees could also communicate infor-
mation about distant resources: their quality, size and location, direction and 
distance (von Frisch, 1950). Thus, such communicative abilities can not only 
be restricted to, for example primates and cetaceans, which are considered to 
have complex communicating systems, but can also be attributed to small an-
imals and insects.  

Animal language studies focus on intraspecies animal communication, as 
well as their ability to learn and communicate human language. Research into 
animal abilities to learn and communicate human language have, since the 
early 1970s, showed that certain animals (especially great apes, but also par-
rots and dolphins), could learn and even be understood using human language. 
Griffin (1976) argued that this kind of research “could be a window into the 
minds of animals” (Pepperberg, 2017, p. 181). The work by primate researcher 
Roger Fouts (1973) found that chimpanzees could be taught to use sign lan-
guage by modeling and physical prompting, and that chimps even adapted 
signs for intraspecies communication. Research by primatologist Sue Savage-
Rumbaugh (Rumbaugh, 1977; Savage-Rumbaugh and Lewin, 1994) revealed 
that bonobos was able to learn and respond to full sentences, and that they 
seemed to communicate more when they had something to say, and thus, not 
solely imitating. Her research “seemed to prove that these apes were not 
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simply “reacting” to stimuli in the Cartesian sense in which animals can obey 
a fixed behavior, but “responding” to humans and to each other with an aware-
ness of language and the world around them” (Weil, 2010, p. 6)  
 The field of animal welfare science has emerged during the last 40 years.  
It concerns the treatment of living and active individual animals and their con-
trol of mental and bodily stability when coping with their environment 
(Broom, 2011; Broom and Johnson, 1993). This is different from animal rights 
discussions regarding whether or not to kill animals (e.g. Ragan, 1983; Singer, 
2015), as it focusses on animal wellbeing while they still are alive. This field, 
which engages, for example, ethologists and veterinarians, is also a conse-
quence of the advances in research into animal cognition, motivation, and so-
cial behavior. It is fueled by Bentham’s (1789), famous statement that it does 
not matter whether animals can reason, what matters is whether they can suf-
fer. It is important for the scientific field of animal welfare to be able to meas-
ure and scientifically observe and make statements about animal suffering and 
welfare. As noted by Donald Broom (2011) the Cartesian notion of animals as 
mindless machines has been used as a means to justify the exploitation of an-
imals. This idea is also central to Ruth Harrison’s book Animal Machines 
(Harrison, 1964), which suggested that workers in the farming industry often 
adopt such a view on animals. Harrison stressed that animal welfare was often 
seen as interfering with intense farming systems, which reduced an animal to 
its biological functioning and forced them adapt in more or less unmanageable 
ways. In turn this led to the Brambell committee and their report and articula-
tion of five freedoms that animals in intensive animal production should have 
(Brambell, 1965), namely: (i) freedom from hunger and thirst, (ii) freedom 
from discomfort, (iii) freedom from pain, injury, or disease, (iv) freedom to 
express normal behavior, and (v) freedom from fear and distress. It needs to 
be stressed that these freedoms were formulated in the context of captive ani-
mals in intensive animal production industries (e.g. for meat and dairy pro-
duction). Ethologist W. H. Thorpe was part of the committee, and he stressed 
the importance of understanding the biology of the animals and that animals 
“have needs with a biological basis, including some needs to show particular 
behaviors, and that animals would have problems if there were frustration of 
those needs” (Broom, 2011, p. 124). Thorpe’s ideas were implemented in the 
five freedoms, and much of the focus of animal welfare for/in/on such envi-
ronments is about reducing problematic behavior and poor welfare by ensur-
ing the most basic animal needs.  

As argued by Broom (Ibid., p. 129), the five freedoms are general and out-
dated guidelines, however commonly used by non-specialists. He notes that 
other guidelines, such as the twelve criterions outlined by the Welfare Quality 
program,11 offer better guidelines for animal welfare, but that the most reliable 
sources should be a species-specific list of needs based on scientific evidence. 
                                                   
11 http://www.welfarequality.net/media/1084/wq___factsheet_10_07_eng2.pdf (accessed 2020-04-08) 
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That is, it is important that they are scientific and species-specific, rather than 
general guidelines for non-human animals as a whole. Broom provides two 
scientific examples (Kirkden et al., 2003; Mason et al., 2001) involving ob-
servations of the preferences of animals in experimental settings (e.g. which 
floor mice prefer from a given selection of floors) and the strength of motiva-
tion to obtain that preference over other alternatives (e.g. an extra nest, various 
objects, a raised platform, a tunnel, an empty cage and water pool to swim in), 
or how hard they work for a particular preference. Scientific experimental 
studies on animal preferences is described as the best way to find out what 
animals need from the animals themselves. It is important, however, to con-
sider how the different alternatives presented for the animals are figured out 
and motivated by the researchers.  

As noted by animal scientist Temple Grandin (2009), the five freedoms 
entail both physical (i-ii) and mental (iii-v) welfare, and the latter is more dif-
ficult to understand in animals than the former, and perhaps also, even more 
fundamental. Grandin, who is also a livestock facility designer, argued that: 

 “…the best way to create good living conditions for any animal, whether it’s a 
captive animal living in the zoo, a farm animal, or a pet, is to base animal wel-
fare programs on the core emotion systems in the brain. My theory is that the 
environment animals live in should activate their positive emotions as much as 
possible, and not activate their negative emotions any more than necessary. If 
we get an animal’s emotions right, we will have fewer problem behaviors” 
(Grandin, 2009, p. 3 
 
Following this advice, we need to put emotion at the center and not only 

focus on physical welfare. Broom (2009) also states that an animal’s feelings, 
for example, pain, fear and pleasure, are central for animal welfare, in addition 
to the different aspects of physical health. For this kind of research, it is also 
important that welfare can be measured scientifically (ranging from very good 
to very poor). From an animal welfare perspective, the unsatisfying attention 
to animal needs implies poor animal welfare. Animal welfare science is mostly 
focused on reducing poor welfare. 

The ethologically and biologically informed needs of animals emphasize 
general needs (i.e. valid for many animals, humans included) and species-spe-
cific needs. These needs are often the most basic and fundamental needs, and 
resonate with the five freedoms, which were defined in the context of animals 
in “intense livestock husbandry systems”.  

It has been argued that the behavior of an animal “may be the best indicator 
we have of its welfare” (Duncan, 1998, p. 1766). It is also acknowledged that 
some behavioral patterns are especially important for an animal’s welfare 
(Ibid.). This is sometimes referred to as “behavioral needs” and stresses the 
importance of different animals being able to perform particular behavior pat-
terns (Duncan, 1998). The needs of animals within animal welfare science 
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seems to be restricted to general (relevant to many species) or species-specific 
behaviors. In animal welfare science, animal needs have also been defined as 
biological needs, or as a requirement, “which is part of the basic biology of an 
animal, to obtain a particular resource or respond to a particular environmental 
or bodily stimulus” (Broom in Harrison, p. 22).  

In sum, animal science has progressively evolved from the long-lasting 
Cartesian idea of animals as “mindless machines” to considering other animals 
as sentient beings that need to be treated with respect. It is becoming increas-
ingly evident that humans are not alone in having consciousness, personality, 
mind, and emotion. Or as stated by Goodall:  

“…we are not alone in the universe, not the only creatures with minds capable 
of solving problems, capable of love and hate, joy and sorrow, fear and despair. 
Certainly, we are not the only animals who experience pain and suffering. In 
other words, there is no sharp line between the human animals and the rest of 
the animal kingdom. It is a blurred line, and becoming so all the time” (Goodall, 
2007, p. xiii). 

 
Other animals also possess such qualities, and reductionist beliefs of animal 

behavior as mere responses to environmental and social stimulus, as outlined 
by behavioral psychologists, are disappearing. The idea that other animals are 
more complex beings in terms of behavior and cognition, and that this com-
plexity is not exclusively human, is taking its place. Modern and cognitive 
ethology have revealed that other animals also have feelings and emotions. 
The conceptualization of other non-human animals as users must also thus 
consider the complexity of their beings.  

Just as the idea of animals as mindless machines has facilitated the exploi-
tation of animals in various ways, the idea of animals as minded and sentient 
beings works in the opposite manner. It has led to the rise of the animal welfare 
movement and animal welfare science, it has inspired the animal or multi-
species turn in social science and humanities, and more recently the idea and 
potential of designing interactive technology for animal use and needs. In the 
following we shall cast light on this turn and the ways that animals are in-
volved in human society and culture. 

2.1.2. The Rise of Multispecies Social Science 
The previous section stressed the complexity of animal beings, and conse-
quently that the boundary between humans and other animals is increasingly 
blurred and not as distinct as previously conceived. In other words, animals 
are complex beings, sharing many qualities and abilities previously consid-
ered unique to humans. Despite the advances in animal science, humans and 
non-human animals have for a long time been treated as two separate catego-
ries, where the idea is to understand and explain, for example, animal behavior 
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and minds, often in a comparative manner. It does not account for the social 
and cultural dimensions of animal-human relations and its implications. In the 
following we describe theories of human-animal interactions and relationships 
that have emerged in the recent animal/multispecies turn, partly inspired by 
the progress in animal science, which spans various disciplines in the social 
sciences and humanities. This turn has rearticulated the relationship between 
humans and other animals, from being treated as separate from each other, to 
accounting for their multifaceted relationships and interdependencies. To a 
varied extent this turn considers animals as social actors, but also offers criti-
cal perspectives on their functions in human societies where they are quite 
often restricted to being tools and artifacts used by humans for anthropocentric 
purposes.  

The idea of symmetrically including non-humans in social analysis has 
been a central theme in science and technology studies since the 1980s (e.g. 
Latour, 1988b). Accounts of non-humans were generally restricted to techno-
logical artifacts, even if some also expanded their ideas to include other ani-
mals under the category of non-humans (e.g. Callon, 1986; Ashmore, 1993). 
Latour’s inclusion of non-humans in social analysis was criticized by Hara-
way (1992) as being restricted to “men and machines” (p. 331). She argued 
that Latour paid little attention to organic non-humans and non-human animals 
in particular.12 Following the cyborg manifesto (Haraway, 1991), Haraway 
shifted focus from human-machine relations, to a more explicit and serious 
emphasis on human-animal relations (e.g. Haraway, 2003, Haraway 2008). 
She offers a critique of human exceptionalism and the dualist thinking of hu-
man-animal relations and interactions as binary oppositions. Instead of treat-
ing human and animals as separate entities, she considers them as always 
“compound... made up of combinations of other things…” (Haraway, 2008, p. 
250). This relates to her central idea of becoming with. To be one, she argues, 
“is always to become with many” (Haraway, 2008, p. 4). She thus promotes 
an “ontology of human entanglement as opposed to an ontology of human 
exceptionalism” (Rae, 2014, p. 522). Entities such as technologies or animals 
“are composed of multiple component parts which constantly become together 
and through their ‘individual’ component parts” (Rae, 2014, p. 523). It is in 
relation to this that she developed the concept of companion species, to ad-
dress the ways humans and animals (but also other organic species) become 
one with one another. Haraway’s overall project has been defined as “to re-
think what it is to be ‘human’ and ‘dog’ by thinking each through their entan-
glement” (Rae, 2014, p. 525). This has similarities with Barad’s (2007) idea 
of intra-action, and is also present in the idea of actor-networks (e.g. Latour, 
1988b). Haraway has contributed significantly to different ways of thinking 

                                                   
12 With the exception of his collaboration with anthropologist Shirley Strum (i.e. Strum & Latour, 1987), 
who did recognize primates as social actors. 
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about human-animal interaction and relations, and also to the multispecies 
turn.  

In the following we emphasize how the inclusion of animals is manifested 
in other disciplines in the social sciences and humanities, especially in anthro-
pology, sociology, and geography. This is commonly referred to as human-
animal studies (HAS), or just animal studies, which is more commonly used 
in the humanities. Animals are omnipresent in human culture and societies, 
human relationships, views, and attitudes towards other animals are histori-
cally and contextually bounded, and animals have a long relationship with hu-
man culture and society. As stated by Ingold:  

“All human societies, past and present, have coexisted with populations 
of animals of one or many species. Throughout history, people have var-
iously killed and eaten animals, or on rare occasions been killed and 
eaten by them; incorporated animals into theory social groups, whether 
as domestic familiars or captive slaves; and drawn upon their observa-
tions of animal morphology and behavior in the construction of their 
own designs for living” (Ingold, 1988, p. 1).  

 
Animals are omnipresent in human society and culture, and we relate to each 
other in many ways, to the extent that it would be difficult to imagine a world 
without them. Human societies are to a large extent dependent and organized 
through, interactions with non-human animals (DeMello, 2012). Societies, are 
to a large extent “structured through interactions with non-human animals or 
through interactions with other humans about animals … based upon the ex-
ploitation of animals to serve human needs” (Ibid., p. 5). Uncovering the func-
tion and role that animals play in human societies, for good and for bad, is 
central for HAS. This interdisciplinary field emerged in the early 1990s as a 
subfield in the social sciences. It is defined as “an interdisciplinary field that 
explores the spaces that animals occupy in human social and cultural worlds 
and the interactions humans have with them … and the ways animals inter-
sects with the human societies” (DeMello, 2012, p. 4).  

Given the many ways animals are present in the human world, HAS is an 
extremely multifaceted and interdisciplinary research area with a broad range 
of topics, engaging scholars from a large set of academic disciplines in the 
social sciences and humanities, including geography, sociology, anthropol-
ogy, psychology, philosophy, and cultural studies. According to DeMello 
(2012), the theoretical starting points for HAS can be found in a wide range 
of disciplines, such as sociology, anthropology, geography, psychology, cul-
tural studies, history, gender and feminist studies, and philosophy. Most of 
these disciplines have engaged in the question of the animal in one way or 
another, which is not so strange given the diverse omnipresence of animals. 

The significance of HAS lies not only in its way of unpacking and making 
sense of human-animal relations, but also in how it can inform and change 
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policy decisions and legislation, which in turn can improve the relationships 
and interactions we have with other animals (DeMello, 2012, pp. 26-28). In 
that sense, it is just as much about studying human-animal relationships as 
about improving our treatment of them. By influencing changes in legislation 
regarding animals, for example, elephants in the zoo, or “dangerous dogs” the 
field takes into account the needs of animals by freeing them from oppression 
and exploitation. As noted by Shapiro (2002) the field emerged simultane-
ously with the animal welfare movement, which he argues was also the case 
for other emancipatory turns in social science (e.g. women’s studies/femi-
nism, postcolonial theory) which co-occurred with larger political movements 
in society. HAS scholars have been accused of being animal rights activists, 
and thus biased in favor of that position.  

Animals have been subjects in anthropology since the late nineteenth cen-
tury, most notably in the classical works of, for example, Lewis Henry Morgan 
(1868), Clifford Geertz (1973), Claude Lévi-Strauss (1962), and Gregory 
Bateson (1987). Animals in this work, however, tend to be emphasized as hav-
ing a symbolic and metaphorical meaning that is of significance for the lives 
of humans. This is not unexpected, given that anthropology was formed as a 
discipline with a focus on the “anthropos”: the human. In classic anthropol-
ogy, animals are traditionally reflected upon as regards their value as “re-
sources in human social and economic systems, as symbolic stand-ins for na-
ture and savagery, as totems and symbols, and as mirrors for creating cultural 
and personal identity” (DeMello, 2012, p. 21). The more recent and increas-
ingly popular trend of “multispecies ethnography” (Kirksey and Helmreich, 
2010) has started to change this focus on humans, where the accounts of ani-
mals are only as symbols or utilities in the life of humans. Instead, it is attuned 
to the more-than-human world and accounts for the complex interdependen-
cies of humans and animals, as well as the meaningful agencies of other or-
ganic beings in a more-than-human world. It has been defined as “ethno-
graphic research and writing that is attuned to life’s emergence within a shift-
ing assemblage of agentive beings” (Ogden, Hall, and Tanita, 2013, p. 6). It 
thus opposes classical humanist epistemologies and ontological distinctions 
between, for example, nature/culture, human/animal. 
 Influenced by findings from animal science, sociologists started to explore 
the potential of animals to engage in social interaction, on a micro-level be-
tween individual humans and animals, as opposed to macro-level theories con-
cerning the structures and functions of animals in society on a larger scale. As 
non-human animals have been increasingly involved in social science as ac-
tors or subjects (and not only as objects), questions concerning interspecies 
intersubjectivity and social relationships are becoming increasingly relevant. 
Non-human conscious animal beings are becoming increasingly evident as 
progress in animal science continues to reveal, but the question is still about 
the extent to which we engage in an intersubjective exchange of meaning (e.g. 
Despret, 2008). Intersubjectivity can be defined as the ability to understand 
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others and establish a common social world and mutual understanding. It is a 
fundamental structure of social life. The question is to what extent other ani-
mals can be embraced by such means. Sociology, and social science in gen-
eral, has for a long time been restricted to human social worlds and relation-
ships. Classical sociologists like Karl Marx, Emelie Durkheim, Max Weber, 
and George Herbert Mead did include animals in their writings, however, this 
was primarily as a means to accentuate human exceptionalism and restrict 
their focus on the social world as restricted to humans. This is especially evi-
dent in the writings of George Herbert Mead in the early nineteenth century 
(e.g. Mead 1962; 1964), who laid the foundation for what would later be la-
beled as symbolic interactionism by his student Herbert Blumer (e.g. Blumer, 
1969). Animals, he argued, were unable to negotiate meaning and take the role 
of other interactants, as they lacked the ability to communicate with human 
language. They could therefore not be defined as interactants fully engaged in 
symbolic interaction. This is mainly due to the idea that language is a prereq-
uisite for symbolic interaction and shared meaning. Weber (1921/2008, p. 15), 
on the other hand, considered it to be theoretically possible to develop a soci-
ology of human-animal relations, but the challenges of subjective understand-
ing, which he considered the main sociological knowledge in his Verstehen 
approach, made it questionable. He did acknowledge animals with some kind 
of subjectivity. It was only problematic to acquire a knowledge and under-
standing of their minds. Nevertheless, the anthropocentrism of sociology was 
generally unquestioned. Sociologist Read Bain, a colleague of Mead, was the 
first to criticize the sociological focus on humans. He promoted the develop-
ment of an “animal sociology” and stated that: “just as animal intelligent and 
emotional behavior, anatomical and physiological structure and function, and 
group life, have their correlates in human behavior, so the dividing line be-
tween animal and human culture is likewise vague and arbitrary” (Bain, 1929, 
p. 555). Bain’s call was unanswered for half a century until Bryant’s call for 
sociologists to include animals in sociological analysis, something he referred 
to as the “zoological connection” (Bryant, 1979). He criticized his sociologi-
cal colleagues who “have tended not to recognize, to overlook, to ignore, or 
to neglect (some critics might say deservedly so) the influence of animals, or 
their import for, our social behavior, our relationships with other humans, and 
the directions which our social enterprise often takes” (Bryant, 1979, p. 399). 
In the early 1990s sociologists started to investigate the potentials of animals 
to engage in symbolic interaction. Drawing on ethnographic work on routine-
based human-canine interaction (e.g. Sanders, 1993) and human-feline inter-
action (Alger and Alger, 1997, 2003),13 this research showed that animals “are 
effectively involved with their caretakers in routine social exchanges premised 
                                                   
13 Similar to ACI, the point of departure is animals that live close to humans. This is a logical point of 
departure for the inquiry of interspecies intersubjectivity, just as ACI started by developing technology for 
enriching human-pet relations or developing technology for assistance and service dogs.  
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on the mutual ability of the interactants to take the role of the other, effectively 
define the physical and social situation, and adjust their behavior in line with 
these essential determinations” (Sanders, 1993, p. 221). Sociologist Colin 
Jerolmack (2009) took up the problems of intersubjectivity in human-animal 
interaction in the context of human-animal play. Despite its problematic na-
ture, he argues, they can still engage in intersubjective understanding, and hu-
man-animal interaction can be seen “along a continuum of greater or lesser 
potential for intersubjectivity” (p. 371). According to Goode (2007), symbolic 
interactionism has been the dominant approach when it comes to sociological 
investigations of interactions between humans and animals, and between hu-
mans and canines in particular. 

The animal turn is also visible in geography. Since the mid-1990s human 
and cultural geographers have paid attention to the space and place of animal 
and human-animal relationships and ordering (e.g. Wolch and Emel, 1995; 
Wolch and Emel, 1998; Philo and Wibert, 2002). Similar to anthropology and 
sociology, animals were included in geography before the animal turn, but in 
ways which did not account for them as autonomous subjects. In the early 
twentieth century there was a sub-field of geography entitled zoogeography, 
and in the 1950s and 1960s there were a few attempts to take a “cultural ap-
proach” to animal geography. The former focused on the geographical distri-
bution and arrangement of animals in relation to the environment, and re-
garded “animals as ‘natural’ objects to be studied in isolation from their hu-
man neighbours” (Philo and Wibert, 2002, p. 4). The latter considered the 
ways that humans affected animal species population size and distributions 
(e.g. Bennett, 1960). Criticism arose that this was not within the scope of hu-
man geography (Davies, 1961, p. 412). After many subsequent years of ne-
glect, it was not until the mid-1990s that animals were the subject of a renewed 
interest by geographers, which is sometimes referred to as the “new animal 
geography”. Early attempts in this field focused on the social construction of 
animals in relation to space and place. “It was therefore not until much more 
recently that geographers in any number began to recognize the possibilities 
for, and indeed socioecological importance of, a revived animal geography 
which would focus squarely on the complex entangling’s of human—animal 
relations with space, place, location, environment and landscape” (Philo and 
Wibert, 2002, p. 4). According to Philo and Wibert, this “new animal geogra-
phy” intends to:  

“…follow how animals have been socially defined, used as food, labelled as 
pets or pests, as useful or not, classed as sentient, as fish, as insect, or as irra-
tional ‘others’ which are evidently not human, by differing peoples in differing 
periods and worldly contexts. It thereby endeavors to discern the many ways in 
which animals are ‘placed’ by human societies in their local material spaces 
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(settlements, fields, farms, factories, and so on), as well as in a host of imagi-
nary, literary, psychological and even virtual spaces” (Philo and Wibert, 2002, 
p. 5). 

 
As argued by Johnston (2008): “taking the nonhuman seriously needs to be 

more than a matter of recognition of the ways in which animals affect the lives 
of human beings (Philo and Wilbert, 2000), it requires the very cry of the non-
human to be heard” (Johnston, 2008: 636). Hearing that ‘cry’ – and not merely 
its cultural representation and anthropomorphized interpretation, coming, as it 
were, from the ‘other side’ – has been a major challenge for new animal ge-
ographies, as Johnston (2008) points out.  

Similar to ACI, the methodological challenge for animal geography is due 
to language barriers. As argued by Buller (2015): ”[f]rom this primal ontology 
comes an epistemological purification that long ago gave up the animal to the 
natural sciences and their distinctive mechanistic and observational methods” 
(Buller, 2015, p. 375). Buller (2015) proclaims the importance of finding ap-
propriate “methodologies and approaches that suggest or reveal what matters, 
or what might matter, to animals as subjective selves and suggest that a greater 
engagement between human-animal scholars and the biological and animal 
sciences is now required” (p. 380). Similar ideas, especially to engage contri-
butions with animal science, have also been suggested in ACI (e.g. Mancini, 
2011). As argued by Urbanik (2012), the most challenging task of the field is 
to develop methodologies “that will allow us to move closer to the animals 
themselves as individual, subjective beings’ (p. 186). This is also a key issue 
for ACI. To conclude, emphasizing the spatiality of human-animal orderings, 
how animals are categorized (e.g. as useful, pets or pests) and relegated by 
humans to particular places, leads us to new ways of thinking about human-
animal relationships. In the end it can also inspire us to find better ways to live 
together (Philo & Wilbert, 2000).  
 Humans have a strong relationship with other animals and nature in gen-
eral. The theory of “biophilia” (Wilson, 1984) argues that humans, from an 
early age, are inherently drawn to nature and other animals. Indeed, humans 
have a strong fascination for, and relationship with, other animals, both wild 
and domesticated. A similar idea can also be interpreted from Berger’s 
(1980/2009) argument that real animals disappeared with the capitalist indus-
trialization and modernization of the West, and that we engage in finding sub-
stitutes for them, for example, with the development of the zoo, wildlife pho-
tography, and other forms of visual display, as well as pets. Others have sug-
gested that the human-animal bond is filled with positive attitudes, as it is 
similar to the emotional bond that mothers have to their infants (Serpell, 
2002). The caring aspect of pet keeping can trigger a positive attitude.  

Science has also proclaimed that other animals have a positive effect on 
humans; for example, they can be therapeutic and healing, petting them can 
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decrease high human blood pressure, reduce anti-social behavior, help chil-
dren with learning disabilities to read, and reduce loneliness and depression in 
elderly people. As argued by Goodall (2007) “this is not just because animals 
are soft, furry, and warm. It is because these animal healers seem to empathize 
with their humans, understand their needs – and love them” (p. xiv). However, 
as noted by Wells (2019), the positive effect that companion animals and pets 
have upon humans can also be over-reported, and there is also research that 
suggests the opposite. More research into the effects of animals on the physi-
cal and mental wellbeing of humans is thus still needed. So far, we have only 
looked at bonding and attachment from the human interactants, and not from 
the animal side. An animal’s benefit from humans is, obviously, very depend-
ent on what kind of animal species it is, and in what sociocultural context. 
Dogs, and other companion species that live closest to us and are very accom-
modating to the way we live, have a privileged position.  

2.1.3. Paradigmatic Expansion in Human-Computer Interaction 
Despite its strong anthropocentric nature, the research field of human-com-
puter interaction (HCI) is a prerequisite for the emergence of ACI and its  
treatment of animals as so-called “users” and participants in design. More re-
cent trends and turns in HCI in particular have opened up the potential of ACI. 
Nevertheless, we can still question whether ACI would have arisen without 
progress in animal science and the animal/multispecies turn in the social sci-
ence and humanities. These two fields have altered previous conceptions of 
animals, and their roles and status in human societies. Recent trends in HCI 
provide the final/missing pieces for considering animals as legitimate users of 
interactive technology and participants in design. The field of ACI also has a 
strong basis in HCI and its ideas, methods and approaches. It has basically 
developed as a subfield under the wings of HCI. 
 Compared to that on animal users, there has been extensive research on the 
more conventional human users and their interactions with interactive tech-
nology. Human-computer interaction (HCI) is the academic discipline for 
studying, designing and evaluating such interactions. This section describes 
different theories in HCI, with a particular focus on how human interactions 
with computers have been framed, and how their wants and needs are ac-
counted for in such interactions. This intends to function as a source of inspi-
ration for seeing and comparing the way that interaction is framed when it 
comes to other animals and their possible needs and requirements with com-
puting. This section also stresses the importance and function of theory for 
ACI, which to a large degree is theoretically agnostic in comparison. 
 The development of HCI is often referred to as involving different interac-
tion paradigms (Harrison et al., 2007) or waves (Bødker, 2006). Each of these 
paradigms contains an association of perspectives, which have different onto-
logical and epistemological assumptions regarding what interaction is, and 
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how it should be studied, designed and evaluated. They reveal what the field 
finds important when designing for humans. It has been argued that HCI is a 
domain that “requires a broad repertoire of methods and approaches... [and 
that] …old paradigms do not go away; they continue to function well on the 
problems for which they are best suited” (Olson and Kellogg, 2014, p. 472). 
These different paradigms highlight the different dimensions of interaction 
(i.e. physical, cognitive, social, cultural) that successively added to the field, 
which have been important for its progression. They have provided “insightful 
explications of HCI phenomena and also a broadening of the field’s discourse” 
(Rogers, 2012, p. 87). The field thus expands and enriches the understanding 
of interaction that can be fruitfully applicable beyond historical eras and their 
technological status. We will focus on how these different paradigms and the 
different theoretical perspectives they entail have handled, framed and dealt 
with the notion of interaction. As noted by Harrison et al. (2007), the different 
paradigms in HCI are attached to different viewpoints or “metaphors” of in-
teraction that ontologically define and epistemologically frame how interac-
tion is understood. They write: 

Each such metaphor introduces ‘centers’ and ‘margins’ that drive choices about 
what phenomena constitute important descriptive qualities of interactions, what 
questions are interesting to ask about interaction, what methods are appropriate 
for studying and designing interaction and what validation procedures are re-
quired to establish knowledge claims about interaction (Harrison et al., 2007, 
p. 3). 

 
The different paradigms thus offer distinctive perspectives on interaction that 
emphasize different interactional dimensions and conserve some conceptual 
work. Nevertheless, they are all anthropocentric, and share an even more fun-
damental idea of interaction which, to a large extent, is concentrated on treat-
ing it as constrained to the interface. The principal ideas and central perspec-
tives of these “paradigms” will be sketched in brief below. Other attempts to 
summarize HCI theory (Rogers, 2012) include referring to the cognitive era 
as “classical theory”, social perspectives as “modern theory” and finally “con-
temporary theory” to refer to recent trends towards, for example, more hu-
manistic perspectives. As noted by Rogers (2004), the theoretical work in HCI 
has developed from the more predictive and prescriptive approaches of the 
classical era, towards more analytical and generative ones (p. 127). More re-
cently, in the third wave HCI, its theoretical foundation has also developed to 
embrace more interpretative approaches from humanistic theory and episte-
mologies.  

As an academic discipline, HCI has its roots in engineering and human fac-
tors or ergonomics. Although this can be traced back to the industrial revolu-
tion, this is referred to as the first wave (Bødker, 2006), or paradigm of HCI 
(Harrison, Tatar and Sengers, 2007). This first era of HCI was atheoretical and 
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is sometimes left out of overviews of HCI theory (e.g. Rogers, 2012). Despite 
being atheoretical, however, this era has strong implications for how interac-
tion is framed and understood in a paradigmatic sense. Interaction is under-
stood as human-machine coupling and the objective was to increase produc-
tivity and improve the fit between human and machine and reduce human er-
ror. As such, it shares similarities with ecological notions of interaction as 
symbiosis and mutualism, where different species increase their fitness 
through interaction. As noted by Harrison et al. (2007) this increasing fitness 
has lingered on in HCI, for example, “in the occasional use of simple perfor-
mance metrics” (p. 2-3).  

The second paradigm of HCI focuses on the cognitive features of human-
computer interaction, particularly in work settings. It thus shared the task-
driven agenda of the first paradigm, but with an emphasis on cognitive quali-
ties instead of human factors and ergonomics. In the classical work by Card, 
Moran, and Newell (1983), interaction is understood as information pro-
cessing, where the human mind and the computer is understood as analogous. 
Cognitive psychology has had a significant influence on HCI since the early 
1980s, and this was also when it was established as a discipline (e.g. Card et 
al., 1983). The establishment of cognitive psychology was also a step towards 
a more theoretical field, where several theories were introduced. This body of 
work is sometimes referred to as classical HCI theory (Rogers, 2012, pp. 21-
30). Cognitive approaches were optimistically considered to inform the design 
of computer systems, which were supposed to be easier to learn and use, which 
wasn’t always the case for systems developed at that time (Rogers, 2012, p. 
21). These approaches focus on the human side of interaction in terms of get-
ting “inside the head of the user” and understanding their limitations and ca-
pabilities. Theories and models of interaction were developed to address dif-
ferent cognitive aspects, such as memory, attention, perception, learning, men-
tal models and decision-making (Rogers, 2012).  

In the late 1980s the importation of approaches from cognitive psychology 
to HCI was criticized. Computing became more social and disseminated in 
real world practices beyond the desktop paradigm of single users and their 
computers. New perspectives on cognition, such as distributed cognition, 
shifted the attention on cognition from something solely happening “inside the 
head” of users to something social, distributed across people, technology and 
environments. This new school of cognition provided with several empirical 
studies in work-settings involving human collaboration and a diverse set of 
technologies and instruments, for example, the navigation of large ships and 
the collaborative work in airplane cockpits (e.g. Hutchins, 1995; Hollan et al., 
2000). Another influential perspective that goes beyond the idea of cognition 
as solely an internal process occurring inside the head of single individuals is 
the theory of external cognition. Larkin and Simon’s (1987) approach to cog-
nition as an interplay between internal and external representations was im-
portant in building this theoretical approach. These perspectives on cognition, 
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referring to cognition as not limited to occurring solely inside the head of us-
ers, are usually considered third wave (Bødker, 2006), or modern HCI theory 
(Rogers, 2012). 

As the computer continued to “reach out” (Grudin, 1989) and was dissem-
inated to everyday life contexts, cognitive and utilitarian perspectives on hu-
man-computer interaction became less relevant and were complemented with 
a new set of perspectives sometimes labeled “third wave” HCI. By the end of 
the 1980s and the beginning of the 1990s the focus on cognition had become 
less dominant. Sociologists and anthropologists entered the field with differ-
ent approaches and perspectives on interaction, which is sometimes referred 
to as “the turn to the social”. This turn was also in parallel to the rise of eth-
nography and ethnomethodology (sometimes referred to as ethnomethodolog-
ically informed ethnography) in HCI, which provided an increased sensitivity 
towards the context and details of interaction in situ. These perspectives have 
primarily been used as methods, even if they are imbued with philosophical 
and theoretical assumptions.14 Harrison et al. (2007) refers to these as “situated 
perspectives on interaction” and defined its interaction metaphor as “phenom-
enologically situated”.  

The work of anthropologist Lucy Suchman (1985), and her “situated ac-
tion” approach, has been very influential for HCI and marked a shift from 
cognitive and psychological perspectives on human-machine interactions, and 
especially their view of purposeful action being synonymous to planned action 
(i.e. a plan inside the actor’s head that directs the actor’s behavior). Her main 
argument is that the planning model of purposeful action also confuses plans 
and situated action. Suchman investigated the relevance of the notion of inter-
action as found in the social sciences to account for human-machine interac-
tions; that is, interaction understood as communication and purposeful actions 
between humans in situ that implies mutual intelligibility (or shared under-
standing) between the interactants when the interaction is meaningful and ef-
fective. As a research approach, situated action offers detailed accounts of 
how technology is used by people in situ, and how their plans are adapted to 
specific situations. This was formulated as a critique of current design practice 
that identified “representations of actions, like plans, with situated actions” (p. 
124). It doesn’t account for the situated properties of interaction. Design 
should instead be grounded in the situated properties of the interaction, instead 
of neglecting them by defining them as a priori plans. In that sense, interaction 
is here closer to the idea of interaction in the social sciences, as communica-
tion and purposeful actions between humans, and implies a certain degree of 
mutual intelligibility (or shared understanding) between the interactants when 
the interaction is meaningful and effective. The situated action approach has 

                                                   
14 The same is also true for ethnomethodology. In HCI, these perspectives are most commonly framed as 
methods and methodologies, usually as a form of ethnography that is ethnomethodologically informed: i.e. 
with an increased sensitivity towards the details of interaction in situ. 
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been very influential for HCI research and design and it is commonly used to 
account for situatedness and context in design, for example, by spending time 
in the field and understanding the context and situation (Rogers, 2012, p. 47).  

Another approach within the third wave of HCI is embodied interaction, 
which is defined as “interaction with computer systems that occupy our world, 
a world of physical and social reality, and that exploit this fact in how they 
interact with us” (Dourish, 2004, p. 3). It rests on two trends – “the massive 
increase in computational power and the expanding context in which we put 
the power to use” (Ibid. p. 2). Dourish states that he is “more interested in 
interaction than interfaces … [and] … the ways in which interactive systems 
are manifest in our environment and are incorporated into our everyday activ-
ities, rather than with the specific design of one user interface or another” 
(Dourish, 2004, p. 3). This is also true for the aim and interest of this thesis. 
Dourish does not provide implications for design, rather his goal is to “provide 
resources to designers and system developers, by giving them tools they can 
use to understand and analyze their designs” (Dourish, 2004, p. 3).  

The third wave of HCI marks a shift towards the experiential dimensions 
of interaction of technology use (e.g. Blythe, et al., 2003; McCarthy and 
Wright, 2004) and also towards human values (Harper et al., 2008; Sellen et 
al., 2009). This new focus of interaction is also a consequence of the computer 
being disseminated to contexts beyond the workspace and utilitarian needs 
(i.e. tasks and usability), to embrace experiences, aesthetics, values and norms, 
with an increased focus on leisure activities and enjoyment. This trend, which 
has emerged since the beginning of the twenty-first century, also marks a shift 
towards humanistic theories and epistemologies. This trend is sometimes 
called “critical and cultural approaches to HCI” (e.g. Bardzell, 2013), and “hu-
manistic HCI” (Bardzell and Bardzell, 2015a). It refers to “any HCI research 
or practice that deploys humanistic epistemologies (e.g. theories and concep-
tual systems) and methodologies (e.g. critical analysis of designs, processes, 
and implementations, historical genealogies, conceptual analysis, emancipa-
tory criticism) in service of HCI processes, theories, methods, agenda-setting, 
and practices” (p. 3). It involves interpretation and is indebted to the task of 
improving culture, and thus improving our environment and personal selves. 
As argued by Bardzell (2013), critical and cultural approaches to HCI should: 

“…meet ‘human needs’ in the broadest, deepest and most robust sense possible: 
social, emotional, physical and spiritual needs at both individual and societal 
scales. We should contribute to the making of artefacts, spaces, technologies, 
practices and social arrangements that challenge and ennoble us to be more em-
pathic and vigilantly participatory and democratic” (Bardzell, 2013, p. 141). 

 
The new dimensions of interaction that have been embraced with the de-

velopment of the third wave HCI – such as experience, aesthetics, emancipa-
tion, sociocultural norms – require new approaches. Some of these aspects 
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cannot be easily measured, and require interpretation and other ways of know-
ing. The focus on experience also entails dimensions such as fun (Blythe et 
al., 2003; Blythe et al., 2018) and enjoyment (e.g. Brown and Juhlin, 2015). 
As argued in the early 2000s by Blythe et al. (2003): “Over the last 20 years 
repeated attempts have been made in HCI to put enjoyment into focus. How-
ever, it is only recently that the importance of enjoyment, even in serious ap-
plications, has been widely recognized by the HCI community” (p. 91). HCI 
has not only acknowledged human use of computing, but the experiential qual-
ities of living with technology have also been increasingly emphasized along 
with the shift from work-related contexts, to leisure-activities, and enjoyment 
in general, and is also part of the third wave HCI. Interactions with computers 
also involve subjective experiences of technology, for example involving 
emotions, feelings, aesthetics, and values, which are subjective qualities and 
vary from person to person, for example, due to previous experiences and per-
sonal memories. 

The inclusion of humanistic theories, methods and approaches also intro-
duce new epistemologies and more ways of knowing than have traditionally 
been acknowledged in HCI. Much work in contemporary HCI not only fo-
cuses on usability and users’ needs, but also on human values (e.g. Harper et 
al., 2008) and designing for and from within sociocultural norms. As argued 
by Bardzell (2017), the humanities have a particular role to play here. Its tools 
and competencies “can serve as resources for researchers and practitioners to 
cope with these sorts of dilemmas and to discover and develop alternatives in 
light of blind spots” (p. 2). According to Bardzell and Bardzell (2015), hu-
manistic HCI also embraces sociopolitical and sociocultural issues, which in 
turn engage scholars in what they define as emancipatory design, and namely 
“HCI research or practice oriented towards exposing and eradicating one or 
more forms of bondage and oppression, including structural racism, poverty, 
sexual repression, colonialism, and other forces/effects on the hegemonic sta-
tus que” (p. 115). This kind of approach or activism strives to empower and 
include oppressed and discriminated users, and covers topics such as gender, 
ethnicity, and class. The emergence of ACI and its non-speciesist take on user-
computer interactions can also be included in this emancipatory agenda. ACI 
can be seen as an attempt to empower other species, with animal-centered 
principles “freeing” them from way they previously have been entrapped in 
computing and avoiding speciesism. In the same way postcolonial or feminist 
theory was introduced to deal with inequalities based on ethnicity or gender, 
post-humanist theory,15 and its critique of humanism as an ideology (i.e. not 
                                                   
15 Posthumanism is also criticized as being problematic, and there are many different ideas about what it 
actually is. In this thesis, posthumanism is referred to as a critique of human exceptionalism and anthropo-
centrism, and being more inclusive so as to also embrace non-humans (animals, plants, things) with an 
equal sensibility as humans. This definition is in alignment with the definition of posthumanism outlined 
by Wolfe (2009). It is different from transhumanism, which is an extension of the humanist ideology and 
the human development. Posthumanism is, however, not something that comes after humanism, it is about 
inclusion, and including non-humans as equals. 
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humanism as an academic discipline), and its inclusion of non-humans in the 
analysis, can also be fruitful for ACI. This kind of emancipatory theory build-
ing can play a similar role for species and speciesism as feministic theory has 
done for gender issues, or postcolonial theory for ethnicity. 

2.1.4. Concluding Remarks 
As has already been concluded, scientific advances in the above surveyed 
fields of research can be considered as historical and ontological prerequisites 
for the emergence of ACI. Animal science and multispecies social science are 
important puzzle-pieces for our view of animals and functions in the human 
world, and HCI has constantly expanded its scope in terms of how we interact 
with technology and who it embraces. As mentioned before, the possibility of 
ACI was first discussed in the mid-1990s (i.e. Thomas, 1995), which was also 
the time when animals gained a renewed interest in, for example, sociology 
and geography, with the animal turn. This is perhaps not a coincidence given 
the simultaneous advances in animal science and the animal rights movement. 
These insights and social forces might have triggered an interest in non-human 
animals in these previously exclusive anthropocentric disciplines.  

Animal science has informed our understanding of what an animal is and 
their cognitive and emotional capabilities, often in comparison with humans. 
As a result, this strand of research has increasingly blurred the boundaries be-
tween “us” and “them”. The multispecies turn in the social sciences and hu-
manities has criticized anthropocentric ideas and has started the project of de-
centralizing the human in social and cultural theory, by, for example, empha-
sizing the complex interdependencies and relationships between humans and 
other animals. 

To conclude, we will synthesize aspects of animal interaction and needs 
derived from the theories and findings presented in this chapter. Built upon 
ancient philosophical ideas and religious doctrines, the analogy of animals as 
“mindless machines”, neglects the needs of animals. Rather it paved the way 
for exploitation and the use of animals in order to satisfy human needs. It led 
to the rise of anthropocentrism and human exceptionalism, which is visible 
even today. The idea of animals as sentient beings, on the other hand–which 
is driven by progress in animal science–has revealed that animals are complex 
beings, and that the dividing line between humans and other animals is not as 
distinct as ancient philosophical doctrines have made us believe. That is, ani-
mal needs can also be centered around cognition, emotion, and not at least 
their welfare, however restricted to their basic biological needs and fundamen-
tal rights in captivity. It contributes less to animal needs in a broader sense 
than the mere fundamental level of welfare. The analogy of animals as social 
actors–as found in the multispecies or animal turn in the social sciences and 
humanities–has critically explored animals’ roles and functions in society, the 
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power structures they are involved in, as well as their (varied degrees of) po-
tentials of being involved in intersubjective interaction. Animal needs are, for 
example, manifested in the ambition to fight against animal exploitation by 
changing legislations and social norms, and this is also manifest in animal 
welfare science. This type of critical reflection on animals in society is im-
portant for considering changes in the way we treat, or mistreat, animals for 
pleasing human needs. 

We have also considered human involvement as users of computational ar-
tifacts in HCI, which is obviously of special importance for the rise of ACI, 
as it can be seen as the new HCI where the users have been changed to other 
animals. Each of the paradigms described above also maps human needs, from 
utilitarian to more hedonic needs, such as pleasure and enjoyment. These ideas 
of human needs, as well as notions from animal science and multispecies so-
cial science, can put ACI in perspective and broaden the field. 

2.2. The State of Animal-Computer Interaction 
In this section we will review the current state of the animal-computer inter-
action (ACI) research area with a particular focus on the notion of “interac-
tion” in terms of how it is framed, conceptualized, studied and designed, and 
what animals are involved in such interactions and for what reasons. It is ar-
gued that the field has become somewhat narrow. The idea of interaction is 
largely inherited from human-computer interaction (HCI), and tends to be 
concentrated at the interface with its distinct boundaries (i.e. animal-computer, 
human-computer). Research methods and approaches to involving animals as 
users and participants in design are principally restricted to already established 
and conventional approaches from HCI, with much inspiration from animal 
science. The design ideas and topics are to a large degree anthropocentric and 
concentrated around human needs and tasks (e.g. in the case of animal assisted 
activities) and the involved animals are primarily animals high up on the so-
called “sociozoological scale” (Arluke and Sanders, 1996) which embraces 
animals with obvious roles and benefits for humans. 

2.2.1. The “I” in ACI 
The concept of interaction originates from the physical sciences and is, ac-
cording to the Oxford English Dictionary, defined as the “reciprocal action or 
influence of persons or things on each other”.16 As noted by Barad (2007), the 
conventional idea of interaction typically implies causality (i.e. “one entity 
precede or produces an effect”) and acceptance of the metaphysical idea of 
individualism (i.e. “the belief that there are individually constituted agents or 
                                                   
16 Oxford English dictionary: www.oed.com (accessed 2020-03-30) 
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entities as well as times and places”).17 This conceptualization of interaction 
is more or less the same as the way interaction is being framed and studied 
within the research area of ACI. There are only a few conceptualizations and 
theories of interaction in ACI, and the idea of interaction tends to be reduced 
to the ongoing cause and effect between the involved entities (i.e. animal-
computer, or human-computer) which can easily be observed, measured and 
iterated in laboratory settings in order increase fit and optimization.  

This idea of interaction in ACI is inherited from HCI, which is not unex-
pected, as it developed as a subfield of HCI. It can be argued that ACI is build-
ing on unstable ground by relying on the HCI definition of interaction on an 
ontological level. Even if interaction is defined as “the core” of HCI (e.g. 
Hornbæk and Oulasvirta, 2017, p. 5049), there are only few attempts explicitly 
dealing with the concept of interaction (e.g. Beaudouin-Lafon, 2004; 
Dubberly, et al., 2009; Hornbæk and Oulasvirta, 2017; Svanaes, 2000; Taylor, 
2015). The conventional notion of interaction in HCI, within any of the inter-
actional paradigms presented in the previous chapter, tends to be concentrated 
on the user-computer interface. It typically implies an understanding of inter-
action that involves causality: the “user” does something and the computer 
responds or vice versa. In HCI, this is sometimes referred to as feedback loops 
(e.g. Dubberly, Pangaro, and Haque, 2009), and this has also been used to 
describe interaction in ACI (Hirskyj-Douglas et al., 2018). This framing of 
interaction makes interaction observable in user-tests and experimental design 
interventions where the interaction, for example, can be measured, evaluated, 
and optimized, such as for more efficient, economic or experiential interac-
tions. It has recently been argued that an account of interaction that focuses 
on the user-machine interface is narrow and “hinges on an outmoded notion 
of technology in use” (Taylor, 2015, p. 50). Critically examining the notion of 
interaction in the light of ACI can thus expose the fractures in HCI. It provides 
an opportunity for novel and relational reflections on the concept of interac-
tion for user-computer interaction research in general. 

The few already available accounts and conceptualizations of interaction in 
ACI (e.g. Freil et al., 2017; Hirskyj-Douglas et al., 2018) lean on conventional 
HCI models and conceptualizations of interaction, especially Norman’s 
(1988) gulf model of interaction, which was heavily influenced by theory in 
cognitive science, which at that time “focused on modeling people’s goals and 

                                                   
17 Nevertheless, as a concept, interaction is broader and can involve almost everything. It holds multiple 
meanings and usages that differ between different scientific contexts and academic disciplines. In the phys-
ics, interaction can refer to anything from the micro-level of atomic and subatomic particles to the macro-
level of planets and galaxies. Recently, the theoretical physicist Carlo Rovelli (2016) denoted interaction 
as having a metaphysical meaning, by stating that “all of reality is interaction”. In sociology and the social 
sciences interaction is usually framed as “social” (another broad concept that can imply practically every-
thing) and emphasizes, for example, communicative and symbolic interaction between human interactants. 
In biology and ecology interaction can, for example, be understood in terms of symbiosis and mutualism 
where different species increase their fitness through interaction.  
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how they were met” (Rogers, 2012). It is still a common model for interaction 
in HCI, and originates from the classical psychological era of the field. This 
two-fold idea or model of interaction involves the gulf of execution (i.e. the 
gap between the goal for action and the means of executing the goal) and the 
gulf of evaluation (i.e. how well the computational artifact provides represen-
tations that the user can perceive and interpret as part of their expectations and 
intentions). Hirskyj-Douglas et al. (2018) argue that ACI concentrates on the 
gulf of execution, and that the loop may not always be fully closed, as the 
meaning or intention the artefact has to the animal is largely unknown and 
open for interpretation (p. 4). They argue that ACI scholars only consider their 
behaviors in relation to technology, but not the reasoning behind the intentions 
behind these behaviors. This differs from Freil et al.’s (2017) use of the model 
in which the loop is closed. 

In a similar sense to that of the “interaction types” for humans: and instruct-
ing, conversing, manipulating, and exploring, suggested by Preece et al. 
(2002, pp. 47–54), Hirskyj-Douglas et al. (2018, p. 4-5) identifies different 
types of interaction for animals. This includes; animals operating systems 
(Britt et al., 2011; Ritvo and Allison, 2014; Robinson et al., 2014; Zeagler et 
al., 2016), systems detecting animal behavior (e.g. Majikes et al., 2017; 
Valentin et al., 2015), systems reacting to animal behavior (Geurtsen et al., 
2015; Mancini et al., 2015), and an animal interacting with a human through 
its behavior (e.g. Resner, 2001; Lee et al., 2006; Mealin et al., 2015; Morrison 
et al., 2016; Trindade et al., 2015). There are degrees of animals in computer-
interactions, ranging from active (e.g. controlling system) to passive (e.g. sen-
sors detecting animal behavior). These conceptualizations of interaction are 
still concentrating on the interface, however. Hirskyj-Douglas et al. (2018) 
note that interaction “can be explored by improving the usability of systems 
as well as by creating a meaningful experience for the animal” (Mancini, 
2011). This, they argue, is demonstrated in work that has studied how: animals 
can provide input for technology (e.g. Robinson, et al., 2014; Zeagler et al., 
2014; Johnston-Wilder et al., 2015), can be soothed or stimulated by technol-
ogy (e.g. Baskin and Zamansky, 2015; French et al., 2015; Geurtsen et al., 
2015); and animals and humans can be connected through technology (e.g. 
Resner, 2001; Carter et al., 2015; Mealin et al., 2015).  

Since the “desktop paradigm” and its limits to designing and optimizing 
interfaces in dyadic interactions (i.e. between single users and a single com-
puter), technological advances and innovation has led to the existence of mul-
tiple forms of user interfaces or even invisible interfaces (Harper et al., 2008; 
Sellen et al., 2009). Preece et al. (2015, p. 159) identified up to twenty types 
of interfaces, which often overlap and are not mutually exclusive. Below we 
highlight how and what type of interfaces have been used in ACI So far, as 
shown by Hirskyj-Douglas et al. (2018) in their review of technical interfaces 
in ACI, and by Jukan et al. (2017) in their review of smart computing and 
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sensing technologies for animal welfare, only a few of these has been of ap-
plied to ACI. These are limited to tangible and physical, haptic and wearable, 
olfactory, screen technology, and tracking systems. The focus on these ideas 
of interaction in terms of different modalities reduces interaction with tech-
nology, and the form of the interface and the computer. The computer be-
comes, so to speak, a metaphor for the interaction.  

Animals are not restricted to being “users” of computational artifacts, as 
humans traditionally are, or at least have been perceived in HCI. The idea of 
the user has recently been questioned and problematized (Baumer and 
Brubaker, 2017). As suggested by Lawson et al. (2016), animals in the context 
of ACI can also be perceived as what Baumer (2015) labeled as “usees”. An-
imal interactions with computers, as noted by Hirskyj-Douglas et al. (2018), 
are broader than as sole “users” in terms of controlling a system, and they can 
also be categorized as “wearers” of biotelemetry devices. They also note that 
interaction differs in terms of the extent to which the animals are aware of 
being involved in the interaction, as well as their intentions and understanding 
of what causes interactions, something which is still underexplored in ACI. 

Much focus in the early days of the field, prior to the ACI manifesto (i.e. 
Mancini, 2011), was placed on computer-mediated human-animal interaction 
(e.g. Resner, 2001; Mankoff et al., 2005; Lee et al., 2006; Tan, et al., 2006). 
Weilenmann and Juhlin (2011) argued that the few HCI publications covering 
the topic of technology for human-animal interaction in the early work in the 
field struggled with the “inherent problem of ‘interaction’ in understanding 
interaction with animals” (p. 2631). They particularly note how the notion of 
interaction itself infers anthropomorphism, and that the field must decide on 
how to deal with the concept of interaction in order to expand. Their study of 
GPS-dog tracking practices among hunters demonstrates that technology for 
ordinary human-animal interaction does not have to be designed with species-
specific interfaces on both ends: one for the animal and one for the human 
This was however a strong argument in the early days of the field, when the 
focus on computer-mediated human-animal interaction was dominant (e.g. 
Resner, 2001; Wingrave et al., 2010;  McGrath, 2009). Weilenmann and Juh-
lin’s (2011) detailed ethnomethodological investigation showed that the sys-
tem had an effect for both parties anyway. It altered the hunter’s practices but 
simultaneously also how the canines’ tracking actions “were supported and 
acted upon by the hunting organization” (p. 2639). This study reveals that even 
in interactions involving animals, humans and technology, which are asym-
metrical in terms of having only an interface for the human side of the inter-
action, affect both parties on both sides. Animals are involved in technology 
in other ways than interacting with a suitable interface, and this involvement 
has an impact on them as well. This idea was taken up in several studies in 
this thesis, which shows the more varied way that animals interact with tech-
nology. Situated animal-computer interaction is also more than dyadic, and 
involves several aspects of the environment and surroundings as well. It is 
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necessary to account for this kind of complexity in the design of technology 
for animals and human-animal interaction. 

Freil et al. (2017) also distinguish between interface and interaction. They 
define interaction as affordances18 that “help a dog determine actionable prop-
erties of the particular device (e.g., bite, tug, push, touch, etc.), the software 
and hardware that responds to a dog’s actions, and the output devices that 
communicate the computer’s state to the dog” (pp. 89-90). Interface, on the 
other hand “includes the entire cycle of cognitive evaluation and execution, 
where a dog forms a goal, acts, observes, and evaluates the result of that action 
in the environment, and compares it to the goal. Training and cognition also 
play a large part in canine interaction” (p. 89). This framing of interaction is 
still rare, and limited to aspects of interaction which can be framed as belong-
ing to the classical psychological or cognitive era of HCI. People from the 
same research group (Zeagler et al., 2014) also make use of Fitts Law, which 
is a classical theory from the same era. It explains “the relationship between 
movement time, distance, and accuracy for people engaged in rapid aimed 
movements” (Soukoreff and MacKenzie, 2004, p. 751-752), and is used in 
order to improve and design more economic interactions. Zeagler et al. (2014) 
do not use it to make a “definitive statement about how dog interactions should 
be measured, and not as a definitive statement about how dog interactions 
should be measured” (p. 501). The framing of interaction here is clearly con-
centrated at the interface, and it neglects the complexity and many other as-
pects of interaction emphasized by Weilenmann and Juhlin (2011). This thesis 
can be seen as a continuation of this kind of work, to enable more ways to 
explore the difficult issues raised in and by animal-computer interactions. 

2.2.2. Animal Categories and Domains of Use 
Most animals embraced in ACI design space are at the top of the sociozoolog-
ical scale (Arluke and Sanders, 1996, pp. 167-186): “good animals” that have 
a beneficial and positive function in human society. This is evident, given the 
dominance of working and assistance dogs in ACI studies (e.g. Hauser et al., 
2014b; Robinson, et al., 2015; Zeagler, et al., 2014; Zeagler et al., 2016) and 
companion animals such as dogs and cats (e.g. Paci et al., 2016; Resner, 2001). 
These domains and type of animals, especially working and companion dogs, 
have been particularly important for the field and its development. Dogs were 
one of the first non-human animals domesticated by humans, and are now 
                                                   
18 The concept of affordance originates from psychology (Gibson, 1979) and was introduced in HCI in the 
late 1980s (i.e. Norman and Draper, 1986). The affordance of, for example, a computational artefact is the 
type of perceivable interaction that it triggers. This depends on the “users” physiological capabilities, goals 
and previous experiences. This can of course differ between species. Freil et al. (2017) whose research is 
limited to canines and has a large focus on their physicality and cognitive abilities, also explores the af-
fordances of technology for animals and argues that it “should be based on the natural abilities of dogs as 
much as possible... [and] … [c]apitalizing on what dogs do naturally makes affordances much easier to 
understand” (p. 151) 
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usually so tame that they are almost like, and are treated and live almost like 
humans. Perhaps it is not unexpected that dogs have received the most atten-
tion in ACI, especially in its early stages and as an initial starting point.19 Other 
animals and domains have successively been involved as subjects in ACI re-
search and design, however, it is still restricted to animals that are high on the 
sociozoological scale, such as captive and domesticated animals in farms and 
zoos.  

2.2.2.1. Working Dogs and Animal-Assisted Activities 
Other animals have assisted humans with different tasks since ancient times, 
and this was a main reason for their domestication (DeMello, 2012, p. 194). 
Dogs first entered human culture to assist humans in hunting, and thereafter 
expanded in terms of activities and species. Dogs have been especially in-
volved in animal-assisted activities and thus, it is perhaps expected that they 
have been a popular subject in ACI, for example, in terms of medical alert 
dogs (Robinson, et al., 2014), search and rescue dogs (Zeagler, et al., 2016), 
and guide dogs (Hauser, Wakkary and Neustaedter, 2014). Many of these an-
imal-assisted activates involve artifacts and tools, which are increasingly up-
dated with digital technology. Hunting gear manufacturers were an early 
adopter of digital technology in general (e.g. to organize the hunt as well as 
inventorying the hunting grounds), and quickly equipped hunting dogs with 
wearables and technologies such as GPS-trackers, to let them track the move-
ment, distance, speed and direction of their dogs. ACI researchers have stud-
ied the use of such technology and its implication for human-animal interac-
tions in ethnographic studies (Weilenmann and Juhlin, 2011), but systems 
have not been developed for this purpose within the realms of ACI. Hunting 
can probably be considered as contradicting ACI values, as it involves the 
killing of wild animals, despite the help of canines equipped with technology. 
Instead, ACI embrace other animal-assisted activities which do not involve 
any direct dangers (e.g. hunting dogs being injured by wild boars), or the kill-
ing of other animals, and serves more acceptable tasks and humans needs. It 
normally also involves designs that involve abilities and sensibilities that hu-
mans lack, or where an animal’s senses are superior in comparison, sometimes 
even to machines or artificial sensors. Robinson et al. (2014) investigated the 
requirements and different types interfaces of alert systems for diabetes dogs, 
who are trained to detect changes in blood sugar, in order to support their work 
in remotely calling for assistance. The design of canine emergence communi-
cation systems in a broader set of settings has been explored (e.g. Robinson, 
et al., 2015). In these cases, the dogs interact with pull-tabs and sensors 

                                                   
19 Flemming and Bateman (2016) discovered a taxonomic and subjective bias towards specific types of 
animals, which were considered as “good” as opposed to those they classified as “bad” or “ugly”. A similar 
bias might also be found in ACI, where “human-like” animals or animals with a clear function for humans 
are considered more interesting and appreciated. It could also be, however, that these animals are more 
exposed to interactive technology. 
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mounted in the physical environment, such as a wall in a hospital. Zeagler et 
al. (2014) also explored dogs’ abilities to use touchscreens for a similar pur-
pose. Mancini, et al. (2015) designed a communication system that allows 
trained cancer detection dogs to communicate nuances when sniffing samples, 
and generates more reliable detections. The samples are placed on plates with 
pressure sensors and the system measures the pressure when the dog investi-
gates the sample with their nose.  

Another possibility for developing wearable technology for guide dogs, 
proposed by Mealin et al. (2015), aims at  supporting and facilitating the dogs 
to communicate information to their handlers. Jackson et al. (2013) describes 
a range of different scenarios for such technologies, for example, search and 
rescue dogs to be used for finding missing persons, to provide information 
about geographical locations to the dog handler and medical teams. They ex-
plore different types of sensors for triggering such systems, such as biting, 
tugging, and touching with the nose. Zeagler et al. (2016) proposed a wearable 
computer vest with a capacitive bite sensor for search and rescue dogs. 
Valentin et al. (2014) explored the possibilities of developing snout-based 
wearables for input, where it is most efficiently positioned on the dog’s body. 
Alcaidinho et al. (2017) designed a system to support collaborative human-
canine explosive detection work.   

Animals have been trained and used as tools and sensors despite the under-
lying emancipatory and animal-centered agenda of ACI to increase their role 
as users and stakeholder of design. As these animals are typically species that 
have co-evolved with humans for a long time, such as dogs, they are also 
heavily dependent on humans. It has therefore been important for ACI re-
searchers to let the dogs participate voluntarily, and to leave the design process 
whenever they want (Hirskyj-Douglas et al., 2017). This domain of working 
animals does not exclusively serve human utilitarian needs, it is also a domain 
which fosters close relations between the human caretaker and the animal. 
Even though they are considered as tools for solving human tasks.  

2.2.1.2. Pets, Entertainment and Human-Animal Relations 
In addition to working animals and animal-assisted activities, pet dogs and 
cats have received considerable attention, and have been central to ACI and 
its development since the early days (e.g. Resner, 2001). These are a category 
of animals that Arluke and Sanders (1996) saw as second to humans on the 
sociozoological scale, given their tameness and that they are “almost like hu-
mans” (p. 170). This is also true for working dogs which are simultaneously 
human companions, not only in terms of working together and communicating 
with each other, but also in terms of developing a strong bond which is central 
to the domain of pets. It is common to treat pets as family members. Animals 
have an obvious function for humans, which also explains the interest of ACI 
in developing technology within the domains of pets and working dogs.   
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Much of this work is concentrated on stimulating and monitoring dogs 
when they are at home alone (Mankoff et al., 2005), or facilitating remote 
communication between dog and owner, for example, in interspecies games 
(Cheok et al., 2011), or through vibrotactile caressing (Lee et al., 2006). Other 
work emphasizes the visual appearance and ornamental values of pets, such 
as the augmented aquarium by Yamashita et al. (2017), which can dynami-
cally modify the color of translucent aquatic animals, so that they can even 
glow in the dark, without doing any injury to them. It has no implications for 
the animals per se, but plays on a human cultural level and triggers aesthetical 
desires. 

Most work on entertaining and stimulating pets in their homes, primarily 
when they are at home alone, has concerned creating playful interactions and 
interspecies games and activities to reduce loneliness and boredom. These sys-
tems are also about human-animal relationships. Mankoff et al. (2005) pro-
posed a novel system in which the owners are notified when their dog is bored 
(e.g. lying on its bed), and enables them to activate a system to throw tennis 
balls for the dog to fetch and play with. The system also includes a monitor 
and video streams of the owner’s activities for entertaining the dog. A similar 
system is also proposed by Hu et al. (2007) in which the owner can observe, 
give treats and feed their dogs, as well as initiate playful activities, in this case 
throwing balls for their dogs to play with. These systems focus on creating 
activities and stimulation for dogs. Another branch of activities for pets, along 
the same lines, is interspecies games. Early examples include a mixed-reality 
interface for humans and hamsters to facilitate a remote interspecies game 
(Tan et al., 2006; 2011). The game was motivated by an ambition to “reverse 
the trend of growing lack of quality time spent between humans and pets” 
(Ibid., p. 308). In the real physical world of the system “the hamster chases 
after a physical movable arm on a moldable surface area. The movement of 
the hamster is then translated into the movement of a pet avatar in the virtual 
gaming space which is shared by the human. The human controls the move-
ment of a human avatar in the virtual gaming world, which is actually control-
ling the movement of the physical attractor in the real world. Thus, this loop 
enables the merging of two realities, both human’s virtual reality and the ani-
mal’s physical reality” (Ibid., p. 308). The authors highlight the importance of 
animals being free to choose whether they want to play or not, and suggest 
that the system should benefit humans as well as animals – here in terms of 
exercise (2008, p. 308). In a similar vein, Noz and An (2011) developed a 
digital iPad game for cats, in which the cat chases a mouse that either moves 
randomly or is controlled by the human using their mobile phone. This enables 
new forms of interactions, and foster cat-owner relationships. A similar game 
for cats was developed by Westerlaken and Gualeni (2014). A study by 
Geurtsen et al. (2015), indicates that interactive game play for home alone 
dogs can reduce their stress and separation angst.  
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Pet dogs have been exposed to screens ever since television entered human 
culture and our homes. Dog-screen encounters have since then increased with 
the expansion of computer screens and tablets in our homes. A dog’s attention 
to computer screens and media content has been explored (Hirskyj-Douglas et 
al., 2017), as have the possibilities for dogs to control their viewing (Hirskyj-
Douglas and Read, 2018).  

Although many ACI projects can be considered to have an impact on hu-
man-animal relationships, there are a few projects that are explicitly aimed at 
increasing human-animal relations and bonds. This work focuses on computer 
mediated interspecies interaction of different sorts. Much of this work is de-
signed with a focus to increase the bond and facilitate remote interaction be-
tween human owners and their pets. It deals especially with the problem of 
being separate from each other during, for example, working hours. Much of 
this work is concentrated around multimodal interaction, in terms of tactile 
and tangible communication. It can also involve visual and verbal “face-to-
face” interaction through video chats. This has been explored by Rossi et al. 
(2016), who included the potential to train animals and give them treats over 
Skype. Resner (2001) proposed a system allowing humans to remotely engage 
in clicker-training with their dogs.  

The work by Lee et al. (2006) provides an early example that was devel-
oped a couple of years before the ACI manifesto. They developed a system 
for tangible and remote tactile interactions between humans and animals, in 
which the pet could remotely receive strokes through a wearable west as the 
pet owner strokes a “pet doll” at another location. The system was developed 
for poultry, which is considered a pet (or perhaps a hybrid between livestock 
and pets) in Asia, but the authors notes its applicability to pets in general. A 
very similar system was also proposed by ur Réhman and Li (2014), who in-
vestigated multimodal vibrotactile human-animal communication, where in-
stead of a pet doll, the human user can caress an augmented image of an animal 
on a hand-held device, which in turn renders caressing-like stimulation 
through a wearable west worn by the animal (in this case a pet cat). The cat 
can also initiate such interaction by moving to a specific area, where video 
and audio of the owner is displayed. The authors do not address the impact the 
proposed system could have on human-animal relationships and animal wel-
fare.  

Another topic for ACI that is closely related to the domain of companion 
and pet dogs, is the increased use of smart and sensing technologies for mon-
itoring pets, with a particular focus on measuring their physical health. This 
can be referred to as pet informatics or quantified pets, and is an extension of 
quantified self-movement and personal informatics which aims to “increase 
self-knowledge by numbers” (Wolf, 2009). When it comes to monitoring and 
quantifying animals it is, once again, dogs that have received most attention, 
and there are several commercial systems (e.g. Whistle, FitBark, PetPace) on 
the market that are widely used by dog owners. According to a qualitative 
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survey by Neustaedter and Golbeck (2013), there is great interest from dog 
owners in monitoring (e.g. increasing their awareness of their dog’s activities, 
temperament and mood, safety and health) and remotely interacting with their 
pets (e.g. talking to them, watching, and providing play and exercise) when 
the dogs are at home alone. Paldanius et al. (2011) and Paasovaara et al. (2011) 
had similar results. Lawson et al. (2015) offer a critical perspective on these 
systems, and especially on the expectations that dog owners have of the in-
creased quantification of pets, and its possibilities. This technology may also 
be of interest for other stakeholders, such as veterinarians, who could use it to 
monitor an animal’s physical health (Brugarolas et al., 2014; Weiss et al., 
2013), heart rate (Brugarolas et al., 2016; Foster et al., 2019) and caloric in-
put/output (Nelson and Shih, 2017). 

2.2.1.3. Zoo Animals, Environmental Enrichment and Stimulation 
The zoo has also been explored within the realms of ACI. The main motivation 
is to improve and supporting animal welfare (e.g. Rault et al., 2015). This in-
cludes the design of playful and cognitive enrichments (e.g. Wirman, 2013; 
French et al., 2014; French et al., 2015; French et al., 2018), facilitation of 
hunting behavior enrichment (e.g. French et al., 2016) or promoting functional 
naturalism for zoo animals through computer tasks (Martin and Shumaker, 
2018). In the project Apps for Apes (e.g. Smith, 2011), captive orangutans in 
a zoo were introduced to touchscreens and tablets in order to “provide stimu-
lating enrichment and immediate gratification”.20 The orangutans are guided 
by humans to use tablets to play music, instruments, cognitive games, and to 
paint among other things. French et al. (e.g. 2014) explored the possibilities 
of designing interactive toys for elephants to promote natural behavior and 
provide stimulation (French et al., 2014). These contributions all focus stimu-
late and enrich the life of captive animals in the zoo. 

The potential of interactive technology in the zoo is not only for the well-
being of animals, but also for shaping human-animal encounters (Carter et al., 
2015; Webber, 2015; Webber et al., 2017). These studies have analyzed and 
suggested that technologies in the zoo also should focus on intervening and 
influence human-animal relationships. Drawing on observation and inter-
views with zoo visitors, Webber (2015) argues technology has the potential to 
influence and enrich zoo visitor’s empathy for animals. Several types and 
forms of human-animal interaction occurs simultaneously in a zoo, and con-
sequently there is a shift of focus beyond the ACI framing of interaction as 
direct and dyadic, which also is suggested by Webber et al. (2017). This is 
similar to the suggestions in Paper III, and in this thesis in general, but without 
restriction to the specific setting of the zoo. 

                                                   
20 https://redapes.org/multimedia/apps-for-apes (accessed 2020-04-02). 
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2.2.1.4. Farm Animals and Monitoring Welfare 
Farm animals have been exposed to technology and computing for quite some 
time. The establishment of automatic milking systems (AMS), or so-called 
“milking robots”, in the early 1990s is an example. This development was 
prior to ACI and the extent to which this technology was designed via animal-
centered thinking is unclear. It is however, an example of how the increased 
ubiquity of technology has reconfigured relationships between animals, tech-
nology and humans, in this case between cows, milking robots and dairy farm-
ers (see Holloway, Bear, and Wilkinson, 2014). It is thus an interesting setting 
for ACI to reconsider studying in terms of how it reconfigures an animal’s 
lifeworld and human-animal relationships, as well as applying an ACI per-
spective to technological development. 

There are few research projects based on farming in ACI, and they almost 
none at all until the fourth ACI conference,21 in which there was a workshop 
on the topic (French et al., 2017), and also several papers presented (Haladjian, 
Ermis, Hodaie, and Brügge, 2017; Haladjian, Hodaie, Nüske, and Brügge, 
2017; Carpio et al., 2017). The overall focus of these papers was the use of 
sensing technologies for monitoring the physical wellbeing of animals. 
Haladjian et al. (2017) present a system for detecting gait anomalies in cows 
with wearable motion sensors. The same group of researchers also presented 
a wearable device to classify the physical activities of pigs (e.g. walking, rest-
ing, eating) enabling veterinarians to track free-roaming pigs (Haladjian, 
Ermis et al., 2017). Both systems was developed and tested with ethical ACI 
principles in mind (i.e. Mancini, 2011). Carpio et al. (2017) presents a similar 
system to monitor animal behavior and welfare. They also argue that the data 
generated should be open and shared with multiple stakeholders; not restricted 
to farmers and veterinarians, but also publicly accessible to a broader public 
(e.g. consumers, NGOs, public health agencies). In addition to solely moni-
toring behavior, and thus the early identification of harmful behavior (e.g. ap-
athy, signs of disease, aggression), sensing technologies could also be used to 
monitor the use and consumption of environment enrichment by animals 
(Nannoni et al., 2017), for example, to avoid the negative consequences when 
the enrichment needs maintenance, or to evaluate the animals’ interest of it 
(Ibid. p. 3–4).  

Other projects, also prior to ACI, have considered other forms of environ-
mental enrichment and stimulation for animals in order to increase their well-
being. A video game was created for pigs (Driessen, et al., 2014). As noted by 
Nannoni et al. (2017), who are all veterinarians, these kind of systems eliciting 
the interests of pigs are not generally explored, and they could have a positive 
impact on animal welfare. Nevertheless, they argue for being cautious in the 

                                                   
21 In the Q&A session after the closing keynote at the third ACI conference in 2016, animal welfare scientist 
Donald Broom stated that the ACI should focus on those animals that suffers most from lack of welfare and 
enriched environment. In particular he referred to farm and meat animals such as chickens, cows and pigs.  
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design of such systems, to ensure that they are animal-centric and do not neg-
atively affect animal welfare, and relationships between farmers, animals and 
veterinaries, which Lawson et al. (2015) also warn about.  

2.4.3. Animals’ Needs and Interests in Existing Designs 
We have outlined the principal domains of use in ACI and the categories of 
animals that are embraced by the field’s agenda of designing interactive tech-
nology for and with animals. We shall now explain which animal needs and 
desires are addressed in existing systems. This is related to the question about 
the extent to which we are designing for animals, and intend to meet their 
wants and needs.  

Despite the intention to design for and with animals, it has been questioned 
to which extent the field of ACI really focus on the animals (Hirskyj-Douglas 
and Read, 2014; Lawson et al., 2016). Hirskyj-Douglas and Read (2014) 
raised concerns about whether animals and their needs really are central in 
ACI. In particular they focus on canines and argue that interest in interactive 
technology must be motivated by the animals themselves, and designs “based 
on their actual needs” (p. 5). These ideas can also be interpreted as fuel for 
their exploratory design proposals involving screen media for dogs (e.g. 
Hirskyj-Douglas et al., 2017), which speaks more to the needs of animals on 
their own terms compared to other projects which take their departure in an-
thropocentric needs. We shall now consider how and what kind of animal 
needs have been acknowledged in each of the domains of use described above. 

Designing technology that facilitates assistance and service dogs in doing 
their working tasks is a central domain in ACI, and has been since the early 
stages of the field. The idea of such systems is grounded in human problems 
and needs, and ideas for such designs are decided beforehand. These design 
ideas thus are usually not grounded in the desires and needs of animals in their 
own right, but are limited to their occupations. Animal needs tends to be re-
duced to requirements regarding usability, and finding appropriate and effi-
cient interfaces for animals with occupations to use. Different types of inter-
faces are explored, for example, wearables, touch screens, and the extent to 
which dogs–the sole animal species involved in this domain–can use them.  

Even in what has been referred to as “canine-centered computing" (Freil et 
al., 2017) the primary focus is on human needs (i.e. “increase the quality of 
life of individuals with assistance dogs, improve the safety of people with 
medical conditions, enhance the speed and effectiveness of search and rescue 
dogs, and reduce the costs of training working dogs", p. 155), and the wants 
and needs of canines are only considered as secondary or as an extra benefit 
(i.e. “improve the care and well-being of pet dogs, increase adoption rates, and 
potentially enable different ways by which owners can become more con-
nected to their pets”, p. 155).   
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 In ACI it has been suggested that increasing animal welfare should be a 
goal for design, with the five freedoms (i.e. Brambell, 1965) as guidance 
(Väätäjä, 2014), especially within the domains of farm and zoo animals, but 
also in the domain of pets. This should be emphasized to increase animal wel-
fare and also make sure that new technologies will “not cause behavioral dis-
orders or increase negative stress levels” (Ibid. p. 2). Such needs are more 
connected to the basic biological needs of animals.  

Understanding and designing for the needs and desires of animal is indeed 
a severe challenge, and a difficult task given interspecies barriers and the risk 
of anthropomorphic interpretations and bias. Currently, animal needs in ACI 
is to a large extent limited to meeting them in a priori defined design ideas, in 
which they are considered participants and co-designers in an iterative design 
process. Designing for is thus to a large extent diminished on behalf of de-
signing with. Even if designing with also implies designing for, it does not 
fully take account of animal needs and desires on their own terms. Some at-
tempts towards a presumably zoocentric ACI have been made (e.g. Hirskyj-
Douglas, 2017), as well as several papers in this thesis), and others point to-
wards the difficulties of such approaches to what is an almost agnostic posi-
tion (Lawson et al., 2016; North, 2017b). Instead of avoiding or giving up on 
the issue, we should keep an open mind and investigate all available resources 
for the inquiry into sincerely developing interactive technology and designs 
for animals. In this thesis we approach the problem through theoretical inves-
tigations grounded in empirical observations of animal life and interaction in 
situ.  

Most designs in ACI build on a priori systems that primarily intend to solve 
human problems or tasks. The needs of animals in these systems tend to be 
limited to usability and building/testing interfaces that are adapted to the ani-
mal’s physiology (e.g. sensorial, and physical bodies) and psychology (e.g. 
cognitive abilities). What seems to be important here is: (i) making efficient 
and economic interactions, (ii) ensuring the animals welfare, and (iii) ensuring 
that the design allows animals to participate voluntarily. As a consequence, 
ACI is limited to being a means for ensuring and approving systems involving 
animals, and making sure that no severe damage has been done, and that the 
animals can participate without force. It focuses mainly on designing with an-
imals, and being sensitive towards their requirements in the interface. This can 
also be seen as an ambition to design for animals, but only to a limited extent. 
The design idea is generated from anthropocentric needs in the first place, and 
how it accounts for animals needs in their own terms is sparse. Animals wants 
and needs is potentially much broader than user-friendly and suitable inter-
faces given the specific animals species. There are also systems that strive to 
warrant and/or increase the welfare of captive animals–such as zoo animals, 
farm animals, as well as pet animals– through environmental enrichment, and 
stimulation and/or monitoring their physical wellbeing. These systems are 
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driven by meeting the basic biological needs of animals, which both are mo-
tivated by animal welfare and partly also by more hedonic motives, as in the 
case of games and playful interactions. 

2.2.2. Methods and Approaches to Include Animals’ Needs in 
Design 
Following the aims outlined in the manifesto (Mancini, 2011), ACI should be 
concentrated on: i) studying and theorizing animal-computer interactions in 
naturalistic settings, ii) developing animal-centered technology to improve an-
imal welfare, support them in their activities and foster interspecies relation-
ships, and iii) informing the development of animal-centered design ap-
proaches, enabling them to participate in the design process on an equal foot-
ing with humans. These aims are also visible in the central ACI design princi-
ples of designing technology for and with animals as intended end-users, 
and/or to enable them as active co-participants in design (e.g. Mancini, 2011). 
Both these two tenants imply a need to understand animals, for example, their 
needs and desires. Much of the focus in ACI has been in engaging animals as 
co-designers in order to emphasize design together with animals and subse-
quently also for them. This is primarily formulated as a methodological issue 
which usually involves a priori defined design ideas. 

Obviously, it is quite a challenge to understand what animals want to have, 
and how computer systems could provide such services. We are still, in fact, 
struggling to understand this when it comes to our own species. Although dogs 
do not communicate with us in our language, we communicate with each other 
using various signals, vocalizations and body postures, for example. The com-
mon language is learned on both sides, and this creates a challenge to over-
come in design activities (e.g. French, et al., 2017; Westerlaken and Gualeni, 
2016). We will describe and review different approaches to taking account of 
animal desires and needs in the design of interactive technology for animals. 
Similar to research within HCI, several researchers have turned to, for exam-
ple, participatory design, speculative design and research through design, as 
ways to address the challenge of unpacking user needs at the same time as 
designing “for” the user.  

Participatory design has been adopted in a number of projects (Mancini et 
al., 2015; Jørgensen and Wirman, 2016; Westerlaken and Gualeni, 2016). It 
suggests overcoming the challenge by “involving the user directly in the de-
sign process rather than relying on the designer’s knowledge of the user” 
(Jørgensen and Wirman, 2016). Such co-design builds on two different shar-
ing principles, either: “shared language between the designer and the user, or 
on which the designer can reasonably transfer her own experiences with a de-
signed object to those of her users” (Ibid.). The designer increases their un-
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derstanding of the user by observing what they do: through participant obser-
vation. Equally importantly, the user learns about the design possibilities, for 
example, new technologies, from the designer and can thereby articulate their 
needs themselves, and suggest solutions. Some of these ACI studies do report 
on the “observations” of designers (Ibid.), such as the practices of cancer de-
tection dogs (Mancini et al., 2015) and playful interaction (Pons et al., 2015; 
Wirman and Zamansky, 2016). Unfortunately, such learnings are not the focus 
of the reported studies. More important, they lack explanations of how the 
animals express their needs or suggest solutions. Again, it is demonstrated that 
the dogs take part in joint activities, such as smelling cancer samples (Mancini 
et al., 2015) or creative play (Pons et al., 2014), but there is no indication that 
the animals are active in doing and contributing to the design work, as it is 
conceived in participatory design. Hammeleff et al. (2016) even note – in the 
most methodologically elaborate study on the application of participatory de-
sign in ACI – that the animals’ engagement “is not necessarily in the form of 
intentional or functional alteration or modification but in the form of playful 
exploration of the environment”. The reported design work that is presented 
as “participant design” thus does not focus on articulating user needs, and at 
the same time conflates participation in play with participation in design, 
which leaves us with the remaining problem of understanding animals wants 
and needs beyond their requirements of particular systems and interfaces. 

Another way of dealing with the problem is to avoid attempts to understand 
animals in advance of engaging in design. These attempts are turned into crit-
ical and speculative design (e.g. Dunne and Raby, 2013): speculating and ex-
ploring fictional design ideas to provoke or reflect on the consequences of 
technologies that could become reality. This is also related to design fiction  
(e.g. Bleecker, 2009; Sterling, 2009). In ACI such approaches are used to 
speculate about what a truly zoocentric design could look like (i.e. Lawson, et 
al., 2016; North, 2017), or as a means to trigger human attitudes towards up-
stream technology measuring animal behavior (i.e. Lawson et al., 2015). The 
former is especially proclaimed as an approach exploring the conceivable 
wants and needs of animals, and how these could be implemented in design. 
The latter is more an exploration of expectation of likely users of such systems 
(i.e. ordinary pet owners) and animal behavioral experts, and a way of reflect-
ing on the possible social and ethical consequences if their speculative designs 
or similar systems became reality. Even if the latter speculations might corre-
late with animals wants and needs, the extent to which this might happen, or 
how, is not considered by the authors, and instead the systems are defined as 
systems that facilitate and support the lives of pet owners. 

Lawson et al. (2016) raise concern about the asymmetrical power relations 
in ACI where animals are better labeled as “usees” (Baumer, 2015), instead 
of “users”, and speculates about what “a truly dog-centered internet” would 
look like, and “if it were designed by and for dogs, what would it be used for” 
(p. 40). That is, they sincerely wish to account for the desires and needs of 
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animals on their own terms, in their design speculations. Lawson et al. (2016) 
base their speculations of animals needs of imaginably systems in the cogni-
tive and communicative abilities of dogs. This approach is envisioned to ex-
plore “how technology may support the agency of the animal, so that they can 
genuinely be considered users” (Lawson, et al., 2016, p. 40). These specula-
tions are intentionally close to the animal as actual “users” but they are not 
grounded in empirical observations. Rather, they are anthropocentric armchair 
speculations. They claim to be grounding their speculative design in the cog-
nitive and communicative abilities of animals, and what designs could be gen-
erated by animals with those abilities. They provide two design speculations 
of how such systems could look. In one example they refer to parapsychology 
and the idea that dogs want to know when their owners are about to come 
home, and how technology could inform the dogs of when their owners are 
arriving (e.g. using the GPS on their owner’s phone, or with an iBeacon placed 
in the owner’s car which triggers an alarm when the owner is getting closer), 
and possible notification systems for the dogs (e.g. a high-frequency whistle 
inaudible to humans, or dimming the houselights using Dog-IoT actuators).  

The design fictions by North (2017) were intended to illustrate meaningful 
systems for horses. These are imagined from the perspective of the co-design-
ing horse Blaze. It includes (i) a feeding system that adapt the amount of food 
for individual horses, which the horse manages to hack to get more food, (ii) 
an autonomous driving horse trailer, in which the horse can choose destina-
tions with its nose on a touch screen, (iii) a weather responsive shelter, and 
(iv) an automatic interactive roof that opens or closes depending on the envi-
ronment. The horse could also control the roof manually after its own prefer-
ences.  

Even though Lawson et al. (2016) are serious in their critique of ACI as 
designing systems more for humans than for the animals, and of participa-
tory/co-design and its limitations and possible bias of understanding the dogs 
need and desires, and their ideas of unequal power relations, they seem to give 
up on the idea of sincerely designing for animals. Their use of speculative 
design tends to ridicule the topic of designing for animals to an almost agnos-
tic position. These attempts can be interpreted as a way of emphasizing the 
difficulties of truly animal-centric designs. North (2017) even states that his 
design fiction proposals should be considered as “thought experiments, illus-
trating the inherent danger in trying to co-design with the voiceless” (p. 1), 
instead of serious prototypes. The use of speculative design is therefore better 
defined as an attempt to confirm the difficulties of animal-centered design. 
Their efforts are implicit and explicitly induced with humor, similar to the 
early ACI accounts (e.g. Mankoff et al., 2005). North (2017) for example, 
acknowledges a fictional horse as the co-designer responsible for the sketch-
ing the prototypes, and Lawson et al. (2016) refers to parapsychology. Never-
theless, these attempts trigger reflection about the genuine wishes of animals 
for computing and the generated design ideas are radically different than in 
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most other systems in ACI, except, for example, for the work by Hirskyj-
Douglas (e.g. Hirskyj-Douglas et al., 2017; Hirskyj-Douglas, et al., 2018) and 
the work on playful interactions and enrichments for zoo animals and pets 
(e.g. Pons et al., 2015; Jørgensen and Wirman, 2016; Wirman and Zamansky, 
2016). It leaves the impression that there is a discrepancy in how the field 
accounts for animal wants and needs in design. North (2017) discusses the 
benefits of speculative approaches, such as design fiction, as follows: 

As an exercise, the use of design fictions in ACI may help the human animal to 
consider the non-human’s underlying motivations. A good starting point for 
putting oneself in the place of a non-human is to understand his or her ‘ethol-
ogy’. That is to say a species’ normal repertoire of behaviors, as displayed under 
natural conditions and shaped by evolutionary pressures. Therefore, it is useful 
for a designer to make him or herself aware of a non-human’s typical behaviors, 
as reflections of their underlying motivations. This provides a framework to 
begin hypothesizing the non-human partner’s contribution to any process of co-
design (North, 2017, p. 4). 

 
Design speculations could, however, be useful if better informed by empir-

ical findings on animal possible needs and desires, or combined with other 
more scientifically rigorous methods. Findings and theories from animal sci-
ence is also resources for understanding animal users through biological 
means, for example, their olfactory, auditory, visual, and tactile sensibilities, 
or their physicality (Robinson, 2016). This kind of knowledge is important 
when designing computer interfaces for animals, and can also be interpreted 
as needs, even if it these needs can be reduced to usability issues. Other influ-
ences on animal needs diverge from animal welfare science and emphasize 
needs of basic behavioral and biological kind. An understanding of animal 
needs and desires is potentially much broader and should be open for investi-
gation. 

2.3. Concluding Remarks 
In this chapter, we have considered the ontological prerequisites and current 
state of the field of ACI. We have argued that progress in animal science, the 
animal turn in the social sciences and humanities, and the paradigmatic ex-
pansion of HCI are important puzzle pieces for the possibility of ACI. Most 
inspiration for the emergence of field comes from animal science and a re-
stricted set of already established user-centered design approaches and meth-
ods from HCI. The key argument generated from this chapter, and likewise 
the motivation for this thesis, is the lack of theory and restricted interactional 
understanding for the adolescent field of ACI. This becomes evident when 
seeing ACI in the light of HCI which have developed a large corpus of theories 
and methods. ACI only have a few, which are imported from HCI and the 
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animal sciences. Even though interaction is more complex and problematic 
when shifting focus from humans and to animals, the idea of interaction tends 
to be uncritically inherited from HCI, and thus reduced to the interface and its 
well-established boundaries (i.e. human-computer or animal-computer). In-
stead, most focus in ACI is on the methodological challenges of including 
animals as stakeholders and co-designers in order to design for and with. 
These are of course important issues that needs to be acknowledged, and are 
perhaps also logical, as methods have a more direct and concrete impact on 
design compared to theory. 

We have also argued that ACI has become somewhat narrow in terms of 
what kind of animals that are included and for what reasons. It becomes evi-
dent when considering the many ways that animals exist in the world and in-
teracts with us humans. ACI only embrace a limited set of fractions of the 
multifaceted animal and multispecies world. Most of the animals privileged 
in ACI is on top of the sociozoological scale (Arluke and Sanders, 1996) with 
anthropocentric motives, such as developing systems for working dogs, games 
for pets and their owners, or ensuring and enriching the wellbeing of farm and 
zoo animals. Such designs are most likely relevant for animals, but there must 
be more to what a meaningful interaction for animals could be. Most designs 
emerge from a priori design ideas constructed by the designer. Few attempts 
have been made to understand what kind of interactions and functionalities 
animals would like to have in the first place. Against this background it be-
comes apparent that there are many different forms, domains and aspects of 
animal and human-animal interaction that have not yet been acknowledged in 
the field of ACI.  
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3. A Theoretical Investigation of the “I” 

The development of interactive technology for animals within the research 
area of ACI is primary grounded in established design approaches and meth-
ods from HCI, as well as research findings, insights, and guidelines from ani-
mal science. As we have seen in the previous chapter, there are other ap-
proaches, such as theoretical contemplations. We have also argued that the 
field of ACI has become somewhat narrow in terms of how interaction is un-
derstood, and to what extent it intends to design for animals wants and needs 
in their own terms. While being aware of the epistemological and methodo-
logical difficulties of such an inquiry, there is also a need to investigate alter-
native approaches and methods, as well as to create new ones for this particu-
lar purpose. As a complement to the many design approaches in the field, this 
thesis takes a theoretical approach on the topic and advocates theoretical plu-
ralism by investigating a multitude of theoretical perspectives derived from a 
rich variation of empirical studies on ordinary animal life and human-animal 
interactions in situ. In this chapter the overall theoretical approach of the thesis 
is described and motivated, as well as the methods behind the different empir-
ical studies, which builds on ethnomethodological and ethnographic field-
work. 

3.1. Theoretical Pluralism and Additive Empiricism 

“The only way of arriving at a useful judgement of what is supposed to be the 
truth, or the correct procedure, is to become acquainted with the widest possible 
range of alternatives”  

 -  Feyerabend, 1978, p. 86. 
 
The problem of understanding animals’ possible needs and desires as mani-
fested in the question of what kind of interactions and functionalities they pos-
sibly would like to have with technology, is intrinsically challenging. There is 
no silver bullet or definitive single solution to the questions at hand, and we 
are always left with uncertainty. Rather, it is necessary to investigate as many 
available resources as possible, and also to develop new theoretical and meth-
odological approaches for the inquiry at hand. For developing further, the em-
bryonic research field of ACI needs to stay open and not limit or restrict itself 
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to certain approaches or ways of framing interaction or animal needs. We are 
not arguing to replace any approach or praxis, rather we argue to add theoret-
ical perspectives and ideas, and thus open up and broaden the field’s corpus. 
As a complement to the many already insinuated design approaches, the over-
all approach for this thesis is theoretical, with the ambition to provide with 
new insights on what a meaningful interaction for animals may be, and to en-
rich our understanding of interactions in-between animals and computing. We 
have argued that ACI have become somewhat narrow when it comes to these 
aspects. The overall aim of this thesis is to ontologically consider other options 
than the conventional understanding and framing in ACI, and thus unleash the 
field from its narrowness. We are especially interested in reflecting upon what 
kind of interactions that other animals possibly would like to have, and gen-
erating ideas and topics for designs for animals on their own terms, rather than 
for intrinsically anthropocentric purposes. This is a severe epistemological 
and methodological challenge, which ACI scholars must face in order to take 
the ACI principle of designing for animals seriously. 

Instead of simply building and doing design, we also need to think, and 
think as broadly as possible. This is also the way we use theory in this thesis, 
as a way to think, and to open up the previously unthought (Jackson & Mazzei, 
2018). Accordingly, this thesis promotes a slower and reflective procedure 
which hesitate on conventional understandings. Rather than using theory as a 
sole “attitude or desire to make sense of and to understand, in some way, the 
phenomena around us” (Dix, 2008, p. 175), we also use theory to interrupt and 
obstruct the conventional idea of interaction in ACI. The ambition is to pro-
vide with new insights and reflections on what a meaningful interaction for 
animals may be, and to enrich our understanding of interactions in-between 
animals and computing. Interaction is thus investigated from a broad range of 
angles and theoretical perspectives, rather than relying upon a single theory. 
As such this thesis promotes theoretical pluralism (e.g. Feyeabend 1970; 1978; 
1990), and likewise a heterogeneity of theoretical and analytical perspectives 
to open up ideas and broaden the notion of interaction in ACI. Feyerabend 
(1970) argued that scientific development is nurtured by the existence of sev-
eral competing paradigms, rather than restricted “puzzle-solving” and “normal 
science” within a specific paradigm, which tend to be the case for ACI. Key 
to his idea of theoretical pluralism is found in the principle of proliferation 
(Feyerabend, 1970, p. 205), which “holds that “scientific progress is catalyzed 
by the simultaneous presence of a sufficiently large number of competing and 
preferably incommensurable theories” (Bschir, 2015, p. 25). Inspired by John 
Stewart Mill’s ideas of the market (Mill, 1860), Feyerabend promoted a mar-
ketplace of competing ideas. He argued that the limitations of current ideas 
and perspectives can be revealed if we, at least temporarily, step outside them. 
Unusual ideas, or what he refers to as the “ramblings of a madmen” 
(Feyerabend, 1978, p. 53), are considered especially rewarding, because they 
can provide with external and contrasting perspectives to conventional ideas 
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that we generally accept uncritically. Stepping out of the conventional creates 
an outside of the field and opens new doors. This is especially useful for ad-
vancing knowledge of a field. It is in this way that theory can strengthen and 
develop ACI, by leading to new design spaces and directions, seeing things 
from new perspectives and consequently inspire and spark design.  

The approach in this thesis is theoretical not in a formal or abstract way, 
but in close dialogue with empirical observations. Additionally, it promotes 
diversity, not only in terms of theoretical and analytical perspectives, but also 
in terms of empirical examples and forms of interaction. Selecting unusual 
cases is thus a strategy for generating alternatives and amplifying theoretical 
pluralism. A theoretical investigation of the “I” in ACI could be done solely 
by surveying and reflecting upon existing examples and design proposals in 
the field. Such an approach would, however, limit our reflections to already 
existing forms of interactions. It would do less to provide new perspectives 
and open up the field from its narrowness and the constriction of how interac-
tion is understood and in what way these interactions appeal to animals and 
their needs. With the ambition to open up the field we must also expand and 
investigate the topic more broadly and in more variety. In order to maximize 
such opportunities, and looking beyond the conventional and already estab-
lished, this thesis also advocates additive empiricism (Latour, 2016), which 
seeks to “add, to complicate, to specify, and whenever possible, to slow down 
and, above all, hesitate so as to multiply the voices that can be heard” (p. ix). 
It aims explicitly towards discrepancies and differences in order to provide 
new ideas and perspectives on the conventional. 

3.2. Ethnomethodology and Multispecies Ethnography 
as Constant 
The thesis could have been strictly theoretical without any empirical observa-
tions or explicit connections to the real world, or being limited to general con-
templations on conventional ACI. Theorizing in this thesis, however, is 
grounded in and generated from close empirical observations from the real 
world, exterior to conventional ACI. The different cases are not constructed 
with an a priori design idea or topic in mind. Rather, we have entered the 
fieldwork with the sole ambition of understanding what goes on, and from that 
understanding reflect and generate ideas and topics for design. We have 
strived towards naturalistic, rich and detailed data of interactions involving 
humans and non-humans in terms of other animals and technology in natural 
settings. Ethnography and ethnomethodology are thus persistent approaches 
throughout the research in this thesis. Both these perspectives share an episte-
mology of close and in-depth studies of ordinary practices in context.  
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The empirical studies presented in this thesis are informed by two branches 
of ethnography: multispecies ethnography (e.g. Kirksey and Helmreich, 2010; 
Ogden et al., 2013; Hamilton and Taylor, 2017) and those that are ethnometh-
odologically informed (e.g. Crabtree et al., 2012). The former has been an 
emerging trend within anthropology and acknowledges the undividable inter-
connectedness of humans and other life-forms. It concerns “how ‘the human’ 
is formed and transformed amid encounters with multiple species of plants, 
animals, fungi, and microbes…” and explores the question “…[w]ho benefits, 
cui bono, when species meet” (Kirksey et al., 2014). As such, multispecies 
ethnographers are paying equal interest to humans and other species. Tradi-
tional ethnography focuses solely on the human, and concerns getting as close 
to them as possible and understanding how they see the world. Multispecies 
ethnographers are thus also indebted with the epistemologically and method-
ologically challenging task of getting close and speaking for members of other 
species. In both cases, it is a ventriloquist business. It is perhaps even more 
problematic when letting other humans speak for animals, which also is the 
case in this thesis. For example, when hunters speak for their boars (Paper II), 
or when pet dog owner speak for, and even pretends to be, their dogs in social 
media (Paper IV-V).  

Multispecies ethnography is also described as a methodology for several 
ACI contributions, even if all ethnographic work in ACI, including the work 
incorporated in this thesis, must be defined as “quick and dirty” (Hughes et 
al., 1995). Especially in comparison to ethnographic fieldwork in anthropol-
ogy which can be prolonged over several years. This is far from the case with 
the studies involved in this thesis, even if they are relatively long (e.g. the 
cherry blossom study spans over three years), and can of course reduce credi-
bility in terms of prolonged engagement (Lincoln and Guba, 1985). The idea 
of extending knowledge and enabling several interpretations and ideas about 
the “I” in ACI is highly valued in this research, compared to a more extensive 
and prolonged engagement with one of the cases. Its ethnographical useful-
ness lies in the sum, differences and variations of the cases.  

The ethnographic fieldwork in this thesis is also ethnomethodologically in-
formed (e.g. Crabtree et al., 2012). This kind of ethnography is commonly 
used in HCI, where the details of the interaction are of special importance. It 
focuses on naturally occurring activities and focuses on peoples’ methods of 
creating and accomplishing order in social life. From an ethnomethodological 
perspective, Button (2000) has criticized certain types of ethnography for ne-
glecting the “interactional what” of social actions and interactions, that is “the 
constitutive practices of how they do what they do” (p. 329). The benefits of 
ethnomethodological studies in HCI are it focus on the manifest details of in-
teraction, which can provide detailed and important considerations for design. 
It has also been argued to be especially rewarding when it comes to human-
animal interaction where the interactants doesn’t share a common language, 
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as reveal details of the interactions in terms of bodily language and expres-
sions. It has been used to study interactions between animals and humans in 
terms of dog-walking in a park (Laurier et al., 2006), animal-human play 
(Goode, 2007) and hunting dogs equipped with GPS (Weilenmann and Juhlin, 
2011). These studies inspired the idea of one of the papers in this thesis in 
particular (Paper I), but it was also influential in the cherry blossom study 
(Paper III) and the first dog blog analysis (Paper IV).  

3.3. Selection of Empirical Cases and Theoretical 
Perspectives 
The empirical cases which constitute this compilation thesis establish a di-
verse set of empirical investigations and theoretical perspectives. They cover 
a variety of settings, species, technologies, naturally occurring interactions, 
and, as a consequence, a broader arsenal of theoretical approaches that informs 
our understanding of user-computer interactions beyond the human. The se-
lection of cases for such an inquiry, as with any inquiry, has a significant im-
pact on the outcome, and requires strategical selections. The process and strat-
egy for selecting each of the cases incorporated in this thesis, as well as the 
selection of theoretical perspective to apply to each of the cases, will be de-
scribed, motivated, and evaluated in this section. 

3.3.1. A Maximum Variation of Extreme and Deviant Cases 
The selection of what cases to analyze is decisive for the interactional under-
standing of the thesis, as is what to include as interaction. This thesis strives 
towards a broader understanding of what can be considered and counted as 
interaction in ACI. The selection of cases thus reflects an ambition to step out 
of ACI’s established domains and ideas in order to expand its body of 
knowledge. The underlying strategy for selecting cases is to maximize diver-
sity by looking beyond the conventional. In that sense, they are chosen by the 
principle of striving for a maximum variation of extreme and deviant cases. 
This derives from the combination of two different sampling strategies dis-
cussed by Flyvbjerg (2011), namely (i) deviant or extreme cases, and (ii) max-
imum variation cases. Deviant and extreme cases, he argues, are “particularly 
well suited for theory development, because it helps researchers understand 
the limits of existing theories and to develop the new concepts, variables, and 
theories that will be able to account for what were previously considered out-
liers” (Ibid. p. 307). Maximum variation cases imply a selection of cases 
which are very different on a specific dimension (e.g. size, form of organiza-
tion). In this thesis, we are particularly interested in open up different forms 
and dimensions of interaction. As the idea of interaction in ACI tend to be 
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narrow, and given our aim of broadening our interactional understanding, each 
of the cases should add something new, and allow further interpretations. This 
is in line with the strategy of additive empiricism. It should lead to new sur-
prising evidence, or at least maximize such possibilities. It thus follows an 
empirical form of abductive reasoning, and places great trust in intuition. The 
collection of cases has, to a large extent, been selected by finding dissimilar 
cases and avoiding the same setting,22 which otherwise is a common path. It 
would have been possible to ethnographically study interactions by getting 
close to ACI researchers in design laboratories and settings, and analyzing 
interaction in a similar vein as found in sociotechnical studies of science (e.g. 
Latour and Woolgar, 1979). Despite the artificial nature of these settings, they 
are also natural, but this would limit the research to detailed and rich descrip-
tions of conventional ACI. Given the intention of this research to expand and 
unleash the notion of interaction in ACI, it has been more appropriate to in-
vestigate uncharted terrains and settings. 

The selection of cases, and the research in general, has thus been driven by 
heterogeneity rather than homogeneity, aiming for a diversity of aspects and 
dimensions of interaction instead of focusing on the same aspect in all the 
cases. This is in align with the strategy of additive empiricism (Latour, 2016) 
as opposed to subtractive empiricism. It is also part of the pluralistic and ex-
plorative agenda and situates the work within a “context of discovery” instead 
of the “context of justification” (e.g. Reichenbach, 1938). Finding interesting 
cases requires a certain degree of creativity, boldness, and also an awareness 
of the risk of possible disappointments and dead ends. It requires putting trust 
in intuition: that a specific case or phenomena possibly entails something in-
teresting, and allows for discovery. The maximum variation of cases, which 
are more or less, also at the extreme edge of ACI, triggers critical reflections 
regarding what counts and what doesn’t count as animal-computer interaction, 
or what else it could be. The heterogeneity of cases also intends to foster the-
oretical pluralism and a diversity of theoretical perspectives. Selecting and 
theorizing novel and unconventional empirical cases triggers imagination and 
a creative procedure of theorizing. 

The empirical cases are only extreme and deviant in relation to conven-
tional ACI. Seen in a broader perspective they cover ordinary and naturally 
occurring activities; such as dog walking, boar hunting, cherry blossom view-
ing, and dog blogging. The cases vary in many aspects, besides in terms of 
activities they also vary in terms of environmental settings (i.e. urban, wild, 
and social media), technologies (i.e. camera traps, leash, pet informatics, and 

                                                   
22 Except in Case IV and V where the setting is the same, i.e. dog blogging in social media and quantified 
pets. Nevertheless, they differ in scope and terms, theoretical perspectives and methods (i.e. content analy-
sis and kinesthetic empathy on the one hand and semiotic text analysis and Burkes rhetorical tropes on the 
other). In that sense they are considered to emphasize a classical form of triangulation which usually focuses 
on the same case from different angles (Flick, 2018). 
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social media), involved non-human beings (i.e. pet dogs, wild boars, and even 
botanical species).  

The first case, focused on leashed dog walking, is perhaps the least extreme 
and deviant of all the cases. It involves domesticated pet dogs, and the form 
of interaction is direct and dyadic, which is similar to the interaction focus in 
ACI. However, it is not bounded to one of the, at the time, prevalent domains, 
such as animal assisted activities or interspecies games. It focuses on one of 
the most ordinary forms of interspecies interaction without clear anthropocen-
tric purposes. It takes a setting where digital technology is not applied and 
informs design by suggesting ideas and seeing potential for technologies such 
as developing a more interactive leash and systems that can inform the owner 
of their canine’s interests in the city. It is also unconventional in ACI, as it 
intends to inform topics in ACI that meet animal wants and needs on their own 
terms and not for intrinsic anthropocentric purposes. 

The second case, which describes mobile proximity sensor cameras in 
hunting, is deviant as it focuses on wild boars, which besides being wild are 
also considered as pests or vermin. Moreover, it does not involve animals as 
users or co-designers in a priori given design space. The technology is instead 
used by the hunters in order to increase efficiency, as well as power and con-
trol over the boars on the hunting grounds. The boars are indirectly entangled 
in a sociotechnical setting in the wild which reconfigures life for hunters and 
boars, as well as the interactional dynamic between them. Moreover, hunting, 
which involves killing, is of course controversial in relation to ACI, which 
also makes it both extreme and deviant. The form of interaction is also scat-
tered over time and space and does not involve single animals, but several 
individuals and groups of boars, as well as several hunters in the hunting team. 
It takes a step away from interaction that is direct and dyadic (and even tri-
adic).  

The third case, which portrays human practices in relation to cherry blos-
soms, is extreme and deviant as it extends the ACI principle of treating non-
human animals as users, to species from the plant kingdom. It explores the far 
end of the non-human/human continuum and puts ACI in perspective in a sim-
ilar sense as ACI does for HCI. As such, it takes the ACI principle into 
“strange new uses” (Deleuze and Guattari, 1987, p. 15). Given the immutabil-
ity of plants, their much slower existence in the world and dissimilar body 
expressions makes the species and our interaction with them harder to observe 
and interpret.  

The fourth and fifth case, which depicts both the increasingly common ac-
tivities of social “petworking” and quantified pets, is deviant as the interaction 
is mediated and only reveals selected and staged snippets of canine life and 
interaction. Again, it does not involve an interface for the animals to use, but 
is rather a means to reflect on human-animal interaction and animal life from 
the dog owner’s point of view by imagining life from the dog’s perspective. It 
emphasizes how animals and human-animal interaction is indirectly, on a 
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symbolic and semantic level, involved in digital technology as representations 
in social media.  

3.3.2. Theoretical Selection by Induction, Deduction and 
Abduction 
A variety of theoretical perspectives spanning different academic disciplines 
is applied in this research: ethnomethodology, actor-network theory, strategic 
interaction and kinesthetic empathy from the social sciences; dissemination 
theory and artificial selection from natural sciences/biology; and rhetorical 
tropes and semiotics from the humanities. This is in alignment with the thesis 
objective of exploring a diversity of perspectives and opening up the field, 
instead of justifying a single approach (e.g. participatory design). Why exactly 
these perspectives are selected is something that will be discussed in the fol-
lowing. The selections of empirical cases have, of course, consequences for 
the theoretical perspectives suitable for application in their analysis. To some 
extent the cases steers the alternatives for possible theory. It is also dependent 
on the researcher’s theoretical knowledge and background. Being familiar 
with a broad range of theories “is necessary to find what is missing or anom-
alous in an area of study and to stimulate insights about innovative and origi-
nal theoretical contributions” (Tavory and Timmermans, 2016, p. 41). The 
idea of considering several theoretical perspectives for the different cases, fol-
lows an abductive rationality. As a middle-way to strict induction and deduc-
tion, where theory either “mushrooms out of the data” or “the notion that we 
can do research only when we know … what we expect to find” (Ibid. p. 21), 
abduction involves constant reflection and dialogue between empirical obser-
vations and the researcher’s theoretical resources. But other factors are also at 
play, such as creative thinking and an analysis of what and how these different 
theories can provide explanations of the observed phenomena. We have also 
considered other theories for the different cases that could have been suitable. 

In addition to finding relevant perspectives from our own constantly ex-
panding theoretical knowledge, we have been primarily driven by finding the-
ories that haven’t already been applied in the field, or – in the case of ethno-
methodology – to further explore a perspective that has already been applied 
in ACI (i.e. Weilenmann and Juhlin, 2011), that we still think is useful for the 
field, but that has been misunderstood or hasn’t received the attention it de-
serves. These two strategies or intentions follow Feyerabend’s (1970) princi-
ples of tenacity and proliferation. The former tells us to persevere with attrac-
tive ideas despite possible problems or refutations in the field in order to de-
velop their full potential (in our case ethnomethodology). The latter, which is 
more guided towards the progress and expansion of research fields like ACI, 
encourage us to introduce and develop new ideas and theories. This is espe-
cially important when it comes to opening up the field of ACI and “unleashing 
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thinking”. Limiting ourselves to the principle of tenacity would reduce the 
chances for the field of ACI to expand and develop. 

The theoretical selections primarily emerged from an iterative abductive 
and inductive process in close dialogue with the empirical material. The 
choice of a suitable theoretical approach was defined during and throughout 
the analysis, in close dialogue with the empirical data and fieldwork and our 
theoretical knowledge. This was the case for actor-network theory, Goffman's 
notion of strategic interaction, Pollan’s dissemination theory and Darwin’s 
ideas of artificial selection, and Shapiro’s idea of kinesthetic empathy. Two of 
the theoretical perspectives, ethnomethodology and Burke’s rhetorical tropes, 
were decided in a more deductive manner, a priori to the fieldwork and de-
cided alongside the research idea for the study. This was especially true for 
Case I and ethnomethodology. For Case V and semiotic/rhetoric analysis the 
choice was also constructed during and in relation to Case IV, of which Case 
V can be seen as an extension. The choice of theoretical perspective, as well 
as the whole idea for Case V, arose during the work with Case IV and in that 
sense the selection of theory can also be interpreted as inductive. 

We have also made use of several theoretical perspectives in single cases. 
In Case III, we combined ANT and Goffman’s notion of strategic interaction 
to increase the understanding of interaction. They are merged rather than tri-
angulated, as they tend to complement each other rather than providing differ-
ent perspectives. ANT was selected after contemplating various alternative 
perspectives, and strategic interaction was selected as a complement that we 
believed could make our arguments stronger by filling in the missing parts of 
ANT and making the overall theoretical argument stronger. This also follows 
an abductive and inductive logic.  

3.4. Construction and Analysis Empirical Cases 
The fieldwork for this study comprises a broad range of ordinary settings and 
practices accessed through detailed ethnomethodological observations and 
ethnographically informed methods (i.e. observations and interviews). The 
data generated for each study was coded and analyzed inductively (Paper/Case 
I-IV), except in one case which involved a deductive approach (Paper/Case 
V). This section provides details and insights into the procedure for generating 
and analyzing the data for each specific qualitative study. The coding and 
analysis were worked collaboratively between the authors of the papers, usu-
ally in combination with individual coding by the author of the thesis. 

Table 1 provides an overview of the research methods used for each of the 
empirical studies. The methods include; ethnographic video analysis of the 
interactions and negotiations of leashed dog walking in an urban environment 
(Paper/Case I), as well as on people’s ordinary practices in relation to the 
cherry blossoming (Paper II/Case III), ethnographic observations and in situ 
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interviews with hunters on their use of online mobile proximity sensor cam-
eras (Paper III/Case II), as well as observations of visual-verbal social media 
posts by so-called dog profiles analyzed with qualitative content analysis (Pa-
per/Case IV) and rhetorical text analysis (Paper/Case V). As can be seen in 
Table 1, the principal method for generating the empirical material for this 
research was ethnomethodologically informed observations. This can be de-
fined as the main method for all of the papers, and in one case was combined 
with interviews in context (Case II). Two of the cases are observations of 
online social practices (Case IV-V), but in the shape of qualitative content 
analysis as well as semiotic analysis. All these cases have been approached in 
an exploratory manner, and with an ethnographical and/or ethnomethodolog-
ical sensibility towards understanding ordinary and mundane practices in var-
ious contexts and settings, such as dog walking, dog blogging, boar hunting, 
and cherry blossom viewing. The methods, or techniques, behind the different 
studies will be explained in more detail below. 

 
Table 1: Overview of methods and settings for the different cases. 

 Case I Case II Case III Case IV Case V 
 
Setting 

 
Dog walking  
(Urban) 

 
Boar hunting 
(Wild) 

 
Urban park  
(Urban) 

 
Dog blogs  
(Social Media)  

 
Dog blogs  
(Social Media) 

Non-human Pet dog Wild boar Sakura tree Pet dog Pet dog 

Method for 
generating 
data  

Observation Observation,  
interviews in 
context 

Observation  Observations 
(of online 
practices) 

Observations 
(of online 
practices) 

Type and 
amount of 
data 

Ethnographic 
video* (15 
min) 

Video/audio  
recorded  
observations and  
interviews (890 
min), fieldnotes 

Ethnographic 
videos (190 
min) and  
photographs, 
fieldnotes 

Visual-verbal 
social media 
posts (60 
posts) 

Visual-verbal 
social media 
posts (87 
posts) 

Analysis Inductive  
coding  

Inductive  
coding 

Inductive  
coding 

Inductive qual-
itative content 
analysis  

Deductive 
semiotic text 
analysis  

Theoretical 
perspective 

Ethnomethod-
ology 

Actor-network 
theory, strategic  
interaction 

Plant dissemi-
nation  

Kinesthetic 
empathy 

Burkes’ Four 
Master Tropes 

 

* The ethnographic video in the first paper was created by the third author of Paper I. The analytical work was done by the first 
and second author of the paper. All other studies and empirical work were conducted by the author of this thesis, and the analysis 
has always been a collaborative procedure. 

3.4.1. Leashed Dog Walking in the City (Case I) 
This study was influenced by, and shares similarities with, previous ethno-
methodological studies on human-animal interaction (i.e. Goode, 2007; 
Laurier et al., 2006; Weilenmann and Juhlin, 2011). It involves a 15-minute 
long ethnographic video of ordinary leashed dog walking in an urban environ-
ment. This depicts a female handler walking her two leashed pugs down a 
street to a public dog park in central Milan. The ethnographic video was made 
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with using a mobile camera in 2012 by the third author of the paper. Video 
recorded observations are a prerequisite for detailed and ethnomethodological 
forms of analysis where the physical and bodily details of the interaction is of 
special interest (Heath et al., 2010), in this case with particular attention to-
wards the moments where the leash is pulled taut. The intention was to unpack 
similarities and differences in dog and human city life by analyzing what it is 
that catches the attentions of dogs and humans – particularly in the moments 
where there is a clash of interests or war of wills manifested through a strain 
in the leash. The analysis of the negotiations and interactional work between 
the interactants is used to inform the design of systems that are grounded in a 
dog’s ordinary practices instead of being designed for dogs in a priori defined 
situations and contexts. 

3.4.2. Mobile Proximity Sensor Cameras in Boar Hunting (Case 
II) 
This case, which is the most typical ethnographic study of them all, involves 
observations and in situ interviews with hunters engaged in the use of mobile 
proximity sensor cameras in the hunt of wild boars. The fieldwork took place 
between December 2013 and April 2014. It involved visits to six different 
hunting grounds geographically spread over the southern half of Sweden. Dur-
ing the visits the hunters revealed their normal practices, thoughts and experi-
ences as related to their use of the cameras. I followed the hunters to the dif-
ferent locations their cameras where located, or where they intended to locate 
them, or tested new potential spots. For many of them this was their regular 
tour and we stopped at each camera spot and talked about the setting and all 
the artifacts involved (i.e. feeding station, different baits such as tar and dif-
ferent types of food, blinds, shooting huts/caravans, extra antennas for GPRS 
cameras, and solar panels for dispensing the minimal sources of power in the 
wild). The cameras were a special focus in the interviews, including their lo-
cation, the boars’ behavior in relation to them and their strategies for capturing 
boars with the camera as well as with a rifle. It focused also on the images and 
emptying the memory card as well looking and interpreting the images on a 
laptop or iPad at the camera locations. One occasion involved visits to the 
hunter’s home, where we sat in front of the computer and went through hun-
dreds of images and talked about the images and the activity. 

In total, eight hunters were involved (normally the hunting leader, and on 
two occasions also a member of the hunting team) and visits to fourteen dif-
ferent camera stations and fifteen cameras (as there were two cameras at one 
of the stations). Most hunters used several cameras that were moved around 
between different strategic spots. In only two cases did the hunters have only 
a single camera in their possession. All other respondents had several cameras, 
however not all of them are included in the fieldwork. The visits, which were 
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recorded, varied between three and four hours, except for a single interview 
that lasted for two hours. In total, the data consists of around 890 minutes of 
audio-visual recordings. The hunters are anonymized in the findings and anal-
ysis.  

This is perhaps the most traditional ethnographic study of all the cases in 
this thesis, and to some extent the observations are participant observations as 
it involved the kind of practices the hunters normally engage with, but with a 
reflective aspect regarding their activity during the observations. It also has 
ethnomethodological aspects as we were interested in details of the mundane 
activities (changing a battery, emptying a memory card etc.), but is best un-
derstood as an ethnography (and implicitly also a multispecies ethnography) 
where the main focus was on understanding the hunters’ purposes and experi-
ences of using the cameras. 

The study is limited to Swedish hunters and their use and experiences of 
trail cameras, which in turn are focused on inventorying and organizing the 
hunting of wild boars. Boars are the main reason for using the cameras, but 
they obviously also capture other animals as well. The study was delimited to 
boars, however, as they make up such a large part of the activity. The study 
takes its point of departure in the hunters’ perspectives on game camera hunt-
ing by “following the actor,” a central approach within ANT (Randall et al., 
2008, p. 107). In this case we followed not only the hunters, but also the cam-
eras. The boars were only followed through the images taken by the hunters 
and through the hunters’ stories, knowledge and experiences of boars and their 
behavior and movement patterns.  

The participants were sampled from online hunting forums by searching 
through threads for discussions concerning trail cameras and trail camera im-
ages. Hunters involved in trail camera talk were invited to participate through 
a private message describing the study. The sampling can be described as pur-
posive sampling in combination with snowball sampling. It was especially 
difficult to get hold of participants for the study as it turned out that the hunters 
were worried about being contacted as they are sometimes threatened by ani-
mal rights activists, and their camera gear is sometimes stolen or damaged. It 
is also illegal to use the cameras without a permit, but this is rarely applied 
for, as the hunters rarely accept the need to do so. 

The hunters are a proxy for narrating the boar’s perspectives. The inter-
views with the hunters were unavoidably affected by non-humans, especially 
the mobile proximity sensor cameras and the boars. The interview was cen-
tered around the hunter’s practices and experiences of using the cameras, but 
wild boars and other non-human animals were unavoidable entangled in the 
discussion. It shares similarities with the interview situation depicted by Mi-
chael (2004), where the role of non-humans and materiality plays a crucial 
part during interviews. In this case, the boars had a special and intended focus 
during the interviews. We did not encounter any boar during the fieldwork. 
They were only present through the images, although on one occasion we 
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could hear them grunt behind a line of thick shrubbery and a wall of fir trees, 
located about 100 meters away from the place the hunters wanted to show me 
as an example of how much damage the grouting boars do (the place was an 
abandoned cabin relatively near one of the camera sites). The reason we didn’t 
see any boars is probably because they are shy animals in areas where they are 
hunted, hiding during the daytime and are active at night. They are creatures 
of the night. 

3.4.3. Cherry Blossoming (Case III) 
This study is based on a triangulation of methods: (i) an ethnomethodologi-
cally informed ethnography of peoples’ ordinary doings in relation to the 
cherry blossoming in Kungsträdgården, a central park in Stockholm, and two 
systematical reviews of (ii) how cherry blossoms are used in architecture and 
design, and (iii) how botanical species are currently used in interactive tech-
nology. This paper drastically changes the non-human participant to include 
species from the plant kingdom. The focus of the paper can be seen as a com-
ment on the – at the time – heavy focus on working dogs and pet dogs and 
cats, with a few expectations involving zoo animals. It also offers an unusual 
perspective on ACI, just as the inclusion of non-human animals does for HCI. 
It can be seen as part of an interest in trends in plant science, and a broader 
idea within the multispecies turn, which also embrace a broader definition of 
non-humans, including fungi and microbes.  

The ethnomethodologically-informed multispecies ethnography study con-
sists primarily of recorded audio-visual observations of peoples’ ordinary do-
ings in relation to the cherry trees, during their short blossoming which lasts 
around a month. It is commonly described as one of the first signs of spring in 
Stockholm, and functions as a biological notification system. The data also 
involves photographs of people interacting with the trees (e.g. by looking, 
touching, smelling and photographing) and ethnographic fieldnotes. Photog-
raphy is a common and almost ritualized practice during the blossoming. Al-
most everyone walks around with a camera taking images of the blossoms, or 
selfies and groupies with the blossoms in the background. It was thus easy to 
blend in as a participant observer. The intense use of technology in the shape 
of mobile phones and social photographing was also why the setting was cho-
sen and thought worth investigating in the first place. It is an intense “contact 
zone” (Haraway, 2008), where technology (i.e. mobile cameras plus social 
media applications such as Instagram), humans (in numbers that increase with 
the blooming process) and nature in terms of plants (i.e. Sakura trees) inter-
mingle. 

The material consists of video-recorded observations (about 190 minutes 
in total), mostly captured from the same location, from a bench at the end of 
one of two parallel corridors with over sixty Sakura trees each. The first strat-
egy used to observe human-plant interaction was “following the people”, but 
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we found it more fruitful to “follow the plants” instead, and thus we remained 
in a few specific locations from which all the observations was made23. The 
material was gathered on several occasions during the blossoming seasons, for 
three years in a row. A pre-study was made in 2014, with two visits during the 
blossoming season. The main part of the study took place in 2015 with thirteen 
visits covering the entire blossoming season, from the emergence of the first 
buds, through their full bloom, and until the very end when the petals fell 
down. The park was also revisited on six occasions during the 2016 blossom-
ing season. The material generated was initially analyzed in joint sessions, 
where preliminary themes were identified and discussed. It was then coded in 
detail by one of the authors, with screen captures to exemplify the identified 
themes. Although there is a lot to say about the material, we have contented 
ourselves with presenting only four broader themes related to these practices.  

3.4.4. Dog Blogs and Quantified Pets (Case IV-V) 
These two studies took place in the same setting, and partly consists of the 
same data set: visual-verbal posts by humans pretending to be their dogs in 
social media (i.e. Instagram and Facebook). As they refer to the same context 
and phenomena, and build on similar methods (even though not fully), they 
are described in the same section. This type of social media post is filled with 
we have called “joyful anthropomorphism” and are apparently staged by the 
dog owners, but they do provide naturalistic data about them pretending to be 
their pets, which is rarely found elsewhere.  

The data set for Paper IV involves 60 posts in toto (including image, cap-
tion and comments/discussion) from Instagram and Facebook (30 posts from 
each application). We were interested in the facets of the dog’s life-worlds 
that they covered. This would inform the design of quantified pet technology 
by generating ideas of potential quantifiable topics beyond physical health, 
which tends to be the only information quantified for pets. As we were only 
interested in the overall topics of the blog post, a qualitative content analysis 
was performed inductively. The posts were sampled using controlled snowball 
sampling. We started the data collection by visiting each forum and searching 
for the hashtag #dogblog. We used the first dog profile in the search result that 
fulfilled our sampling criteria as the point of departure for our data collection, 
and sampled the latest three posts from that profile. The next profile was se-
lected by visiting the newest of these posts and looking for the very first dog 
profile in the comment thread. We repeated this process three times before 
actually sampling posts from the next profile to generate a more scattered data 
set. We continued this process until 30 posts for each application was reached. 

                                                   
23 We also had the idea of making a time-lapse video of the blossoming, to better capture the interaction 
from the plant perspectives, similar to the research technique used in plant science to consider the view of 
the plant. 
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This technique enabled us to capture posts filed under several relevant 
hashtags, and even posts with no hashtag at all.  

Paper V builds on the same 30 posts on Instagram as used in Paper IV, 
combined with an additional set of 30 posts by dog profiles where sensor 
measurement data from pet activity trackers is visually represented in the im-
age, together with a photograph, plus 30 posts where sensor data alone is pre-
sented, without any photographs. The additional posts were sampled from the 
hashtag #Fitbark on Instagram, where the first posts by dog profiles meeting 
the sampling criterions were gathered: 30 posts with sensor data and photo-
graphs, and 30 sensor data posts only. The analysis was performed deduc-
tively, as predefined theoretical constructs following Burke’s (1941) four 
master tropes (i.e. metonymy, irony, synecdoche, metaphor) were used when 
coding the data.  
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4. Theoretical Perspectives and Within-Case 
Considerations 

In this chapter we present the empirical cases and theoretical perspectives 
used, and illustrate the way in which they provide different perspectives on 
the “I” in ACI in terms of: (i) the forms and conceptualizations of interactions, 
(ii) theoretical and analytical considerations about the type of interaction ani-
mals would possibly like to have with computing, and (iii) how these theoret-
ical considerations can inspire the design of interactive technology for ani-
mals. These theoretical contemplations will help us to discuss the central ques-
tion for ACI, regarding the kinds of interactions animals may like to have with 
computing and interactive technology, and similarly what theoretical perspec-
tives may be suitable to increase understanding of the interaction in ACI. All 
cases start with an explanation of the theoretical perspective at hand, followed 
by an analysis of the empirical case in the light of theory, and end with theo-
retical considerations emphasizing animal interaction, interests and likes, and 
loose proposals on how these could be implemented in the design of interac-
tive technology for animals. The different cases, theoretical perspectives and 
considerations are presented one at a time.  

4.1. Case I: Direct and Dyadic Interaction 
The first case depicts ordinary human-animal interaction as manifested in 
leashed dog walking, in which the interaction is direct and dyadic. Ethnometh-
odology is used as a theoretical perspective and analytical starting point for 
making sense of this type of interaction and identifying the meaningful aspects 
of canine life that it unpacks. By paying close attention to the moments in the 
walk where the leashed is pulled taut, the interactional work and interests of 
the interactants becomes accountable through the leash, and thus contribute to 
unpacking similarities and differences in the city lives of dogs and humans. 
We can, for example, see that dogs are interested in other dogs by the way 
they smell and look at them, and we argue that design ideas in ACI should be 
grounded in what can be considered meaningful for the animals on their own 
terms, without intrinsic anthropocentric purposes, and in this case strive to 
support dog-dog interactions and the intraspecies social lives of canines.  
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4.1.1. Theoretical Perspective: Ethnomethodology 
Ethnomethodology was developed in the 1960s by Harold Garfinkel and col-
leagues (e.g. Garfinkel, 1967). It is a research program for studying and ex-
pounding people’s methods (i.e. ethnomethods) for accomplishing intersub-
jective order in the world of the everyday life. From a theoretical point of 
view, it considers social life as an ongoing interactional achievement, and the 
intention is to study how this succeeds. The analytical focus is thus on the 
details of ordinary and mundane interactions from the members’ perspectives 
and their quality as intersubjective order-producing practices.24 It focuses on 
the world of everyday life in its own terms, as opposed to explaining it with 
abstract theory. Ethnomethodology arose as a radically alternative sociologi-
cal perspective, offering a critique of what was at the time a prevalent struc-
tural-functionalism and formal analysis, and of its ambition to explain social 
life by general theories (not least practiced by Garfinkel’s supervisor Talcott 
Parson). According to Garfinkel, such approaches treated people as judgmen-
tal or cultural dopes (Garfinkel, 1967), animated by theory and unreflective 
followers of rules and social order. Ethnomethodology is generally agnostic 
to social theory (also referred to as ethnomethodological indifference). It fo-
cuses instead on studying and providing detailed and close descriptions of 
mundane and concrete interactions in situ. It implies paying close attention to 
the small details in the most ordinary forms of social life and interactions, such 
as talking (Atkinson and Heritage, 1984), or walking down a street (Ryave 
and Schenkein, 1974). It also inspired sociological studies about how scien-
tific facts are produced (e.g. Latour and Woolgar, 1979), and not at least re-
search in HCI and Computer-Supported Cooperative Work (CSCW) (e.g. 
Randall, Harper, and Rouncefield, 2007). Despite its strict focus on the inter-
actional details of people in concrete and ordinary situations and how they 
intersubjectively involve social order, as opposed to being animated by it from 
theory, ethnomethodology is deeply informed by theory (see for example 
Heritage, 1984; Lynch, 2007). Important inspirations can, for example, be 
found in the writings of Alfred Schütz (e.g. 1967; 1970) and his adaption of 
Edmund Husserl’s phenomenology and critical reflection of Max Weber’s in-
terpretative sociology (Weber, 2008).  

Several theoretical concepts in ethnomethodology will further help to de-
scribe its essence and idea. The concepts of accountability and indexicality, 
which will be explained in the following, are especially important. Accounta-
bility refers to the ways people must make the meaning of their action expli-
cable and publicly available for other members involved in the interaction. It 
is an elementary premise for making ourselves understood and avoiding mis-
interpretations. From an ethnomethodological perspective, the inner life-

                                                   
24 That is, ethnomethodology’s focus is on “socially shared procedures used to establish and maintain ‘a 
sense of social structure’, i.e. an intelligible and accountable local social order” (ten Have, 2011, p. 16) 
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worlds of the interactants (e.g. their interests and intentions) are not exclu-
sively available inside their heads, but are also revealed and accountable in 
ongoing concrete interaction, for example, thorough their actions, bodily ex-
pressions and language. These are available or accountable, not only to the 
interactants themselves, but also to outside observers such as researchers. In-
dexicality refers to the linguistic meaning of indexical words or expressions: 
words that have meaning only in relation to a specific context (e.g. tomorrow, 
yesterday, here). Indexicality in ethnomethodology is wider and implies that 
the meaning in all linguistics and non-linguistic expressions is contextually 
bounded and can vary between contexts and situations. In that sense, social 
life is not a predefined script, but an interactional accomplishment, and the 
interactants or “members” must interpret each situation and interaction in re-
lation to its specific contextual aspects. 

Ethnomethodology became influential in computer science, especially in 
HCI and CSCW, with Lucy Suchman’s study on the use of advanced photo 
copy machines in a laboratory work setting (Suchman, 1985). It revealed and 
demonstrated the importance of a detailed analysis of user interactions in situ. 
Tt stresses the need to look at what people are doing in the world when a 
system is being designed. This approach of situated action also paved the way 
for ethnographic approaches and inquiries in HCI, but ethnomethodology of-
fers more detailed accounts of interaction. Suchman criticized “the planning 
model” in cognitive science and artificial intelligence which treated the be-
havior of individuals as determined by predefined plans. Instead she advocates 
a situated action approach and emphasizes the emerging and provisional as-
pects of human behavior in situ. 

In the context of social science studies on human-animal interaction, eth-
nomethodology has been proposed as an alternate approach to symbolic inter-
actionism (e.g. Sanders 1993; Sanders 2003; Alger and Alger 1997, Alger and 
Alger 2003). Goode’s (2007) ethnomethodological study on human-dog play 
is the most extensive, and one of the earliest examples of an ethnomethodo-
logical study of human-animal interaction. Goode’s account is autoethno-
graphic, as he analyzes his own interactions with his dog Katie, based on par-
ticipant observation. According to Goode (2009), ethnomethodology and 
ethology share similarities, such as an interest in the observable details of eve-
ryday behavior, and are thus naturalistic sciences. Laurier et al.’s (2006) ob-
servations of dogs and their owners walking in a park is another. More recent 
examples include Weilenmann and Juhlin’s (2011) proto-ACI work on the use 
of GPS devices by hunters to monitor hunting dogs. In line with these studies 
we want to emphasize the usefulness of ethnomethodology in accounting for 
human-animal interaction by unpacking differences and similarities between 
humans and dogs in terms of their wants and needs in an urban environment. 
Leashed dog walking, which is to be analyzed in the next section, is especially 
rewarding as it makes the conflicts of interests explicitly accountable through 
tensions in the leash.  
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4.1.2. Theoretical Considerations: Following the Leash 
We will now discuss the case of leashed dog walking in the light of ethno-
methodology and consider what aspects of animal life and needs it unpacks. 
The case consists of an ethnographic video depicting a female handler walking 
down a street in central Milan with her two leashed pugs, towards the dog 
park. It is an ordinary and naturally occurring form of interaction that most 
canines and caretakers experience on a daily basis to varying degrees. The 
idea is that studying moment-by-moment interactional work and negotiations 
by “following the leash” can provide us with insights into a dog’s interests 
during the walk, and from there we can generate ideas for animal-centered 
design. The moments where the leash is strained are especially important as 
this indicates differences in human and dog lives in the city. In these moments 
the conflict of interests, and thus the dog’s interests, become excessively ac-
countable and visible through the leash. That is, by following the leash we can 
identify the canine’s interest and will, as it is made observable through the 
leash and the interactional work with its owner. This must also be understood 
indexically, as the canine’s needs are plausible in the specific setting and con-
text. In turn this can generate ideas for design, based on animal wants and 
needs on their own terms. It can initiate discussions about the question of what 
animals possibly find important, and thus what they would possibly like from 
computing and the kinds of systems and functionalities they might like to 
have. The analysis, which is presented in more detail in Paper I, demonstrated 
that the dogs show interest in other dogs by looking at and smelling them, and 
we suggest encouraging a design that supports such interactions.  

Ethnomethodology has been criticized for only studying trivial things, and 
leashed dog walking is no exception, but we argue that ACI should focus on 
the most trivial and ordinary things in animal life in order to consider what 
could be a meaningful design for them on their own terms, rather than for 
intrinsically anthropocentric needs (e.g. supporting the tasks of working 
dogs). Ethnomethodology is best applied to forms of from interactions that are 
direct and immediate, which can be observable in a direct and situated manner. 
It is especially useful in the context of human-animal interaction where the 
interaction is essentially non-verbal and immediate.  

4.1.2.1. Grounding Design Ideas in Animal Interests 
This study offers a critique of participatory design approaches towards a priori 
defined design ideas (almost exclusively focusing on solving human prob-
lems) in order to maximize an animal’s requirements in a particular system by 
studying their responses to different versions of interfaces in order to make 
them more animal-centered. Instead of focusing what animals want out of a 
particular system we should address the question of what kind of systems an-
imals would possibly like in the first place, which meet their own needs and 
interests instead of using technology to support human tasks and needs. We 
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suggest a more creative and more animal-centered approach when it comes to 
generating topics and ideas for design in ACI. To do so, we need to look at 
ordinary animal and human-animal interaction in real life and ground design 
ideas closer to their actual lives, interests and likes. 

Participatory design in ACI (e.g. Mancini et al., 2015; Westerlaken and 
Gualeni, 2016; Hammeleff/Jørgensen and Wirman, 2016) tends to be applied 
with the ambition of increasing an animal’s participation and improving al-
ready proposed design ideas and systems, thus, strengthening the role of ani-
mals as co-designers and participants in design. As such there are clear bene-
fits to participatory design and it is relevant to continue to explore and 
strengthen this approach in ACI, despite the challenges of interspecies differ-
ences. The problem is, however, that the animals have nothing to say about 
the design idea and topic in the first place. The design idea, which is some-
times motivated by solving human tasks and needs (e.g. service and assistance 
dogs), does not fully acknowledge the full potential of an animal’s wants and 
needs, as the design scenarios (i.e. the domain of use and task/usage) are pre-
defined by humans. The animals are only invited to a priori design ideas, and 
they have, for example, nothing to say about the subject of the design. Animals 
needs and requirements are limited and restricted within a specific context. It 
is only animal-centered to a certain extent.  

The intent of this paper was to emphasize the wants, needs and interests of 
animals on their own terms, and from there generate ideas for animal-centered 
topics. So far, only a few attempts have problematized ACI and discussed the 
need for a more animal-centered or zoocentric ACI, and provided ideas for 
such design. These approaches rely solely on speculative design and design 
fiction (Lawson, et al., 2016; North, 2017), however, without empirical 
grounding, and are to a large part ironic, pointing instead to the difficulties of 
genuine animal-centric computing to an almost agnostic position. ACI schol-
ars should not give up on the task, however, just because the topic is problem-
atic or intrinsically challenging. Rather, they should continue to investigate 
and explore ways we could come closer to systems that are designed around 
animal problems and interests more than those of humans. As an alternative, 
we suggest generating such ideas by carefully examining the ordinary real-life 
scenarios and interactions of animals in situ and theoretically reflecting on 
design ideas to more closely approach the interests of dogs, instead of solely 
designing around a priori design ideas that primarily meet anthropocentric 
needs. Participatory design, as well as other design approaches intended to 
treat animals as co-designers, can be fruitful, despite their own intrinsic diffi-
culties. It is necessary to remain open to all possible approaches and methods. 
We by no means argue against this approach, as it can also be used in the 
design of systems grounded in the needs of animal as well. But there is a dif-
ference between acknowledging animal needs in design, compared to ac-
knowledging them as participants in design. In genuinely zoocentric design, 
animal needs and desires must be at the forefront, and the primary idea of 
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design should be to meet their needs. There is one more step that can be taken 
in terms of involving animals needs in design. Trying to understand an ani-
mal’s wants and needs by closely observing them in natural and ordinary in-
teractions, such as leashed dog walking, or searching for possible designs in 
findings from animal science, are two ways of doing so. There is still a risk, 
that is extremely hard to avoid, however, that design ideas grounded in human 
interpretations of animal behavior are anthropomorphized and biased from a 
human perspective. Design ideas generated from this case, should only be con-
sidered as loose design considerations that need to be further explored and 
validated in experimental settings, as well as discussed in relation to closely 
related research in animal science. This research is, however, sparse as it is 
not tailor-made for the subject, and is, for example, limited to meeting animal 
needs and increasing their welfare in certain captive contexts and settings. 

4.1.2.2. Supporting Dog-Dog Interaction 
The ethnomethodological analysis of leashed human-dog interaction found 
that dogs are interested in other dogs. However trivial it might seem, there has 
not been any work in ACI focusing on encouraging dog-dog interaction and 
supporting their intraspecies social lives. At the time of the original publica-
tion (i.e. paper I), such ideas where absent. It is only more recently that these 
ideas are starting to emerge (e.g. Hirskyj-Douglas and Lucero, 2019). The fo-
cus was instead primarily on working and assistance dogs, and digital games 
and playful interactions for captive animals in the zoo and in our homes. Based 
on the findings and arguments of paper I, we outlined an initial suggestion for 
how the intraspecies social life of canines could be increased, and supported 
with digital technology. This is only an example that could inspire and guide 
design towards being centered around an animal’s wants and needs, and re-
configure the social worlds and urban lives of dogs. The key finding from this 
case is that designing for intraspecies social relations could be beneficial for 
dogs. An example is given below.”  

To meet this idea of supporting dog-dog relations, we propose designing a 
canine social media application, through which the locations of dog urination 
are tagged with the position, together with the dog’s name. When other dogs 
smell the object at that location, their owners could use the app to obtain more 
information about which dog was there. In our case, the dog handler would 
gain an increased understanding of the invisible dog-dog communication, 
which might affect the negotiations of their common city life through the 
leash.  

A design idea based upon scent marking and interaction and communica-
tion following a dog smelling it might seem abnormal to humans. For dogs, 
and other animals, scent marking is an ordinary form of communication, 
alongside visual, acoustic, and tactile senses (Siniscalchi et al., 2018). Canines 
have much higher olfactory sensitivity compared to humans (10,000–100,000 
times), and they use their sense of smell in social interactions and greeting 
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ceremonies to gather information about the other interactant. Communication 
through odor and scent is very effective, as it does not require the co-presence 
of the canine interactants (Wells, 2017). With their olfactory competencies 
they can access a wide set of contextual and social information (Hecht and 
Horowitz, 2015) about other dogs, such as gender and size. They can also 
recognize human individuals by their smell (Bradshaw and Rooney, 2016). 
Small dogs may even manipulate information about their height or body size 
by using an increased raised-leg angle and marking height (McGuire et al., 
2018). Rezáč et al. (2011), have also studied factors influencing dog-dog in-
teractions in urban public places during walks with their owners in which body 
sniffing was the most common form of intraspecies interaction. This reveals 
the structure of a rich and varied social interaction between dogs during walks, 
however much of the invisible scent marking communication is largely un-
known.  

According to Siniscalchi et al. (2018), there are relatively few studies on 
the role of olfactory dog communication, which could be due to a bias towards 
our own dominant senses for human-human communication (i.e. vision and 
hearing). Dogs also communicate by other means, including visual communi-
cation by modifying different parts of their body, tactile communication, and 
auditory communication using vocalizations. Olfactory centered systems are 
a natural system for animals. Interactive technology could also be designed 
with this in mind, rather than only focusing on the senses that are dominant 
for humans (e.g. vision, touch, and talk). There are already other systems de-
signed around canines’ well-developed olfactory sensibilities (Mancini et al., 
2015), and studies have explored other interaction modalities such as biting 
(Zeagler, et al., 2016).  

4.1.2.3. Reconfiguring Animal City Life 
This study introduced the urban environment as a design space for ACI by 
bridging the field with animal geography focusing on urban animals (e.g. 
Holmberg, 2013, 2015; Wolch, 1996, 2002; Philo, 1998) as well animal-in-
clusive urban design and planning (Tarsitano, 2006; Beatley and Bekoff, 
2013; Lemer, 2013). Specifically, it aimed to allow interactive technology to 
reconfigure animal city life and human-animal relations in the city. Even if 
cities are primarily designed for humans, they are cohabitated by many other 
animals, from domesticated pets to synanthropes and wild animals. Similar to 
the idea of making environments friendly for, for example, the physically im-
paired, there is potential, both in terms of architecture and interactive technol-
ogy, to re-configure the built and social environment of the city. 

In the preceding section we suggested designing around canine social life 
in the city with help of an interactive leash and canine social media, but there 
are many other urban animal inhabitants, besides domesticated pet dogs, that 
could be included in design. It could also encompass many of the other animal 
living in the city, such as synanthropes and wild animals, and also other goals 
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than enriching their social life. It could also be used to resolve human-animal 
conflicts over, for example, space, or could deal with their problems and needs 
in the city. Animal geography can be a source of inspiration for the latter, as 
much work in animal geography also concerns power relations and the re-
duced space for animals in the city. The leash is an artifact used for control 
and restricting access, as are the muzzle, dog parks, laws, signs and regula-
tions. So far, we have only mentioned pet dogs, but cities are full of other 
animals, both domesticated and wild. The question of how interactive tech-
nology could be designed to support animals in the city is full of both chal-
lenges and opportunities.  

Our example of such a system is a social media built for dogs around their 
scent marking in the city. It could inform dog owners of their dogs intraspecies 
social life, which in turn could lead to adaptions of their walks and life in the 
city to better emphasize the dog’s interests. Kresnye et al. (2019) present a 
more recent example, in a similar context, proposing a sociotechnical system 
for dog park visitors. They emphasize the social aspects of the dog park, but 
the main focus seems to be on the increased physical activity of the dogs. The 
caretakers can check in to the dog park openly or incognito in a mobile app. 
This information will be visible to other caretakers in a mobile app, which 
provides information about how many dogs that are present and whether this 
includes the dog’s friends. In the park they are given the opportunity to par-
ticipate in physical goals, on either an individual or community level. In an 
evaluation of the prototype, the interviewees requested more information 
about the breeds of other dogs, and contextual data, such as length of time 
spent in the park, as well as information about the park itself. They also re-
quested a stronger social connection with others owners by being able to leave 
comments and chat, and to share information with friends and family. The 
system does, however, focus most attention on a dog’s physical wellbeing, 
which of course is important. It could also have focused more on supporting 
the social lives of dogs, however, and other aspects of animal life, instead of 
delimiting the design to physical health, especially in an environment such as 
the dog park, which is a natural meeting point for canines and their caretakers. 
There is nothing wrong with such ideas, as the intentions are for a good cause, 
but there are other meaningful aspects of animal interest and needs in the city 
that also could be involved in the ACI design space. 

4.2. Case II: Non-Dyadic and Strategic Interaction 
This case is grounded in an ethnographic study of the way that hunters use and 
experience mobile proximity sensor cameras in boar hunting. It is one of the 
few cases in ACI that emphasizes wild animals. The theoretical perspective 
applied in this case is a combination of actor-network theory (ANT) and 
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Goffman’s notion of strategic interaction. It discloses interaction beyond di-
rect and dyadic interfaces, towards a diffuse, complex form of game-like in-
teraction that includes a conglomerate of heterogeneous actants (e.g. boars, 
hunters, mobile proximity sensor cameras) which are networked and asyn-
chronously and spatially distributed. Furthermore, it stresses the role of arti-
facts and technology in power relations and domination, and introduces the 
idea of ontological symmetry which simultaneously accounts for the strategies 
of both hunters and boars in terms of program and anti-program.  

4.2.1. Theoretical Perspective: Actor-Network Theory and 
Strategic Interaction 
Actor-network theory (ANT) was developed within science and technology  
studies (STS) in the early 1980s, and Bruno Latour, Michael Callon, and John 
Law were its principal initiators (e.g. Latour and Callon, 1981; Callon, 1986). 
Similar to ethnomethodology, it can be conceived as a critique of conventional 
social theory and analysis, this time for its dualistic thinking and exclusion of 
non-humans, particularly things and technology. From an ANT perspective 
the social is not exclusively a human phenomenon. Non-humans are exten-
sively intertwined in the social world and stable social relations are also de-
pendent on them (Latour, 1991). ANT strives to decentralize humans as the 
basic unit of social analysis and encompasses both human and non-human ac-
tors, associated in heterogeneous actor-networks. The rejection of the social 
as a purely human project is described as generalized or ontological symmetry, 
and it strives to eliminate all presupposed oppositions and dualisms (e.g. tech-
nological/social, human/nonhuman, nature/culture) by combining them in the 
analysis with the same kind of vocabulary25 and explanatory framework. It 
implies that both humans and nonhumans are actors, or “actants” in the more 
correct ANT terminology, which are defined as “entities that do things” 
(Latour, 1988, p. 103). Actants can be either human or non-human in the 
broadest sense26, and their doings affect other actants in the actor-network, and 
the network as a whole. In that sense, agency, which can be possessed by both 
humans and non-humans, is distributed in these networks. From an ANT point 
of view, agency does not require conscious motivations or reflexive intentions 
in the actants doings. It is the action and its effects on other actants in the 
actor-network that is of importance. The concept of actor-networks implies 
that actants and the network co-constitute and affect each other simultane-

                                                   
25 The idea of treating non-humans, such as animals, as subjects involves anthropomorphic accounts and 
descriptions (Taylor, 2011, p. 279). 
26 Including, for example, things and technology, organizations, symbols and mental concepts, animals or 
the environment. Practically anything can be an actant, and it is not limited to individual beings, but can 
include groups of people or animals. 
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ously. ANT is thus interested not in the structure of the network, but in net-
working as an ongoing relational activity or process, of which the involved 
actants are the effect. 

ANT is also about power, especially in regard to illuminating sociotech-
nical mechanisms and arrangements of power. It sees the formation of net-
works as a struggle for power between programs and anti-programs (Latour, 
1991). Non-human actants have a special importance in this struggle accord-
ing to ANT. Latour writes that “in order to understand domination, we have 
to turn away from an exclusive concern with social relations and weave them 
into a fabric that includes non-human actants, actants that offer the possibility 
of holding society together as a durable whole” (Latour, 1991, p. 103). A focus 
on power is also evident in Latour’s (1988a) version of Machiavelli’s analysis 
of power in The Prince (Machiavelli, 1513/1985), where he describes ma-
chines and machinations in combination, and further highlights non-humans 
in order to understand power and domination. 

In sum, ANT is fruitful for understanding non-dyadic interaction and the 
involvement of non-humans (e.g. computational artifacts, and/or animals) and 
how such an involvement affects power relations and struggles, in terms of 
either programs and anti-programs (Latour, 1991) or the modern Machiavel-
lian prince equipped with technology (Latour, 1988a). This also means that 
the interactional arrangement does not necessarily imply the co-presence of 
the actants. In that sense it deals with forms of interaction that are non-dyadic 
and also indirect, as the interaction where “things” are included in the analysis 
can be performed asynchronously. However, ANT is rather sparse regarding 
the details and actual strategies of the game-like aspects of the interaction, as 
it tends to focus more on the sociotechnical complexity and significance of 
things in the analysis of power.  

Although ANT has been most efficient and popular due to its inclusion of 
non-humans in general, and particularly things and technology, it has also 
been influential when it comes to unpacking relationships with non-human 
animals. Callon’s (1986) classic text on scallops and fishermen was an early 
attempt to apply the principle of generalized symmetry to actor-networks com-
prising both humans and other animals. Ashmore’s (1993) application of the 
generalized symmetry principle to an actor-network consisting of a cat, a hu-
man and a cat-flap is another early contribution. Although these studies 
demonstrate some of the possible ways to include nonhuman animals in an 
actor-network, they fail to demonstrate the actions and machinations per se. 
Callon’s analysis lacks a connection to ongoing practices, making it more of 
an academic exercise. In our analysis we have looked for a tighter empirical 
connection between the theoretical notions of ANT and the ongoing and prac-
tical interaction between hunters, technology and boars.  

To further emphasize the game-like aspects of the interaction we have com-
plemented ANT with sociologist Erving Goffman’s notion of strategic inter-
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action (i.e. Goffman, 1971). Together with the analysis provided by Machia-
velli (1513/1985), it adds a more detailed focus on the game-like aspects and 
better highlights the calculative thinking and game-like aspects of interaction, 
where rational decision-making and strategic moves are of special importance. 
It involves “aspects of hostile, competitive, and adversarial encounters in gen-
eral” (Burns, 1992, p. 18). Strategic interaction is Goffman’s contribution to 
game theory. It implies looking beyond face-to-face encounters and seeing 
interaction as a chain of actions and moves which influence the other involved 
interactants, not unlike the way that actants influence each other in actor-net-
works. It does not require the mutual and synchronous co-presence of the in-
teractants, and involves “sequences of moves which are not closely bound by 
time, whereas, generically, face-to-face gatherings entail mutual presence and 
brief continuities of time” (Goffman, 1971, p. 140). It accounts for motifs and 
for the way actors understand each other’s possible moves and the reactions 
they may entail. It involves a mutual assessment in which the opposed actors 
evaluate their best course of action by being aware of the other’s possible 
courses of action and of the other’s thoughts about one’s own moves (Ibid., 
pp. 100–101). This requires making rational decisions “concerning the desir-
ability and advisability of various courses of action” where “both assessment 
and decision-making depend on related capacities of intelligence, such as stor-
ing experience of events and making this experience available when it is rele-
vant” (Ibid., p. 86). Successful strategic interaction involves mentally explor-
ing potential programs of action while keeping the other’s possible “moves” 
and reactions in mind.  

Moves are central to the strategic interaction framework because “in a 
game of strategy, the world is changed by each move” (Ibid., p. 144). Goffman 
also uses the notion of turns for moments when one has the opportunity to 
make a choice, adding to the metaphor of interaction as a game. Actors are 
labeled as players who can be members of a party: groups of players who have 
a common interest. Opposing parties can establish temporary coalitions if they 
have an interest in common. Goffman uses many examples from military af-
fairs and espionage, which exaggerates the game-like and competitive aspects 
of interaction. He also talks about operational codes to account for the part of 
the game that involves “diffusely influenc[ing] how the opponent plays” (Ibid, 
p. 95), and uses the term “information state” for the knowledge that others 
have of their own and their opponents’ situations. The most important player 
attribute is “game-worthiness”. This refers to the ability to assess courses of 
action and grasp the entire situation, including from the point of view of the 
opposing parties (Ibid, pp. 96–97). Special importance is also given to the op-
ponents’ resources or capacities, namely “the stuffs the other as a party can 
draw upon in his adaptations of the situation” (Ibid, p. 96). Goffman never 
ascribes the same importance to artifacts as ANT does, however, even if he 
states that the framework can account for “almost everything that is consid-
ered under the ill-defined rubric of interaction’” (Ibid, p. 137). 
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Even if Goffman’s notion of strategic interaction is focused on human in-
teraction, he notes that humans and animals can be defined as parties with 
diametrically opposed intentional interests. He even provides an example of 
strategic encounters between a human and a lion. The human is not only “ex-
posed to danger” but is “being opposed by a dangerous opponent” (p. 93). The 
lion can track and pursue the human and there is, as Goffman states, “a hint of 
possibility that the lion, at least in effect’, read … [his] … intentions as well 
as his presence” (Ibid.). It involves a move away from psychological termi-
nology (being exposed), toward a social terminology (being opposed). It 
moves away from solely focusing on the human as a strategic actor to humans 
and animals opposed to each other. The case of the lion is perhaps an example 
of Goffman’s metaphorical method which illustrates his ideas. Although he 
was fascinated by animal science and ethology (Burns, 1992), the extent to 
which he would accept the inclusion of non-human animals in social analysis 
in general is unclear. 

4.2.2. Theoretical Considerations: The Prince of the Forest 
Mobile proximity sensor cameras (also called trail cameras, game cameras or 
camera traps) 27 are commonly used by Swedish hunters, especially in the hunt-
ing and inventorying of boars. There are probably thousands of active remote 
cameras in the Swedish forests, mounted on trees in front of bait- or feeding 
stations, or along game trails. This case draws on an ethnography of the use 
and experience of such cameras in ordinary boar hunting. This case does not 
reveal much about the needs of the animals. Except their basic and most ob-
vious needs, such as searching for food and eating, staying alive and avoiding 
being killed by the hunters, and that their needs can be in conflict with human 
interests. Instead, the key insight from this analysis concerns how we concep-
tualize interaction. In ACI the focus is primarily on the interface, and similarly 
on direct and dyadic interaction. In this case we have a diverse set of hetero-
geneous interactants distributed over time and space. ANT assists us in under-
standing interaction as a conglomerate of heterogeneous actants, in this case 
boars, hunters and online mobile proximity sensor cameras (among many 
other things), and how they are networked and express strategies of programs 
and counter programs. Moreover, it stresses human-animal dependencies and 
power struggles in multispecies sociotechnical settings, and how computa-
tional artifacts can be used to increase a hunter’s power and domination over 
the boars.  

                                                   
27 These cameras originates from animal ecology studies (Kucera and Barrett, 2011), but their idea can be 
traced back to the late 1800s and the wildlife photography movement called “camera hunting” (see further 
in Brower, 2011). It was within this movement that the camera trap developed from the idea of “making 
the animals visible by hiding the observer” (p. xxix). An early prototype was developed by George Shiraz 
and consists of a camera triggered by trip wires and flare guns working as a flash.   
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The actants in the hunter-boar-camera actor-network are associated with, 
and dependent on each other. Their actions are stimulatingly an effect of, or a 
reaction to, the actions of other actants, and in turn they affect the other actants 
and the actor-network as a whole. In this sense they are dependent on each 
other and delegate tasks to each other. Boars delegate the provision of food to 
the hunters, but on the other hand, this is part of the hunters’ plan of attracting 
and manipulating the boars. The hunters’ Machiavellian strategy is disguised 
as pleasing the boars, but as the boars survive their battles with the hunters, 
they get smarter and more guarded. They develop strategies as part of their 
program of eating the food provided by the hunters while avoiding being shot, 
such as only advance at night, covered by the dark and dense forest, or exam-
ining a possibly dangerous situation by sending in a fast scout before the 
whole party of boars advance to the bait. Another important strategy, possible 
due to the boars well-developed olfactory abilities, was to be careful of the 
smell of humans. According to the hunters, boars could be suspicious and re-
fuse to appear at the site even several hours after humans had visited and left 
their scent. This was also apparent in that some old boars walked in a wide 
circle around the bait stations where proximity sensor cameras were installed, 
to investigate whether enemies were present or if the coast was clear. Another 
strategy to reduce the risk in dangerous situations was to assume patterns in 
the hunters’ shootings and, based on their knowledge of previous events and 
patterns, adapt their own patterns of movement and choose other places to eat.  

An important strategy among the hunters, for dealing with the boars’ coun-
ter-strategies and resistance was to watch while leaving as little trace as pos-
sible. This was done by delegating as many of their observational tasks as 
possible to the mobile proximity sensor camera. In a similar sense, they also 
delegated the refilling of food to automatic feeding stations. Maintaining a 
presence without being physically present was a prerequisite for visually cap-
turing boars28. The remote mobile proximity sensor cameras camouflage the 
hunters, and most importantly reduce their human scent, and thus avoid mak-
ing the boars even more cautious. Moreover, the cameras enable the hunters 
to constantly keep an eye on the territory and to be constantly aware of what 
is going on at the bait and feeding stations. In that sense, the hunters also del-
egated their vision and attentiveness to the system. The connected cameras 
also help them implement the strategy of preventing the boars from sensing 
traces of their presence. Like the boars, they moved around in the field, but in 
the hunters’ case they moved their additional hunting-team members, the 
proximity sensor cameras, and between the different bait stations. This strat-
egy of carefully scouting opponents’ territory to reveal geographical patterns 
was also evident in the fact that most of the hunters used several cameras tac-
tically placed on one of the bait or feeding stations on their hunting ground.  

                                                   
28 This is similar to the camera hunters in the 1890s, who developed photographic blinds to obscure their 
own presence in order to be able to make the animals visible (see more in Brower, 2011), 
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The images from the cameras constitute a visual log of the boars’ presence 
at the bait stations. This log is saved on a memory card that the hunter must 
go out and collect, unless that task is delegated to an MMS-module. The time-
stamps on the images provide the hunters with important information. By 
knowing when and how long the boars usually spend at a location they can 
both reveal and adjust to the opponent’s temporal habits. This allowed them 
to organize and plan the hunt more effectively, but nevertheless they were 
often outsmarted by the boars if their scent was detected in the final phase of 
the hunt. The more experienced boars were even more sensitive, and devel-
oped more advanced strategies. The boars therefore seemed both predictable 
and erratic to the hunters at the same time. In order to be successful, the hunt-
ers must be sure not to underestimate their opponents by recognizing that the 
boars are clever, and having respect for their sensory abilities.  

Although the mobile proximity sensor camera system as a whole can be 
seen as an extra team member working for the hunters, it in turn delegates a 
completely new set of tasks to the hunters, such as to reveal patterns in groups 
and recruit allies to work for your benefit. This highlights that most tasks can 
also be conceptualized as strategies. In addition to performing technical 
maintenance (changing batteries, emptying memory cards, hooking up extra 
power sources, dealing with bad cellular coverage), the hunters must look at 
the images, analyze and interpret them to determine what kind of boars and 
how many have been caught on camera, and adapt and organize the hunting 
thereafter. The system adds a visual, and also a technical, dimension to hunt-
ing, however, it is only the hunters who delegate tasks to technology, giving 
them greater power and advantage. By delegating the act of observation to 
technology, and thereby masking their scent, the hunters manipulate the boars 
by giving them a false sense of security. The proximity sensor camera thus 
represents a kind of machination against the boars, who are unaware of the 
invisible hunter and its delegated presence. The hunters need to understand 
and care for the opponents, which means to enter into an alliance with the 
animals and serve their needs, but ultimately, they intend to kill them. The 
empirical findings therefore revealed a duplicitous attitude. The boars, on the 
other hand, want to eat the food provided by the hunters, but at the same time 
want to avoid being killed. Although they are unaware of the invisible hunter 
and its delegated presence, they develop strategies to deal with more immedi-
ately dangerous situations. Instead of a proximity sensor and a camera, they 
have a highly developed olfactory system.  

The inability to include objects in social analysis is central to Latour’s cri-
tique of sociology. He claims that “studying social relations without nonhu-
mans is impossible or adapted only to complex primate societies like those of 
baboons” (Latour, 1988b) and “whenever we discover a stable social relation, 
it is the introduction of some non-human that accounts for this relatively du-
rability” (Latour, 1991). One of Latour’s many examples concerns human-
animal interaction between shepherd and sheep, where the task of containing 
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the flock is delegated to the fence rather than done by shepherd themselves 
(Latour, 1996). The interaction presented here does not include physical 
boundaries, as with Latour’s fence, but when mobile proximity sensor cam-
eras are introduced they gradually stabilize the boar-hunter interaction and this 
leads to “a new situation” in the sense discussed above, with new relation-
ships, strategic “moves” and the delegation of new and old tasks. This assem-
bly is increasingly stabilized and wide-ranging in terms of the number of in-
volved actants when MMS technology is added.  

The tasks delegated to the cameras are also more complex and manifold. 
They even reconfigure the interaction by prescribing a completely new set of 
tasks for the hunters (e.g. maintaining the camera, analyzing images). The mo-
bile proximity sensor camera system does more than just prescribe a new set 
of tasks for the hunters, however, it also emphasizes a new spectrum of ap-
proaches to the animals, other hunters, the hunters’ families, farmers and land-
owners. The involvement of the camera involves the hunters in complex con-
siderations in terms of pleasing themselves as well as the many other actors 
with interests and agendas of their own (although they are to some extent in 
alignment with the hunter). The hunters are involved in several simultaneous 
battles on different fronts, and they must please those on which they depend. 
They must please the landowners and farmers by keeping the boars from dam-
aging the crops. Because the mobile proximity sensor camera connected to the 
internet brings the hunt and the boars into their homes, and even onto the liv-
ing room sofa, they must also please their families by not letting the hunting 
get in the way of family life. They must also please the boars by providing 
them with food, attracting them to the hunting grounds, and keeping them 
alive, while at the same planning to kill them. In that sense, a hunter must be 
Machiavelli.  

4.2.2.1. Beyond Interface to Networked Interdependencies 
This case exposes a diffuse and compound form of interaction, which offers a 
radical alternative to the typical conceptualizations of interaction in ACI, 
where the interaction is to a large extent limited to direct and dyadic animal-
computer interfaces. From an ACI perspective it can even be questioned 
whether this really is interaction at all. The technology is not designed for the 
boars, and they are not “users” in the classical sense, rather, they are interact-
ing with technology in a more indirect manner, more or less unaware of the 
cameras.29 It demonstrates other ways that the animals are entangled in soci-
otechnical contexts, and how it affects their lives. The interaction in this case 
through an ANT-lens, as described in the previous section, is spatially distrib-
uted and prolonged over time, exposed only when reconsidering the larger 
                                                   
29 According to the hunters, they boars are more aware of their presence, scent and patterns, than the cam-
eras per se. Some hunters claimed that the boars would look intensely towards the cameras, and interpreted 
it as due to the light from some types of IR-cameras, or when sounds are produced by certain cameras. 
Whether and to what degree they are aware of the hunters sociotechnical presence is, however, unknown. 
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compound picture. It is thus invisible to many conventional interactional per-
spectives in user-computer interaction research and praxis, which focus on the 
interface. The use of a non-dyadic interactional perspective highlights that 
other forms of interactions, beyond synchronous interfaces, exist/are possible. 
It depends on where the line of interaction is drawn.  

Moving back to the context of conventional ACI, where the interaction is 
typically framed at the interface between the animal and the computer, we can 
reflect that even if the focus is on the animal-computer interface (as is typical 
in interfaces designed for working dogs), the surrounding humans can also be 
included, and that all systems in ACI are de facto multispecies. This can easily 
be overlooked when placing all or most attention on the animal-computer in-
terface, and engaging animals as participants in the design. It offers a limited 
view of interaction, fixated at the interface. If we allow ourselves to expand 
the interactional understanding it lets us see the systems from another and 
broader perspective. From this wider angle we can see the systems as media-
tors between humans and animals. The systems are ways of establishing du-
rable social relations between humans and animals, often expressing human 
domination and power over animals. This is especially clear when considering 
interfaces for working and assistance animals. It also enables humans delegat-
ing tasks to animals and technology. The animal-computer interface can also 
be interpreted as an animal-computer hybrid. 
 It must be acknowledged that with ACI – in a similar vein as Taylor’s re-
flections on the notion of interaction in HCI (Taylor, 2015) – we not only 
design interfaces for animals to use, we simultaneously “design worlds” 
(Goodman, 1978), including social relations between humans and other ani-
mals. We should thus ask ourselves what multispecies worlds and societies 
we want to create. Where we draw the line of interaction and how it is framed 
matters. To what extent are we designing for animals and to what extent are 
we designing animal-computer hybrids for anthropocentric purposes? In the 
latter, the needs of animals tend to be reduced to issues of usability, or the 
suitability and efficiency of the interface modalities. It flosses over the social 
consequences of animals’ involvement in ACI.  
 By theorizing this form of interaction in the light of ANT, accompanied 
with Goffman’s conceptual framework of strategic interaction, we have ex-
posed a game-like form of interaction, albeit prolonged, networked and heter-
ogeneous. Conceptualizing it as a set of strategies allows us to consider inter-
action in a broader sense, where single actions are part of an extended series 
of actions distributed over time and space. This includes calculative thinking 
and accounting for a variety of situations, consequences, and expected moves 
by the opponent. The species-neutrality of ANT and its ontological symmetry 
principle, in combination with Goffman’s distinction between being exposed	
to danger and being opposed	by a dangerous opponent, makes it possible to 
view interaction as an asynchronous game in which each species is opposed 
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by the other in a series of mutual assessments acted out through a set of strat-
egies and counter-strategies. It offers a conceptual framework for understand-
ing ongoing complex interdependencies, where animals, people, digital tech-
nology and other artifacts constantly affect each other and assemble them-
selves into heterogeneous networks. In the selection of both topics and meth-
ods, we recommend acknowledging interaction with non-human species as 
emerging and networked. These perspectives reveal mechanisms of power and 
machinations, strategies and counter-strategies deployed by the opposing 
players of the game. These findings could be used to inspire the design of other 
forms of interactions and also to cast new light on pre-existing ones, such as 
those occurring in traditional ACI experimental settings. We have suggested 
avoiding a priori simplifications of design challenges as being either for hu-
mans or for non-humans, and acknowledging the existence of complex inter-
dependencies. This does not have to take the form of devious machinations 
about life and death, as highlighted in the case of hunting. It can include many 
diverse forms of strategies. Every form of interaction with animals implies 
some sort of exercise in power. Even in the friendliest relationships and design 
environments there are always Machiavellian princes with long-term and het-
erogeneous strategies.  

4.2.2.2. Power Struggles and Conflicts of Interests 
Boars and humans have a long history of conflict. Boars are perceived as val-
uable in the forests (e.g. for biological diversity or as ecological meat), but is 
less appreciated, or even hated, when they enter human properties and lead to 
agricultural and economic damage, or injuries in traffic. It involves geograph-
ical aspects in terms of who has the right to the forest and domesticated areas 
such as fields of crops. The analysis of the ethnographic observations and in-
terviews with hunters about the game-like activity, and their strategies and the 
boars’ anti-strategies, can reveal insights into their needs and problems, and 
thus their requirements with technology. Similar to the negotiations between 
the dogs and the handler which makes visible the different interests of the 
interactants, this case depicts a similar conflict over space. That is, these kinds 
of conflicts and negotiations can be visible beyond the direct and dyadic forms 
of interaction, in the prolonged and non-dyadic forms of interaction which are 
much more diffuse. It becomes clear that the boars are interested in food and 
being provided with food, however, without the direct interference of humans. 
The boars developed strategies to increase their ways of getting food and at 
the same time decrease the risk of getting killed. They could, for example, 
move around the bait station and smell for humans from all directions before 
proceeding to the food.  

Emphasizing conflicts of interests between humans and animals can also 
be a vehicle for unpacking knowledge about animal needs, interests and de-
sires. This is similar to the idea of observing the negotiations and interactional 
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work between canines and caretakers in leashed walking. Although the inter-
action that the boars are involved in doesn’t include leashes, the theoretical 
considerations deriving from ANT and Goffman reveal power relations, strat-
egies and counter strategies instead of direct negotiations. Moreover, although 
the interaction in this case involves wild and free animals, the mobile proxim-
ity sensor cameras, increase control for the boar. In a way, the cameras and 
feeding or bait stations function as an invisible leash that increases hunters’ 
control. 

Boars also demonstrate two categories of animals that ACI has not yet 
acknowledged: (i) wild animals, and (ii) animals at the bottom of the sociozo-
ological scale, where we find beasts like vermin and invasive species. It rein-
forces the argument that ACI tends to be anthropocentric in its selection of 
both animal and topics, and embraces animals at the top of the sociozoological 
scale, and thus includes animals that are more integrated in human society. 
Animals that have no obvious positive effect or function for humans, or that 
even have a perceived negative effect, are excluded from the ACI design 
space. What kind of possibilities are there for ACI to design for the less ap-
preciated animals, or animals that are considered to have negative effects on 
human life? Boars are a good example of human-animal struggles (with spatial 
qualities – i.e. who has rights over place) on a societal level. There are many 
examples of struggles between humans and other animals. Are there opportu-
nities to overcome or decrease such challenges with interactive technology? 
How could ACI work to solve these kinds of interspecies challenges? This 
case reveals that animal needs and interests can conflict with human needs and 
interests. Would it be possible to solve or decrease such conflicts of interest 
with the help interactive technology?  

Place and space, as well as animal/multispecies geography, have obvious 
relevance even for ACI. The domesticated relatives of boards have been em-
braced in interactive technology in the shape of interactive games (Driessen 
et al., 2014), or in monitoring their welfare in farming (Haladjian, et al., 2017; 
Nannoni, et al., 2017). Boars, which have no direct function or benefits for 
humans, and are to a large extent considered to have a negative impact on 
human life, have been excluded from the ACI design space. The context of 
the animal has relevance in that they should be considered as possible users. 
It is also possible that ACI does not want to interfere with wild animals and is 
letting them remain untouched in the wild, but as we can see, even wild ani-
mals are involved in interactions depending on interactive technology, 
whether they are aware or unaware of it.  

4.2.2.3. ACI in the Wild 
As previously stressed in this thesis, most animals accounted for in ACI are 
animals at top of the sociozoological scale (see further in Arluke and Sanders, 
1996): that is, animals which have a clear function and intrinsic value for hu-
mans (e.g. assistant/working animals and pets). It also embraces animals with 
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other functions, such as animals in the zoo, that either are there for protection, 
or, following the ideas of, for example, Berger (1980) and Lippit (2000), sat-
isfying the gap left by the disappearance of, and longing for nature and animals 
in human life. 

Animals in the wild have seldom been acknowledged in ACI. One of the 
few exceptions, is the system by Kobayashi et al. (2015) which involves wild 
deer, although the system focuses on the human side of the interaction. It is 
explained as means for humans to remotely interact with wild animals by re-
motely rotating bait (i.e. rock salt placed on a rotator) while looking at the 
animals remotely through a camera. This system is a way for humans to inter-
act, and create simulated experiences, with nature and wild animals, while at 
the same time, decreasing human physical presence in deep nature to disturb-
ing nature conservation efforts. It is thus more about human relationships with 
nature in a broader sense (they also mention other systems, see also other pa-
pers in this project). Apart from leading to less human interference in animals’ 
natural habitats, it is not discussed how this system meets animal needs and 
their degree of satisfaction with the system (e.g. rotating bait). It is rather ex-
plained in relation to human connections to nature and also about technology-
mediated human-animal interaction although the details of this interaction are 
absent in the paper. Altogether, the system is more about human relations with 
animals, than an actual design for the animals. However, this can of course be 
a relevant topic for ACI as it can have effects on animal life, both positive and 
negative. It can be interpreted as a way to design for the disappearance of 
nature, as claimed by Berger (1980), but it can also be an expression or an 
extension of the disappearance of nature and animals in the lives of humans, 
just as in Berger’s zoos.  

A related area, where looking at animals is central, is the zoo, which is also 
a topic for ACI. Can remote visual access to wild animals in their natural hab-
itat be an alternative for a “future wildlife zoo”, allowing humans to view an-
imals remotely without interference, or even an “interactive wildlife zoo” with 
remote interaction with wild animals, as in the system proposed by Kobayashi 
et al. (2015). The animals’ experiences, and the effects and consequences of 
such systems, must be evaluated, however, and what animal needs and desires 
these systems meet in the first place.  

4.3. Case III: Prolonged and Co-Evolutionary 
Interaction 
In this case, we extend the ACI principle of considering non-human animals 
as “users” to botanical species from the plant kingdom. In order to design sys-
tems for plants we need to understand their needs and requirements, and what 
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interactions they would like to have with digital technology. Drawing on eth-
nomethodologically informed ethnographic observations of people’s ordinary 
interactions and doings in relation to the blossoming of cherry trees, in com-
bination with a systematical review of how cherry blossoms are used in design 
and architecture, and the plant’s involvement in computing and interfaces in 
general, we apply Pollan’s theory of plant dissemination (Pollan, 2002). It im-
plies paying special attention to co-evolutionary aspects of human-plant rela-
tionships and the way that plants successfully spread by playing on our human 
senses and desires (e.g. beauty, sweetness, intoxication). This type of co-evo-
lutionary interaction is usually prolonged over decades and centuries. In this 
case, we emphasize the cherry blossom trees and their dissemination through 
being beautiful, and how plant dissemination is mediated and takes heteroge-
neous forms, comprising digital technology, and we discuss how plant in-
volvement in design and interactive technology can best support their dissem-
ination. 

4.3.1. Theoretical Perspective: Plant Dissemination and Artificial 
Selection 
The botanist Francis Hallé (2002) claims that there is a hierarchical asym-
metry in our perception of species from the animal and plant kingdom. Due to 
their immobility, and the fact that they are living on another, and much slower 
time scale than us (or other animals), plant species are usually considered the 
mute and immobile furniture of the world even if they are spread all over the 
world. They can’t move or hide from other species, without help from other 
rootless and mobile species. In order to successfully spread themselves, plant 
species must use other species, and let them help with their dissemination. A 
classic example of co-evolutionary relationships is found in that between bum-
ble bees and flowers, where the flowers attract the bees with nectar, and the 
bees help the flower to spread by moving the pollen around to new locations. 
As noted by Pollan: “the two parties act on each other to advance their indi-
vidual interests (or needs, own note) but wind up trading favors: food for the 
bee, transportation for the apple gene. Consciousness needn’t enter into it on 
either side, and the traditional distinction between subject and object is mean-
ingless” (Pollan, 2001, p. xii). The latter idea of unconscious agency is similar 
to the idea of agency found in ANT.  

Pollan’s (2001) idea of dissemination functions in exactly this way, and he 
further stresses how humans are involved in this process as well. This is also 
emphasized by, for example, Hallé (2002), but Pollan provides practical ex-
amples of how this is done by plants, and takes a plant’s point of view. Pollan 
describes how this idea came to him while doing work in his garden, when he 
observed a bee involved in the interaction described above, and drew an anal-
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ogy with himself as a “human bumble-bee”. The symbiotic relationship be-
tween the bee and the flower was just the same as his relationship to the potato 
plants in his garden. From this observation he provided four examples of how 
plant species play on our human desires, using (i) sweetness, (ii) beauty, (iii) 
intoxication, and (iv) control. This kind of co-evolutionary relationship has 
been present since the rise and development of agriculture. The cases included 
in Pollan’s book involve the so-called “domesticated” species (i.e. apples for 
sweetness, tulips for beauty, marijuana for intoxication, and potatoes for con-
trol) although Pollan questions “domestication” as a term, as it leaves the im-
pression that humans are in total control. He argues that the idea of domesti-
cation could also “make just as much sense to think of it as something certain 
plants and animals have done to us, a clever evolutionary strategy for advanc-
ing their own interests. The species that have spent the last ten thousand or so 
years figuring out how to best feed, heal, clothe, intoxicate, and otherwise de-
light us have made themselves some of nature’s greatest success stories” (Pol-
lan, 2001, p. xiv). That is, the species that are most successful in playing on 
our desires are the ones that most successfully disseminate. The apple, which 
originates from Kazakstan and has achieved a kind of world domination, is a 
clear manifestation of this. As well as species from the plant kingdom, the 
theory applies also for other animals. Compare, for example, the dissemina-
tion of wolves (ten thousand in the US) and dogs (fifty million in the US). 
 Pollan also discuss his ideas in relation to Darwin’s (1859) evolutionary 
ideas of artificial selection, which is a specific type of natural selection, some-
times also referred to as selective breeding. Simply put, “it demonstrates how 
in each case the species proposes a wealth of variation from which humans 
then select the traits that will be passed down to future generations… human 
desire plays the same role that blind nature does everywhere else, determining 
what constitutes ‘fitness’ and thereby leading, over time, to the emergence of 
new forms of life” (Pollan, 2001, p. xxi). Pollan argues that the dividing line 
between natural and artificial selection becomes blurred in the so-called An-
thropocene, where human presence leaves footprints everywhere. Even the 
weather can be seen as an artifact now: a consequence of our actions. 
 Pollan investigates the co-evolutionary relationships between plants and 
humans from the plant’s point of view, not by “dwelling into their presence” 
(c.f. Shapiro, 1990), but as a means for seeing the relationship more from the 
plant side than from the human side. He argues that this can be done without 
involving, for example, consciousness, will or intentions in the plants. Recent 
advances in plant science show that plants are more intricate and sophisticated 
than previously known. Researchers in the field of plant neurobiology exam-
ine the sensory and communicative abilities of plants, and their ways of being 
“intelligent”. Mancuso and Viola (2013) argue that plants have the same 
senses as humans (sight, hearing, taste, smell, touch) albeit manifested differ-
ently, and even have several more (e.g. the ability to measure soil humidity, 
identify water sources from a distance, sense gravity, and measure chemical 
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gradients in air and soil). Cognitive tests and experiments on plants, similar to 
those conducted with animals, have revealed that “plants are sentient (and thus 
endowed with senses), that they communicate (with each other and with ani-
mals), sleep, remember, and can even manipulate other species” (Ibid, p. 156). 
This kind of research reveals that plants have rich sensory and communicative 
abilities and even memory and the ability to learn, despite lacking a brain and 
neurons. Such research contests conventional ways of perceiving plants, and 
for that reason is often met with skepticism, especially when characteristics 
usually attributed to humans are applied to plants. Although the latter anthro-
pomorphizes plants, in a similar manner as ascribing human-like qualities to 
animals, the experiments and “cognitive tests” within this field show that plant 
species are more complex beings than previously shown. This perhaps 
amounts to taking a step away from treating plants solely as automata, or 
mindless machines. This shift toward including the plants’ perspectives recon-
structs the species hierarchy and begins to remedy the asymmetrical notion of 
plants, decreasing the gap between plants and animals (including humans). 
 Despite the increased involvement of botanical beings in interactive tech-
nology the research area is atheoretical, to an even greater extent than ACI. 
Theories of plant dissemination, or any other theory acknowledging the 
plants’ perspectives, have not been applied or explored in computer science 
or user-computer interaction research. It has only recently, in alignment with 
the advancement of the multispecies turn, that more theoretical reflections 
started to be acknowledged in this kind of research, foremost related to envi-
ronmental sustainability (e.g. Bardzell and Bardzell, 2017; Liu et al., 2018b; 
Liu et al., 2019). 

4.3.2. Theoretical Considerations: Symbolic Pollination and 
Online Blooming 
This case comprises three types of empirical data; (i) ethnographic observa-
tions of people’s ordinary practices in relation to cherry blossoming, (ii) a re-
view of cherry blossom in design and architecture, and (iii) a review of plants 
in computer systems. We have analyzed the extent to which Pollan’s (2001) 
idea of plant dissemination can be applied to these three situations. Pollan’s 
argument implies that plants’ agency – consciously or unconsciously – con-
sists of a wish to spread, and that plants use other species, human or animal, 
to do so. We will explore this notion of agency as dissemination further as 
regards conceiving of plants as users. As do Pollan’s (2001) tulips, the Japa-
nese cherry blossom trees disseminate purely through aesthetic means. Obser-
vations of people under the cherry blossom trees, especially their desire to take 
photographs of the pink blossoming and publicly share and distribute the im-
ages on social media, equals an “online blossoming” in pink. Rather than be-
ing physically reproduced, their beauty spreads symbolically on social media, 
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which supports their physical dissemination and people’s love and desire for 
the plants. We could observe people’s love and appreciation of the blossoming 
in the ethnographic fieldwork, by the way they were looking at the buds and 
longing for the blossoming, by touching and smelling, and also by taking pho-
tographs. The latter is very intense during the blossoming and just as fascinat-
ing as the pink blossoming. The blossoming cherry trees are a very popular 
target for people taking photographs, and can also be seen online under ge-
otags and hashtags related to the park. The blossoming season involves expe-
riencing an outburst in pink, and the cherry trees also blossom online. Just as 
in the park, they fascinate people online, who post comments praising the trees 
and expressing their longing to be there and participate. The Japanese Sakura 
Trees could easily be used as an example of how the beauty of plants play on 
human desires and thus increase their chances of dissemination. We extend 
Pollan’s idea and consider how this process includes the use of digital tech-
nology and social media. His argument builds on the idea that plants, which 
are immobile, use humans and other animals to spread and re-produce. They 
do so by playing on our senses. Ethnographical observations of people’s prac-
tices of worship underneath the cherry blossom trees has shown that that tech-
nology is also involved in the dissemination process. Although the cherry 
blossom trees are not aware of it, they are discreetly using humans and inter-
active technology, which increases their chances of successful dissemination.  

4.3.2.1. Designing for Plants 
We have opened possibilities for considering species from the plant kingdom 
as “users”: that is, we have extended the ACI principle of designing for and 
with non-human animals, to botanical beings. This requires engaging in the 
task of understanding the wants and needs of plants, and what kind of interac-
tion with technology they could benefit from. The turn to non-human/non-
animal species can also be seen as a radical comment on the at-the-time dom-
inant focus on pets and assistant dogs in ACI.  

For a long time, plants have been discriminated against. According to Hallé 
(2002) there is an asymmetrical perception of animals and plants, and plant 
philosopher Michael Marder (2013, p. 2) argues that plants have occupied the 
“margin of the margin, the zone of absolute obscurity undetectable on the ra-
dars of our conceptualities”. We have already seen boundaries being pushed 
as regards animals throughout history, and plant species may perhaps be fol-
lowing the same path with increased research into plant intelligence (e.g. 
Mancuso and Viola, 2013) and the increased attention on multispecies ethnog-
raphy (e.g. Tsing, 2015). The relation between plants and technology have aa 
similar history as animals and technology before the emergence of ACI. Plants 
have been involved in computing for quite some time, but their perspectives 
and needs have not been fully acknowledged. As shown in our review of plants 
in computing (see Paper II for more details), the involvement of plants in in-
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teractive technology is not new. Their involvement is however restricted, pri-
marily limited to being a design resource and material rather than being users 
with needs to design for and with. We classified their involvement in four 
different categories, as (i) output devices, (ii) input devices, (iii) biomimetic 
systems, and (iv) nurturing systems. Taken together, these systems copy and 
augment biological characteristics, or use vegetation as part of an interface to 
stimulate human thinking.  

The most common category is that of plants as output devices, in which 
plants function as displays for visualizing information, for example, by artifi-
cially manipulating the plant color (Fernando et al., 2009), or by affecting their 
growth, as controlled and stimulated by water and light (Hamidi and Baljko, 
2014; 20, 12). As a design resource, this way of involving plants primarily 
exploits the plants’ life and their different and slower temporality, and engages 
human vision. This is primarily explained by increasing human concern for 
environmental health (Cheok et al., 2008), or to strengthen our relationship 
with nature (Hamidi and Baljko, 2014). Plants as input devices are systems in 
which plants are transformed into touch sensitive interfaces, for example, ei-
ther transformed into a control device by acting as an electrical circuit 
(Poupyrev et al., 2012), or to create audio-visual output (Seo et al., 2015). 
These systems are, just as the output systems, primarily explained as promot-
ing increased engagement with nature by touching parts of it, but also by hav-
ing therapeutic effects, and recreational and meditative benefits. It may also 
involve systems where plants and their sensing systems are used as biosensors 
and generate the output, for example, by detecting chemicals in the ground 
with their roots (Manzella et al., 2013). Plants are here used in a similar sense 
as canines can be used as sensors for their superior sense of smell (Mancini et 
al., 2015). Biomimetic systems, on the other hand, are interfaces which have 
been inspired by plants, and do not involve any real plants, for example, the 
way we hold and physically interact with florae (Seo et al., 2015), or create 
artificial interactive grass (Ibid.). These systems are explained as generating 
tranquility and emotional attachment, by harnessing the meditative and thera-
peutic values of nature. The systems are intended for users with mental and 
physical disabilities, who have limited access to nature. Nurturing systems are 
systems designed to assist humans with routine tasks such as watering. Some 
of these systems measure soil conditions and inform the human users when it 
is time to water a potted plant (Park et al., 2008), or move them around in a 
pot on wheels to steer them into sun or shade (Kawakami et al., 2011). These 
systems depend on anthropomorphic elements, as they attribute movements 
and emotional expressions to the plants. The latter is also used as a way of 
increasing children’s interest and care for plants (Hwang et al., 2010). 

In general, designers seem to be intrigued and fascinated by the idea of 
blending living things with digital technology. Some examples are humoristic, 
similar to early contributions aimed at treating non-human animals as users 
(e.g. Mankoff et al., 2005). Current systems involving plants are designed to 
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meet human needs and only acknowledge the needs of plants in a restricted 
manner and on a very fundamental level, such as their need to be nurtured, 
and even this is more about facilitating humans in doing the nurturing as part 
of their normal home duties. 

Considering plants as users also implies a need to understand that new set 
of users and their needs and requirements from interactive technology, just as 
with the efforts of ACI to understand animals and their needs. This is perhaps 
an even more difficult task than when it comes to animals. Plant species are 
perhaps even more alien than animals, in comparison to humans. They live on 
a completely different time-scale and with completely different physiologies 
than humans and most animals. Despite this, plants are fast to show dissatis-
faction, for example, by withering, when their most fundamental needs are not 
meet in terms of right amount of sunlight or water. To acknowledge plant 
needs beyond such ordinary tasks is, however, more problematic. Given the 
difference in terms of lived time-scale, ethnomethodological and ethnographic 
approaches to plant interaction are challenging, as the details of the interaction 
is prolonged, slow and not directly accountable from the plant’s side. This is 
also something witnessed in our ethnography, as our analytical observations 
would not provide us with any more information than that plants are wor-
shipped for their beauty and blossoming. To interpret the interaction from the 
plant’s perspective is more challenging. In our case we turned to theory to 
consider the wants and needs of plants, and their interactions with technology 
and humans. 

4.3.2.2. Supporting Plant Dissemination 
When considering plants as users, we also need to direct research in a way that 
gives us an understanding of what such users are doing and what kind of sys-
tems and interactions they would like to have with computing. This is indeed 
a challenge, and may or may not be easier or more difficult than the same idea 
for non-human animals, but it still demands unconventional methodological 
approaches. We have approached the question by triangulating our analysis of 
different data sets (i.e. the ethnography of ordinary human-plant interaction in 
the park, systematic reviews of plants in computing and their involvement in 
design and architecture) through the lens of biological dissemination theory. 
The theory and analysis of the data sets enables us to suggest that plant species 
want to reproduce and disseminate. We should thus strive towards design that 
supports their dissemination. This idea of plants as users and the idea of sup-
porting their dissemination shifts attention from design for individual beings, 
to the species as a whole. 
 In Paper III, we discussed different categories of support for dissemination: 
(i) normative/contemplative, (ii) hedonic, and (iii) utility. The hedonic motive 
was derived from Pollan’s theory, while the utility motive emerged from the 
theoretical contemplations of plant interaction, and from studying the reasons 
for including plants in computing, as did the contemplative category. Mapping 
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out what prompts individual approaches does not tell us how the mechanisms 
fit with a plant’s a plant’s direct dissemination. A specific system, designed 
for a particular reason, might or might not lead to plant dissemination. Trying 
to understand how all these approaches map to plant strategies is not straight-
forward. For a system to support dissemination, its use must lead to activities 
favoring that species. In order to fully understand these effects, we must in-
clude design-oriented research on computers within ecological analysis. This 
particular triangulation approach would not support such an analysis fully, but 
it points to general design paths that are interesting to investigate.  

The current use of plants in computing is limited to utility and contempla-
tion. The systems designed in HCI that incorporate plants as input or output 
devices are explicitly motivated by a wish to care for plants, but not in the 
ways that plants most need to be cared for, according to Pollan (2002). Instead, 
they are designed to stimulate a general appreciation of nature as such. The 
Babbage Cabbage (Fernando et al., 2009) project is a good example of this. It 
is justified as a showcase for disseminating the idea of caring for plants, which 
does not make it a strategy for increased cabbage production. It is not intended 
to support active interactions, be they for hedonic or practical purposes. It 
nevertheless can be seen as research that supports a dissemination strategy. 
For example, if cabbages are used as pixels, we will need to grow more of 
them, and the species will spread.  

Other systems and design items copy or mimic plants. It is common in dec-
oration and fashion design to copy the shape and color of a flower, to mimic 
its visual expression in order to enhance the aesthetic experience of the design. 
Similarly, when computer systems are designed to copy plant behavior, it is 
also a form of mimicry, but for utilitarian purposes. Generally, mimicking 
systems does not directly support a plant’s dissemination. These systems and 
design items include plants, but not physically. They are therefore either neu-
tral in relation to a plant’s dissemination strategies or, in the worst case, re-
place plants.  

One aspect of how plants interact with the human world is that they also 
use us for reproduction, and thus, the most successful plant dissemination 
methods are those that please other species. Drawing on ethnographic obser-
vation of peoples’ practices during the cherry blossoming season and analysis 
of the photos of the trees posted on Instagram, we have studied how people 
appreciate the beauty of the flowers when they appear. The adoration of these 
plants and fascination with their beauty are visible in the doings of people 
under the trees (e.g. looking, touching, smelling, photographing and sharing 
images online for others to enjoy). Although the trees do not explicitly use 
technology, the people use it, and by using it they also indirectly serve the 
trees’ need and desire to reproduce.  

Using technology to appreciate the aesthetic qualities of plants can, how-
ever, support the plant’s dissemination in more or less direct ways, as we learn 
from the study of cherry blossoms in architecture and other design areas. The 
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indexical approach, which is common in architecture, relates directly to the 
dissemination of the cherry tree. A tree needs to be planted and nurtured in a 
way that allows a window to reveal its presence. The same is true for media-
tization through social media such as Instagram. There need to be trees in or-
der for them to be photographed. Iconic graphic design in interior design, on 
porcelain, and so on, has a more indirect relationship with the dissemination 
of plants. It shows that Sakura trees provide aesthetic pleasure, and in this 
sense the mode of design meshes with the plant’s interaction strategy, but it is 
also possible that design pieces will simply replace the plants.  

Many computer systems are designed to use plants for utilitarian purposes, 
for example, BiooLite30 which uses plants to create electricity. In the Pleased 
Project (Manzella et al., 2013), plants are used as biosensors. Another example 
is ListenTree (Portocarrero et al., 2015), in which trees are used as an ambient 
audio display embedded in the environment. Systems designed for human util-
ity can at the same time be compatible with a plant’s dissemination strategies. 
When we need plants, we also see to it that they spread. Utility as motivation 
is also of interest because it has a narrow focus that could guide design. This 
focus on utility, which is visible in the large number of computer systems in 
this category, is not in line with the most successful dissemination strategy, 
however, as argued by Pollan (2001). The orientation toward utility may there-
fore reflect not how the researchers think about the plants, but how the re-
search system works. Again, ACI may be needed in order to balance the way 
researchers reflect on what it means to be useful, and the potential motivation 
from a theoretical plant perspective.  

From these reflections on plant interaction in terms of strategies for dis-
semination, we argue that if ACI researchers are to engage in plant interaction 
and support their dissemination, then they should focus more specifically on 
aesthetic interaction, rather than abstract contemplations. In particular, they 
should focus on developing new systems and services that support the index-
ical mediatization of actual plants. In the best scenarios it can lead to co-evo-
lutionary relationships where both humans and plants flourish, as regards ei-
ther survival or dissemination of the species, or to meet, for example, aesthetic 
desires.  

We have only discussed plant species that are appreciated by humans. We 
still discriminate against many plant species which are in conflict with our 
human desires, and treat them as weeds. In other words, there are also draw-
backs to this theory, as it only includes appreciated plants, and the design sug-
gestion to help them to spread and thrive, as it only functions for those species 
that are valuable to us, and which serve anthropocentric purposes. The theory 
does not apply to other species, such as invasive species, which are less ap-
preciated, or even having their opportunities for dissemination actively re-
duced.  
                                                   
30 http://www.bioo.tech (accessed 2020-05-01) 
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4.3.2.3. Thinking with Plants 
Anthropologist Claude Lévi-Strauss once stated that animals are “good to 
think with” (Lévi-Strauss, 1962, p. 89), for example, when reflecting on hu-
mans. Similarly, adding animals to a design scenario can open up new ideas 
for HCI, and function as a method for identifying its weaknesses and con-
straints.31 In a similar fashion, considering plants as users can assist us in 
providing perspectives and ideas for ACI (and consequently also for HCI). 
Much attention in ACI is paid to the difference between humans and animals. 
We tend to restrict comparisons to these two categories of species, and species 
from the plant kingdom have constantly been neglected. It thus also seems 
logical to explore the other side of animals, lives that are even further away 
from us humans and more alien. Thinking with plants could be an even more 
extreme form of “thinking with” for comparative reflection on animal and hu-
man interactions with technology. 

As noted, Pollan’s (2001) theory of plant dissemination is also valid for 
non-human animals. That is, the animals that are most successful in terms of 
dissemination are the ones that play on our desires and are useful for us, for 
example, pets and working dogs. The theory stresses the extremely prolonged 
co-evolutionary relationship between plants and animals, and the conse-
quences for the survival of both plants and animal species. It lets us think more 
of animal species as a whole instead of individuals. Given that the involve-
ment of animals with technology will probably increase, the impact of this 
asymmetrical selection and inclusion of animals in ACI on evolutionary pro-
cesses should be considered. At least, it can be concluded that the more useful 
the animal is for the human, the higher the chances of success in terms of being 
included in ACI which might have consequences for future dissemination as 
a species.  

We can also reflect on the way plants are currently involved in computing: 
for solely anthropocentric purposes. The role of plants in current designs is 
limited to that of a living design material or a resource that adds exciting di-
mensions to an interaction, or for use as sensors. Animals can also be seen as 
being used as sensors in computing, especially in the ACI domain of animal 
assisted activities. Animals are often used as sensors, for example, dogs are 
used for their olfactory abilities, and can be seen as components in anthropo-
centric computer systems. On the other hand, their involvement can also be 
seen as increasing their chances for successful procreation.  

                                                   
31 A central idea of “posthumanist” thought is that the analysis of human and nonhuman entanglements can 
give a deeper insight into what it means to be human (Haraway, 2008). This is also one, albeit not the 
central, of the motivations for the field of ethology (Lehner, 1996), and is even more explicit in comparative 
psychology. 
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4.4. Case IV: Quantitative and Introspective Interaction 
The interaction in this case is different from the forms of interaction depicted 
in the preceding cases. The human-animal interaction is not directly observed, 
and involves human interpretations and representations of everyday interac-
tions between caretakers and their pet dogs. It reveals the increasingly com-
mon activity of “social petworking” or “dog blogging”, where ordinary dog 
owners imagine life from their dog’s perspectives in visual-verbal social me-
dia posts published on “their dogs” profiles. The interaction is thus introspec-
tive. We consider these accounts to be expressions of kinesthetic empathy (e.g. 
Shapiro, 1990) which disclose core and meaningful facets of canine life when 
the most anthropomorphic layers are peeled off. These facets are possible top-
ics for ACI in general, and especially to help “quantified pets” or “pet infor-
matics” to move beyond their restricted focus on physical health and wellbe-
ing, by quantifying other facets of animal life and interactions. We believe that 
there are other meaningful quantifications that also can support owners in un-
derstanding their pets and reconfigure their lives to meet the individual inter-
ests and preferences of their pets to a wider extent. Informing owners about 
the specific interests and preferences of their animals may also be a way of 
designing for animals.   

4.4.1. Theoretical Perspective: Kinesthetic and Biographical 
Empathy 
Kinesthetic empathy is a phenomenologically inspired approach for under-
standing animals from the perspective of the animals themselves, proposed by 
psychologist Kenneth Shapiro (e.g. Shapiro, 1990; Shapiro, 1997) This three-
fold approach is suggested for “dwelling in the presence” of non-human ani-
mals whom we have difficulties understanding (as we don’t share a similar 
language or have difficulties understanding theirs), and reduce charges of an-
thropocentrism. First, humans must empathize with animals by understanding 
their bodily experiences. This is the kinesthetic part, which shares references 
with ethnomethodology. Second, a human must also emphasize with animals 
by being acquainted with an individual’s dog’s biography and history, some-
thing which dog owners naturally possess, although to a certain and varied 
degree. Shapiro also uses observations of his own dog, Sabaka, as an example 
of how kinesthetic empathy can be practiced. Third, the human must also be 
aware of the social construction of the animal in question. Kinesthetic and 
biographical empathy are particularly important from our perspective.  
 As in ethnomethodology, situated bodily expressions, or bodily expres-
sions in context, are of special importance from this perspective, but what 
makes kinesthetic empathy different is the prolonged and biographical under-
standing over time: it captures bodily expressions in context over time and 
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with historical attachment. According to Shapiro, the body and bodily expres-
sions are also the center of meaning for animals. He argues that meaning “does 
not occur in or consist of a semantic field of, say, differences, similarities, and 
associations. Rather, meaning occurs in and is the context of possible moves; 
of possible ways of living and maintaining space; and, as the last reflection 
suggests, of forms of relationship with others. For Sabaka, meaning consists 
of and is known through bodily experience”  (Shapiro, 1997, p. 280). “Fol-
lowing the critique found in phenomenological literature, it is helpful to re-
think the common Cartesian ontology which locates us hold up in our bodies 
as some mental stuff; and instead, to recognize that we are out there in the 
world through our bodies. Our bodies do not encase us; rather we are our bod-
ies” (Shapiro, 1997, p. 280). 

Body language expresses subjective meaning, and as in ethnomethodology, 
it is accounted for in bodily expressions. The biographical and prolonged un-
derstanding of bodily language increases the empathic understanding of indi-
vidual animals. As such, kinesthetic and biographical empathy is a perspective 
for dwelling into the presence of animals as individuals. It is not a species-
specific approach where generalizations are made for the whole animal spe-
cies in question from individual animals. By paying close attention to bodily 
details, kinesthetic empathy adds a biographical understanding of individual 
dogs. It involves an understanding of individual dogs and their bodily expres-
sions in specific contexts and over time. It adds an important dimension to 
inquiries into understanding and observing accountable aspects of a dog’s ex-
periential life-worlds, as found in ethnomethodology, for example. Building 
an understanding of canine bodily expressions in shared situations over time 
increases the bond and understanding in the human-canine relationship. Ordi-
nary dog owners who share their lives and households closely with their ca-
nines, potentially, and to various degrees, develop such an empathy with their 
dogs. There are different ways of embodying the animals experience, for ex-
ample, to imagine life “from inside” with minimal or no interference, or to 
increase interference through “‘undo and redo’ in their own bodies in order to 
interact more closely with the observed animals and respond to them more 
cautiously” (Despret, 2013, p. 51). Dog owners obviously belong to the latter, 
and are directly involved with their own bodies which can increase kinesthetic 
empathy. 

Shapiro’s employment of kinesthetic empathy in his 1990 paper has been 
criticized from an ethnomethodological standpoint (i.e. Goode, 2009, p. 138) 
for not including any interactional details or descriptions. Goode argues that 
his own experiences of interactional work between himself and his dog Katie, 
and Shapiro’s reflections about his dog, share basic similarities. The detailed 
and the biographical aspect of kinesthetic empathy could, however, be suc-
cessfully combined with ethnomethodology. They both pay attention to the 
bodily details of interaction in situ, but ethnomethodology is not so much fo-
cused of interaction over time. The biographical aspect of kinesthetic empathy 
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can thus enrich ethnomethodology. It offers an increased indexical under-
standing, to use a concept from ethnomethodology. This is also found in 
Goode (2009), as he analyzes his own interactions with his own dog and he 
must of course have developed a certain degree of biographical kinesthetic 
empathy towards his dog during everyday interactions.  

4.4.2. Theoretical Considerations: Online Dwellings 
This case involves a qualitative content analysis (e.g. Shelley and 
Krippendorff, 1984) of visual-verbal posts created by dog profiles, in which 
dog owners pretend to be their canine and create posts from their perspective. 
We argue that dog owners, more or less naturally, have a kinesthetic and bio-
graphic empathy with their dogs, and that this to at least some extent is mani-
fested in such posts. Biographical empathy can also advance with the practice 
of dog blogging as it increases owners’ reflections on their dogs’ lives and 
doings, and their relationship with their dog from the dog’s perspectives. To 
some extent, it can thus be interpreted as an “intersubjective exercise” which 
could lead to an increased empathy with dogs. But unserious and solely hu-
moristic accounts could perhaps also lead to the opposite. This type of ventril-
oquism (Leppänen, 2015), where the dog owners try to “give voice” to their 
dogs, is indeed anthropomorphic and thus evidently and unavoidably biased 
in being from a human perspective. This bias is often exaggerated with a form 
of humor that we defined as “joyful anthropomorphism”: simultaneously ex-
pressing a large proportion of love, affection and care for the dogs. Posts by 
dog profiles are staged by their humans, but still they provide naturalistic data 
of people pretending to be their pets, which is rarely found elsewhere. Instead 
of engaging in demanding participant observation, we analyze available 
ethno-accounts of ordinary dog owners manifested in social media practices. 
We asked which aspects of the dogs’ life-worlds dog owners, who are inti-
mately sharing their lives with their dogs, consciously or unconsciously, 
choose to reveal when they dwell into their presence on Instagram and Face-
book. We reveal the core facets of canine life that these posts cover. We have 
attempted to peel back the layers of anthropomorphism to focus only on what 
they write about, rather than how they write it. More broadly, as we also in-
clude details from photographs in the analysis, we consider the facets in the 
dogs’ lives that are conveyed in the visual-verbal posts. We could of course 
also question whether the topics are anthropomorphized, apart from the verbal 
utterances in the captions in which animals are dressed with human attributes, 
but the identified core topics are actualities for the dogs (e.g. the environment, 
weather conditions, canine friends, food) that at least have some meaning for 
them. The paper was primarily an attempt to find other methods of generating 
ideas for topics for quantified pets that are not based on interviews with own-
ers, and to unpack other meaningful quantifications for dogs (and their rela-
tionships with their owners) beyond physical health. That is, we asked what 
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topics other than physical movement and health could be measured. This can 
also be used to generate ideas for ACI in general, and does not have to be 
limited to sensing technologies or quantified pets. 

We identified seven meaningful facets of the dog’s life-worlds from the 
content analysis of the visual-verbal social media posts: (i) physical, (ii) tem-
poral, (iii) relational, (iv) bodily, (v) situational, (vi) inner, and (vii) superfi-
cial. Under each of these facets we identified several topics that could be 
meaningful in the dogs’ life-worlds and that can simultaneously be a mean-
ingful quantification for dogs. That is, quantifications that could provide the 
owners with information about their dogs, which in turn could re-configure 
their everyday life if the owners adapted more to the canine’s interests.  

4.4.2.1. Pet Informatics Beyond Physical Health 
This research was primarily motivated by an interest in determining what fac-
ets in a dog’s life-world are depicted in posts by dog profiles in order to gen-
erate new topics for ACI, and “quantified pets” in particular. Quantified pets 
is a logical continuation of the “quantified self”-movement where most as-
pects of human life are measured and quantified in order to “increase self-
knowledge by numbers” (Wolf, 2009). Given that humans have close relation-
ships with canines as well as a fascination for sensors and quantifications, it 
is not unexpected that animals close to humans are also involved. Their in-
volvement, however, is limited to physical activity and physical health.  

Content analysis of visual-verbal posts by dog owners pretending to be 
their dog identified and suggested other topics that could be meaningful quan-
tifications for canines. Most importantly we showed that canine quantifica-
tions other than physical wellbeing are possible (e.g. interest and joy in rela-
tionships with other dogs and humans, what they like and do not like to do, 
eat etc.). Similar to the findings from the study on leashed dog walking, the 
social relations of dogs with other dogs was also considered, as were their 
relationships with humans such as their owner, and other humans in their life.  

Quantifications could also be combined for more complex analyses and an-
imal understanding. New topics could be explored, outside the obvious idea 
of physical activities and health, which are of course also meaningful for the 
dogs, but welfare for animals can mean more than maintaining a satisfactory 
physical wellbeing. We need to remind ourselves that the animal welfare top-
ics most commonly referred to in ACI and elsewhere, are defined from obser-
vations of animals in captivity and intense farming. They are primarily used 
to give animals a decent and satisfactory life in such settings. Welfare issues 
other than mere basic rights could probably be defined, in order to “acquire an 
increase in their satisfaction” (Whitehead, 1929, p. 5). 

By using quantified information about their dog’s interests and so on, dog 
owners can adapt their life to become even more empathic towards their dogs 
and their lives. Animal-centered design does not have to involve animals in 
systems for their use (e.g. wearable vests, touch screen interactions), it can 
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encompass their interests and needs in more indirect ways. Changing the dog 
owners’ actions and making them more empathic to their canines needs and 
likes, is also a way to design for animals. ACI does not necessarily need to 
involve systems controlled by animals, through an animal-adapted computer 
interface. This would really be the greatest benefit for the animals in question. 
Just as owners can adjust the amount of exercise they take with their dogs 
based on, for example, pedometer data, they could adjust other aspects in their 
lives as well, to increase their pet’s satisfaction and meet their possible wants 
and needs. This is something they could do based on actual observations, but 
just as for the quantified self, it could reveal patterns that previously were un-
noticed. Given that the sensing technology provides reliable and valid data, it 
could also increase their kinesthetic and biographical empathy, as the quanti-
fication is about individual dogs. It is not species-specific on a general level, 
but is about animal per se. It could increase an owner’s empathic knowledge 
about their dog, which in turn could affect their interactions and encourage 
increased adjustment towards their dog’s interests and needs in everyday life. 

The idea of measuring physical activity and wellbeing can also be de-
scribed as the ethical responsibility of owning or taking care of a dog. Pet 
owners and caretakers have an ethical responsibility to make sure that “their” 
pets have enough physical exercise. Reliable systems measuring physical ac-
tivity and wellbeing could be valuable for facilitating different goals for dif-
ferent breeds, for personal use. One could also imagine making the data avail-
able for authorities dealing with the abuse of animals, similar to the idea by 
Carpio et al. (2017) regarding farm animals. Pet animals, just like farm ani-
mals, are captive creatures for which humans are responsible, but physical 
health is only one of many ethical aspects to consider, and only one aspect of 
animal wellbeing. Keeping a pet implies more ethical responsibilities than en-
suring the pet has a sufficient amount of physical exercise, as emphasized by 
Pierce (2016). 

4.4.2.2. Methodological Implications of Kinesthetic Empathy for ACI 
Shapiro’s idea of kinesthetic empathy (e.g. Shapiro, 1990) is of relevance for 
ACI and its task of understanding animals in order to design for them. There 
are already a few approaches in ACI that share similarities: Westerlaken and 
Gualeni's (2016) adaption of Haraway’s (2008) notion of “becoming with” to 
participatory design, and Mancini et al.'s (2012) interspecies semiotic ap-
proach.32 The former is based on autoethnographic reflections on two iterative 
design prototyping experiments in the context of games and playful interac-
tion. The authors propose that they are “becoming with” in this iterative pro-
cess of prototyping, evaluating and adapting the design based on the animal’s 
physical actions, responses and actions. It is thus framed more as a method of 

                                                   
32 Taking the approach of animals is briefly mentioned in ACI as “role play” by Mancini (see Zamansky et 
al., 2017) but it lacks methodological articulation. 
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increasing animal participation in the design process by “designing with” an-
imals, rather than taking a theoretical or analytical perspective, even if it is 
theoretically informed. Mancini et al (2012) argues that exogenous accounts 
of human-canine interaction cannot fully account for the contextualized mean-
ing of the relationship. They argue for integrating interviews with dog owners 
and the semiotic work of animal behavioral experts in order to understand 
dogs. That is, they make use of dog owners’ accounts of the animal and the 
interactions that they intend to design for. Their biographical empathy with 
their dogs is highly valued.  

Our case builds on a similar idea, but instead of drawing on interviews with 
owners, we draw on dog owners who pretend to be, and imagines life from the 
perspective of their canines. This is different to, for example, interviewing dog 
owners and letting them become the proxy for their dogs. Interviews allow 
owners to fall easily into already socially constructed perceptions and ideas of 
what dogs want and what systems they would like. In this case we analyze 
naturalistic accounts of dog owners pretending to be their dog, something 
which is rare elsewhere. These accounts are of course staged, but it is still a 
naturally occurring activity, which is studied and observed without the a priori 
constructions at hand. It has risks, as the seriousness of the dog owner’s en-
gagement in the activity can be questioned, but peeling away layers of anthro-
pomorphism to identify the core facets in a dog’s life can still reveal ordinary 
elements in those lives. This method can generate different topics and another 
type of knowledge, compared to interviews, but the question is the extent to 
which they are meaningful. This needs to be further discussed, and this could 
involve discussing the topics with the owners, or consulting their relevance 
for animals in the light of insights from animal science. We should be open to 
methodological creativity for understanding animals and their needs, and 
strive to dwell further into the presence of our new animal users and increase 
our empathy with them.  

4.5. Case V: Narrative and Rhetoric Interaction 
The fifth case builds on a rhetorical analysis of different types of social media 
posts. We have complemented the Instagram posts by dog profiles from the 
previous case, which only included photographs and captions, with posts in-
cluding statistical figures from FitBark sensor data: measurements of a dog’s 
physical activity and achievements. These are divided into posts with statisti-
cal visualizations of such numeric data alone, as well as in combination with 
photographs. We have investigated whether, and how, they differ in terms of 
narration and the use of rhetorical tropes (i.e. Burke, 1941). As in the preced-
ing case, this emphasizes animal-computer interaction as representations, that 
is, it does not involve animals in a direct and dyadic manner, and the focus on 
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language stresses the cultural and human dimensions of animal-computer in-
teraction. Analysis of the posts showed that posts including sensor data dif-
fered from those with only photographs. On an aggregated level, the former is 
juxtaposed with literal language, whereas the latter is juxtaposed with figura-
tive language and rhetorical tropes. We suggest that this difference reflects a 
struggle to make sense of sensor data. Our approach of applying a perspective 
on human language and rhetoric is also part of idea of creating a humanistic 
ACI and emphasizing humans in ACI. 

4.5.1. Theoretical Perspective: Rhetorics and Burke’s Master 
Tropes 
Rhetoric is the academic discipline that “examines the structure and uses of 
figurative language” (Danesi, 2017). There has been a “rhetorical turn” within 
several academic disciplines in the social sciences and humanities since the 
end of the twentieth century. This intellectual undertaking, which is also a 
discursive or constructionist turn, emphasizes “that social and cultural reality, 
and the social sciences themselves, are linguistic constructions. Not only is 
society viewed increasingly as a text, but scientific texts themselves are seen 
as rhetorical constructions” (Brown, 1990, p. 188). Language is “far from be-
ing merely a dress of thought, rhetorical forms are deeply and unavoidably 
involved in shaping realities. Form and content are inseparable. Language is 
not a neutral medium and our choice of words matters” (Chandler, 2007, p. 
1233). According to literary theorist Kenneth Burke (1897-1993) people are 
“symbol-using, symbol-making and symbol mis-using animals” (Burke, 1966, 
p. 5). Like many others he considered language the main differentiator be-
tween humans and other animals, however, Burke claimed something of a 
constructionist account of the human perception of reality as being filtered by 
language and viewed through terministic screens (Burke, 1966b). He reduces 
reality, or at least the human view of reality, to a “clutter of symbols” (Ibid. p. 
5), and claimed that it is “built up for us through nothing but our symbol sys-
tems” (Ibid.). Burke is a key figure in rhetoric who recently also received at-
tention within a post-humanist context (Mays, Rivers and Sharp-Hoskins, 
2017). Here, we are interested in his idea about the four master tropes, which 
he presents in A Grammar of Motives (Burke, 1969). 

Tropes, or rhetorical tropes, are “figures of speech that change the usual 
meanings of words” (Chandler, 2007). These rhetorical devices emphasize the 
figurative, which stands in opposition to the literal, where the meanings of 
messages are explicit and factual. There is a multitude of rhetorical tropes, and 
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Burke identified four of them as especially important or fundamental: meta-
phor, metonymy, synecdoche, and irony. He defined them as master tropes.33 
They shall be described more in depth below. 

A metaphor is a rhetorical device for “seeing something in terms of  
something else” (Burke, 1941). It means to relate and indicate an unantici-
pated similarity between two different things, for example, suggesting that a 
dog is like person. According to Burke, a metaphor can be substituted by per-
spective. They can help us to “tell something about one character as consid-
ered from the point of view of another character” (p. 504) and “involves the 
‘carrying-over’ of a term from one realm into another, a process that neces-
sarily involves varying degrees of incongruity in that two realms never are 
identical” (p. 504).  

Metonymy is related to a reduction and “involves using one concept to stand 
for another which is directly related to it or closely associated with it in some 
way” (Chandler, 2007). Its basic idea is “to convey some incorporeal or intan-
gible state in terms of the corporeal or tangible” (Burke, 1941, p. 424). Burke 
gives the example of speaking of “the heart” rather than “the emotions”. Just 
as with metaphors, metonymy is not restricted to written or verbal language, 
but can also be visual.  

Synecdoche most commonly refers to something being a part of something 
(e.g. saying “get your butt over here” when meaning the whole person). As 
with the former tropes, synecdoche can be visual, for example, close-ups in 
film, framing a part of the whole. In Burke’s notion of tropes, synecdoche can 
be substituted with representation.  

Irony is the most extreme of the tropes as it refers to an utterance that means 
the opposite of its literal signification. In Burke’s notion of tropes, irony can 
be a substituted by dialectic, as it involves contrasting opposing arguments or 
points of views. It is commonly associated with humor, reflectiveness, detach-
ment, skepticism, understatements and overstatements, and occasionally ex-
aggerations can transform into irony. Ironic utterances can in some cases be 
obvious and in other cases misinterpreted by assuming their literal meaning. 
Consistency in the interpretation of ironic messages as ironic can thus vary, 
especially in larger audiences (like those on social media) where different peo-
ple in the public have different understandings.  

4.5.2. Theoretical Considerations: Narrativity and Social Sensor 
Data 
In the preceding case we investigated what core topics that could be revealed 
in ordinary dog owners visual-verbal social media posts when imagining and 
                                                   
33 As noted by Chandler (2007), Burke was not the first to identify these as the most basic tropes. Peter 
Ramus (1515–72) and later Giambattista Vico (1668-1744) both identified these as “four basic tropes (to 
which all others are reducible)” (Chandler, 2007, p. 136). 
 



103 

depicting the lives of their dogs from their dogs' perspectives. As noted, these 
posts are quite often exaggeratedly anthropomorphic, and we have already 
made a statement about the narration of these posts. In the previous case, we 
ignored the style of writing and only looked for the topics that these kinds of 
posts covered visually and verbally. In this case, we were particularly inter-
ested in how they write in these posts, and their style of narration, with a par-
ticular interest in how they write about the sensor data measurements gener-
ated by the pet activity tracker FitBark. We refer to the sharing of this kind of 
sensor measurements as social sensor data.  

Building on the same Instagram posts as in case IV, which only included 
photographs from the dog’s lives, we have added two new data sets. These 
include posts with photographs in combination with sensor measurement data, 
and posts with only sensor measurement data and statistical visualizations. We 
have investigated how the captions of these different types of posts are written 
and rhetorically represented by ordinary dog owners. Previous research on the 
use of pet activity trackers focused on how dog owners use this kind of tech-
nology (e.g. Väätäjä et al., 2018) and their experience and reflections on this 
kind of technology (Paasovaara et al., 2011; Paldanius et al., 2011). But what 
they do with the data, and how they share it in social media, has not yet been 
explored. 

4.5.2.1. The Rhetorics of Social Sensor Data 
All posts were coded deductively in accordance with Burke’s (1941) master 
tropes. We identified the most dominant linguistic style in each post as the 
primary linguistic style. It was common that several styles were identified in 
the post, and these were coded as secondary styles. They were coded as either 
literal or figurative, and in turn divided into Burke’s master tropes: synecdo-
che, metonymy, metaphor and irony. We then analyzed the posts statistically 
to reveal patterns in how the sensor measurements of canines are rhetorically 
represented in social media. When comparing the different posts and the pri-
mary linguistic style, it was evident that linguistic styles (i.e. including tropes) 
were more common as the primary style for posts with only photographs, than 
for posts with either sensor data only, or combinations thereof (see Table 2). 
The results of a Chi-square test of association revealed that the association 
was statistically significant: Χ(2)= 23,355, p <.01.  

Table 2: Cross-tabulation between type of                                                                                  
social media post and linguistic style (N=86)* 

Data 
  

Primary Linguistic Style  
Literal Figurative Total 

Photo 5 (15,2) 24 (13,8) 29 

Photo & Sensor 22 (15,2) 7 (13,8) 29 

Sensor 18 (14,7) 10 (13,4) 28 
Total 45 41  
* Expected count in parenthesis. 0 cells (0,0%) have expected count less than 5. 
The minimum expected count is 13,35. 
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When looking at the distribution of rhetorical tropes in the figurative cate-

gory, we could see that the most common rhetorical trope for posts with photos 
only was synecdoche (15 posts), followed by irony (5 posts) and metaphor (4 
posts). None of these posts were identified as having metonymy as the primary 
linguistic style. In posts with sensor data only, the distribution was dominated 
by synecdoche (9 posts), followed by irony (1 post). No posts were identified 
as having metonymy or metaphor as the primary style. There was a more even 
distribution of synecdoche (4 posts) and metaphor (3 posts) for the posts with 
combinations of sensor data and photographs. None of these posts was identi-
fied with irony or metonymy as the primary style.  

Table 3: Cross-tabulation between type of                                                                                
 social media post and amount of styles (N=86)* 

Data 1 style Several styles  Total 

Photo 17 (18,9) 12 (10,1) 29 

Photo & Sensor 14 (18,9) 15 (10,1) 29 

Sensor 25 (18,2) 3 (9,8) 28 
Total 56  30  
* Expected count in parenthesis. 0 cells (0,0%) have expected count less than 
5. The minimum expected count is 9,77. 

 
Considering the number of linguistic styles identified in the posts: includ-

ing both primary and secondary styles, we could see (as Table 3 illustrates) 
that it was more common for posts with sensor data measurements (25 posts) 
to have single styles than several styles (3 posts). This was not the case for 
posts with photos only, where single (17 posts) and several styles (12 posts) 
were more equally distributed, with relatively high numbers for both catego-
ries. Single styles (14 posts) and several styles (15 posts) was also equally 
distributed for posts with combinations of photos and sensor data, but with 
slightly lower numbers. In other words, it was more common for posts includ-
ing photos, solely or in combination with sensor measurements, to be narrated 
with multiple styles. A Chi-square test of association indicated that this asso-
ciation was statistically significant: Χ(2) = 11,360, p <.01. We interpreted this 
as meaning that when photos are included in the posts, by themselves or in 
combination with sensor data, it tends to lend to the use of richer language and 
several linguistic styles of writing. 

When considering the distribution of the total number of linguistic styles 
(i.e. both primary and secondary) for all the different types of posts (see Table 
4), the vast majority was figurative (117 posts, or 62 percent), followed by 
literal (71 posts, or 38 percent). The most dominant rhetorical tropes in the 
figurative category were synecdoche (73 posts, or 62 percent), followed by 
metaphor (25 posts, or 21 percent), irony (12 posts, or 10 percent) and meton-
ymy (7 posts, or 6 percent). When comparing the distribution of total linguistic 
styles in relation to the different types of posts we could see that a figurative 
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style was more common for posts with photos, either by themselves (45 posts) 
or in combination with sensor data (45 posts), compared to literal styles (20 
posts and 26 post respectively). There was a more equal distribution between 
literal (25 posts) and figurative styles (27 posts) for posts with sensor data 
only. When secondary styles are included, the differences between literal and 
figurative are thus no longer as apparent as when only considering the primary 
style. The literal category is more or less equally distributed, as the number of 
literal styles for posts with photos increases when secondary styles are in-
cluded. There are just as many figurative categories of posts with combina-
tions of photographs and sensor data as posts with photos only. There are, 
however, fewer figurative tropes for posts with numeric sensor data only, but 
this is not as evident compared to the same analysis of the primary style in the 
posts.  

Table 4: Overview of type of social media post and linguistic styles. 

When distinguishing between the different figurative styles we can see that 
changes are explained by an increase in synecdoche for posts with sensor data 
only and for posts with combinations of sensors and photos (right side in Table 
4). We can also see an increase of metaphors for posts with combinations of 
photographs and sensor data. There are also small increases in irony and me-
tonymy for posts with photographs and for posts with combinations photos 
and sensor data. The use of styles other than synecdoche for posts with sensors 
is, however, still extremely rare.  

It seems that social media users apply different linguistic styles for inter-
preting and writing about photographs and numeric sensor data. Figurative 
language permeates the posts with photographs, whereas for numeric sensor 
data, as well as numeric sensor data in combination with photographs, a more 
literal style of narration is predominant. This is most evident when considering 
the primary linguistic style, which is the single style that is the most dominant 
in the post. This might be an important difference that increases our under-
standing of how this technology fits into the socio-cultural practice of dogs 
and dog owner, however, although the statistics seems clear, we indicate how 
it draws on the qualitative interpretation of what is a “primary” style in the 
post. Since sorting that out is not as clear as the figures might imply, we turn 

Data 

  

Total Linguistic Styles  
(primary + secondary)* 

Distribution of Tropes for the Figurative Style  
(primary + secondary)* 

Literal Figurative Synecdoche Metonymy Metaphor Irony 

Photo 20(5P, 15S) 45(24P, 21S) 25(10P, 15S)  3(0P, 3S) 8(4P, 4S) 9(5P, 4S) 

Photo & Sensor 26(22P, 4S) 45(7P, 38S) 24(4P, 20S) 4(0P, 4S) 15(3P, 12S)  2(0P, 2S) 

Sensor 25(18P, 7S) 27(10P, 17S) 24(9P, 15S) 0(0P, 0S) 2(0P, 2S) 1(1P, 1S) 

Total 71(45P, 26S) 117(41P, 76S) 73(23P, 50S) 7(0P, 7S) 25(7P, 18S) 12(6P, 7S) 
* Total linguistic styles (t), i.e. both primary (p) and secondary (s) styles, in bold. The exact number of primary and secondary 
linguistic styles are accounted in the parenthesis. 
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to other analytical results, in order to first establish whether this difference is 
found throughout our data, and the possible reason for it.  

If we only consider posts referring only to photos or only to sensor data, 
we see that the photos have double the number of references to figurative 
styles. We cannot see that sensor data is dominated by adjacent literal data, 
but it has an equal amount of figurative references. Again, there is a tendency 
for dog owners to use the linguistic styles of metaphor, metonymy and irony 
in relation to photos, as compared to sensor data. It is also evident that the 
most common figurative style, for both photos and sensors, is synecdoche. We 
suggest that this is due to the style’s similarity to the literal. It expresses some-
thing which is outside the photo or data, and which is not there in the repre-
sentation whether it is a quantified summary of steps or a photo. Table 4 shows 
the linguistic complexity of the posts, related to images and sensor data. The 
tendency here is that posts adjacent to images are more assembled than posts 
adjacent to sensor data. Since we have already seen that sensor posts most 
commonly have a literal primary style, we can conclude that there is a ten-
dency to post something that solely literal for sensor data. The questions are 
whether these differences are related, and in what sense. We suggest that there 
is a difference between images and sensor data in the way the dog owners can 
relate to them, or in other words, the ease with which they are interpretable 
and shared among their peers in social media. We suggest that photos are eas-
ier to make sense of for the person posting them, and also that this person 
expects others to be able to make sense of the photos. In the same way, sensor 
data representations are more difficult to make sense of for the handler, and 
this person expects that the public would also struggle to understand it. Such 
a hypothesis would be supported by the findings above. 

The dominant use of the literal linguistic style adjacent to sensor data could 
be understood as statements about how to read that data, that is trying to an-
swer the question of what the data shows. On the other hand, the figurative 
primary linguistic styles could be interpreted as taking this understanding for 
granted and then adding additional meaning. On a general level, it seems that 
photos standing by themselves and that sensor data is hard to understand and 
make sense of. The same tendency is visible, but much weaker, when all ref-
erences: both primary and secondary linguistic styles, are combined. Although 
not pursued in this analysis, it would be very interesting to analyze the rela-
tionship between primary and secondary referent. If there is a tendency for the 
primary style to come before the secondary, this might imply the same thing 
as stated first: that sensor data needs first to be explained. Currently, we have 
conducted no such analysis, however. The increased use of metaphor, meton-
ymy and irony when referring to photos, as compared with sensor data, seems 
to indicate the difference between photos and sensor data, as discussed above. 
The variation of complexity in the posts could be interpreted in the same way. 
When the dog owners expressed the literal sense of the sensor data, the subject 
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seems to have been exhausted. The intent seems to be just to explain the mean-
ing, or in other words, make the data intelligible. When that is done, the topic 
is finished. 

Taken together, we interpret this tendency as meaning that sensor measure-
ments are hard to grasp and more difficult to relate to life and culture. Sensor 
data seems more unintelligible than a photo. For example, it is a challenge to 
be ironical about a topic if it is incomprehensible, which leads to texts that are 
literal descriptions of the measurements. These findings are obviously of rel-
evance for this particular context of use, and these concrete sensor applica-
tions. Given the success of photos in social media, and the variation of tropes 
that show how such media is part of culture, however, we suggest that photo-
related texts can work as a sort of benchmark when evaluating other types of 
sensor data. That said, we are discussing a tendency in the material, and there 
is nothing in this study which indicates that the availability of cameras, accel-
erometers ad so on, determines the linguistic style.  

The availability of figurative tropes in these social media accounts adds to 
the discussion of the implications of quantifying technology. However, in our 
data, we find that the dog owners’ use of figurative tropes in accounts which 
only refer to quantification technology and sensors, indicates something else. 
As discussed, the primary linguistic style, when referring to sole sensor data, 
is literal. The owners do use figurative accounts in these cases, however, alt-
hough as secondary styles. Dog owners seem to add the “unmeasurable”, ra-
ther than forget about it. Figurative tropes are in some sense ways to add the 
things we did not measure. A synecdoche adds what is not in the measure-
ments, whether it is not in the picture or not in the sensor data. Obviously, 
metaphors and irony are also about something that isn’t quantified. The cap-
tions to the posts are about many topics other than “performance”. Altogether, 
these findings point to a form of use where people have not forgotten about 
other values in life than the “instrumental” or the performance of the animals. 
This small study cannot determine whether quantifying technologies has the 
general impact the author warns us about, however, investigating language 
within a broader framework give us an empirical approach to study such top-
ics.  

4.5.2.2. Towards a Humanistic ACI 
We have emphasized human language in relation to technology and social 
sensor data, and how it affects human-animal-sensor relations. This marks a 
shift towards culture and cultural analysis. Similar to the recent humanistic 
turn in HCI (e.g. Bardzell, 2013; Bardzell and Bardzell, 2015), we turn to hu-
manistic ideas to account for interaction in ACI. “Humanistic” in this context 
does not refer to the ideology of humanism (e.g. Althusser, 1965/2005), which 
involves human exceptionalism and anthropocentrism, rather, it refers to the 
academic discipline of the humanities, its epistemologies, methodologies, 
methods and theories. We add to the humanistic turn in HCI by showing the 
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relevance of a rhetorical analysis of linguistic styles. More importantly, we 
argue for a humanistic turn in the field of ACI.  

Unpacking both literal and figurative representations, is part of investigat-
ing the relationship and interactions between humans-technologies-canines in 
a broader framework: a framework that embeds the posts in human culture 
and social life, which is also a culture that affects the lives of animals in our 
presence. Human culture and use of technology affects animals’ lives. Rhe-
torical analysis increases our understanding of non-human lives in the com-
pany of humans. Language affects how humans perceive the world, which 
directs attention away from some interpretations and toward others (Rettberg, 
2014). The reading of sensor data measurements and their expressions in the 
interface, as standing for an instrumental culture, is conducted without, or with 
very weak, empirical studies. Defending human culture, at the same time par-
adoxically dismisses it by not studying it. Rettberg (2014) warns against a 
world where we are too interested in the measurable at the expense of culture. 
What we see in this study is very different. Figurative expressions are here 
mixed with the literal. If there is a challenge with the technology, it seems to 
be the struggle to understand what the data means. If we want to extend this 
to a worry, which we hesitate to do, it would be something like concern about 
a world filled with numbers that make no sense. All social media posts and 
data representations are, strictly speaking, a synecdoche. A photograph shows 
only a part of the whole, and also from a selected and restricted perspective. 
It involves decisions about what to include or exclude. The same is true for 
sensors and sensor data. Does the sensor measure the whole activity, only a 
fragment, or nothing at all? If it’s a fragment it is understandable that people 
have to add information and use tropes (i.e. synecdoche). 

This case reveals that the owners describe dog life in many different ways. 
Literate accounts were most common, along with the closely related synecdo-
che. We also find examples of other figurative ways of writing: metaphors and 
irony. This tells us that the posts are embedded in everyday language and cul-
ture. Sensor data is not only used as an objective description of the world, but 
as texts which conveys emotional and normative relationships. Specifically, 
figurative language expresses and adds to the data aspects of intimacy and 
enjoyment. All these things shape interactions between dogs, humans and the 
world. On a broader level, we suggest that the availability of such language in 
kinesthetic emphatic accounts should influence how we evaluate and value 
emerging quantified pet technology. Dealing with animal-computer interac-
tion is more difficult than with human-computer interaction, since animals 
can’t speak and inform us about, for example, the pros and cons of new digital 
services and functions. It is obviously important to test whether such technol-
ogy delivers objectively, what it promises to do. We need to understand 
whether a dog sits when the sensors says to do so (e.g. Kumpulainen et al., 
2018), but is it enough to evaluate the experiences and value of such media in 
terms of whether literate accounts of sensor data are objective or not? Is it 
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enough, in some sense, to test whether something is a “literal” description or 
a fake? How do we understand if new services contribute and fit with experi-
ence, intimacy, aesthetics and enjoyment, for example, in the relationship be-
tween humans and animals? We believe that language studies can offer inter-
esting theory and methods, as in this case when it reveals the abundant use of 
figurative linguistic styles. 

We have only framed a small portion of the potential of a humanistic ACI 
with this case, and would like to enable further investigations of its much 
broader disposal of methods and theories for investigating and understanding 
the sociocultural aspects of animal-computer interaction, especially in the con-
text of computing for pets, where the human-animal relationships and interac-
tion are most evidently framed in a human and cultural context.  
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5. An Interactional Prism 

“[T]hink in terms of a variety of viewpoints and in this way to let your mind 
become a moving prism catching light from as many angles as possible”. 

 

                                                             - C. Wright Mills, 1959, p. 214 
 

 
In the previous section we presented an assorted set of theories and empirical 
cases, emphasizing different forms and perspectives on animal-computer in-
teraction. It also included theoretical considerations of what a meaningful 
computer-interaction for animals could be, and how it could inspire design 
ideas for ACI. What binds these cases together, theoretically and empirically, 
is their characteristic of being more or less extreme and deviant in relation to 
conventional ACI and its ideas and topics. Together they will function as an 
interactional prism which will cast new light on how animals are, and could 
be, involved and conceptualized as interacting with computing. What comes 
out of the prism is a spectrum of interaction, from direct and dyadic to net-
works and representations. In this section, we will discuss our exploration of 
the boundaries of ACI in relation to its interactional focus and conventional 
core. This connects to the overall research strategy, where a multitude of the-
oretical perspectives, spawned from a maximum variation of extreme and de-
viant cases, is gathered in order expand the notion of interaction in ACI. This 
type of additive empiricism and theoretical pluralism intends to expand, prob-
lematize and ontologically open up the notion of interaction in ACI. The the-
oretical approach and the different perspectives will also be evaluated and we 
discuss the moral and ethical aspects of the thesis and its extended arguments.  

5.1. On the “I” in ACI 
This thesis set out to investigate and theoretically reconsider the notion of in-
teraction in ACI. The research questions all connect this in terms of: (i) how 
we should understand interaction in-between animals and computing, (ii) what 
kind of interactions animals would possibly like to have, and (iii) what theo-
retical and analytical perspectives are suitable for generating such an under-
standing. We have already considered how animals are involved and concep-
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tualized as interacting with computers within the realm of ACI. We have ar-
gued that the already established and conventional ideas of interaction in ACI 
has become a bit narrow and tends to be reduced to the interface. The different 
cases and theoretical perspectives from the previous chapter disclosed that 
other forms and perspectives of interactions are possible. In this section, we 
shall return to the conventional core of ACI, with the theories and theoretical 
considerations generated from our out-of-bounds excursion in mind, to pro-
vide answers to the research questions. The diverse set of cases and theories 
constitutes an interactional prism and consequently a spectrum of interaction 
(summarized in Table 5). We shall now use this prism to cast new light on 
ACI from different angles in an attempt to open up the field. 

Table 5: Overview of Theoretical Perspectives and Concepts, Forms and                 
Dimensions of Interaction, and Theoretical Considerations for Design 

5.1.1. Forms and Perspectives on Animal-Computer Interaction 
In the background section we argued that the notion of interaction in ACI 
tends to be narrowed down to the direct and dyadic computer interface. The 
computer becomes, to a large extent, a metaphor for the “I” in ACI. This is the 
standard idea of interaction in ACI (and likewise also in HCI from which the 
notion is inherited) and this concentration to the interface is visible in many 
research publications in the field (e.g. Zeagler et al., 2014; Mancini et al., 
2016; French, et al., 2017). Such framing of interaction is manifest and evi-
dently visible and can be measured. When reducing interaction to the interface 
it is easy to restrict focus to issues related to interspecies differences, e.g. in 
terms of biology, physiology and sensory abilities. Understanding animals on 
behalf of these aspects is crucial for designing suitable and species-specific 
computer interfaces for animals that fits their unique bodies and capabilities.  

The leashed interaction between canines and their handlers depicted in the 
first case of the thesis is similar to the idea of interaction in ACI. We have 
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referred to this idea of interaction as direct and dyadic. The interaction  
is dyadic as it concentrates on the dyad of animals and humans (compared to 
ACI where the focus is on the dyad of animals and computers) and direct as it 
instantly can be sensed instantly through the leash by both parties. It is similar 
to the tight connection between the animal and the computer interface, where 
the interaction is manifest and can be observed and measured. We use this idea 
of leashed interaction as a metaphor for conventional ACI and its concentra-
tion of interaction as direct and dyadic through interfaces with well-estab-
lished boundaries (i.e. the animal-computer). In that sense, the computer and 
its different shapes and modalities becomes a metaphor for the “I” in ACI. 
Each of the following cases can be seen as metaphors of a “looser interaction” 
and broader conceptualization of interaction, which is one out of several as-
pects of how we intend to “unleash ACI” and provide with a broader spectrum 
of what interaction in the context of ACI can imply.  

In the second case, we used Actor-Network Theory (ANT) in combination 
with Goffman’s notion on strategic interaction to account for the heterogenous 
interaction between boars, hunters and online mobile proximity sensor cam-
eras, which are described as non-dyadic, indirect and strategic. Thus, it dis-
closes interaction beyond direct and dyadic interfaces, towards a diffuse and 
complex form of game-like interaction that involve a conglomerate of hetero-
genous actants (e.g. boars, hunters, mobile proximity sensor cameras) in an 
asynchronously and spatially distributed network. Furthermore, it stresses the 
role of artefacts and technology in power relations and domination, and intro-
duce the idea of ontological symmetry which simultaneously accounts for both 
hunters and boar’s strategies in terms of program and anti-program. This idea 
of interaction can also be used for further problematize and understand ani-
mals’ involvement in interactive technology and user-computer interaction re-
search. The concentration on the animal-computer interface misses the bigger 
picture and that a human always are involved and that all forms of ACI is 
always multispecies. It all depends on how we frame interaction and choose 
to define its boundaries. In ACI, the boundaries of interaction are normally set 
between the animal and the computer. There are also design proposals that 
includes humans, but even here we can see a tendency of focusing on the ani-
mal-computer interface. It is for example visible in Resner’s (2001) idea of 
asymmetric interfaces which emphasize the need to “address the unique sen-
sory, cognitive, and motor skills of each creature” (p. 83). That is, even in 
these cases where the human is part of the system, the problem of designing 
for animals in these types of systems also tend to be reduced to the interfaces, 
and in turn also to biological, physical and sensory aspects of animal-computer 
interaction afforded by the interface. A focus on the interface is of course im-
portant for design, but the idea of interaction is much wider and other aspects 
beyond those that are present at the interface are also important.  

A substantial consideration from ANT is that the actors involved in the 
“interaction” are not treated as separate subjects or actors. They are networked 
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or associated together as actor-networks, and the separation or boundaries be-
tween them are not clear. The conception of actor-networks stresses that act-
ants and the network co-constitute each other simultaneously. If one of them 
changes it affects the other. Hence, ANT is interested not in the structure of 
the network, but in networking as an ongoing relational activity or process of 
which the involved actants are the effect. Goffman's (1971) notion of strategic 
interaction, as well as the thoughts provided by Machiavelli (1985), highlight 
better the calculative thinking and game-like aspects of interaction, where ra-
tional decision-making and strategic moves are of special importance. It adds 
a detailed focus on the game-like aspects of interaction. ANT in that sense is 
rather sparse in this regard, as it concentrates on the sociotechnical complexity 
and significance of things in an analysis of power, rather than on the strategies 
deployed. This is the strength of combining the two perspectives. It provides 
us with possibility to conceptualize and make visible interaction that is not 
direct and dyadic, which otherwise would be neglected in ACI. There is no 
clear and directly observable interaction, rather the interaction is networked 
over time and space, and involves multiple heterogenous interactants. The 
conceptualization of “interaction” in ACI does not either require the co-pres-
ence of the interactants. 

This offers a broader conceptualization of interaction than the standard ACI 
idea of interaction as equal to the interface. The boars are indirectly involved 
in interactive technology, not as “users” in a traditional ACI/HCI sense, nor 
as “usees” (Baumer, 2015), but they still attend to the technology and supports 
the rationality and idea of the system. It is perhaps so different compared to 
designs and interactional framings in ACI, that it by many can be questioned 
if it is ACI at all. There is no clear connection to the ACI principles of design-
ing for and with animals. However, it shows that animals are interacting with 
technology in many different ways, and not only in the shape of “users”, but 
still they are affected by technology and their sociotechnical landscape is dras-
tically changed. The way of interpreting both the animals and the humans in-
teractions as strategies and anti-strategies or programs and anti-programs can 
also be combined with the humanistic idea of subject positions (Bardzell and 
Bardzell, 2015b). As argued by Baumer and Brubaker (2017) such subject 
positions ”are relational, both exists because of and is defined by its relation-
ships within an ecology of other subject positions” (p. 6292). These authors 
strongly advocate a need to think beyond the categorization of humans inter-
acting with technology as users. This case, and the use of ANT, shows that 
animal interaction with computing in many shapes, and the categorization of 
animals as users delimits our attention to certain types of interactions and ne-
glects others. With a user-perspective on this empirical case we would con-
centrate solely on the hunters and their use of the proximity sensor cameras, 
and also from a limited point of view. Both humans and animals interact with 
technology in other ways. ANT provides us with a lens that makes visible and 
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accounts for the wider picture and how a diversity of heterogenous interactants 
assembles as actor-networks. 

In the third case, we considered non-human/non-animal computer interac-
tion by reflecting upon plants involvement in technology and what would hap-
pened if we applied to ACI principle of considering them as “users” to design 
for. The idea of plants as users is even more radical than the categorization of 
animals as users. Restricting our focus in a similar vein as in ACI, i.e. to plant-
computer interfaces and plant physiology, cognition and requirements, would 
almost be absurd. If we instead focus on asking what kind of interactions they 
would like, instead of finding appropriate interfaces, makes our agenda more 
relevant. From the ethnographic observations of people’s practices under the 
cherry blossoms we interpreted an adoration and fascination for the aesthetic 
dimensions of the pink blossoming, which also spreads online. This in turn, 
can be seen the plants way of disseminate and flourish by playing on humans 
desires (Pollan, 2002). The different species are making advantage of each 
other in what seems to be co-evolutionary harmony and symbiosis. It is a dif-
ferent type of interdependency then the more hostile version depicted between 
the boars and hunters from the previous case, which. Both types are also pre-
sent in our multispecies world which stress the complexity the world under 
study, 

In this case, interaction is framed as dissemination and puts focus on the 
survival of the species, rather than considering individual beings. It empha-
sizes a form of co-evolutionary and much slower form of interaction that is 
prolonged over decades and centuries. The idea of applying biological theory 
to the field of ACI, also engage considerations of what animal species ACI 
scholars choose to include or exclude and its co-evolutionary consequences 
for their survival and affluence under the principle of artificial selection 
(Darwin, 1866). Those animal species that are embraced by ACI and that are 
consider to have especially attracting and beneficial properties are perhaps 
those that will succeed best in terms of dissemination and reproduction in the 
new age of computing. It can explain the focus in ACI on animals that are high 
up on the sociozoological scale (Arluke and Sanders, 1996). The question re-
garding whom is using who, or if there is a symbiotic relation still remains. 
When comparing plants and animals’ involvement with technology, we can 
also consider if also animals can be considered as intriguing design resources. 
This case revealed that plants can be involved in computing as sensors, and 
the same idea can also be transferred to animals in ACI. Working dogs for 
example are used for their superior sense of smell (Mancini et al., 2015) and 
thus we can also think that animals are being used as a sensors. Are we perhaps 
designing animal-computer hybrids, where animals are used as part of the sys-
tems?  

The fourth and fifth case emphasize interaction as representations. It refers 
to visual snippets and verbal interpretations of canine everyday life as depicted 
by their caretakers pretending to be their dogs in in social media. This type of 
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staged representations is indeed a performance and obviously a form of hu-
man-human interaction as the public they write for is other humans (and not 
at least other humans pretending to be their dogs). But it is also a manifestation 
of human-animal interaction as it builds on caretakers emphatical accounts of 
their dogs and their everyday life which they materialize as social media rep-
resentations. It builds on situations shared between canines and their owners 
such as morning walks, playing in the park, resting, or chasing a dog friend. It 
is about capturing these moments with photographs and imagining and inter-
pret them from the dogs’ point of view. This type of interaction is, just as the 
interaction in all the cases in this thesis, far from conceptualizing animals as 
users of co-designers or interaction as direct and dyadic animal-computer in-
terfaces. Nevertheless, it is an ordinary form of how animals are involved in 
interactive technology which also can affect their lives. 

Even though the trustworthiness of the interpretations and seriousness of 
this type of activity can be questioned, they attempt to dwell into the perspec-
tive of other animals and look at for example the interactions between canines 
and their owners from the canine’s perspective. The practice of dog blogging 
shares similarities with Shapiros (1990) idea of kinesthetic and biographical 
empathy. The practice of blogging can also be understood as an exercise from 
which they can increase their empathy to their dogs and their lives. It can make 
them increase their thinking from the dog’s perspectives in everyday situa-
tions, and these reflections and images are also stored for even more reflection. 
It is almost like humans writing diaries to make reflections of themselves. 
Here they can reflect about their dogs and also about themselves as dog own-
ers from their dog’s perspective.  

We have moved our interactional prism around, inspecting it from different 
angles, and have let the different perspectives cast light on each other and 
conventional ACI. It has let us see a spectrum of interaction, from direct and 
dyadic to actor-networks and representations. Following the metaphor of the 
leash from the first case, each of the following cases, can be seen as an attempt 
for a more stretched-out and broader idea of interaction. As argued previously 
in this thesis, it matters where we draw the line of interaction and in how it is 
framed. The empirical cases, and likewise the theoretical perspectives gener-
ated from them, emphasize interaction beyond the limited view of interaction 
as equal to the interface and its established boundaries (i.e. animal-computer). 
With these cases and out-of-bounds ramblings, the ambition has been to trig-
ger new ideas and ontologically open up the standard idea of interaction in 
ACI.  

Reducing the notion of interaction to the animal-computer interface, which 
is the most classical way of framing interaction in ACI, will not take us far. If 
the field of ACI do not understand its limitations it will struggle to develop 
further. We will be stuck in e.g. designing interfaces for working dogs, tablet 
games for pet or chimpanzees in the zoo. The multispecies world we are deal-
ing with is complex and varied. The forms and ideas of interaction depicted in 
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this thesis acknowledge such complexity. There is, however, a need to further 
problematize this complexity with even more studies and investigations of 
other theoretical and analytical perspectives. We are not arguing that sugges-
tions generated from the different cases provides any final answers. Instead, it 
should be understood as a way if unpacking complexity, a task which is far 
from complete or exhausted (if it ever will be). 

In this thesis we argue for a shift to design networks instead of interfaces. 
This is perhaps even more crucial when dealing with a multispecies world and 
we need to design for both parties, this could be done simultaneously as de-
signing programs and anti-programs. Perhaps these should not be labeled as 
program and anti-programs, as it expresses that one program is better than the 
other. They might better be off just being labeled as programs, and different 
species have their own programs, sometimes they can in harmony with human 
programs (e.g. as the case of cherry blossoming) and sometimes in dissonance 
(e.g. boars). If designing networks instead of interfaces we could account for 
this complexity and designing for different multispecies programs simultane-
ously. We must also understand the time dimension of multispecies interaction 
and understand the action is not always there and then. The action is also pro-
longed over time which the case of the cherry blossoming reveals in the widest 
sense. Designing for networks and multispecies programs or anti-programs 
also demands an increased empathy with the others and increase understand-
ing of all involved interactants, which the idea of kinesthetic empathy strives 
to do by empathizing with the animals rather than just sympathizing for them. 
We must also try to understand their subjective lifeworld and seeing life and 
interaction from their perspective. This is indeed a challenge when dealing 
with other species whom we don’t share a common language with or whom 
we do not fully understand. One way of approaching this challenge is to focus 
on bodily language and expressions (e.g. as in the case with leashed dog walk-
ing), and this could also be interpreted over time by adding a biographical 
manner (e.g. as in the case with dog blogs) as in the approach of kinesthetic 
empathy. This also lets us understands animals as individuals beyond under-
standing them in terms of cognition and behavior, but understand them as in-
dividual beings with interests, needs and desires. 

5.1.2. Designing Meaningful Interactions for Animals 

“The art of life is first to be alive, secondly to be alive in a satisfactory way, 
and thirdly to acquire an increase in satisfaction” 
 

                                                                 – Alfred North Whitehead (1929, p. 5) 
 

We have asked what kind of interaction animals would like to have with in-
teractive technology (that is, if they want to be involved with technology in 
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the first place). First of all, given the theoretical contemplations and concep-
tualizations of animal interaction with technology presented above (as well as 
summarized in Table 5), we can question whether they want to, and neces-
sarily have to, be involved in direct and dyadic animal-computer interfaces, or 
what we have metaphorically defined as “leashed interaction”. This framing 
of interaction as concentrated at the interface is also strongly connected to the 
idea of the “user” and designing natural user interfaces for animals. This focus 
tends to reduce animal needs and requirements to questions of ergonomics, 
usability and wearability. 
 Meaningful interactions with technology for animals can take indirect 
forms. Animals does not have to interact directly with an interface that is de-
veloped to suit, for example, their biology, physiology and senses, for the in-
teraction to be meaningful. Creating meaningful interactions for animals does 
not have to be restricted to the computer or the so-called “interface”. What is 
meaningful for animals, thus risks being reduced to aspects of, for example, 
suitability or wearability. These are indeed important issues to consider, but it 
also reduces the greater potential of what a meaningful interaction for animals 
could be. Interaction can still be meaningful for animals even if they are not 
involved in a direct computer interface. 

Another fundamental aspect of what can be a meaningful interaction for 
animals concerns the topics and design ideas. How ideas and topics are gen-
erated in ACI is seldom, if ever, acknowledged or discussed in ACI publica-
tions. We have suggested that topics and ideas for design should be more 
firmly grounded in, for example, animal interests and desires on their own 
terms, and not solely for intrinsic anthropocentric purposes. Alternatively, it 
could be focused on solving their problems and troubles, as considered in re-
lation to the second case of ANT/strategic interaction and boar hunting. If we 
only focus on getting the interface right, it may limit what a meaningful inter-
action is to questions related to the interface, in a similar sense as discussed 
above. Suitable and appropriate interfaces for animals can of course be mean-
ingful for them, and it is indeed an important issue in certain contexts, but a 
“truly” zoocentric ACI, to the extent that is possible, also needs to include 
topics grounded more firmly in what may be important for animals on their 
own terms, and not mainly for anthropocentric purposes. This is epistemolog-
ically challenging, and we shall discuss these issues further in the next section, 
but at least we should be open to the idea. We can lean towards guidelines 
generated from animal welfare science, such as the five needs (Brambell, 
1965). As noted by Väätäjä (2014), these recommendations are minimal re-
quirements for animal welfare, and are not to be seen as “characterize[ing] the 
notion of the good life” (p. 2). These recommendations, and the many updated 
versions, are of course important, but it must be acknowledged that they em-
phasize extremely basic aspects that are important for every living species, 
and especially for animals in captivity (e.g. farm animals, zoo animals, and 
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also pets). The five needs were in fact developed alongside the scientific dis-
cipline of animal welfare science (Broom, 2011), as a reaction to the poor 
welfare of animals in captivity and intense farming in particular (see for 
example Harrison, 1964). It does not fully account for what a meaningful in-
teraction for animals is, and potentially can be, or what Väätäjä (2014) framed 
as “the good life”. Stolterman and Fors (2004) discussed and promoted the 
idea of seriously designing for “the good life” of humans. This also resonates 
with third wave HCI and its focus on culture, enjoyment, equality and so on. 
What constitutes a good life for humans, Stolterman and Fors conclude, is 
very difficult to define. Nevertheless, they argue that “we cannot yield to the 
important issues because we believe they are not researchable” (p. 691). The 
same statement is of course also valid for ACI, and perhaps even to an exag-
gerated level. As argued previously in this thesis, it is important not to take an 
agnostic position on the topic, but instead treat it as a thought-provoking and 
stimulating scientific problem. If we are genuinely interested in designing for 
animals we should also put our efforts in to investigating what kind of inter-
actions with technology animals would possibly like to have, and what could 
be meaningful for them, and emphasize the good life beyond the most basic 
levels. 

We could also see this in the light of Whitehead’s (1929) threefold idea of 
“the art of life” as quoted in the beginning of this section; these recommenda-
tions speak only to the second level of satisfaction: “to be alive in a satisfac-
tory way” (Whitehead, 1929, p. 5). The five needs and similar guidelines do 
less for “acquiring an increase of satisfaction” (Ibid.). Whitehead discussed 
how different animals adapt to the environment, and he argues that only higher 
forms of life actively interfere with the environment and engage with the third 
stage, the art of life, and that this can be interpreted as a will towards an in-
crease in satisfaction. Many ACI projects strive towards the second step in 
Whitehead’s (1929) art of life, and this  is also what most animal welfare ideas 
suggest.34 As a complement, ACI should also do its best to assist animals with 
the third level in the art of live: to acquire an increase in satisfaction, and not 
just letting them be alive in a satisfactory way. This thesis argues that ACI 
should engage in this critical task, and not limit itself to designs to let animals 
be alive in a satisfactory way. To some extent this might be visible in the de-
sign of playful interaction (Wirman and Zamansky, 2016) and digital games 
for animals (e.g. Pons et al., 2014), but, there must also be more to what de-
fines a good life for animals than games. There must be other topics that still 
are waiting to be identified.  

This thesis is committed to the task of investigating such topics and the 
interactions with technology that animals would possibly like to have. To do 
                                                   
34 E.g. The United Kingdoms’ Animal Welfare Act 2006 which defines five needs: (i) need for a suitable 
environment, (ii) need for a suitable diet, (iii) need to be able to exhibit normal behavior patterns, (vi) need 
to be housed with, or apart from, other animals, and (v) need to be protected from pain, suffering, injury 
and disease. Retrieved 2019-09-25 from: http://www.legislation.gov.uk/ukpga/2006/45/contents. 
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so we need to understand what animals would possibly like have in order to 
increase their satisfaction. This is a difficult challenge given interspecies bar-
riers and the risk of anthropomorphic interpretations and bias. Currently, ani-
mal needs in ACI are to a large extent limited to meeting their needs in a priori 
defined design ideas in which they are considered participants and co-design-
ers in an iterative design process. Designing for is to a large extent discrimi-
nated upon, on behalf of designing with. Although designing with also implies 
designing for, it does not fully take account of animal needs on their own 
terms. Some attempts towards a presumably zoocentric ACI have been pro-
posed (e.g. Hirskyj-Douglas et al., 2017), and others point towards the diffi-
culties of such approaches to an almost agnostic position (Lawson et al., 2016; 
North, 2017). Instead of avoiding or giving up on the issue, we should keep 
an open mind and investigate the wider availability of resources for the ambi-
tion of sincerely developing interactive technology and design for animals.  

We have approached the challenge with theoretical investigations grounded 
in empirical observations of animal life and interaction in situ.35 From the the-
oretical considerations of the different cases we have suggested several topics 
and ideas for design beyond the scope of conventional ACI (summarized in 
table 5). From the ethnomethodological study on leashed human-dog interac-
tion we proposed the idea of designing technology that supports the intraspe-
cies social life of canines, and the argument could also be extended to other 
animals as well. This included a loose design idea supporting a dog’s social 
life by giving their caretakers access to information on the dogs’ curiosity in 
other dogs by making visible the invisible scent-universe of the dogs in the 
city, which includes an abundance of other canines. The intraspecies social 
life of animals is to date an absent topic in ACI. We have suggested the po-
tential for ACI to reconfigure animal city life. 

In the study on “dog blogs” we studied the empathetic accounts that ordi-
nary dog owners made of their dogs on social media in order to generate topics 
for quantified pets beyond measuring physical health, for example, with an 
accelerometer and gyroscope. We suggested that other sensors could be used 
for measuring topics concerning with the relational, situational, inner, and en-
vironmental facets in dogs’ lives. As did the case of leashed dog walking, this 
study also indicated the topic of designing for the social lives of canines, both 
in terms of intraspecies social life but also in relation to other humans. Instead 
of focusing on scent, this study proposed quantifying the relationships with 
other dogs, and even the different humans in their lives, or with other objects 
                                                   
35 The understanding of animal needs in ACI is heavily informed by animal welfare science and participa-
tory design approaches. To some extent ACI is equal to participatory design and its intent to design for 
animals by designing together with them, i.e. treating them as active co-designers and participants in design. 
Despite the significant potential of this work, it tends to discriminate on the “designing for” on behalf of 
“designing with”. This implies that animal needs are commonly restricted to responses to a priori con-
structed design ideas in a limited set of domains (e.g. digital enrichment for captive animals, systems for 
canines in animal assisted activities), or to providing responses to design proposals in iterative design pro-
cesses which are interpreted as requirements. 
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in their life. Topics could also involve quantifications of the physical sur-
roundings, weather conditions, their relationship to food, or treats, as well as 
physical artifacts that are meaningful in their lives. It could also involve con-
textual information about different situations and activities. Information on 
activities and events could be identified and measured by analyzing combina-
tions of different sensor data, for example, whereabouts and movement pat-
terns, to identify a specific activity such as dock diving or dog-dog play. Alt-
hough mental activity and describing what the dog thinks, is common in the 
dog posts, it is beyond the scope of present technology to quantify them. 
Nonetheless, measuring a dog’s attitudes towards, for example, activities, 
places, or social relations, would of course be fruitful knowledge for the dog 
owners. It is perhaps a combination of sensor data that could lead to the most 
interesting understanding of individual dogs and increase the owner’s empa-
thy for them, which would also increase the chances of them adapting to the 
specific interests of their dog. So far, we have only discussed the needs of pet 
dogs, but the considerations above, such as design for dog-dog interaction, 
could also be applied to other animals. It would also be meaningful for pet 
dogs, however, as their relationships are most commonly articulated as the 
tight bond between themselves and their owners, even if their social life is 
much broader. A broader use of sensors could potentially increase our under-
standing of animals and their likes and preferences, especially by combining 
sensor measurements and analyzing how they correlate. 

We exposed the complex human-animal interdependencies and conflicts 
between boars and hunters using theoretical considerations based on ANT and 
Goffman’s notion of strategic interaction on proximity sensor cameras in boar 
hunting. In terms of animal wants and needs this case found that the needs of 
animals can be revealed in conflicts. There are many examples of struggles 
between humans and other animals. Are there possibilities to overcome or de-
crease such challenges with interactive technology? What and how could ACI 
work to solve these kinds of interspecies challenges? This case reveals that 
animal needs and interests can conflict with human needs and interests. Would 
it be possible to solve or decrease such conflicts of interest with the help in-
teractive technology? To what extent can technology facilitate mutual inter-
species life on the planet where humans and animals live in harmony with 
each other? As with ACI, most cases in this thesis also focus on dogs, and pet 
dogs specifically, but two cases emphasize more discriminated categories of 
species, namely wild boars and cherry blossom. These species are on the one 
hand defined as pests or vermin (i.e. boars) and on the other neglected as 
barely being alive or being reduced to the margins of the margins (i.e. plants).  

Only thinking about needs and perhaps even demands, we tend to reduce 
the question of what a meaningful interaction for animals might be. When 
thinking about what needs are most important for animals we tend to think in 
a similar vein as outlined in Abraham Maslow’s (1943) hierarchy of needs. 
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This theory classifies and orders different needs and their importance for hu-
mans. According to theory it is only when lower order needs are satisfied, that 
higher order needs become relevant and important to consider. At the bottom 
of the hierarchy we find basic needs, which consist of physiological (e.g. food, 
water, warmth, rest) and safety (e.g. security) needs. In the middle we find 
psychological needs, such as the need to belong and love (e.g. intimate rela-
tionships, friends), as well as the need for esteem (e.g. prestige, feeling of ac-
complishment). On top of Maslow’s hierarchy of needs for humans we find 
self-fulfillment needs including self-actualization (e.g. achieving one’s full 
potential, including creative activities). Interestingly, we can see that many of 
the efforts in animal welfare science are heavily concentrated on the lower 
level needs, and to some extent perhaps the second order or psychological 
needs.36 

Designing meaningful computer-interactions for animals is not only a ques-
tion of understanding animals in terms, for example, of their biology, physi-
ology, behavior, interests, needs and desires, and embodying them in interac-
tive technology. We cannot focus only on the A in ACI to create meaningful 
interactions for animals. We also need to consider the I, the notion of interac-
tion. The idea of interaction becomes merely a metaphor for the computer, or 
the C in ACI. Most attention is given to the interface, with the consequence 
that we focus on getting the interface right. On a more fundamental level, it is 
also about the interactional circumstances and the forms and prerequisites of 
interaction. When carefully considering what kind of interactions we would 
like to have as humans, we do not limit our thoughts to interests and so on, but 
also include, for example, our role and function as actors in interactions, 
power-relations and the social structure of interaction. We should also con-
sider animal interactions with technology in a similar sense. Framing the topic 
in terms of what kind of interactions animals would like to have with interac-
tive technology, and the interactions they may want to have among themselves 
through and with the technology, instead of solely considering animal’s wants 
and needs, provides a broader framework for reflecting on how to involve an-
imals in interactive technology.  

5.1.3. Assessment of Theoretical Approach and Perspectives 
This section will evaluate the suitability of the different theoretical perspec-
tives for investigating and increasing understanding of animal interaction and 
interests. It relates especially to the third research question of the thesis (RQ3). 
It also involves an assessment of the overall theoretical approach for the task 
at hand. As opposed to the many design approaches in ACI (e.g. participatory 
                                                   
36 Maslow’s psychological theory of needs has also been applied and developed in sociology, e.g. Sirgy’s 
(1986) quality-of-life theory. He stresses a difference between “developed” and “less-developed” societies. 
The former type of societies, and their institutions, are concerned with fulfilling the higher order needs, 
while the latter are still struggling with lower order needs. 
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design, research through design, speculative design, design fiction) this thesis 
has taken a theoretical approach to the question of what kind of interactions 
animals would possibly like to have with interactive technology. We have sug-
gested that theoretical contemplations on animal interaction in situ may be one 
way forward for generating and reflecting upon zoocentric topics and insights 
for design. That is, instead of starting by building and designing around a pri-
ori defined topics and ideas, we should do more to add to our understanding 
of what topics and ideas may be meaningful and desired by animals. This ad-
vocates a slower procedure and the idea that we also need to think, and think 
as broadly as possible. This is where the pluralistic theoretical approach be-
comes vital. Theoretical perspectives on the notion of interaction are im-
portant in being able to reflect on what type of interaction animals might like, 
and how this can be accounted for in design. 

We have argued for as broad an arsenal of theoretical and analytical per-
spectives as possible, where as many theoretical and methodological resources 
as possible are explored. This commission shouldn’t end with this thesis. The 
empirical studies and theoretical perspectives in this thesis are not in any way 
proposed as ultimate solutions, but part of an additive and pluralistic research 
program. It is thus necessary to continue investigating other theoretical and 
analytical perspectives and methodological approaches to provide an extended 
interactional understanding and get closer to ideas of what kind of interactions 
and functionalities animals would like to have with computing. The objective 
of this work has primarily been to ontologically open up and broaden the no-
tion of interaction in the context of animal-computer interaction. It seems that 
no matter what theory we introduce, it always adds new reflections and in-
sights. We thus argue for remaining theoretically open, and introducing and 
testing other theories as well. 

Transferability is a central aspect of this thesis, as it is based on the princi-
ples of empirical diversity and theoretical pluralism, based on a maximum 
variation of extreme and deviant cases. Transferability is seen as a qualitative 
alternative to the quantitative and positivistic quality criteria of generalizabil-
ity (e.g. Krefting, 1991). It stresses the idea that qualitative research must be 
assessed and evaluated due to the situational uniqueness of the particular case 
under study. The idea of generalizability is thus irrelevant and the findings 
from this thesis are not to be considered “generalizable” to all forms of animal-
computer interaction. Rather, the ambition has been to broaden and extend our 
thinking about interaction in ACI and to open up new and previously unimag-
ined dimensions and topics of interaction that could be meaningful for ani-
mals. The theory should not in any sense be considered the final explanations 
or “right” perspectives on how the question of interaction (i.e. what it is and 
could be) should be understood. As stated previously, theory in this thesis is 
used in a generative means, as a way to “open up new possibilities for thinking 
and doing” (MacLure, 2010, p. 277). We have used theory as a way of thinking 
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and inspiring ideas for design. Transferability can perhaps be better under-
stood as an analytical procedure or technique (rather than a means of quality 
assessment) in which the cases are tested or discussed in relation to conven-
tional ACI. There is an analytical value both when findings between cases 
correlate and resonate with each other, and when they don’t. The latter is also 
the very idea behind the thesis, which relies on the approach of additive em-
piricism and theoretical pluralism. We have intended to think as broadly as 
possible in order to open up the field, and generate discrepancies in relation to 
ACI for a broader idea of interaction and what interactions animals would 
possibly like to have. It follows the idea of Feyerabend (1970, 1978) to create 
a market of competing ideas or theories where far-out ideas are the most re-
warding for scientific development. This is also a benefit of the heterogeneous 
approach advocated in this thesis. 

We have also, which is perhaps most central for the thesis, used theories to 
rethink animal-computer interaction. We have not been interested in simply 
applying these theories to ACI. Rather they can be seen as engines for reflec-
tion, where parts and pieces of the perspectives can be used as a source for 
novel reflections. We use theory as a “way to think with” (Jackson and 
Mazzei, 2018). That is, we use theory “not to exhaust possible explanations 
but to open up previously unthought approaches to thinking about what is hap-
pening in our research sites and encounters” (Ibid., p. 720). What these cases 
and theoretical perspectives bring back to ACI is thus of special importance. 
We have proposed alternative theoretical perspectives on the notion of inter-
action, which lets us see ACI through different eyes. The idea has never been 
to determine which one of these is right, or to evaluate which perspective is 
more correct than another. The perspectives are full of contradictions, and we 
don’t believe that one is better than the other. They stress different aspects of 
interaction which expand our thinking. We have tried to investigate the “I” in 
ACI from different perspectives and actively tried to unravel previously un-
thought or neglected aspects and ideas of interaction, because, the multi-
species world of animals and humans, with or without interactive technology 
is a complex world. We need to think as broadly as possible, stay open to 
interpretation and not limit our thoughts to just a few theories or methods. 
Heterogeneity is preferred and it is also part of our overall research strategy. 
The different perspectives unpack different dimensions of interaction that all 
seem to be meaningful for understanding our multispecies social world. 

The different perspectives are useful in different ways and in different sit-
uations. They have different potentialities. As argued by Goode (2007), eth-
nomethodology is especially useful for “analyzing interactions between indi-
viduals with very different bodies and bodily potentials” (Ibid., p. 12). At the 
same time this is a limitation, as it restricts focus to manifest and thus direct 
interaction. The attention to bodily expressions is also present in Shapiro’s 
(1990) kinesthetic empathy. This approach also emphasizes an empathy for an 
individual animal’s biography. These approaches can strengthen each other 
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by being combined. Looking at animal responses to the same phenomena or 
object over time provides a better knowledge of their interests and intentions. 
ANT is perhaps the approach that most broadly lets us rethink the boundary 
of interaction. Is it restricted to just the animal and the computer at the inter-
face, or should the humans involved also be considered part of the interaction 
or actor-network. It is also useful for analyzing power relations and sociotech-
nical structures, which seems to be a relevant aspect in the complex world of 
multispecies-computer interactions. Biological theory of dissemination and 
co-evolution between humans and plants can also be applied to humans and 
animals in ACI. It strengthens the argument that animals that are most useful 
and appreciated for humans have higher chance of being involved in ACI, and 
that there is a bias in selecting which animals that should be included. This 
aspect of anthropocentrism is already acknowledged and perhaps not a novel 
insight, but it might help us to better articulate such thoughts.  

The findings of this inquiry can also enable us place HCI in perspective and 
also have implications for this field. As anthropologist Loren Eisley once put 
it: “One does not meet oneself until one catches the reflection from an eye 
other than human” (Eiseley, 1964, p. 24). Shifting the focus on who we are 
categorizing as users can show the fractures in HCI and add to recent debates 
in the field, for example, the notion of the “user” (e.g. Baumer and Brubaker, 
2017) and “interaction” (e.g. Taylor, 2015; Hornbæk and Oulasvirta, 2017). It 
has been noted that HCI can benefit from ACI, both in terms of design and the 
development of novel interfaces for animals (McGrath, 2009), as well on a 
theoretical and methodological level (Mancini, 2013, p. 2232). Adding ani-
mals, and even plants, which is even more extreme, forces us to think in new 
ways and to design differently, and can thus assist in pushing the boundaries 
for HCI and IxD. Animals, and even plants, are in that sense “good to think 
with” (Lévi-strauss, 1964). It invites us to rethink what we mean by interac-
tion, and what we mean by categorizing the actors who participate in it. Inter-
action isn’t merely about what happens at the interface between established 
boundaries (e.g. human-computer or animal-computer), but about how these 
boundaries are enacted in ongoing and situated ways, and between a complex 
ensemble of actors. Interaction is always wider than what goes on in close 
relation to the direct and dyadic interface, or where the action, so to speak, is. 
We have argued that all ACI is multispecies, as there is always a human in-
volved. The ANT lens on interaction provides a means to frame interaction 
more broadly and adds complexity to who, when and what is included in the 
interaction (i.e. the actor-network). This kind of complexity is also present in 
HCI, and always has been even if we rarely acknowledge it when we stick to 
the interface (Taylor, 2015). The emergence and the rethinking of animal-
computer interaction as multispecies-computer interactions forces us to em-
brace this kind of complexity and put it at the forefront of thought.  

The different cases in the thesis can also help us to rethink what we mean 
by a “user”. The idea of the user is closely related to the concentration of the 
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interface. As argued by Baumer and Brubaker (2017), conceptualizing hu-
mans as users, or “user-ifying” them, is the most common way to account for 
the H in HCI (p. 6291). ACI has to a large extent followed this trend of broad-
ening the scope of users by adding animals to this category, which have re-
cently become a subject for criticism. None of the cases depicts the involved 
animals, or plants, as users of technology in a traditional sense, however. They 
show that animals are also involved in other forms of interactions with tech-
nology that affect their lives in various ways. Limiting our view of animals to 
categorizing them as “users” forces us to some extent to limit the idea of in-
teraction to the interface, where the computer becomes a metaphor for the in-
teraction with its different modalities.  

5.2. A Call for Curiosity and Methodological and 
Theoretical Creativity 
Understanding what kind of interactions animals would like to have with in-
teractive technology is indeed a challenge and epistemologically and method-
ologically difficult. It is easy to take an agnostic position. Instead of avoiding 
or giving up on the issue, we should at least keep an open mind and investigate 
a wider availability of resources for the ambition of sincerely developing in-
teractive technology and design for animals. In order to unleash the full po-
tential of ACI we need to preserve an empirical curiosity, and a methodologi-
cal and theoretical creativity and openness. 

We have argued that a large corpus of ideas and topics involve a priori 
defined agendas and ideas serving anthropocentric causes (e.g. Zeagler, et al., 
2016; Robinson, et al., 2014a; Mancini et al., 2015; Valentin., et al., 2015; 
Jackson and Gilliland, 2018). Even those accounts that have criticized ACI for 
being anthropocentric (e.g. Lawson et al., 2016; North, 2017) and likewise 
argued for a more zoocentric alternative, tend to ridicule and make ironic the 
topic of truly designing for animals to an almost agnostic degree. North (2017) 
even states that his design speculations about meaningful systems for horses 
are not serious proposals. Rather they are “thought experiments, illustrating 
the inherent danger in trying to co-design with the voiceless” (p. 1). Instead 
he proposes the importance of understanding animals’ species-level behavior 
and their underlying intentions (what he calls the animals ethology) in combi-
nation with animal welfare recommendations such as the five needs. This is a 
reasonable and legitimate path, but it is not the only way forward. Animal 
welfare recommendations and guidelines were originally formulated within 
the context of intense livestock production in the 1960s as a response to the 
poor welfare of animals (Harrison, 1964; Brambell, 1965). They describe the 
minimal level of what captive animals would like and need to ensure a funda-
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mental or decent level of welfare. They aim at protecting animals from unnec-
essary suffering and ensuring an ethical responsibility for keeping animals in 
captivity. This is of course also important for ACI, and the field has shown 
potential regarding how technology can be used for such purposes, for exam-
ple, in terms of monitoring physical wellbeing, but why should the field of 
ACI be reduced to basic needs of animals, and to some extent develop as a 
subfield to animal welfare science? ACI has the potential to be and do some-
thing more. Animal wellbeing should of course always be central for ACI, but 
we should also consider what ACI can be beyond this, and do our best to re-
flect upon what we can do for animals to increase their satisfaction. To borrow 
from the words of Whitehead (1929, p. 5) and his idea of the art of life, we 
should not limit ourselves to designs for keeping animals alive in a satisfactory 
way, but we should also strive to increase their satisfaction. 

In this thesis, and through the different cases as examples, we have argued 
for always looking for more and adding to our understanding of the kinds of 
interactions that animals would like, and what we mean by the idea of inter-
action in ACI. We have tried to emphasize what more ACI can be and what 
else a meaningful interaction could be. In a similar vein to Vinciane Despret 
(2016), we should look for the condition that could be created for something 
more to happen. We should think more broadly and ask ourselves what kind 
of interactions animals would possibly like to have with interactive technol-
ogy. This is a wider question than asking what kind of interface is suitable for 
animals to use. As Howard Becker (1998) put it when expressing the need for 
more creative sociological thinking and the avoidance of convention: “we 
need ways of expanding the reach of our thinking, of seeing what else we 
could be thinking and asking, of increasing the ability of our ideas to deal with 
the diversity of what goes on in the world” (p. 7)  

We have urged more novel and curious empirical and methodological work 
that does not restrict ACI to a priori defined topics and ideas for design, but is 
interested in looking at what else ACI could be. This is especially evident in 
the first case of the thesis (but also in the third and fourth cases, albeit perhaps 
less so in the second and fifth case). To develop a more zoocentric ACI we 
should also let the topics themselves emerge from careful empirical consider-
ations in combination with theoretical contemplations, rather than being a pri-
ori defined and decisive for what to study and how. We need to bracket or 
exclude a priori design ideas and topics. All the cases in this thesis were se-
lected on a similar premise and because they involve settings that haven’t been 
covered in the field.37 We also believe that these settings are interesting and 
that they can reveal something interesting and useful for ACI in terms of de-
sign ideas or reflection.  

                                                   
37 North (2017) had a similar idea, as he calls for “avoiding the unconscious projection of personal priori-
ties” (p. 4). It is, however, unclear to what extent he succeeds as the design fictions are mere subjective 
speculations without scientific empirical grounding and become simply ideas which emerged from his head. 
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Some projects do explore animal needs on their own terms (e.g. Hirskyj-
Douglas, Read and Cassidy, 2017), but such attempts are, strangely enough, 
rare in ACI, despite its treatment of animals as the new users to design for and 
with. This might be due to the severe challenge involved in the task. It can 
even be considered as impossible which makes it easy to take an agnostic po-
sition on the topic, or to settle with the most basic animal needs. In order to 
take the task of design for animals seriously we should at least be open for that 
other topics can exist. We argue that dealing with the task demands a pre-
served curiosity and a more bold and creative procedure. Rather than armchair 
speculations and design fictions, we have demonstrated that such ideas can 
and should emerge from naturalistic empirical studies and theoretical contem-
plations of animal life and interaction in situ. This demands creativity in terms 
of both topics and methodological approaches. Knowledge about what ani-
mals like and desire does not easily lend itself to scientific inquiries, it also 
needs analysis, theoretical contemplations and reflections related to what ani-
mals possibly want and how they could benefit from interactive technology. 

We have studied ordinary animal (and plant) life and interaction in situ and 
from these empirical observations, in combination with theoretical reflections, 
in order to make brave attempts to at least get closer or start to reflect upon 
what kind of interactions and systems animals would possibly like to have, or 
what could benefit them in their lives. This demands a larger proportion of 
methodological creativity and a choice of topics compared to solely arm-chair 
speculation. It demands that we go out in the world and study these users in 
their environments in creative ways, similar to the creativity that many exper-
iments in animal science have shown. Instead of starting with a design idea or 
topic, we could go out into the multispecies or animal world as a tabula rasa, 
and strive to add and generate ideas of what a meaningful interaction could 
be. Naturalistic approaches, such as ethnomethodology and ethnography, can 
be especially rewarding as they offer attempts to observe reality as it is without 
any a priori design agenda, but we also need to be creative in terms of finding 
and investigating interesting settings, and findings ways to approach them 
through empirical studies.  

5.3. Ethical and Moral Considerations 
As a field, ACI is very aware of the ethical issues of involving animals in 
research, and involves several guidelines and considerations (e.g. Väätäjä and 
Pesonen, 2013; Grillaert and Camenzind, 2016; Mancini, 2017), especially 
when it comes to how they are involved in design as participants and co-de-
signers. ACI is a relatively political field with the intention to make something 
good for animals and the urge to treat them as stakeholders in design, and to 
increase their engagement in the design process. Still, the extent to which ACI 
research is beneficial for the animals can be questioned, or whether it simply 
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fulfils human utilitarian agendas or desires (e.g. Hirskyj-Douglas and Read, 
2014; Lawson et al., 2016). Such arguments contain fundamental ethical and 
moral concerns that are recognized in the field, but little discussed, and there 
are few suggestions for overcoming them.  

The ethical position in this thesis is much in alignment with Gruen’s (2015) 
alternative idea of animal ethics as entangled empathy. She argues for a shift 
of attention from a focus on animal rights towards making our relationships 
with animals right by “empathetically responding to their needs, interests, de-
sires, vulnerabilities, hopes, and unique perspectives” (Gruen, 2015, p.). In 
this thesis we have, in a similar vein, argued that design ideas concerning in-
teractive technology for animals should be grounded more firmly in animals’ 
own interests and needs on their own terms, and not exclusively for intrinsic 
anthropocentric purposes. Animal needs should not be restricted to a question 
of, for example, usability, wearability or other requirements at the interface. 
These are of course important issues for the development of technology for 
animals, but the specific topics when it comes to designing for animals can be 
more zoocentric. knowing what kind of interactions animals would possibly 
like to have with interactive technology is a severe challenge. And who are 
we to decide what is meaningful for animals and what interactions meet their 
needs and interests in the first place? No matter how we proceed, it will always 
be a form of ventriloquism. We argue for grounding design in animal needs, 
interests and desires, and provide different theoretical and methodological ap-
proaches for observing and interpreting animal interaction, in order to inves-
tigate and try to get closer to an empathic understanding of their ordinary 
needs. This can of course include close dialogue with theories and findings 
from animal science, and the best available knowledge we have of our ani-
mals, but we also need to investigate what this could imply for the particular 
purpose of our own task, as this purpose is different from understanding, for 
example, their behaviors and cognitive abilities, and should focus on some-
thing more than just a basic level of welfare. 

An ethical dilemma also arises in terms of the extent to which the theoreti-
cal considerations and loose suggestions of topics and ideas for design are 
valid and accurate interpretations of animal interest and concerns, or if they 
are mere anthropomorphic accounts. Instead of directly involving animals in 
design interventions, which is essential for ACI research, this theoretically in-
duced inquiry takes a slower and more reflective approach with regard to how 
other animals are and could be involved in interactive contexts supported by 
digital technology, and its possible unintended consequences. There is ethical 
value in such reflective accounts. The idea is not only to take a critical stance, 
but also to inform design by providing theoretical insights. Such reflections 
can in turn also lead to new design and technology usage that can also lead to 
unintended consequences that can be both positive and negative for the ani-
mals. It would be naïve to consider this research as not having any ethical or 
moral implications. It is, therefore, important for readers taking part in, or 
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gaining inspiration from the insights and contributions in this research, to 
maintain a critical perspective and consider both the intended and unintended 
consequences of the system or application being developed, and its impacts 
on the lives and position of animals in the society. There is, of course, a pos-
sibility that we will interpret animal needs and desires incorrectly, and that the 
design ideas are biased from a human perspective. This is difficult to know 
and would need to be further investigated, however, it is necessary to continue 
to investigate and consider the kind of interactions that animals would possi-
bly like to have with technology, and also whether they want technology at 
all, in the first place. At least we constantly need to reflect on the kind of 
interaction that we design for non-human animals and other non-human be-
ings and how it affects them on an individual as well as long-term and struc-
tural basis; that is, how it affects them as individual species and beings, as well 
as their roles and positions in our multispecies society. We must ask ourselves 
what multispecies worlds and societies we want to create, and consider the 
potential of interactive technology to support our shared life on the planet.  
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6. Unleashing ACI 

 
The aim of this thesis has been to provide theoretical considerations and 
broaden the notion of interaction in ACI. We have specifically asked questions 
regarding (i) how we should understand the notion of interaction in-between 
animals and computing (ii) what interactions with digital technology animals 
would possibly like to have, and (iii) what theoretical and analytical perspec-
tives are useful for getting closer to an understanding of the kind of interaction 
that is meaningful for them. We have approached the topic in terms of a theo-
retical investigation, and have advocated an additive empiricism and theoret-
ical pluralism for investigating the research questions. With a maximum vari-
ation of extreme and deviant cases, grounded in ethnomethodological and eth-
nographic fieldwork, we have strived for new empirical and theoretical per-
spectives and reflections to open up our ideas of what interaction is and what 
it can be. We will now summarize the extended arguments and contributions 
of the thesis under the parole “unleashing ACI”.  

First, we intend to unleash ACI from its concentration on the direct and 
dyadic interface, which we have also called “leashed interaction”. Our find-
ings reveal that other types and ideas of interaction are possible beyond the 
conventional framing in ACI and HCI (from which the interactional notion is 
inherited), which to a large extent is restricted to direct and dyadic interface 
and its well-established boundaries: animal-computer or human-computer. It 
all depends on where we draw the line on interaction. Drawing the line at the 
interface tends to restrict focus to developing suitable interfaces that fits, for 
example, an animal’s unique physiology, biology, and sensory ability, which 
can also vary extensively within the wide category of non-human animals. It 
restricts and reduces animals’ requirements with technology to, for example, 
wearability and other usability related issues of animal-computer interfaces. 
Asking questions about what kind of interactions animals would like to have 
with technology is indeed very different from asking questions about what 
kind of interface they should have. Designing meaningful computer-interac-
tions for animals is not only a question of understanding animals in terms of, 
for example, their biology, physiology, behavior, nor in terms of their inter-
ests, needs and desires, and embodying them in interactive technology. We 
cannot focus only on the “A” in ACI for creating meaningful interactions for 
animals, we also need to reconsider the “I”. They are unavoidably connected, 
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but it seems that most attention when designing for and with animals tends to 
focus on the “A”. The “I” on the other hand, tends to be restricted to the inter-
face with well-established boundaries: the animal and the computer. The idea 
of interaction becomes merely a metaphor for the computer and its different 
modalities. Most attention is given to the interface, with the consequence that 
we focus on getting the interface right. On a more fundamental level, it is also 
about the interactional circumstances and the forms and prerequisites of inter-
action. When carefully considering the kind of interactions we would like to 
have as humans, we are not limiting our thoughts to interests and the like, but 
also including our role and function in interaction, our involvement in power-
relations and the social structure of interaction. Framing the topic in terms of 
the kind of interactions that animals would like to have with interactive tech-
nology, instead of solely considering animals wants and needs, provides a 
broader framework for reflecting on how to involve animals in interactive 
technology.  

Second, we intend to unleash ACI from its intrinsically anthropocentric fo-
cus. It seems that we continually design computational artifacts for animals 
by entrapping them in a specific set and form of interactions, usually where 
they, and, for example, their sensory abilities (e.g. a dog’s superior olfactory 
abilities) are used for anthropocentric purposes, serving human tasks and 
needs. It is perhaps most evident in the case of working dogs and animal as-
sisted activities. Such forms of interactions also fit under the analogy of the 
leash, as there is a will to control and use animals for anthropocentric pur-
poses. The leash is a powerful metaphor for the control and steering of animals 
in certain directions that benefit humans. It shares similarities with Weber's 
(1934) “iron cage” as a metaphor for institutional constraints. It can thus be 
seen as an expression of the anthropocentric grounds of the field. Our theoret-
ical approach of reflecting on how animals are involved in interactions with 
technology and considering what kind of topics and ideas for design that could 
be valuable for them on their own terms, and not for anthropocentric purposes, 
is one attempt at unleashing animals in ACI. The ambition to diverge from 
design that utilizes technology and animals in the sole interest of humans is 
key to the argument unfolding under the parole “unleashing ACI”. We suggest 
that there is still room and also a need to identify what kind of interactions 
other animals would possibly like to have with computing and what topics it 
should convey. We have, for example, argued that one such topic could be to 
design support for the intraspecies social life of animals, and that pet infor-
matics could measure topics other than physical health or wellbeing, which in 
turn can inform owners about their interests which in turn can affect an ani-
mal’s daily life and negotiations. We have also argued that that sensor meas-
urement can be combined with qualitative data and intersubjective reflections. 
It can also provide a means for reflection about dogs’ lives and to increase 
their kinesthetic and biographical empathy. Technology for animals does not 
have to be limited to the interface to be meaningful. Other forms of computer 
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interactions can also be meaningful and perhaps even more meaningful for 
animals, than the fixation of involving them as so-called “users” or partici-
pants at the interface. 

Third, to be able to unleash ACI in terms of moving beyond the direct and 
dyadic interface and generating zoocentric topics and ideas for design, we 
need to keep an open mind and reconsider animal interaction, needs and de-
sires with computing in a broader perspective. To do so, we need to investigate 
a diversity of settings of animal life and interaction, with or without technol-
ogy. Such inquires will also benefit from excluding, or bracketing, a priori 
design ideas and topics, and instead letting them emerge from empirical ob-
servations and theoretical considerations. There is also a need to explore as 
broad a range of available resources as possible for investigating the topic 
from different perspectives. To unleash the full potential of ACI we need to 
preserve a maintained empirical curiosity, as well as a methodological and 
theoretical creativity and openness. 
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