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In this paper we activate theoretical principles for HCI and CSCW in analysis and design of collaborative 
technologies. We critically evaluate theoretical principles about how technologies mediate collaborative 
activities through two empirical cases regarding smart speakers and collaborative writing, respectively. 
Common to them is that both common objects and mediating artifacts are set in a mixed virtual and physical 
setting. 

Principles from activity theory are examined, specifcally with a focus on how people use artifacts and objects 
as mediators to collaborate in joint activity. As part of questioning the cases, we also position collaborative 
afordances in relation to the principles. We engage with the cases by using the theoretical principles both 
analytically and constructively. Our analysis specifcally targets traces as a possible construct that has potential 
to constructively aid collaboration across the two cases. We explore what seems to be a lack of support, and in 
particular theoretical framing, of traces of past activities, connected objects, other users, etc. With an initial 
hypothesis that traces could be a mechanism that would support these two kinds of collaborative activities 
better in a future redesign, we set out to further explore the cases and their future possibilities, and how they 
could be conceptually grounded and supported. We present a set of analytically and constructively oriented 
questions to help researchers and designers of artifacts identify mediators for and instances of collaboration. 

1 INTRODUCTION 

Our starting point for this paper is a frustration that in HCI and CSCW we seem to have strong theo-
ries, solid empirical studies and nice design proposals, but somehow these three rarely meet. Hence, 
it hints at a disconnect between theoretical principles, empirical investigations and technological 
design in HCI at large, and regarding collaborative technologies in particular. Theoretical concepts 
sometimes seem difcult to apply in analysing empirical fndings and even more so in pointing out 
what to look for empirically. And this is even worse for work that presents technological solutions, 
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which most often does not talk about their theoretical basis. Theoretical principles could better 
inform a constructive appraisal of the collaborative technologies we build and we propose that 
researchers generally need better help with this. 

In our current work we focus on human collaboration and sharing of objects and artifacts in two 
rather diferent cases that we have worked with: one of smart speakers and digital assistants in the 
home and one on collaborative writing among scholars and students. Even though these are on the 
surface rather diferent, when we started to look at them analytically we saw interesting parallels 
that led us to explore what seems to be an analogous lack of support for traces of past activities, 
connected objects, other users, etc. The notion of traces captures, at its core, the connections at play 
in technology use. These connections may be across time (as suggested by, e.g., Djajadiningrat et al. 
[30]), location, people and/or devices and may, hence, express things like change, development, 
physical movement, interactions, activities and connectivity. Traces may be limited to local or 
temporary activities, or they may stretch across long-term use or even through development of 
practice across communities. We understand traces both as something inherently available in, and 
left behind by, technology use, and as a mechanism to be designed and implemented. With an initial 
hypothesis that traces could be a mechanism that would support the two kinds of collaborative 
activities better in a future redesign, we set out to further explore the cases and their future 
possibilities and how they could be conceptually grounded and supported. 

Rooted in the two cases, we investigate how the theoretical principles of mediation and common 
objects from activity theoretical HCI and CSCW may be used to question, extend and refne 
empirical fndings. More specifcally, this was done in terms of both understanding and design and 
how in turn, this meeting of the theoretical and the empirical may be used to strengthen and refne 
the theoretical principles. The cases are developed and explained in published literature and will be 
presented here only to the extent that they are needed to aid the reader’s understanding of our 
discussions. 
We are not alone with our concern for how theory can play a role for HCI and CSCW and for 

design of technological artifacts. Rogers [68] proposes that we consider HCI theories in terms of 
their formative and generative powers: To build overarching frameworks for HCI is to provide a set 
of concepts “from which to think about the design and use of interactive systems.” The idea is to 
“stimulate new ideas, concepts, and solutions. In this sense, the theory can serve both formative and 
generative roles in design” [68, p. 121]. Beaudouin-Lafon [9] talks about interaction models and how 
they should be descriptive so as to incorporate both existing and new applications, comparative 
as to provide metrics for comparing alternative designs and fnally constructive/generative as to 
facilitate creation of new interaction techniques. While these papers mostly use the term generative, 
we prefer the term constructive because it more specifcally points towards the need and ability of 
researchers in our feld to construct prototypes and solutions [42]. In contrast to being formative, 
descriptive and comparative, which are all elements of using theory for analysis and scrutiny of 
current technologies and their use, theory being constructive means that it is directed towards the 
future and can stimulate new ideas, concepts and solutions ([68] op. cit.). 
What started for us as a casual conversation regarding similarities and diferences in the two 

cases led to an interest in investigating a joint conceptual foundation that could inform us both 
analytically and constructively. In these conversations, the notion of traces of human activity across 
objects, artifacts and surroundings emerged and we decided to explore the notion of common traces. 
This is not with the intent to build and construct one solution to end all further discussions but 
rather to sketch and discuss what smart speakers and shared documents may become if traces are 
considered and explicated using an analytical and constructive framing. 
Since we do not target one solution, we have found it a more appropriate bridge between the 

theoretical and the empirical to focus on and refne the kinds of questions one can ask, informed 
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by the theoretical principles on the one hand and the analytical and the constructive lens on the 
other. Hence, accumulating and refning questions is the way we have proceeded with our work, 
as refected in this paper, and the fnal set of questions is the main outcome that we ofer to the 
readers for further use and development. 
With this in mind the paper will move on to: 

• Set the theoretical framing (section 2 and 3). 
• Present the cases (4) and and analyze them with both analytical and constructive lenses 
(section 5) to conclude how traces can be understood and conceptualized analytically and 
constructively. 

• End with a discussion (6) and a conclusion (7) of the work. 

2 THEORETICAL CONCEPTS AND FOUNDATION 

Our starting point for analysing, and eventually sketching a possible future of technology in the 
two cases, has been that of objects that human beings have among them, work on and activate to 
mediate their joint activities. This starting point is rooted in a larger, current research project on 
Common Interactive Objects (cio.au.dk) where we work to develop theory for joint activities and 
common objects [23]. As presented in the following, the theoretical basis unites a CSCW-based 
focus on common objects with the activity theoretical understanding of mediation and human 
activity as joint or cooperative and rooted in practice. Beyond this, the project is based on the 
assumption that both practice and objects are changing and, hence, it has a profound concern for 
how theory supports change and for understanding future technologies, for good and bad. We have 
found it useful to address current and past uses and question constructively the possibilities of 
future mediators and objects as epistemic and in the making [57]. We return to this below. 

Objects have been critically examined, e.g. by Heath and Luf [39] who propose to move beyond 
a focus on simple transactions of objects “to support a range of capabilities from the simple exchange 
of objects, through the sharing of objects and to common views of the same object.” By this, Heath and 
Luf call for a more complex and dynamic understanding of objects and their roles between people 
in particular practices, such as the sharing of records of various sorts in their example case. 

In CSCW there has been extensive discussion about sharing and holding in common of objects, 
within and across groups of users. Boundary objects [70] are often used in this discussion, yet in 
this paper, we focus less on the journey of objects across communities and more on how objects 
are shared and used by people in joint activities across time and space. Robinson [66] introduced 
the idea of the common artifact to help understand what it means to share artifacts or objects, and 
we use common here in the same way, with a focus on joint activity and sometimes on sharing as 
well (see also [23]). He pointed out that having and holding in common means to have access to 
and use. We make note of Robinson’s distinction that use does not have to be by people who are 
together all the time nor for the same purpose. We use the word ‘common’ in order to emphasize 
multiple individuals having a shared accountability and/or drive towards an artifact or an object, 
physical or digital. The word ‘shared’ alone may also capture this but comes with an ambiguity 
that we wish to avoid. We thus distinguish common objects and the act of sharing something in 
the sense of making, e.g., content or objects available to others temporarily or permanently. 

We furthermore view objects as multiple and multi-layered entities in order to focus holding in 
common and the shareability of objects over time by addressing the objects that communities of 
various kinds hold in common, share, develop and interact through. How communities develop 
technology over time is a process of collaborative appropriation where the starting point is the 
shared practices and artifacts [23] and how these relate to each other. Regarding artifacts, this is 
to be understood in the sense that artifacts exist and are used as part of a multiplicity of artifacts 
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[21]. Artifacts have meaning in relation to other artifacts, which also means that each artifact 
may be imbued with diferent meanings and take on multiple roles [22, 50]. What makes objects 
and artifacts shareable within a practice is discussed by Bardram and Houben [7] as collaborative 
afordances, a term that will also be addressed further below. 

Human Activity and Mediators 
Since the mid 1980s, activity theory has been explored as a basic perspective on human-computer 
interaction [16, 17, 55]. This perspective directs focus to human beings acting with technology in 
real-life situations, where people share praxis and collaborate in various ways. 
Activity theory was originally introduced in HCI to emphasize that the relationship between 

the human being and the computer is not a simple subject-object or subject-subject relationship 
[20]: Instead of studying the computer as something that the user works on or communicates with, 
Bødker [16] pointed out how we may more usefully see the computer as something that the user 
acts through, on other objects or with other subjects; a mediator. 

Activity theoretical HCI understands human conduct as anchored in collective/shared practices 
[20] and focuses on the appropriateness and development of certain tools for certain practices. 
Members of a community learn from and take part in their collective practices. By doing so they 
also are part of the development of the practice as such, sometimes in small, some times in bigger 
leaps. Learning is supported (or prevented) by the mediating artifacts, as well as by the norms 
and conventions shared and developed in practice. Some mediators are more malleable to be 
developed and reshaped for certain practices than others. Learning, according to [6], is supported 
by immediately understandable mediators that should also support development of new routines 
and uses. 
Technological mediation of human activity is the primary principle of activity theoretical HCI. 

The mediator stands between the user and the object of interest, and in this role it helps the user 
act on the object of interest in ways she could not act without using the mediator. Breakdowns, 
according to Bødker [16], are due to either insufcient capacities or possibilities in the artifact or 
a lack of available action possibilities, either culturally or in the individual repertoire of action 
possibilities. This is captured in the Human-Artifact Model, proposed by Bødker and Klokmose 
[20]. The Human-Artifact Model illustrates the relationship between possibilities ofered in the 
artifact and the possibilities stemming from human experience and knowledge. Rabardel and Béguin 
[25, 64] similarly defne instrument in terms of a subject side and an artifact side, emphasizing 
that an artifact’s role as an instrument comes from the subject-artifact relationship. The notions of 
mediators and instruments both serve as conceptual underpinnings for our analysis, each providing 
a particular angle on the role of objects: We use the concept of mediator to capture what the artifact 
helps people do, thereby highlighting the (collaborative) activity, while the concept of instrument 
foregrounds what is actually done with the artifact, thus highlighting the action possibilities 
connected with artifacts. We, hence, use the concept of mediator to capture that certain mediation 
takes place between a subject and an object through an object or artifact, while the concept of 
instrument [9, 64] is used to capture what is actually done with the artifact or object by the users. 

Relationship Between Artifact and Use 

Mediators are created by humans as artifacts that are fundamentally crystallizations of activity 
[51, 52]. From this view, activity is crystallized into artifacts in two ways: Firstly, artifacts are 
externalizations of operations with earlier artifacts and, hence, we can identify these past activities 
when analyzing them. Secondly, artifacts are representations of modes of acting in the given activity, 
meaning that they are meant for some particular activity. At the same time, the artifacts shape the 
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activity in which they are used, because they create breakdowns and get appropriated by users in 
the activity, which then later becomes crystallized in an iterated version of the artifact. 

In their presentation of the Human-Artifact Model, Bødker and Klokmose discuss diferent uses 
of the term afordance as part of their explication of ways to reason about the dynamics between 
artifact and user. They base their understanding on Bærentsen and Trettvik’s [4] critique of Norman 
[59] In this paper we are primarily concerned with how joint activity is supported through common 
objects and mediators, and what support these ofer for collaboration. Bardram and Houben [7] 
carry out a discussion related to ours and defne collaborative afordances as “a relation between a 
[physical and/or digital] artifact and a set of human actors, that afords the opportunity for these actors 
to perform a collaborative action within a specifc social context.” They propose four collaborative 
afordances that capture the degree to which artifacts may be transported (portability) and accessed 
jointly (collocated access) and facilitate overview and awareness of information among users (shared 
overview and mutual awareness, respectively). Similar to our concerns in this paper, they discuss 
these as means of both analysis and design/construction. Somewhat in contrast to us, however, 
they are mainly studying people who are physically located in the same rooms, surrounded by 
the same physical records, documents and other objects. The kinds of activities we have studied 
in our two cases are, instead, characterized by the interactive nature of the involved artifacts, by 
their roles in artifact ecologies and by interactions and by transitions between multiple artifacts 
in non-co-located spaces. While we draw on Bardram and Houben’s collaborative afordances in 
section 5 in order to scafold our discussion, we also demonstrate what forms these concepts may 
take in cases like ours, where physical co-location and physical access are not at the core of the 
activities being carried out. Finally, while Bardram and Houben [7] frame collaborative afordances 
in terms of “translating” physical characteristics into digital or hybrid systems, our purpose with 
applying the concept is to support our goal of developing a conception of common objects as 
mediators in order to further human understanding and control of common tools. 

Multiplicity 

Artifacts most often mediate several activities, including contradictions and conficts arising from 
this multitude of activities. Bødker and Klokmose [21] address this kind of multiplicity using the 
notion of artifact ecologies and point out that such multitudes of activities of use are essential 
for activity theoretical artifact analysis and design. Artifact ecologies ofer a way to understand 
common objects and mediators in the context of other objects and mediators that are used in a given 
activity or which ofer possibilities for carrying the activity in diferent ways (in parallel to Bardram 
& Houben’s and Bærentsen & Trettvik’s discussions of afordances). In particular, the dynamic 
relationships between artifacts in an ecology may be used to analytically frame developments in 
how activities are carried out and what meaning each artifact holds in relation to the activity. 

Our Theoretical Framing 

In summary, the activity theoretical framework is, qua its focus on the development of human 
practice over time, looking to address its research both analytically and constructively as the 
theory is used to probe current technologies and their use. Focus is on the relationship between 
the human users and the objects and mediators they share and hold in common. Hence, the frst 
role of the technological artifact(s) relates to mediation and the notion of mediators. As stated, 
mediators stand between users and their objects. Objects are material that get turned into outcome 
and they, too, serve as mediating artifacts of the collaborative activities. Mediators support and 
hinder this process depending on the action possibilities they ofer in the meeting of the users’ 
experience and knowledge and the instrumental capabilities of the artifact. In breakdowns of 
use, the mediators become objects themselves, that attract the focus and attention of their users. 

Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CSCW1, Article 190. Publication date: April 2021. 



190:6 Mirzel Avdic, Susanne Bødker, and Ida Larsen-Ledet 

By focusing specifcally on joint activity, the abilities of mediators to support collaboration and 
minimise breakdowns become important, and Bardram and Houben’s collaborative afordances [7] 
relevant. 
With this theoretical basis four theoretical principles stand out that we apply and refne in 

addressing empirical cases. For each principle, we analyse the current and past uses and question 
constructively the possibilities of future mediators, objects and uses of them as epistemic; i.e. 
the not yet known and the possible and desired future [57]. Taking outset in activity theoretical 
HCI [20], the theoretical principles are rooted in dialectical methods and ofer new opportunities 
for understanding tensions between elements and parts as well as the possibilities in bringing 
them together [20], between what has been and what is becoming. Dialectical thinking is a way 
to understand things concretely in all their movement, change and interconnection, with their 
opposite and contradictory sides in unity. 

This means that it is possible to take as ones unit of analysis either mediators or common objects, 
but it is not until looking at the relationships between the two, the changes between them and the 
conficts between them, that the analysis fully unfolds. This is similarly true for material versus 
communicative mediation, for development and malleability versus stand-still and stability and for 
multiplicity versus one at a time, all considered in the principles below. 

1. Principle of mediation and common objects. This is the overarching principle that has its roots 
in how human activity is collaborative and mediated, as discussed above. Of the collaborative 
afordances, shared overview mainly belongs here since it is generally a matter of how users may, 
together, be able to jointly overview the activity, the materials and mediators. 

2. Principle of material versus communicative mediation. In sum, common objects and mediators 
are material, social and communicative, because they stand between people and mediate their 
joint activities. Hence, the principle allows for the analysis of materials, material objects and 
outcomes on the one hand, and of mediated collaboration and communication on the other. A 
particular focus is the language and concepts related to cooperation and transfer of experiences 
across a community. Bødker and Klokmose [22] point towards the use of conceptual blends to 
constructively focus on this aspect, and in particular to consider what metaphors are or may be 
applied based on how users communicate in and about their activity. They use Fauconnier and 
Turner’s [34] work where conceptual blends are important in scafolding particular understandings 
by projecting structure from metaphors back to the people who are using them. The collaborative 
afordance labeled as mutual awareness mainly connects to this principle since it is a matter 
of how collaborators may orient themselves towards each other, mediated by the material and 
communicative mediators available. Collocated access, additionally, talks to a specifc type of 
activity where users are physically together at the same time and hence have the same material 
and communicative access to collaborators, mediators and common objects. 

3. Principle of development and malleability. Interaction needs to be understood as it develops over 
time and in the collaborative activities between people using technological artifacts and objects. 
The unfolding over time is a matter of development of community practice, individual learning 
and routines, as well as of technology in use with respect to the past, the present and the possible 
and desired future [57]. Objects/mediators can be collaboratively tailored and appropriated in use 
[6], and hence are changeable and malleable over time, all the while they resist this development, 
cause breakdowns and cannot be turned into anything users may wish for. While the collaborative 
afordance of portability speaks of movement over time, it seems to just as much, if not more, be a 
matter of multiplicity, the fnal principle. 
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4. Principle of multiplicity and artifact ecologies. Human use of particular artifacts and objects 
happen across activities and confgurations of people, applications and devices and it is important for 
the interaction to embrace transitions and substitutions [20] across and in these multiplicities. Hence 
it is important to consider multiplicity and artifact ecologies, both analytically and constructively. 
This means to always consider one mediator, object or activity in the context of others and to 
scrutinize them together as a whole as well as each in their own right. As mentioned, portability 
seems to partly relate to this principle. 
In the following we present our approach and the two cases before diving into the theoretical 

principles and refning an understanding of traces, analytically and constructively. 

3 HYPOTHESIS AND METHOD 

The analysis started from a discussion of similarities and diferences between two, on the surface at 
least, rather diferent cases [2, 47]. Most of all, we were interested in how the technologies helped 
people around them organize and synchronize activities and, particularly, collaborate. What are 
the means that people have available to do so in the two cases and what roles do shared purposes 
and objects play in these activities? This interest was itself spawned from our theoretical interest 
in activity theoretical HCI and CSCW. However, a lot of the interest was also nourished by our 
curiosity towards understanding the empirical situations better and, not least, a drive towards 
improving and redesigning for the cases (described in section 4) constructively. We used the four 
activity theoretical principles and the notion of collaborative afordances in an iterative process of 
mapping out the cases: What theoretical questions could we ask of the empirical material? What 
fndings did we see and what new questions did these lead to? We made this assessment by looking 
at the cases analytically and constructively. 

Fig. 1. Research process. 

In this process, we decided to focus on traces as a mechanism since they presented themselves as 
a common denominator of the two cases, because they were mentioned in the empirical studies and 
because examining the (potential) place for traces in our understanding of the cases led to a number 
of unanswered questions for both cases. There seemed to be a similar lack of support of traces of 
past activities, of past objects, of other users, etc. in both cases. With an initial hypothesis that traces 
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could                 
we sat out to further explore the cases and their future possibilities, and how these activities could 
be conceptually grounded and supported. 
Our process of working with the two cases unfolded in the following main steps: 
• We initiated our process with several discussion sessions about the diferences and similarities 
between the two cases. 

• Given some of the similarities, such as sharing text and smart devices among users, and 
confguring and setting up text documents and smart home technologies, the concept of 
traces emerged from the discussion and generated inspiration from prior work, in particular 
collaborative afordances. 

• We noticed a gap in the way collaborative afordances were described when we applied 
them in discussions about our two cases (e.g. collaborative afordances emphasize collocated 
access to information and artifacts among people in physical space while our two cases 
predominantly deal with digital and/or non-collocated spaces). 

• As a fnal step, we invoked the four activity theoretical principles and the notion of col-
laborative afordances (see Fig. 1). We drew a table with two columns and four rows on 
a whiteboard in which we positioned the four principles with respect to the two lenses: 
Analytical and constructive. Over a number of sessions, we brainstormed, discussed and 
positioned questions related to the mechanism of traces in the table, from both an analytical 
and a constructive perspective. These questions were then positioned according to which 
principle they related (the most) to. This iterative development of questions focused on what 
theoretical questions we could ask of the empirical material, and what fndings we noticed as 
well as what new questions those fndings lead to. 

be a mechanism that would support these two kinds of activities better in a future redesign,

4 CASES 

In this section we present the two research cases that we have worked on empirically, conceptually 
and with respect to design over the past years [2, 47]. 

4.1 Smart Speakers in the Home 

In this case, we conducted a detailed investigation of intelligibility issues [10] with voice enabled 
digital assistants experienced by smart speaker enthusiasts [3]. This group comprised users who 
use smart speakers frequently and have done so over a longer period (i.e., more than two months), 
are excited about the technology and often share their experiences among peers. More specifcally, 
our study looked into how these users technically understand a wide variety of smart speakers 
they own and how they conceptualize their smart speakers’ behaviour. In addition, we investigated 
how users address their smart speakers; when they encounter breakdowns and what strategies 
they employ to recover from breakdowns; and how they deal with these breakdowns in multi-user 
settings as well as in conjunction with other Internet of Things (IoT) devices. An IoT ecosystem 
in a home typically consists of a smart speaker that acts as a hub through which users interact 
to control other appliances such as smart lights and thermostats. We conducted two studies: An 
online survey and semi-structured interviews with smart speaker enthusiasts. The participants’ 
households included families, shared homes, and individuals living alone. 
Our fndings reveal that users experience a great degree of issues with infrastructural break-

downs that reside within the users’ IoT ecosystems due to infrastructural intelligibility issues [32]: 
Difculties in understanding how the individual IoT devices and services work together to form 
a large ecosystem [3]. As smart speakers do not always provide sufcient information about the 
cause of a breakdown, users tend to exhibit an interest in investigating the breakdown by looking 
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for solutions on external platforms such as online forums. These external sources tend to be run 
by other smart speaker enthusiasts who have a tendency to share their own experience about the 
challenges they have encountered with smart speakers and other IoT devices. This is in particular 
relevant for breakdowns related to IoT ecosystems as they can be perceived as overwhelming with 
respect to where the locus of the breakdown is. 

This raises another hurdle for primary users in a household, which is that they need to maintain 
and update smart speakers’ features and keep non-primary users (e.g., a partner, children and guests) 
updated about these changes, while also assisting them in overcoming situational breakdowns 
with the smart speakers [3]. This is in particular problematic when it comes to IoT ecosystems. 
One of the reasons is that current designs of smart speakers and interconnected IoT devices do 
not necessarily support clear overviews, which can be shared amongst household members. This 
is exacerbated if those members are not part of the smart home group, which is what is created 
when a user sets up a smart home group in the accompanying smart speaker app and gives others 
access to confgure the smart home. Generally, non-primary user(s) do not have the same access 
as primary users and tend to be excluded from the development of the IoT ecosystems [3]. To 
then include that group of users in future smart speaker experiences, smart speaker designers and 
researchers may want to consider the intelligibility and control needs of non-primary users. 
While we mainly draw from our own work [2] to discuss and scrutinize the principles, we 

also take into account prior work on smart speakers. These range from how smart speakers are 
embedded into households [11, 12, 62], through change of usage over time [13], to proposing and 
exploring new smart speaker designs [44, 46, 54]. 

4.2 Collaborative Academic Writing 

In this case, we studied collaborative writing with a focus on the multiplicity of tools involved in 
academic writing undertaken by university students or researchers [47]. In particular, we aimed to 
understand what motivates co-writers to use and move between diferent tools and what challenges 
this introduces. The work we have carried out in this case consisted of two empirical studies: A 
mixed methods study [49, 50] and a co-design study [48] that built on the mixed methods study. 
The participants in our studies were researchers, Ph.D. students and master’s students who all had 
some experience with collaborative writing in a university setting. 

The collaborative writing project [47] addressed co-writers’ habits of writing outside the central 
writing environment, such as when drafting in a separate application, along with the challenges 
related to such habits. This also involved understanding participants’ motivations and strategies for 
such habits. Our fndings reveal a diverse set of motivations, from privacy and presentation of self 
[49], through distractions [50], to (un-)available features and co-writers shaping artifact ecologies 
to comprise the desired functionality [50]. We also found that co-writers’ habits of separation and 
of moving through their artifact ecologies bring with them a set of challenges and concerns. These 
include aligning the writing, in terms of both message and writing style, and being accountable for 
each other’s work, as well as respect for personal boundaries [49]. 
Collaborative writing is characterized by a progression and iteration through outlining the 

text and the work [28, 58], division of work [56] and coordination [53]. While these activities 
are characteristics for a number of collaborative practices [e.g. 5, 67], there are certain activities 
particular to writing [53, 56, 63], such as text production, reviewing and revising, which co-writers 
switch between and which may relate to diferent roles taken on by co-writers and, e.g., supervisors 
[49, 74]. These activities often prompt co-writers to include a number of diferent tools in the 
writing process, shared as well as personal [50, 74]. In addition to being mediated by tools, the 
writing process and the surrounding practices are also mediated by the text itself [50], which means 
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that material characteristics of tools and their representation of the text impact how co-writers’ 
approach carry out collaborative writing activities [26]. 

A challenge identifed in the co-design study of relevance to these processes is keeping track of 
diferent versions of the text: In particular when moving between multiple applications, versions 
of the text tend to proliferate across platforms, devices and people [47]. This impacts the issue of 
alignment identifed in the interview study. As a matter of fact, participants discussed ways of 
tracing the development of the text and communicating intentions behind changes; along with ways 
to express what state diferent parts of the text are in and what needs to be done [48]. Observations 
such as this spurred our further interest in traces. 

5 TRACES 

In the following section, we will go through each of the four principles and they will be presented 
with the analytical and constructive perspective in mind. 

5.1 Principle 1: Mediation and Common Objects 
When generally considering traces in relation to mediation, traces mediate certain aspects of joint 
human activity: They talk to ordering the activity across devices, tools, people and parts of the 
overall activity and they help reconsidering and redoing the steps in these activities in some form or 
other. Traces, then, are concerned with connecting activity to time, to shared steps in a process, and 
in this way also to ordering and overview of activities, communication, materials, shared objects 
and other mediators. The latter we return to in the sections below. 

5.1.1 Analytical. Analytically, the principle of mediation points to questions such as what mediators 
exist for retracing of steps or for laying out steps for later? It also helps to ask what situations of 
breakdowns exist and how may traces be ‘re-found’ and re-activated? Shared overview of traces, 
objects and mediators are important foci for this principle with respect to traces. 

The two cases present two diferent ways of looking at traces as mediators of human joint activity 
and at the mediators of traces themselves. In the case of smart speakers [3], we fnd that they are 
predominantly interacted with through a voice user interface (VUI). VUIs are in themselves quite 
traceless and when analysing their use, it seems that users are often encountering breakdowns 
such as “Did the smart speaker not understand me?” and “Why did it turn on the lights?” The main 
way that users can identify and follow traces for smart speakers is often through the interface on 
their smartphone which for the primary user contains detailed information of events and actions. 
Non-primary users however, do not necessarily have this access [3]. 

The current ability of smart speakers to mediate the circumstances they present to users is limited, 
which in turn limits the possibilities for tracing back causal events [2]. Perhaps not obviously, 
academic writers experience related challenges in collaborative writing: While traces of past 
work are abundant with tools like Git or Track Changes, forming a synthesis of connections 
between segments of a document or interpreting the rationale behind particular changes is not 
straightforward [48]. In both of these cases, the technology’s capability for mediating the state 
of things goes beyond the individual user and impacts the way in which breakdowns or other 
turning points may be approached. Bardram and Houben’s notion of shared overview captures the 
role that shared information plays in support of activities [7]. Planning, tracking/monitoring and 
re-negotiating of common duties and other activities in a household involves several direct and 
indirect users of the smart speaker [3]: A family with two small children might experience hectic 
mornings and planning activities for their day(s). Keep in mind that the smart speaker’s voice 
interface is designed to keep the interactions hands-free and convenient during times where the 
visual attention and hands are occupied. In some cases, one adult who has to work the whole day 
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might make plans, using a smart speaker, for the other household members, such as appointments, 
alarms and reminders. The smart speaker’s speech modality helps the other adult and two children 
to then collectively create an overview for themselves and get an idea of what activities lie ahead 
of them, and perhaps in which order. While the digital assistant is available on the smartphone as 
well, the planner might want to follow the family’s progress during the day: This is an example 
of shared overview of not only the content, but also the family’s activities. It requires that the 
family knows that the planner is aware of their progress as well. Since people do not always follow 
through with everything planned, spontaneous ideas might arise during the day. The family might, 
either through a smart speaker or smartphone, plan or suggest an event for the evening where the 
planner can participate, hence this points ahead to both change, history and multiplicity. 

In a collaborative writing project, setting up also happens partly through explicit coordination 
[50]. This can happen by agreeing to use Microsoft Word and storing the fles in Google Drive and 
using a naming convention to keep track of versions, and through co-writers being thrown into the 
deep end of the work such as when having to use an unfamiliar template or being introduced to a 
co-writers’ favorite reference manager as a bi-product of the explicit decisions on what tools to use. 
In both of these cases, people need a sense of the links between diferent smart devices or 

applications used in writing and a sense of how the ecology has been extended over time, to 
understand the roles of the diferent artifacts, as we will return to when discussing Principle 3. 

As is also the case in Bardram and Houben’s examples, overview and awareness are connected 
with access, in particular multiple people’s access, e.g. to a document or a digital smart assistant. 
While the notion of access is highly relevant to our two cases, in diferent ways, collocated access is 
not the central focus in either case as it is in Bardram and Houben’s examples [7]. In the case of 
smart speakers, collocated access (and likewise co-located mutual awareness) is trivial compared 
to the more intricate situations that arise when a smart speaker, or a system of smart speakers, is 
accessed without the user being in the vicinity of the speaker, or some or any of the speakers, as in 
the previous example with the working adult. 
Returning to the questions, we may summarize the cases by questions addressing mediation 

analytically: What mediators exist for retracing of steps or for laying out steps for later? The analysis 
clearly points out that it is important to understand who has access to which mediators? as exemplifed 
by the smart speaker log available on smartphones, which not all users of the speaker necessarily 
have access to. To understand the mediation of traces, a focus on the activities of use are equally 
important, in particular What situations of breakdowns exist and how do traces help users recover? As 
we have discussed in the examples, shared overview of traces, objects and mediators is important 
to consider with respect to traces, however, co-location and collocated access are in both cases the 
least challenging when it comes to overview and traces. Hence, overview of and through traces 
extends beyond a particular place and it seems useful to consider overview as a particular kind of 
trace that aligns (common) objects, mediators and activities, and hence an appropriate question to 
ask may be: What mediators exist to create and share an overview of (common) objects, mediators and 
activities?. 
When we have to analyse our two cases with respect to a constructive lens, the analytical 

questions above allow us to consider and question which mediators work and which do not work 
so well. Possible questions to keep in mind would be: In what manners do the common objects 
themselves help or hinder traces of activity? How is shared overview helped or hindered and what role 
does time and multiplicity play? And how does the specifc combination of interaction modalities help 
or hinder traces?. 

5.1.2 Constructive. As we refect on the mediators constructively, we consider possible future 
scenarios in which mediators could facilitate traces for the studied activities in the two cases. We 
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do not intend to propose an all encompassing answer to how traces can be mediated and through 
which mediators, but instead explore the space of possibilities for traces when it comes to mediation. 
Hence, the questions above need to be addressed as what mediation would it take to make traces 
available? and how may traces be refected better and activated in the common objects? We will 
elaborate on the questions following a discussion of the cases. 

It has been suggested that smart speakers could be designed to answer users’ questions about 
why and how things might have happened [2, 60]. Norval & Singh’s [60] and Avdic & Vermeulen’s 
[3] discussion about enabling users to interrogate smart speakers with respect to their underlying 
activities prompts the question (see also principle 4): Do smart speakers have to rely on smart-
phones as mediators to provide detailed information in the form of traces? Or are there other 
possible means and, e.g., modalities that would support traces? An overview of the devices’ detailed 
confgurations as well as the state of the devices should be considered, including tracing back 
who is responsible for the device(s) and how they have been confgured. How can smart speakers 
become stronger mediators of traces through which users can learn about the smart home’s setup? 
How can other IoT devices’ available confgurations be made ‘visible’, i.e. what combinations of 
commands, events and their scheduled activation are currently set up and which ‘openings’ are 
there for new confgurations? 

To think about how to enable users to draw on the connections and interactions/events described, 
we can further consider a concrete example from collaborative writing: The use of visualizations 
to make document editing history available in various forms, either to writers (or teachers) or 
researchers [73]. There are many aspects of past activity that can be made available to users, such 
as what, who, where or when [e.g. 40, 49, 73]. The relevant parts of the past activity, of course, 
depend on the situation. One option is to direct attention to where things have happened (and 
hence the fact that something has indeed happened), leaving it up to users to act accordingly (or 
not). As an example, the ‘Edit Wear and Read Wear’ prototype [40] used scrollbars as maps of 
the document and added visual cues in the form of a horizontal bar chart to indicate how much 
editing and writing, respectively, had taken place at diferent locations in the document. Such 
cues can serve as traces of activity that give co-writers a sense of where to pay close attention, 
perhaps because recent changes have been made or, conversely, because the document has been 
left unattended for quite a while and thus may not be as well-integrated into the writing as more 
recently edited or reviewed parts. 

Thinking the design of Edit Wear and Read Wear into smart speaker design, one may consider 
how to provide a visible indication (e.g. colored light) of recent activity and how the activities could 
be rendered available as well as categorized. Is there more utility in knowing whether the activity 
was music listening or writing a shopping list (perhaps to infer whether the person involved in the 
activity was a child or a parent) or would it be more useful to know whether the activity was a 
confguration of a new device or just regular use of existing devices (e.g., to get a sense of the state 
of the overall smart home ecology)? These are merely suggestions for some, among many, possible 
explorations. 
With the above examples, we have outlined a number of ways in which traces may be built 

to explore the possibilities of traces from the principle of mediation in the two cases. Hence, the 
questions could be: How could traces be constructed to support tracing of steps and laying out steps for 
later? What mediation would it take to make traces more accessible among users? How are traces better 
refected and activated in the common objects? What specifc combination of interaction modalities 
support traces and in what ways? And, in relation to breakdowns, how may traces be ‘re-found’ and 
re-activated when users lose track? 
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5.2 Principle 2: Material Versus Communicative Mediation 

When people act together with shared objects to carry out an activity, they guide each other and are 
guided by the encounter with the shared material setting and objects. In this sense, traces are both 
material and communicative, but some are perhaps one more than the other. And sometimes certain 
traces may be more easily followed by some users than by others. Literally, an idiosyncratic set of 
marks left in a document may not be as easily followed by collaborators as a set of notations adhering 
to shared conventions and routines or even joint, formalized standards [47]. In some situations 
material traces may allow people to follow the traces together, in others not. In this manner, setup 
and handing over of traces to others are a matter of learning and of utilizing combinations of 
material and communicative mediation. Metaphorically, Hansl and Gretl’s pancake bits provide 
material traces for themselves and others to follow, whereas a variety of signs and signposts speak 
to a more communicative way of considering traces. 

5.2.1 Analytical. To appreciate the duality of the material and the communicative when it comes 
to traces, it is important to ask questions of the dialectical tensions between the two, as well as 
questions regarding the shareability, handovers and collaboration through traces. 

We see examples of collaborating writers deliberately leaving traces in the editing environment 
and in the text itself, in the form of notes, text color, other markings, etc. [47]. Traces can be 
embedded or external to the text and, hence, traces are sometimes part of the text as a common 
object and at other times serve as common objects in and of themselves, whether material or 
communicative. Embedded traces are often material, such as markings, while, in the case of 
collaborative writing, external traces are usually communicative and in particular verbal, such 
as written comments and a list of revisions (exceptions to this are various visualizations created 
in research prototypes, [e.g. 72, 73]). Traces in the form of annotations serve multiple purposes, 
such as explaining the rationale behind a change [15, 49] or indicating that something is not quite 
done yet [48]. Common to these purposes are that they are about leaving something behind for the 
next person (who may be oneself). Furthermore, while there exists mechanisms intended for such 
purposes, like the comment feature in several tools which ‘attaches’ a note to a piece of text by 
means of a colored line or similar, co-writers’ annotations are often made by appropriating other 
features [49], such as text formatting. 

With smart speakers, it is interesting to discuss what communicative and material even mean. 
Interactions with a smart speaker are verbal, in lack of material forms of interaction with the 
common object, but does that necessarily make them communicative? They are also material, 
when they for instance afect material conditions of a room (e.g. regulating the air-condition). 
Communicative and material mediation seem hard to separate. Yet, teasing them apart helps 
understand e.g. on what form (presentations of) traces could work for diferent activities, such 
as for event/interaction sequences vs. settings vs. connectivity (see further below). And it is not 
obvious that material traces must necessarily be presented materially, just as text editing history in 
collaborative writing may be made available through language (e.g. GitHub’s or Google Doc’s 
list of revisions) or through, e.g., color (see, for instance, AuthorViz by Wang et al. and the colors 
in Google Doc’s revision history). 

The duality between the material and the communicative with respect to traces, raises questions 
such as: How and to what extent are traces material and serve to be followed materially? How and 
to what extent are traces communicative and serve as ways for people to guide themselves or others? 
And not least, what are the dialectical tensions between the two? In this space there are analytical 
questions regarding if and how traces are shared or shareable, e.g. whether traces can be followed 
only by one user or by several together. Hence, questions regarding handovers of and collaboration 
around traces are also relevant: When traces themselves are materialized or talked about, they too 
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can be seen as common objects, in the way we described regarding the common text. We return to 
a discussion of handovers and sharing of traces when addressing Principles 3 and 4. 

To then move towards a constructive lens, it is useful to consider what works and what does not 
with respect to the material and communicative principle. Useful questions to think about could be: 
What helps or hinders users in setting up traces to be followed by themselves or others? What helps or 
hinders inspection and questioning of what others have done? And how does the conceptualization of 
traces help or hinder communicating about them? 

5.2.2 Constructive. To constructively work with questions regarding the material-communicative 
mediation tension, it seems important to explore the space from material to communicative, from 
traces integrated with the common objects to traces that are situated around them, addressing the 
coordination as such. 

One idea regarding traces in collaborative writing is to enhance the communicative mediation 
achieved through the text as a common object [50] with a (potentially material) mediation of traces 
of the activity that has happened, for instance in the form of explanations of edits [48, 49] or by 
making text color-coded according to authorship [61] which makes local expertise [49] visible. In 
addition to being directly ‘read’ and understood by writers, like signposts or breadcrumb trails, 
such traces could also instigate or guide communication about the work. 
In early writing software, which were often hypertext tools [e.g. 38, 65], a text’s development 

was available because the structure of contents was more tangible than in a regular document, with 
everything being nodes in a graph that had links between them showing connections and hence 
potentially supporting tracing of the development of the text. When it comes to tracing back the 
intent behind the writing, the tool AUGMENT [33], for instance, had a feature for writing a small 
abstract about a fle, with fles potentially being sections of a paper. This exemplifes how the text’s 
role as mediating the writing materially is closely related with communicative mediation through 
and around the text as well as being closely connected with the text as a common object [50]. 
If we further consider visualizations as an example of traces of collaborative writing, we need 

to ask not only what they mediate but also how they do that. In transforming the representation 
of the text, from the text’s content and potentially formatting into a visualization, a revision log 
or a TODO list, diferent aspects of it are highlighted. In this respect, it is useful to consider what 
metaphors may be applied in the representation and in activating diferent metaphors to explore 
other aspects of the traces. 

With respect to both collaborative writing and smart speakers, it should be considered how the 
metaphors used may flter and put particular emphasis or perspective on what they are mediating, 
i.e. what diferent metaphors provide and leave out for users to trace. In the case of Edit Wear and 
Read Wear [40] (see above), for example, the metaphor of wear helps convey where things have 
happened and how much, but the details of, e.g., what was written are lost. 
Shifting our constructive focus onto smart speakers, the challenge then is to explore the 

possibilities of tracing who has interacted last (as opposed to what, which was discussed earlier). 
Since our general understanding of what smart speakers are stems from the way they are used 
among people [3, 12, 62], it may be worth exploring other metaphors or conceptual blends for cases 
like this. 
Relevant to this is constructive exploration of the relationship between traces and mediators, 

such as where traces are located and retrievable from and whether traces should even need to be 
retrieved or be available at a glance. These questions relate to multiplicity and the possibility to 
consider multiple and diferent mediators for traces through the ecology and the environment. We 
return to this when discussing principle 4. 
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These refections illustrate how questions such as the following may be explored constructively: 
How and to what extent may traces be made material and serve to be followed either through the 
common objects themselves or in the shared environment? How and to what extent may traces be 
supported communicatively and serve as ways for people to guide themselves or others? How may the 
two perspectives be dialectically combined? Underlying this are questions of how traces are shared or 
made shareable and also, possibly, when they should not be? What design metaphors serve to support 
the design of shared traces? How do the particular metaphors help users communicate about the traces? 

5.3 Principle 3: Development and Malleability 

This principle, when it comes to traces, raises questions regarding past activity, past (common) 
objects and past use of mediators, within groups of users, for the individual and in diferent forms 
of handovers between users. Some of such traces reside in the joint objects themselves, such as 
wear and tear [40], and how the particular objects have been confgured or set up for the particular 
activity. Other traces may reside in the environment or to some extent with the users themselves, 
in what they have internalized and learned. 

Malleability is concerned with the ways in which the common objects and mediators, in this case 
traces, can be shaped to support development for users both individually and collectively. Hence, 
personalization and tailorability of traces are important, and exactly because of the multiplicity 
(principle 4) we also see the confguration and possibilities for juxtaposition of mediators and 
objects as parts of the malleability of traces. We shall return to that. 
Importantly, traces not only point into the past, they also point to future possibilities [50] and 

this is hence a concern for a scrutiny of what, in a particular case, may aid tracing. 

5.3.1 Analytical. With this in mind, the questions to explore pivot around the role of traces with 
respect to refecting on both the past and the future and on who is able to follow traces. Following 
Bardram and Bertelsen [6], traces should be immediately understandable and it should be possible to 
include them in new routines. In connection with this, it is important to question which possibilities 
users have to adjust/tailor/personalize traces, both past and future. We also examine questions of 
granularity and timescale in relation to traces. 
Members in a smart home group can add, remove and confgure smart speakers and other 

devices, but those changes are not necessarily clear with respect to who has changed what [3]. 
In some cases, a confguration of a specifc command such as how one changes the temperature 
in a room, can lead to confusion amongst the members who are not aware of the changes. While 
members can coordinate their changes to the smart home amongst each other outside the scope 
of smart speakers, this would require other means and/or co-located events. Regarding traces, 
we then need to ask: How can traces of changes help the users become aware of and understand 
the meaning of changes? A common thing amongst smart speaker users who have extensive IoT 
ecosystems are routines where various devices are activated to work together [3]. Can traces help 
a person confguring devices, new or old, identify conficts such as a device’s dependence on other 
devices that have been set up by another user? 

Users also face challenges in understanding the cause of smart speakers’ technical breakdowns 
[3]. There are situations in which new people arrive to a smart speaker environment with little to 
no knowledge on how to access and control the smart home, e.g to turn on and of lights [3]. In 
addition to the speaker as such, the digital assistant used for the setup is equally important. Hence, 
the connection between the speaker and the digital assistant as well as the setup activity across 
devices are important, e.g. how people may (and may not) port their setup and, more broadly, their 
understanding of one smart speaker setup to another. As opposed to this perspective, collaborative 
writing is about looking forward more than looking back, focusing on producing more text that 
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is coherent with what is already there [47]. With smart speakers, understanding and explaining 
what has taken place is central, whereas explaining in the writing is about the quality of further 
production. An exception is with visualizations made for teachers, where the aim seems to be 
looking back and tracing the work in order to, e.g., attribute credit or detect poorly functioning 
groups [76]. 
In collaborative writing, using traces to look back and understanding what has been done is 

relevant both in terms of fguring out “What’s left for me to do?” and in terms of making one’s 
work align with the other authors’ work and contributions. Traces are also about fguring out the 
argument or tracing it through the text to understand which parts of the text are connected [49]. 
There are several examples of traces in collaborative writing: Some tools, e.g. Google Docs, Word 
and Overleaf, use text color or colored highlighting as a visual presentation of author identity. 
Wang’s AuthorViz [61] likewise displays who wrote what by coloring the text. Traces can also be 
textual, like GitHub’s list of commits and commit messages. In terms of material representation 
of development, GitHub is able to show the growth of a project visually, as a graph on a timeline. 
Wang’s DocuViz [73] likewise traces the development of the text, as do many other visualization 
solutions. Other work has been on tracing changes to detect conficting writing [35]. 
The principle of development and malleability highlights that being able to trace what has 

happened supports further development: In the case of collaborative writing, the role played 
by the text as material and mediator of the work [50] means that tracing (a) where the text is / 
what fle is the current version and (b) how the text has developed up until now (arguments, main 
message, writing style, etc.) are signifcant for continued work. By extension, we note a possible 
distinction between traces left for the ongoing activity and traces left for oneself or others to come 
back to in distinctly other activities, such as reviews of the text, and possible future (and much 
later) reuse of text parts. Without discussing the details, this would merit a discussion of traces 
as boundary objects across communities of users ([70]) that we, however, do not have empirical 
material to support in our cases. In the case of smart speakers, one way that tracing is signifcant 
to development is being able to trace sequences of events [3]. Interactions leading up to a certain 
outcome may (a) allow users to understand the reasons for breakdowns and potentially take actions 
to amend the situation and (b) allow users to draw on knowledge of successes and breakdowns in 
later interactions (including to develop more complex interaction patterns with the device), hence 
enabling them to develop the practice. 
Following this, questions should explore how traces direct attention to the past and point to 

future possibilities. How are traces followable by both the users who created them and by others 
involved in the joint activity? How is it possible for other users, or for the same users in other activities, 
to recognize and follow traces? In this regard, it is also essential to ask: How it is possible to learn to 
follow traces? And what learning about practices and the involved objects do traces support? 

Traces may include traces of past users, past objects and past mediators, and thus an important 
analytic focus is on how exactly the traces are constituted in this respect. This also raises questions 
of granularity and timescales, such as how durable traces are over time. Versions and versioning 
is one possible way of a particular focus on this, but analytically there are possibly others to be 
identifed in the empirical material (see below). Additionally, which possibilities do users have for 
adjusting/tailoring/personalizing traces, both past and future, for themselves and others, together or 
apart? 
The discussion above also raises possible further questions of the use of traces inside the use 

activity and group of users, versus a more longitudinal use of traces with handovers to other 
activities. Analytical questions relate to both the joint use and development of traces and to how 
learning is helped or hindered in the use of (technology-mediated) traces. What helps or hinders the 
creation of traces to be followed (individually/together and by new/old users) into the past and future? 

Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CSCW1, Article 190. Publication date: April 2021. 



Two Cases for Traces 190:17 

What helps or hinders tailoring or personalizing traces, both past and future? And what is provided 
and left out by available granularities and timescales of traces? 

5.3.2 Constructive. From these analytical questions, we extend our analyses to constructively 
embrace development and malleability when it comes to traces. 

Traces communicate and hint at a number of things (who, what, etc.): Our analyses of collabora-
tive writing identifed how authors support work by tracing development back through time [48]; 
by tracing who worked on certain parts of the text without caring about the when [49, 61]; and by 
tracing connections between diferent parts of the text [49] (see also [35] for an implementation to 
support this) to align the content. And the granularity and mode with which these traces are or need 
to be available difer. In collaborative writing, there is, e.g, a diference between a word-by-word 
undo, which allows simple but dynamic backtracking, and track changes which displays all that 
has happened since last but does so statically. And there is yet another diference between track 
changes, at the level of individual revisions, and versions which are steps at the level of whole 
documents. 
Finally, although traces build on past events, they also address present activity and future 

development, such as what the collaborative text may become for those jointly involved as co-
writers. Since smart speakers have their limitations with respect to the voice interface, the 
question regarding them becomes whether there are alternative or supplementary modalities and 
approaches to support traces of changes and confgurations over time? One solution could be to 
design smart speakers so the device can use the other smart home appliances within the same space 
to communicate past activities, changes, additions and possibly removals of smart appliances. 

Since breakdowns in use and understanding are quite common for smart speaker use [3, 12, 62], 
traces of past activity may help track breakdowns, enabling users to learn about what went wrong. 
When considering smart speakers in terms of looking ahead instead of back, tracing could be related 
to how the ‘smart’ in smart speakers makes them adapt and change in the future, which leads to 
questions about the explainability of the system (e.g. [1]). How users plan and adapt their way of 
interacting with the speaker may be a further constructive issue to be explored. Tracing back may 
help users understand the underlying technology and hence help them plan ahead and become 
profcient in using the smart speaker. This raises further interesting questions as to how traces can 
be shared within the community of smart speaker users, a community that is currently quite lively 
in terms of sharing experiences of smart speakers [3]. 
Constructively, questions must also be raised regarding if and how traces can be made to point 

to the past and if and how they can be made followable by both the users who created them and by 
others involved in the joint activity And similarly, if and how traces can be formed to usefully point to 
future possibilities and how following traces by other users and handing traces over to them can be 
supported as needed. In addition, traces may not always be possible to plan for; How may emergent 
needs for tracing be supported? 
When it comes to learning, how can traces support immediate understanding and help develop-

ment of new routines for users, together and individually? How may users be supported in adjust-
ing/tailoring/personalizing traces, both past and future? With the smart speaker community in mind, 
it is important to also consider what potential user communities are at stake when exploring and 
constructing for future traces. 

Traces may be constructed to include traces of past users, past objects and past mediators, and an 
important constructive focus is how exactly the traces can be constructed to support these, and also 
whether some of these parts are more important and/or missing than others. As we have illustrated, 
this raises questions of granularity and timescale: How may traces be constructed to support the 
needed granularities and timescales? How can these be malleable? And how can they be sustained 
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over time, if users need to come back to them? Also, questions to be considered involve the possible 
use of diferent modalities and mediators in the environment, as addressed with principles 1 and 4. 

5.4 Principle 4: Multiplicity and Artifact Ecologies 
Multiplicity and artifact ecologies put emphasis both on the multiplicity of devices through which 
common objects are accessed and activated and on changing confgurations of tools (software and 
hardware), the settings and contexts in which use happens and the connected activities; for instance 
whether there is a particular, possibly enforced order of things, such as setting up before use. In the 
previous sets of questions, we have pointed forward to the ways in which traces may be connected 
to the common objects themselves and/or to other mediators in the environment, and we have 
suggested a need to specifcally consider diferent modalities of these objects and mediators. 

Multiplicity is a concern both for sharing mediators between users and for sharing traces as such, 
including also matters of how users have control over what is shared, across multiple mediators. 
Multiplicity and artifact ecologies are further a challenge in terms of portability when activities, and 
hence possibly traces, are moved from one mediator or set of mediators to another in the artifact 
ecology. Immediate recognizability, picking up and handovers of traces may be further supported 
and/or challenged when multiplicity is at play. 

5.4.1 Analytical. Analytically, multiplicity and artifact ecologies prompt questions regarding where 
and from where common objects are accessed. 

In Bardram and Houben’s analysis [7], as well as in above examples of smart speakers, access 
is conceived of as the physical act of accessing information. Bardram and Houben focus explicitly 
on co-located and joint access, i.e. situations in which people are physically co-present and interact 
simultaneously with a physical object. In the case of collaborative writing, physical and even 
co-located and shared access is practiced, such as when a group of co-writers print out the text 
they are working on to go over it and highlight parts to be restructured. But far more often, access 
happens digitally through applications and through multiple and diferent devices [50]. Hence, in 
collaborative writing, pursuing traces in multiple settings reaches further into the non-physical 
and non-co-located. Let aside discussions of where documents reside (digitally or metaphorically/in 
terms of the human understanding of them) [31], the examples we have studied involve movement 
between apps, places and people; synchronously, asynchronously and somewhat in-between. 
Important ‘classical’ challenges of shared documents and writing involve versions and whether, 
e.g., duplication happens if several people (or for that matter artifacts) are holding/working on the 
same document (at the same time) [50]. These matters have led to challenges of both automated 
and manual/human updates and version control, such as through elaborate manually enforced fle 
naming schemes [47]. 

Similarly, there are issues of movement of and across the artifacts, such as a document residing 
on both a shared screen and individual laptops in a meeting or joint writing session [50]. For 
most of these types of activities, the control over the document is not necessarily connected to its 
visibility/access and revisions may or may not be made available to all participants. Since both 
cases work with and across platforms and devices, it is important to consider the portability of 
traces across those platforms and devices, in particular since some of these make sharing more 
difcult. 
Finally, regarding setup and changes in an artifact ecology, smart speaker setups in smart 

homes provide an instructive example: The confguration involves a physical placement and setting 
up of appliances, such as lights to be controlled by the speaker [3]. Traces can support users in 
keeping track of links in the ecology and what happens, or what will happen, if the speaker is 
moved to a new location, other appliances are added to the ecology or the lights are taken down. 
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There are interesting efects of e.g. Philips Hue systems that people have access to remotely [3], 
raising analytic questions of how it is possible for the user and for the smart speaker to recognize 
what artifact ecology the smart speaker is currently part of and when this shifts. How are the users 
and the smart speakers aware of resources available in the new place? How are these shifts in 
artifact ecology and connections traced and likewise how are traces followed? 
To summarize, the added analytical concerns, pertaining from the principle of multiplicity and 

artifact ecologies, emphasize traces of movement across devices and mediators and the role of 
setting up activities. In addition, the concerns include the connections between mediators in the 
ecology with its many other possible and changing mediators. In tracing these connections, it is 
relevant to focus on the boundaries of particular activities and when they involve which mediators. 

Analytically the following questions address the multiplicities we have discussed: Which media-
tors are used when the common objects are accessed and activated? How does the formation, change 
and portability of traces happen in the artifact ecology? In relation to these, it seems useful to address 
what helps or hinders users in leaving and following traces across the ecology and what helps or hinders 
users in understanding what devices or common objects traces are tied to. 

5.4.2 Constructive. The constructive use of this principle is largely a matter of making links 
between devices, objects and activities clear; whether this is done on the common objects themselves, 
in the environment of other mediators or through added modalities. Of course, such traces are not 
always appropriate and useful and, hence, the exploration should indeed focus on which (forms of) 
traces could be useful when, in what activities and for whom. In addition, the identifcation and 
possible materialization of the traces themselves are constructive challenges. 

The multiple overlapping artifact ecologies involved in collaborative writing (at least collabo-
rative academic writing) [50] introduce a potential need for tracing where the text has been. This is 
both in terms of who has the latest version or what diferences there are between the versions that 
diferent co-writers are looking at and in terms of what applications have been used, as the latter 
carries information about the type of work that has been done and often also who might have been 
the one to do certain bits of the work (all this is also true even if there is only one, shared ecology). 
These issues arise in the mix of multiple artifacts and multiple people. How can traces make evident 
the way diferent versions and diferent activities relate to each other in the artifact ecology? The 
issues, among others, relate to how we conceptualize the writing: If we conceptualize collaborative 
writing as taking place in a writing application and potentially by means of an additional tool for 
collaboration (e.g. e-mail or git), traces can exist within the application, whereas if we conceptualize 
it as something mediated by a number of applications [50] to produce a common text we may need 
to, for instance, look to activity-centred computing to approach it (see e.g. [27, 75]). 
Smart speakers can be part of an artifact ecology, where they enable interaction with other 

artifacts in the ecology, such as by working as a remote control for lights or media [3]. Traces may 
be relevant for knowing which other artifacts a speaker is actually hooked up to, and even for 
detecting unexpected connections such as botnets or hacking. 

To be able to trace sequences of steps/events with a smart speaker will not only enable individuals 
to develop their practice with the speaker, it may also be possible to enable joint use and development 
of practices around commonly owned/used devices by just understanding how others interact with 
the speaker. For instance, unexpected incidents could be due to one person changing a setting 
while other users remain unaware of this change. In such a case, traces help mediate the common 
use. Perhaps traces could be envisioned as a mediator for dialog about the common device and the 
common practice around the device, such as conversations about norms for changing settings or 
borrowing the device for personal use. To which extent and how could such traces beneft users 
in understanding the confguration of a smart home? Equally, how would traces be presented to 
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the users through smart speakers given the limitations of their voice interface? Would the traces 
be presented through other means that would include the ecology of artifacts or would the smart 
speaker itself be sufcient? 

Connectivity could, for instance, also be traced through the connected devices, perhaps in concert 
with the speaker, e.g. a lamp fickering to show that it is being controlled by a smart speaker [3]. 
This hints at the relevance of considering how objects present in the environment could become 
mediators of traces. It is relevant here to refect on ways in which such objects may provide material 
and/or communicative mediation of traces, for instance to consider ways in which traces may be 
made available at a glance rather than needing to be retrieved (this is also relevant in collaborative 
writing [48]). 

To summarize the constructive lens regarding multiplicity and artifact ecologies, it makes us 
ask: How may traces be used to target the multiplicity of devices through which the shared objects are 
accessed and activated? To what extent may traces be connected to the common objects themselves 
and when is it benefcial to involve other mediators in the environment, or even introduce new ones to 
specifcally support traces? And what modalities can be activated in doing so? Of course, such traces 
are not always appropriate or useful, and hence the exploration should indeed focus on what traces 
could be useful when, in what activities and for whom and how immediate recognizability, picking up 
and handovers of traces may be further supported when dealing with multiplicity. 
And regarding developments and exchanges in the ecology, how may traces include change in 

confgurations of tools, the settings and contexts in which use happens and the connected activities? 
How may traces be moved across mediators in the artifact ecology? It should also be considered how 
users may control what is shared, across multiple mediators. 

5.5 Summary of The Qestions 
We summarize the questions across the four principles and two lenses in Table 1. While we have 
aimed for rich and nuanced questions in the summary section earlier, we have simplifed the 
questions in the table for the sake of overview. The table of questions is, in a way, the main outcome 
of this paper as it provides the crystallization of an approach to theory-informed traces as they can 
be activated analytically and constructively. 

6 DISCUSSION 

Our discussion will look at the presented analyses and consider strengths and limitations as well 
as future work regarding the traces themselves, the process we have carried out, the theoretical 
principles and the idea of working analytically and constructively with theory. 

What Did we Learn About Traces? The analyses of our two empirical cases have highlighted points 
of interest that were new and had not been identifed earlier in the studies, such as the relevance of 
co-locatedness and co-located mutual awareness in section 5.1.1. This raised questions regarding 
the intrinsic complexity of collaboration that goes beyond co-locatedness [7]. In today’s world, 
where an increasing volume of collaboration between people happens remotely or temporarily 
apart, the two cases are raising important questions with respect to how people can trace each 
other’s actions that relate to collaborative activities. 

When we further look at traces in this mixed physical/virtual space, Kim and Eklundh [43] talk 
about keeping old versions of common documents for potential reusability, although old drafts 
do not seem to be used much in reality and they ofer a discussion of fltering out trivial changes 
automatically as a way to possibly improve on the traces across versions of documents. This raises 
the following issue: We began by discussing how the two cases were (surprisingly) alike with 
respect to traces. Of course, the cases are also diferent and, considering Kim and Eklundh’s fndings, 
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LENSES 

PRINCIPLES Analytical Constructive 

Mediation and 
Common Objects What mediators exist for retracing of steps? 

Who has access to traces? 
What mediators exist for laying out steps for later? 
How do traces help users recover from breakdowns? 
What interaction modalities are used to represent 
traces? 
What possibilities and limitations do available media-
tors, interaction modalities and common objects pose 
for forming a shared overview? 

How can mediators, interaction modalities and com-
mon objects support users in laying out and following 
traces? 
How can traces be made available and be presented 
and activated in common objects? 
In what ways can diferent combinations of interac-
tion modalities mediate and activate traces? 
How may traces be ‘re-found’ when lost? 

Material versus 
Communicative How and to what extent are traces material and/or How may traces be presented materially? 
Mediation communicative? 

What is the (dialectical) relationship between mate-
rial and communicative aspects of traces? 
What support exists for leaving and following traces, 
as material and/or communicative? 
Are traces common or individual, and may traces be 
shared among users? 
How are traces conceptualized to communicate about 
them? 

How may traces be presented in a communicative 
form? 
How may material and communicative representa-
tions be used in a dialectical interplay to mediate 
traces? 
What metaphors can serve to conceptualize material 
and communicative aspects of traces? 

Development and 
Malleability 

What granularity and timescale of traces is supported 
by mediators and common objects? 
What users, objects and mediators can be traced 
back? 
How do traces mediate changes/developments in 
common objects? 
How do traces point towards future objects in the 
making? 
How do traces support learning about objects and 
activity, including learning about the traces them-
selves? 

How may traces be constructed to help draw on past 
activities to shape present and future activities? 
How can mediators support users in drawing on 
traces when forming and establishing routines? 
How can traces and their possible uses be tailorable? 

Multiplicity and 
Artifact Ecologies Which mediators are used to access and activate 

traces? 
Are traces tied to common objects and/or do they de-
pend on other mediators in the artifact ecology? 
Are traces tied to one or more specifc mediators or 
can multiple possibilities be activated by users? 
What (possible) means exist tracing links between me-
diators across the ecology? 

What traces are useful to whom in which activities? 
To what extent may traces be connected to the com-
mon objects themselves? 
When is it benefcial to use other mediators, existing 
or new ones, or other modalities to mediate traces? 
How may confgurations and breakdowns be traced 
across the ecology? 
How should traces make use of and refect changes in 
the ecology, such as removed mediators or objects or 
adding of new ones? 
How may it be communicated to users what media-
tors or common objects traces are, or can be, tied to? 
How may users control what is shared, across multi-

  ple mediators?

Table 1. Qestions about traces structured by the four principles and the analytical and constructive lenses. 
Given the relationship between the two lenses, all the questions may naturally be reflected in the other 
principle. For simplicity, the questions are only included in the lens where they have matered most. 

while it makes sense to talk about old versions of documents this is less true for the case of smart 
speakers. Here, instead, traces of development seem to make more sense such as when it comes to 
tracing setups and use activity; more so than versions of the smart speaker or digital assistant as 
such. This illustrates that there are actually many diferent kinds of common objects and that traces 
are more embedded in some objects than they are in others. When Larsen-Ledet et al. [50] talk 
about ‘text function’ they discuss exactly texts as objects that can embed collaboration and, hence, 
traces. In other cases, such as the smart speaker, it seems that it is more important to consider 
other artifacts in the artifact ecology to support traces. When Bertelsen and Nielsen [14] talk about 
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design to augment the object, versus design to augment the environment they speak exactly to the 
diference between constructively augmenting the object, versus augmenting other objects in the 
environment. This points to the importance of considering the artifact ecology and not just one 
common object at the time. 

Grudin [37] discusses recorded meetings as a form of persistent information since they are a way 
of leaving behind traces of meetings for future use, at the same time as he talks about how certain 
parts are, and should perhaps continue to be, ephemeral: “Unlike conversation, email and online 
messages do not disappear as they are consumed, they are not reliably ephemeral.” Learning from this, 
it seems important to be able to consider further what parts of human activity should be preserved 
and what not, even perhaps what common objects? This discussion was picked up by Bødker and 
Christiansen [19] with a particular focus on designing for ephemerality in future collaboration and 
it is for us an interesting concern how our questions could address such challenges and not only 
focus on persistent traces. 
In their various ways, these papers point to the need for addressing granularity and scale of 

traces and this points to further steps in future work regarding such traces. Our work here points 
out that traces as a mechanism is strongly situated within the activity theoretical framework. Our 
analysis adds to existing notions of traces by connecting granularity with scale, and the persistence 
of traces with ephemerality, hence addressing the duration of preservation of information. 

What Did We Learn About the Process? As we hinted at in the introduction, we would like to 
see more work where theoretical concepts and principles are activated in CSCW and HCI, in 
analysis and, not least, constructively. This paper shows such an activation and illustrates how 
such structured analyses in themselves require work. By choosing to work with cases that have 
already been published, we may in some ways have shortcut this process by working with material 
that has been processed and presented. In other ways this is not the case, since the theoretical 
principles had not been applied to the empirical material before. Independently, a next step would 
be to confront the constructive analysis with the empirical situation by building some prototypes 
that are informed by the analysis and that could be assessed with users. In line with [45] we suggest 
that this could be done in the form of computational alternatives. 
We fnd, however, that both the analytical and the constructive analysis are useful next steps 

towards identifying possible technological support for traces and building prototypes [42] in and 
across the two cases. This is an item for future work among us. We have also illustrated how the 
theoretical principles may guide the design in exploring what may work, by actually following the 
principles (rather than following one’s nose). 

What Did We Learn About the Theoretical Principles? We started with four general principles coming 
out of activity theoretical HCI. These principles have been developed over some time in the CIO 
project (see [23]). Choosing to work with traces may not have done the principles justice, as would 
be the case no matter the empirical material. Finding out how the principles work and do not work 
was nonetheless a point of the process. And the principles all pointed to both fndings and questions 
that we are not convinced we would have seen without the principles, e.g. the duality between the 
material and the communicative, which raised questions such as what are the dialectical tensions 
between the two (section 5.2.1)? 
We have seen how the four principles may usefully be supplemented by and tied to Bardram 

and Houben’s [7] collaborative afordances. In order to apply them to the temporally and spatially 
dispersed nature of the cases we have analyzed, it has been necessary to extend the conceptualization 
of the afordances as presented by Bardram and Houben. It warrants consideration whether their 
defnition needs extending or additional afordances ought to be defned, in order to cover a wider 
range of collaboration scenarios. In either case, we fnd that the notion of collaborative afordances 
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is useful but needs to be explicated further — something that could be done by applying them to 
diverse cases of collaboration, as we have done here. 

By introducing the collaborative afordances into the equation, it furthermore became clear that 
we may need more (questions and/or an additional clear principle) regarding context, situatedness, 
environment and place. This was not a big surprise as our own earlier work has pointed in that 
direction: A focus on environment and place is not in contradiction with the activity theoretical 
basis and has already been suggested by Korsgaard [45]. Similarly, context and situatedness has 
been central in Bødker’s early work with activity theory [17, 18]. Without spelling out the details 
here, we suggest that these foci should be added to the list of principles, at the same time as we 
caution against uncritically adding principles at the risk of ending with a very long and little helpful 
‘laundry list’. 

Analytic, Constructive and Beyond. In the tradition of research through design, several authors have 
worked with abstractions that are used to develop interim concepts across design cases, from the 
bottom up. Höök and Löwgren propose strong concepts as “design elements abstracted beyond 
particular instances” to be developed and used by designers and researchers [41, p. 5], and Dalsgaard 
and Dindler [29] discuss bridging concepts as intermediary knowledge between theory and design 
practice. Bowers [24] ofers a diferent way of accumulating insights from design through annotated 
portfolios. These approaches, qua their roots in research through design, seem more concerned 
with accumulating knowledge across design cases as such, somewhat in contrast to our concern 
for also developing and refning theory. 
Returning to the work of Rogers [68, 69], she also mainly focuses on design when it comes to 

the constructive, generative and future-directed. Design is, however, a matter of focusing on the 
particular [71] and not as such a theoretical endeavour. Hence, it is important to consider how the 
exercises of applying theoretically informed questions can help not only with design but also with 
research when it comes to the future and the epistemic aspects of use. 

Gergen [36, p. 1346] suggests working with theory to “provoke debate, transform social reality, 
and ultimately serve to reorder social conduct.” This is a wider and more radical way of thinking 
than Rogers’ more design-oriented approach [68] and Beaudouin-Lafon’s attempt at interaction 
models [9], because it suggests that theory should reframe research (and not only design). At the 
same time, it is a strong support for the notion that HCI and CSCW theories are not just analytic 
and static but also help address the future. 
We generally see our contribution here as a step towards reordering the use of technology, but 

we need also consider, with Gergen, the critical use of theory. This seems less explicit in the work 
of both Rogers and Beaudouin-Lafon, but may at the same time add to the discussion of critical 
design versus critical theory of [8]. It seems, for instance, that the above discussion of ephemerality 
is one way in which one may critically, and informed by theory, discuss traces so as to fnd out, or 
help future users assess, what should not be traced or kept over time. 

7 CONCLUSION 

By activating activity theoretical HCI and collaborative afordances analytically and constructively 
through four principles, we have developed a notion of traces across two example cases. This analysis 
situates traces within an activity theoretical framework, which provides detail and connections 
between elements of theoretically constituted traces. The outcome is a set of questions to analytically 
and constructively approach traces in an empirical case where common objects and joint activities 
have roles to play. Hence, we have made the case for traces as a useful construct by refning the 
concept and drawing out specifc implications for future design. 
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Drawing from the activity theoretical framework, we have considered common objects and 
artifacts as mediators through which people interact and collaborate with each other. In doing 
so, we have critically analysed collaborative afordances with respect to our two empirical cases, 
sharpening the principles mediation; material and communicative mediation; development over time; 
and multiplicity and artifact ecologies. This perspective ofers a rich yet quite frm understanding 
of traces; more precisely the ways in which they can be identifed and assessed analytically and 
constructively, anchored in the multiple common objects, mediators and metaphors of the empirical 
setting. It has both analytically and constructively demonstrated the importance of the dual focus 
on the past, historical traces of the joint activity and the future-directed joint understanding of the 
epistemic and yet to be. 

Further, as an addition to other work that tackles the mutual bridging between particular cases 
and theory, the work presented here demonstrates a strong potential for empirical studies to 
critique and nuance theory. The examples from our empirical material have driven the formulation 
of analytical and constructive questions, and through that have added nuance to the activity 
theoretical principles informing the analysis. 
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