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Abstract 
 
Today we have computers in all kind of work places, and it is a fairly 
common artefact in many homes. What becomes an interesting topic 
when computers end up in everyday occasions and used by people who 
are not necessarily computer experts is how the user interface should be 
designed to be rendered practically useful. This thesis explores part of this 
problem by looking into the details of how we use technology and 
artifacts in our everyday activities and utilizes the insights for developing 
design concepts. Of particular interest is concept development for user 
interfaces that goes beyond the traditional desktop computer setup with a 
screen, keyboard and mouse as tools for interaction. 

The work relies on an ethnographic approach to get an understanding 
of moment-by-moment use of technology. Fields like Ubiquitous 
Computing and Computer Supported Cooperative Work are great sources 
for inspiration when it comes both to theoretical insights and visions 
about future use of computers. 
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Introduction 
 
Today, computers are common tools and are found in all kinds of work 
places and in people’s homes. We use them daily without paying too 
much attention to the fact that they are computers. The majority of the 
computers we use are not even seen as computers as we use them on a 
daily basis. A modern car, for example, consists of many embedded 
computers that the ordinary car driver never thinks about1. When we talk 
about computers, however, most people think of a desktop computer with 
peripherals such as a screen, keyboard and a mouse. Although a desktop 
computer is in many ways very flexible in terms of what you can do with 
it, e.g. word processing, process monitoring, paying bills, accessing 
Internet, and playing games, it is rather limited in the ways we interact 
with it. The mouse and keyboard are normally the only input devices 
used. The fact that the desktop computer is physically placed on a desk, 
further demands that we approach the desk in order to use it – what we 
call desktop gravitation. Recently laptop computers and PDAs have 
become more frequently used and allow people to bring the computer to 
other locations than the desk. Also, some mobile phones are merged with 
PDAs, making it possible to have access to computational power 
wherever you are; the aim is to fulfil the common promise of the 
computer industry to do ‘anything, anytime, anywhere’ (Sharpe 2001). 

Grudin (1990) described over a decade ago out how the user interface of 
the computer was pushed further and further out from the computer itself 
and into the user’s work environment. From being used and designed 
primarily by technicians, the computer is now in use in all kinds of 
professions that do not have computers as their object or work. The trend 
that Grudin describes is not over yet and is likely to continue. The 
computer has not only spread to our work environments but also to our 
homes and into our private lives. 

What I find interesting in this process is how we can design technology 
to suit the activity at hand. It is easy to understand the importance of 
making technology enmesh with our everyday activities in our homes. 
Most people probably want the computer ‘out of the way’ so as not to 
disturb their home environment; at work people want to focus on their 
object of work and not on the computer as such. Today we are often stuck 
                                                        
1 At least not as long as things are working as they should 
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with a box for the computer, a screen and a keyboard. That is fine as long 
as we only want to play games and write documents, but if we want to 
use computer power to control our house and support our everyday 
activities, moving to the computer might not be the best solution. The 
visions of disappearing computing, pervasive computing, invisible 
computing or whatever term one chooses to use, becomes interesting in 
this regard. The goal, as I see it, is not necessarily to make the physical 
computer and its interfaces become invisible, but rather to design 
computer technology so it becomes unnoticed in the interaction2. 

When talking about computer design there are many aspects one can 
work with, e.g. the internal structure of the computer algorithms, the 
layout of a graphical user interface, and, the design of a system to be 
integrated into an organization, to name a few. All of these areas are of 
great importance for the development of computers and their use, and a 
great deal of research is being done into each of these areas. The area 
which has caught my interest is the users’ interaction with technology at 
specific moments; my interest is two-fold: to understand how people go 
about interacting with technology and artefacts, and to design and discuss 
interactional possibilities. I also have a special interest in user interfaces 
which goes beyond the traditional desktop computer and tries to utilise 
the context in which they are intended to be used. My interest developed 
initially as a consequence of Weiser’s (1991) visions about Ubiquitous 
Computing; I have subsequently become interested in fields that are 
parallel to or continuations of this form of computing. 

Put more explicitly, the aim of this thesis is to deepen our 
understanding of concrete instances of human computer interaction for 
the purpose of creating well-informed design concepts for areas within 
tangible computing, with a particular focus on the cooperative aspects of 
the relevant setting. Even more specifically, I largely limit my interest to 

                                                        
2 Relying on Heidegger, Ehn (1988) use the term ready-to-hand to describe a 
similar phenomenon. Briefly, ready-to-hand means that when an artefact is in 
use it is not explicitly noted, but rather part of the background constituting 
the current activity. Opposed to this is present-at-hand which brings the 
artefact into being consciously interpreted and noted. This occurs typically 
when there is a breakdown in relation to the anticipated activity, e.g. if the 
artefacts to be used are broken. The artefact moves from being in the 
background into the centre of attention. 
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the interactional features of technology in use – both in the analysis and 
design concept development. 

My interest in the moment-by-moment use of technology makes my 
approach to my chosen field of study straightforward: ethnography is the 
obvious choice. My analysis of my results forms the basis of my 
arguments about interactional features. 

The structure of this thesis can be divided into two parts. The first three 
chapters will go though the theoretical inspiration that is the base for the 
work. Here I discuss technological interests, the relation between 
ethnographic studies and technology design, and lastly the inspiration I 
got from ethno- and technomethodology. In the second part I go through 
my research in the light of accountable interaction and describe practical 
issues related to the projects I have been involved in. Further, the 
individual papers which are included in the thesis are presented, and 
lastly, the conclusion points to possible areas for future research. 

 

TANGIBLE COMPUTING 
 
Ubiquitous computing (Ubicomp) is fundamentally about “colonizing” 
the world with computers everywhere, while at the same time making 
them disappear. Weiser, who coined the term, writes that Ubicomp “has 
as its goal the enhancing computer use by making many computers 
available throughout the physical environment, but making them 
effectively invisible to the user” (Weiser 1998). The justification was 
basically that computers were often the focus of attention in different 
work situations instead of being a tool through which we work and one 
that disappears from our awareness (Weiser 1993). People should simply 
use them to accomplish everyday tasks (Weiser 1991). 

To achieve that goal one must not only focus on the user interface. The 
context for the activity in which the tool should also be used has to be 
considered in the design. Currently, computers know very little about the 
context in which they are used and are isolated from the user’s immediate 
concerns. Suchman (1987) makes this obvious in her well-known study of 
the use of a photocopier. 

Further, ubiquitous computers, spread everywhere in the workplace, 
built into the woodwork, and always at hand also challenges the view of 
the computer as the personal computer. Computers should no longer be a 
personal belonging but be shared among all of us – or as Weiser and 
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Brown (1997) puts it: “The “UC” era will have lots of computers sharing 
each of us”. One consequence of having computers everywhere will, 
according to Weiser and Brown, be the need to design for calmness – so-
called calm technology. The basic principle behind calm technology is to 
establish how technology can seamlessly move between the periphery and 
the centre of our attention. One example often referred to is the dangling 
string (ibid.). This consists of a plastic string in a motor attached to the 
ceiling. The speed of the motor is determined by the amount of traffic in a 
network. When there is traffic, the string spins and produces a 
characteristic noise. The higher the traffic is on the network the more the 
string will spin. Metaphorically speaking, the string can be seen as a 
window into the network. According to Weiser and Brown, calmness is 
achieved because the string ‘peripheralises’ well, i.e. it does not require a 
high degree of interpretation and attention. 

A parallel approach to alternative ways of interacting with computers 
and utilizing the physicality of the world is Tangible bits, as proposed by 
Ishii and Ullmer (1997). The latter are also trying to get the computer out 
in the world among people through other means than the common 
desktop computer. They are developing “ways to make bits accessible 
through the physical environment” (p. 235). Their vision focuses on 
“awakening richly-afforded physical objects, instruments, surfaces, and 
spaces to computational mediation, borrowing perhaps more from the 
physical forms of the pre-computer age than the present” (p. 236) They 
want to use all surfaces as an interface between the physical and virtual 
worlds; to tag physical objects with digital information that relates to 
them; and use all kinds of ambient media (light, sound, airflow, etc) as 
background interfaces to digital information. 

In their paper, Ishii and Ulmer point to a difference between Ubicomp 
and their Tangible Bits approach. They see Weiser’s vision as aiming at 
“exporting a GUI-style interaction metaphor to large and small computer 
terminals situated in the physical environment” (p. 236). Although one 
could see it that way when looking at the initial experiments with tabs, 
pads, and boards, it is not how I understand Ubicomp’s vision. My 
interpretation is that these examples are only a start. They deal more with 
the crucial infrastructure that is needed to fulfil the vision than the ‘final’ 
artefacts. Weiser himself points to this quite strongly, and calls this 
initiative phase I: “This then is the phase I of ubiquitous computing: to 
construct, deploy, and learn from a computing environment consisting of 
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tabs, pads and boards. This is only Phase I, because it is unlikely to 
achieve optimal invisibility. (Later phases are yet to be determined.) But it 
is a start down the radical direction, for computer science, away from 
emphasis on the machine and back to the person and his or her life in the 
world of work, play and home” (Weiser 1993, pp. 76-77). 

Now, one could probably spend some time discussing the differences 
between alternative/complementary approaches related to alternative 
ways of interacting with computers. That is not, however, what I would 
like to do; I thus follow Dourish (2001) by combining these concepts under 
the umbrella term ‘Tangible Computing’. Tangible Computing also 
permits a higher degree of freedom than sticking to one specific approach. 
It opens the way for a more case-based approach to design, where you can 
rely on any technological vision depending on the current context for 
design. Ubicomp, for example, suggests that every object should be 
connected to every other object. For me that is not particularly important, 
and perhaps what is even more important, it is not an idea I believe in. I 
sympathize with the idea of Holmquist et al (2001) that “for successful 
applications to emerge, it will not be the quantity but the quality and 
usefulness of connections that will matter”. 

The “quality and usefulness” I am exploring in the present project are 
concerned with the interactional features suggested by a particular design 
- how technology is used in everyday work practices and what formats 
are feasible for creating seamless interaction. 

 

BRIDGING THE GAP 
 
Many researchers have studied the use of technology in everyday life and 
worked with issues of how such an understanding can be used to develop 
better and more usable computer systems. During the last decades a 
tradition relying on ethnographic studies as the base for understanding 
work practices and how people work with technology has developed, 
particularly within the field Computer Supported Cooperative Work. 
There is a strong believe that ethnographic studies of work can have an 
impact of the quality of new developed products. What is not clear 
though, is how the ethnographic findings should be used. One issue that 
is frequently discussed is how to ‘bridge the gap’ between the detailed 
and unique descriptions and analyses of actual work, and the necessity for 
simplification and generalisation within system design. The detailed 
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character of ethnographic material is problematic when it is related to 
design. One of the main problems is that design is to a large extent about 
reducing complexity and making abstractions implementable, while the 
aim of ethnography is to describe the complexity of the observed 
phenomena in all its detail. The common way of dealing with these 
problematic issues is to use debriefing meetings where the ethnographer 
functions as a proxy for the domain being studied and informs the 
designer of the insights deriving from ethnography. Such sessions can 
motivate the need for further and more specific studies to follow up issues 
raised during the meeting (Hughes et al. 1993). 

Hughes et al. (1994) suggest different versions of how to use 
ethnography in relation to system design depending on the project 
circumstances (especially commercial constraints such as time and 
budget). The first approach is called ‘concurrent ethnography’ (figure 1). 
Here the ethnographic study is taking place simultaneously with the 
system development. Since system development is an iterative process, 
Hughes et al (1994) propose to have regular debriefing meetings where 
the ethnography can inform design decisions. It is interesting to note that 
their experience showed that the utility of ethnographic input declined as 
the system development moved on. Instead, input from future users using 
the prototypes became increasingly important. 
 
 
 
 
 
 
 
 
 
 
 
 
The second category Hughes et al. (1994) propose is so-called ‘quick and 
dirty ethnography’ (figure 2). The basic idea is that during a limited time 
(relative to the size of the task) system designers will be given a general 
sense of the relevant setting. It is general in the sense that it is not possible 
to give a complete and detailed understanding of the setting. The 

Ethnographic 
Study 

Systems 
Development Debriefing Meetings 

System Prototype 

Figure 1: Concurrent Ethnography 
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ethnographer’s questions are also more limited since the time constraint 
requires a more focused set of questions arising from questions raised in 
relation to the system design. Again, debriefing meetings are suggested as 
a way to inform system designers. 
 
 
 
 
 
 
 
 
 
 
 
Perhaps the most obvious use of ethnography in relation to system design 
is the third category, evaluative ethnography (figure 3). Hughes et al. 
(1994) call this a more focused version of quick and dirty ethnography 
since the ethnographer must verify or validate already formulated design 
decisions. This approach is particularly promising if it is used to study the 
developed systems already in use to inform the next generation of the 
system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The last category is named ‘re-examination of previous studies’. It is 
basically about reading previous studies done by other people and 

Outline Project 
Meetings 

Debriefing Meetings 

Scoping Document

   Short 
focused 
studies 

Figure 2: Quick and Dirty Ethnography 

Debriefing Meetings 

Amended Design 
or Specification 

Initial Outline 
Design or 

Specification 
Short 

Ethnographic 
Study 

Figure 3: Evaluative Ethnography 



 8

learning from them. At the time Huges et al. (1994) wrote their paper 
there were not to many ethnographic studies done within the field of 
CSCW, so this approach makes even more sense today when we have a 
larger corpus of studies to consult. 

What is common among these approaches is that they all are versions 
of how to ‘bridge the gap’ between ethnography and system design. 
Many researchers agree that system design can learn from ethnographic 
studies of work, but the linking is not unproblematic. It also becomes 
troublesome since there cannot be any explicit connection between an 
ethnographic account and the future artefact. Some say that it is only a 
practical problem, and that it can be resolved by involving the 
ethnographer in the design team (e.g. through debriefing meetings, as 
suggested above). 

I do believe it is important to consider if the design is a completely new 
invention, or if it is an upgrade of a previous design. In the latter case, I 
am convinced that there can be occasions where the gap between 
ethnography and design seems fairly close. For example, in our 
ethnographic analysis of the use of technology in dialysis departments, 
we noticed some problems with parts of the graphical user interface on 
the dialysis machine, as illustrated below.  
 

 
Figure 4: The graphical user interface of the dialysis machine. The part of 
interest here is the scale showing the rate of the blood pump (a). The user 
is about to change the rate from 50 ml/min to 100 ml/min. The current 
rate is shown in the right part of the scale (b). 

a 
b 
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a 

b 

a 
b 

c 

d 

Figure 5: The user press the scale and a numerical keypad pop up on the 
screen (a). The value indicated in the numerical keypad corresponds to the 
current rate of the pump (50 ml/min) (b). When the user press the scale, the 
value on the scale is changed to 170ml/min (c) (corresponds to where on the 
scale the user pressed). Also, an extra button turns up in the right menu with 
the text “Confirm” (d). 

Figure 6: The user has entered 100 on the numerical keypad (a) and press 
the confirm button (b). 
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a 

Figure 7: To the users surprise the rate of the blood pump is set to 170 
ml/min and not 100 as the user intended (a). 

a 

Figure 8: The user open once again up the numerical keypad by pressing 
on the scale. He enters 100 for the second time and press the button ‘Ent’ 
on the numerical keypad (a). 
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As seen in the above example, it is evident that there is a problem in the 
user interface. There are two ways of entering the rate of the blood pump, 
and they are in conflict with one another. The example is rather 
straightforward, and it is obvious that there are openings for redesign in 
order to avoid the interface confusion. What the data do not tell us, 
however, is how an improved interface should look. There is no explicit 
connection between what is observed and what is to be done to resolve 
the identified problem. The practical connection takes its form in the 
possibilities to formulate a concrete problem with the interface based on 
real use. Although there is no indication of how the problem should be 
solved, it clearly points to what the problem is and how it unfolds in 
practice. 

What we have seen developed during in the last years is that some 
researchers do not exclusively take on the role of ethnographer or system 
designer; they try to combine the two fields in different ways. They do not 
claim to master all aspects of the two fields, but rather seem to create a 
complementary discussion about future design concepts in which design 
suggestions are discussed in a different way to that of more specialised 
ethnographers. It seems to be the case that these researchers also have a 
stronger interest in technology and design and thus have a different 
approach to studying technology in use than sociologists, who have to a 
large extent been the dominant background for ethnographers within 

a 

Figure 9: The rate of the blood pump is set to 100 ml/min (a). 
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CSCW. The differences do not mean that one is better than the other, 
simply that they are different. Plowman et al. (1995) show that very little 
research which engages with work place studies results in specific design 
guidelines. Further, they state that what is typical of papers within CSCW 
engaging with work studies is a description of the case study and some 
‘implications for design’ at the end of the paper, including highly 
generalised or semi-intuitive recommendations. These results can be 
different where the researcher has a fundamental interest and background 
in technological fields and an interest in design and adopting an 
ethnographic approach to his/her research. The difference, which is 
addressed in this thesis, is primarily in the details in which the actual 
technology is discussed in relation to people’s interaction with it. One 
example is how we describe the features of different alarm systems in 
Sánchez Svensson and Tap (2003) (paper III). Here we go into the details 
of each alarm system interface and show their interactional differences 
and implications for the work practice. We use localisation, orientation 
and recognition as themes and show their importance for interaction. We 
show for example the interactional difference between alarm systems that 
present alarms sequentially as opposed to parallel notification and 
demonstrate how the physical placement of the alarm devices alters the 
interactional possibilities. The results are, of course, not conclusive in that 
they do not demonstrate that one version is better than another; rather, 
they are well-founded suggestions about what interactional features 
different alarm system designs give rise to. These results are presented in 
such terms as ‘suggestions’, ‘direction’ and ‘insights’ as pointed out by 
Plowman et al. (1995) as being typical results from research based on 
workplace studies. The results are though discussed on a detailed level 
that is useful for detailed interaction design, and are hopefully more than 
“semi-intuitive recommendations”. The need to present the results in 
terms of suggestions and directions is based on our realisation that not 
every alarm system needs to work interactively in the same way. 
Depending on the local circumstances, there will be a need for systems 
with different interactional characteristics. For example, it is impossible to 
determine if a parallel or sequential alarm indication is preferable in all 
circumstances. What is important to show is how the different solutions 
affect interaction in different ways. Although I do claim that our results 
are more than just “highly generalisable and semi-intuitive 
recommendations”, we are not dealing directly with the issue of ‘bridging 
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the gap’ between workplace studies and design practice. The reason is 
partly that to some extent we are engaged in both practices ourselves. The 
workplace studies and design discussions are done by the same people. 
This does not mean that the problem of ‘bridging the gap’ is solved in any 
way. In our case, this works mainly because we are currently satisfied 
with design concepts and do not push our ideas towards commercial 
implementations. In such cases, additional processes need to be executed 
in order to inform the development of a particular product. For us a setup 
with concurrent and evaluative ethnography seems likely to be the most 
suitable option. 

 

[*]METHODOLOGY 
As already noted, our study is based primarily on an ethnographic 
approach in an effort to understand technology in use. This is not 
sufficiently explicit, however. Ethnography can be used together with 
many different theoretical approaches. Just because many researchers use 
ethnography does not mean that they share the same theoretical 
perspective. The perspective that has inspired me the most is 
ethnomethodology (Garfinkel 1967). 

The term ethnomethodology was coined in the sixties and Harold 
Garfinkel is considered to be the main founder. Ethnomethodology is 
mainly concerned with the methods members of a specific social group 
use to act in and make sense of their situated practice. Of particular 
interest are mundane, everyday routine, taken for granted, and “seen-but-
unnoticed” aspects of activities. Garfinkel makes it clear in the first 
paragraph of his book from 1967 that it is everyday practical activities that 
are of interest: 
 

 “The following studies seek to treat practical activities, practical 
circumstances, and practical sociological reasoning as topics of 
empirical study, and by paying to the most commonplace activities of 
daily life the attention usually accorded extraordinary events, seek to 
learn about them as phenomena in their own right” 

(Garfinkel 1967, p. 1) 

 



 14

Instead of assuming people interact in a social system with a set of shared 
norms, ethnomethodology takes the stance that social reality is constantly 
created by members and strives to show how it is continuously conducted 
moment-by-moment. So “the activities whereby members produce and 
manage settings of organized everyday affairs are identical with 
members’ procedures for making those settings ‘account-able’” (Garfinkel 
1967, p. 1). Accountability in ethnomethdology has a specific meaning that 
is different from the common usage of the term, which is more closely 
related to responsibility. In ethnomethodology it is “members’ methods 
for making […] activities visibly-rational-and-reportable-for-all-practical-
purposes, i.e. ‘acountable’” (ibid. vii). 

My mission is not to pursue an ethnomethodological study and present 
an ethnomethodological description of the social phenomena I observe. 
Instead, I am inspired by  the level of analysis which characterises 
ethnomethodology and the fundamental question it asks about how 
people conduct their everyday affairs; it is this approach I have adopted 
when studying technology in use. 

Since ethnomethodology is concerned with how people go about 
constructing and making the social world intelligible, the notion of good 
versus bad practice is not an issue. In relation to using ethnomethodology 
for informing design, this can be problematic in the sense that design is to 
a large extent about creating ‘good’, useful, artefacts. 

The ethnomethdological use of the term accountability with the 
reflexive relation between action and understanding is particularly 
inspiring. Dourish (2001) has a well formulated explanation which states 
that “the methods of understanding and making sense of action and the 
methods for engaging in it are the same methods.” (p.79). 

Dourish and Button (1998) take the ethnometholodogical version of 
accountability as a basic concept for developing a closer analytic 
relationship to system design than the merely practical one. They term 
their approach ‘technomethodology’; it should be seen as a new discipline 
where “design adopts the analytic mentality of ethnomethodology, and 
ethnomethodology dons the practical mantle of design” (Button and 
Dourish 1996, p. 22). This means that instead of system design learning 
from the ethnomethodologist (being a proxy for the field of study) or from 
an ethonomethodological account (i.e. working with a specific 
ethnomethodological analysis or some work), it creates an analytical 
frame that is different to its “parent” disciplines and is more concerned 
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more with disciplinary relationships related to interactive technology per 
se and the basic model around which those designs are built than a 
specific system. This also means that technomethodology tries to go 
beyond the relationship between ethnomethodology and system design as 
a practical matter. It is, in other words, an analytic orientation and not 
project management (Dourish and Button 1998, Dourish 2001). 

The problem they are addressing is what Suchman (1987) identifies in 
her study of the use of copying machines. Suchman shows that there is a 
mismatch between how people understand ‘interaction’ with a machine 
and the assumptions about people’s actions being implemented in the 
model for user interaction. Suchman points to an asymmetry in 
interaction between people and machines. People use a rich array of in 
situ methods to make actions and events intelligible, while machines rely 
on fixed sensory inputs and a predetermined set of states and responses. 
Further, Suchman proposes three problems to be addressed when 
designing interactive machines: 
 

“First, the problem of how to lessen the asymmetry by extending the 
access of the machine to the actions and circumstances of the users. 
Secondly, the problem of how to make clear to the user the limits on the 
machine’s access to those basic interactional resources. And finally, the 
problem of how to find ways to compensating for the machine’s lack of 
access to the user’s situation with computationally available 
alternatives” (p. 181) 

 
As I understand technomethodology, it tries to tackle parts of these 
problems. By going to the field of software architecture, Dourish and 
Button (1998) utilise an approach called Open Implementation to get 
closer to the system behaviour. The basic reason for choosing this 
approach rather than other implementation strategies is that Open 
Implementation offers a second interface to the systems internal structure 
that grants access to the system’s own structure (the meta-level interface) 
(figure 10). This makes it possible to ‘ask’ the system for an account of its 
own activity. What Dourish and Button emphasise is that the system 
inquiry should be carried out continuously as part of the system’s action 
and not independently of it. “The account is not a commentary on the 
activity it describes, but is part and parcel of the activity as it is carried 
out” (Dourish 2001, p.85). 
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Figure 10: (a) Clients interaction with traditional black-box abstractions 
through standard abstraction barriers. (b) Open implementations also reveal 
inherent structure (Dourish and Button 1998) 

 
Although I have tackled the issue of designing technological systems 
differently to what is suggested by technomethodology, the core ideas 
seems to be shared: How can the system, or the interactive activity as a 
whole, in everyday, mundane, routine and taken for granted in situ 
activities support a, for all practical purposes, good enough account of 
what is going on. 
 

ACCOUNTABLE INTERACTION 
 
As previously mentioned, I align myself with the term Tangible 
Computing as it incorporates a variety of closely related fields such as 
Ubiquitous Computing, Tangible Bits, Disappearing Computer, and 
Pervasive Computing. What I find somewhat surprising is that there has 
been a discussion about the disappearance of the computer which 
suggests that it will literarily disappear. If someone really believes that 
this will really happen it is hard to say, but the topic has been under 
debate at conferences, e.g. a panel at ECSCW 2001 discussed the theme “Is 
the computer really disappearing?”. EU has also funded a research 
program named ‘Disappearing Computer’ that can make one believe that 
this will indeed happen. For me the point is not to literally get the 
computer to disappear, but to make it disappear from our attention when 
using it. 
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What seems to be true is that computers will populate our world even 
more (Ubicomp), appear in different forms in all kinds of locations, be 
continuously present (Tangible bits) and also give a continuous account of 
its actions (Technomethodology). Also, by looking at the analyses from 
work practice studies about how people interact and use technology 
efficiently, it is clear that interaction becomes efficient and intelligible 
thanks to physical artefacts and their placement in the environment. This 
thesis is based on the assumption that the computer will reappear rather 
than disappear. What we are trying to hide is the fact that one is 
interacting with a computer per se. The computer should be “effectively 
invisible to the user”, meaning that interacting with computers should be 
‘interactively unnoticed’ and ‘seamlessly integrated’ into our activities as 
efficiently as turning on the light when entering a room. So it is more 
about making computer interaction ‘invisible’ to our awareness rather 
than eradicating it in any physical or visible sense.  

To achieve this is a complex task. Since we continuously act in a 
situated practice which is unavoidable, it is not possible to foresee the 
details of people’s actions. But by taking the understanding of how people 
perceive the world and makes it intelligible, i.e. the ethnomethods, makes 
a sound point of departure. The collection of papers in this thesis is 
concerned in different ways with the interactive issues apparent when 
talking about computing as described above. The following sections will 
exemplify and discuss this further by revisiting research projects I have 
participated in. 

 
APPEARING GLOW TAGS 
 
Glow Tags (paper VI) is a concept that extends the more traditional ideas 
about tagging3 of objects. It does this by basically making the tags more 
active from a user perspective. Instead of requiring some action from the 

                                                        
3 Here tagging is referring to building in a sensor or identifier of some kind 
into a physical object that then can be used for some interactive purpose. For 
example instead of keys one can have a tag that unlocks the door when being 
close enough. 
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user to make use of the tag4, the Glow Tag can be present by literally 
glowing (see figure 11).  
 

The basic idea is that the Glow Tag is triggered by certain ‘events’. For 
example, if a tag includes the date for someone’s birthday, it can start to 
glow on that particular day. If the tag is placed on previously received 
birthday gifts, the glowing could be seen as an account which points out 
old presents. The tags can also be connected to other Glow Tags and 
trigger them to glow. 

That Glow Tags do not disappear in a physical sense is obvious. What 
is interesting, however, is how they appear in interaction, how they are 
accountable. With the original concept of Glow Tags, the trigging of the 
tags might seem arbitrary from a user’s point of view. The tags are 
triggered by themselves, and it is up to the user to find out why they are 
glowing. In our paper we call this a ‘playful interaction style’. To 
understand why the tags are glowing the user has to go through a game-
like experience to figure out the reason for the glowing. So the tag does 
not only appear in a physical sense, but will also be the focus of the user’s 
attention – as the object of the activity. If compared to a purposeful 

                                                        
4 Normally tags require the user to actively bring them to a reader of some 
kind. E.g. a barcode needs to be scanned and a RFID-tag needs to be within a 
certain range of a RFID-reader in order to get activated 

Figure 11: A collection of pictures with Glow Tag prototypes 
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interaction style where the user is triggering the glowing, the focus is still 
on the glowing tags, but for other reasons that allow the tags to sink more 
into the background of the user’s attention. The object of the activity will 
not be to find out why the tags are glowing, the glowing is only there for 
localisation purposes. 

By changing the control of the tag-trigging from the system itself to the 
user, the account of the glow tag is different from a use perspective. 
Instead of constituting the activity, the tags become merely a resource in 
some other activity, e.g. for locating a collection of items. 
 
APPEARING ALARMS 
 
There are several parallels between Glow Tags and alarm systems when it 
comes to their appearance in user interaction. In a study conducted at 
three dialysis departments we analysed how different alarm systems 
affected the way nurses could localise and recognise alarms (paper III). 
The basic difference between the alarm systems was that one kind uses a 
display with a text code (system B) and the other kind uses flashing lights 
(system A) – both systems use sound (figure 12). 

At first glance it might not be apparent how the different designs of the 
alarm systems make them appear differently in nurses’ work practice. 
There are, however, interesting differences when it comes to interaction. 

Figure 12: Left: Alarm system A – uses sound and a flashing light. 
Right: Alarm system B – uses sound and a display. 
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The first thing that needs to be mentioned, even if it is obvious, is that the 
purpose of an alarm is not to disappear in the everyday sense of the term. 
The main reason for having alarms is that they should attract attention. 
When looking closer at the use of alarms it also becomes obvious that it is 
not the alarm itself that is of importance, but where the alarm has its 
origin (at least in our case). What needs to appear for the nurses is in a 
sense not the alarm itself but the location of the problem causing the 
alarm. 

As already mentioned, there are some parallels with Glow Tags and the 
alarm systems we have studied. In alarm system B the glowing of the tag 
can be seen as the sound of the alarm. The sound comes from the alarm 
displays that are evenly distributed in the corridor. The sound indication 
is activated at the same time from the different alarm panels as well as the 
text on the display. If we temporarily assume that there is no text on the 
alarm display, the interaction style would be similar to the original 
concept of Glow Tags – namely ‘playful’5. The nurses would only know 
that there was an alarm somewhere in the corridor, and their task would 
be to track it down. Obviously this would not be good enough at a 
dialysis department of kind studied. To remedy this, the alarm system 
uses an additional code displayed on the alarm panel. That way the 
system gives a more precise account of the reason for the alarm as well as 
its origin. This can be called a ‘supportive interaction style’6, i.e. the 
system gives an account of its action. 

With alarm system A there is no additional display to create a 
supportive interaction style. Instead, the sounds and the flashing lights 
are not evenly distributed to all alarm panels at once. In alarm system A, 
the alarm panels are triggered independently of one another and can be 
seen as individual units. To keep the interaction style from becoming 
playful, physical placement is consciously used. Each alarm panel is 
placed directly outside one room from where they distribute the alarm. 
Being physically located directly outside a room shows the origin of the 
alarm, creating once again a kind of supportive interaction style. In this 

                                                        
5 Please note that I only refer to the characteristic of the playful interaction 
style here, and not that the dialysis practice is in any way playful considering 
it is literally about keeping people alive. 
6 In the Glow Tag paper we suggest a supportive interaction style as an 
alternative to the playful that comes with the original concept. 
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way the sound of the alarm also gets a position. Compared to alarm 
system B where the sound is evenly distributed to all alarm panels at 
once, the sound does not contain any additional information other than 
that there is an alarm. When the sound gets a position it is possible to hear 
from where the alarm has its origin – is it far down the corridor or closer. 
The account of the sound becomes in this way different. Further, with 
individual alarm panels it is possible to hear when there is more than one 
alarm active simultaneously since more than one panel is active at the 
same time. With system B, the only way to recognize that there is more 
than one alarm is to focus on the text display where the alarm description 
will alternate. 

To summarise, if we only consider the sound part in the different alarm 
systems, system A is a kind of supportive interaction style with the sound 
giving an orientation to its origin, while system B can be characterised as 
playful; it can only indicate that there is an alarm somewhere. The main 
issue is to show how a position-based sound indication is interactively 
different from a non-position-based one. A non-position-based sound also 
demands additional devices to give more detailed information about the 
reason for the sound. In the case of alarm system B, displays with 
different text codes are used. 

In rehearsing one of the interactional aims of ubiquitous computing to 
make computers “effectively invisible to the user” we note that 
‘effectively invisibility’ is related to the user. This means that it is not 
necessarily effectively invisible for all users per se. Let us use the two 
alarm systems as examples and imagine the interactive difference if they 
are used by a nurse working with the alarm system on a daily basis and 
by a guest visiting for the first time. 

Taking the guest’s perspective, the sound would probably be perceived 
as an alarm of some kind irrespective of the version of the alarm system 
used. That sound equals an alarm is, under normal circumstances, 
understandable to anyone7. Assuming that the alarm is from alarm system 
A, the origin of the alarm would also be clear to the guest by means of the 
position-based sound and the flashing light outside the room. With alarm 
system B, the case would be different. Here the guest would have to figure 
out what the code viewed on the alarm display means in order to figure 

                                                        
7 ‘Sound’ here is of course sound designed to sound like an alarm and not 
sound in general. 
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out where the alarm originates. For the nurses, on the other hand, the 
code is self-evident and once learned is not something they need to 
interpret consciously. 

It is important to highlight that the technology itself does not dictate the 
way it is perceived by the user. It is closely related to the member category 
to which the user belongs. What the analysis of the different alarms 
systems shows is that they can be more or less available for a broad group 
of members. For example, by using physical placement to indicate a 
position (as with system A), the system becomes accessible for more users 
and is not limited to pure professionals. One could say when focusing 
solely on the utilisation of physical placement, system A gives a richer 
account of its action than system B. System B uses instead a display to 
give a similar account. I would say that alarm system A’s account is in line 
with the suggestion made by Dourish and Button (1998) who argue that a 
system should give a continuous account as part of its actions and not as a 
commentary on it; this is what I would say is what alarm system B does 
through its displays. 

 
APPEARING PAPER STRIPS 
 
The two examples described in the previous sections can be categorised as 
evaluations of systems in the form of concepts (Glow Tags) or in use (the 
alarm systems). This section will deal with arguments concerning a design 
suggestion proposed by ourselves where we utilise ideas about tangible 
computing as it has been presented thus far, and expand the problem 
domain to also include the ‘appearance’ of the activity as such; this is 
what I term ‘accountable interaction’. 

The design suggestion concerns a monitoring system for remote 
dialysis. In the project Remote Haemodialysis one aim was to give 
patients the opportunity to conduct their almost daily dialysis treatment 
closer to or in their homes. This would require them to carry out most of 
the practicalities of the treatment themselves. In such a situation, we 
assume that there is a need for some kind of monitoring system of the 
remote patients at the dialysis department. 

One design concept that we found particularly interesting was a paper-
based solution. A short description of the system will follow here, but 
more details about the design suggestion can be found in paper IV; paper 
I describes parts of the nurses’ work practice in more detail. Basically the 
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idea consists of one continuously printed paper strip for each remote 
patient. The printers should hang on a wall in a strategic location at the 
dialysis department (in our case we suggest the corridor). The paper strip 
contains various treatment data related to one specific patient. The format 
of the data ranges from rather abstract graphical visualisations to more 
explicit values. Figure 13 shows one example of how a paper strip could 
look. 

The details of what are printed on the paper strip, and how the data 
should be represented is not the main issue here. What we want to discuss 
is rather what interactional features become possible as a result of the 
physical properties of the paper and the fact that they are placed on the 
wall in a corridor. Making the strips easily available for everyone walking 
in the corridor is a conscious decision. This is not only because we are 
interested in loosening up the desktop gravitation by giving access to 

Figure 13: Example of a paper strip with printed 
treatment data. Data is shown both as graphical 
abstractions (the grey areas) and as exact figures 
(small numbers along the graphical abstractions. On 
the edge is a scale with numbers representing time. 
At the bottom is a barcode that is a reference to the 
patients for which the particular strip is related to. 
The paper is based on Anoto technology 
(www.anoto.com), i.e. a specific pattern of small dots 
are pre-printed on the paper which makes it possible 
for a Anoto-pen to recognise exactly where on the 
paper someone makes annotations. The information 
can then be transmitted to a computer for re-use. This 
makes it also possible to give commands by checking 
predefined areas on the paper. E.g. after an 
annotation is made, making another mark in a box at 
the bottom of the paper can send the annotation to a 
computer and be re-printed on another strip. If an 
annotation is made on a ripped-off paper, a small 
symbol is printed on the copy hanging in the printer 
(the dot with an ‘i’ in the picture). Also for every time 
someone rips of a paper, a small stripe is being 
printed along bottom edge of the paper.  
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digital information in a distributed way through other means than a 
traditional desktop computer, but in this case more importantly a 
conscious effort to make work visible. 

Making work visible becomes interesting when we see the use of a 
system in relation to the cooperative work going on in a work setting. The 
idea in our case is to make the work of one person visible for others and to 
some extent draw conclusions about what they see. Martin et al. (1997) 
call this ‘interactional affordances’, and say that “the ecology of the […] 
room makes it available to others whether someone takes a swift glance or 
a more protracted stare” (ibid. p. 279). Basically it is about how to “design 
for the third parties, that is, to design interaction techniques, key 
sequences, screen changes and so forth so that they can be detected by 
others as appropriate occasions for, say, initiating interaction” (ibid. p. 
279). See figure 14 for an illustration of the concept. 
 

In our case, designing for third parties has had considerable impact on our 
design suggestion and how we reason about different alternatives. An 
interesting comparison is when discussing a solution with PDAs instead 
of our paper strips. What becomes apparent is the difference in how the 
work becomes visible for others as one reasons about someone working 
with paper strips and someone doing the corresponding work on a PDA. 
In the latter case, it will be hard to see what work is actually done on the 
PDA. Is the user booking a meeting? Is he working with remote patient 
data, playing Tetris or reading an e-mail? Roughly, the only way to find 
out is to ask or take a fairly close look at the content of the display on the 

 

                          

a b 

Figure 14 Affordance (a) typically refers to “the perceived and actual 
properties of the thing, primarily those fundamental properties that 
determine just how the thing could possibly be used” ([Norman 1990, 
p.9). Interactional affordance (b) refers to the perceived and  situated 
properties of an activity, that can be appropriate occasions for initiating 
interaction.  
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PDA. When paper strips are hanging on the wall in the corridor, things 
are more obvious. If someone has walked up to the paper strips (what we 
call zooming by walking), it is likely that the person is engaged with 
remote a treatment. If someone walks, for example, down the corridor 
with a paper strip in his/her hand, and enters the room for video-
conferencing, then it can give some indication that 1) the person is 
engaged with a remote treatment, and  2) is about to contact one of the 
patients. If someone walked down the corridor with a PDA in one hand 
and enters the video-conferencing room, it is not so easy to draw the same 
conclusion. The work is to some extent less accessible for others to see8.  

Having artefacts in physical formats does not only make the artefact 
appear in a concrete form, making at-a-glance inspection, for example, 
easier, but the actual interaction of someone using the artefact is also 
clearly visible. 

It is important to stress when comparing our paper strips and PDA that 
part of the problem with the PDA is that it can be used for a variety of 
different tasks, while the paper strip is designed for a limited range of 
uses, all connected to dialysis and remote treatment. If one used a PDA 
with the same limitations (and that the particular kind of PDA was 
identifiable) the interactional affordance would, in the example given 
above, be similar to that characterising  the paper strips. There can, 
however, be other benefits of paper strips, e.g. ease of sharing them, 
giving them to someone else, making annotations on them, and the high 
degree of micro-mobility (Luff and Heath 1998). You can read more about 
this in paper IV. 

 

THE STUDIES 
 
This section will describe the different settings that have been studied for 
the purpose of this thesis and the methods chosen. 

                                                        
8 That someone walks down the corridor with a paper strip in one hand does 
of course not necessarily mean that they are engaged with a remote treatment 
at that particular time. The issue is not if the conclusions made by the third 
party is more or less correct at a particular occasion, but rather to give the 
possibilities to through ‘normal’ interaction also enhance the content of the 
activities’ accountability. 
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My research started off with an interest in designing technology in the era 
of Ubiquitous Computing. I was convinced that this should be based on 
an understanding of how people use technology in every day life. This 
made the methodological choice rather straightforward. In order to 
understand how people interact with technology there is, as I see it, only 
one reasonable path to follow, and that is ethnographic studies. 

One justification for using ethnography is also strongly related to the 
findings presented in others studies. For example, Bowers et al. (1995) 
who have studied a print industry shop floor point out how the ecology of 
the workplace plays a significant role in the cooperative aspects of work. 
By having co-workers and their machines within the line of sight one 
becomes more aware of other’s work, which in turn supports ad hoc 
cooperation (p. 56). Button and Sharrock (1997) show in a later paper the 
benefits of having artefacts available at-a-glance. For example, placing 
‘job-flags’ which display various job information into piles of printed 
paper serves as an at-a-glance revision of the production order, allowing 
people to move the jobs on. Harper and Hughes (1993) describe how air 
traffic controllers arrange flight strips in a certain way and sometimes lifts 
them slightly out of their rack as a reminder of a specific problem. What is 
concluded though is not only the possibility of arranging the strips in 
certain ways, but how this also serves as an at-a-glance indication for 
other controllers of the current state of air traffic. Working with physical 
artefacts located in different parts of the work environment can also make 
it easier for people to keep track of what their co-workers are up to. 
Robinson (1993) re-reports from a study in a French Nuclear Power 
Station where they were about to replace physical dials with computer 
displays that were easier to read for the individual operator. The 
downside was, however, that the operators were no longer able to see 
what other operators were doing. With the physical dials, it was easy to 
see which part of the system was of concern when someone went up to 
them. This feature would have disappeared with the new displays (which, 
incidentally, was never implemented in part due to these very reasons). 

These findings show that there are important aspects to take into 
account when working with tangible artefacts and how ecology affects 
their use, particularly with respect to cooperation. 

The material for what is presented in this thesis is primarily from two 
different studies. The main one was conducted at Swedish dialysis 
departments, and the second within a family in UK. 
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During the ethnographic study I have relied both on field notes and video 
recordings. The choice has often been related to practical matters. I prefer 
to get data on video, mainly because I am often interested in the very 
details of how technology is used. The possibility to look at a sequence 
over and over is often needed. For example the study of video-
conferencing presented in paper III would be hard to do with only field 
notes. In the family study – where the family members were filmed for 
full days – the video recordings made it possible to track various objects 
during several hours. Just noticing them would be hard, and writing them 
all down on notes would probably be impossible. 

Taking field notes is though very helpful too. The data used for paper I 
is based on notes, and also conclude what kind of findings one can do, 
and how they can be related to a design discussion. One reason for relying 
on field notes in the dialysis project (which will be described in the next 
section) was due to privacy issues. Since I tracked nurses when they 
moved around in the dialysis department it would be hard to guarantee 
the privacy of patients. On occasion, however, we made some video 
recordings too, but then in a fixed room and after an agreement with 
everyone involved. 

There is a benefit with field notes compared to video recordings too. 
When taking notes it is possible to cover a wider area. With video, the 
data one get is what ends up on the video recording. If something 
happens just outside the cameras field of view it is missed. With field 
notes it is much easier to fetch data from a larger area, since you only have 
to turn your head in the right direction. My own suggestion is, if possible, 
to do the initial part of the ethnography relying on field notes (and if 
possible audio recordings since it otherwise can be hard to manage to 
write down the conversation). After an initial analysis of the field, and 
when the initial question of “what is going on here” can be (partly) 
answered, it will be easier to use the video camera as data collector. 
Mainly because one “knows” where to point the camera. But, as always, it 
depends on the constraints in both the project (often time) and the setting 
being studied. 
 
DIALYSIS PROJECT 
 
The “Remote Dialysis” project was a joint project between Blekinge 
Institute of Technology, the regional hospital and a medical company 
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manufacturing dialysis machines and other dialysis equipment. The 
project begun in the autumn 1997; my first involvement was in the spring 
1998. 

The overall goal of the project was to create a system that lets dialysis 
patients have their dialysis treatment in their own home or close to it. As 
is often the case, one of the main factors is economy. The number of 
dialysis patients is constantly increasing, but the budget for treatment 
remains about the same. This has the effect of delaying the patient’s 
introduction to dialysis treatment so that his/her condition is already  
critical. Current research within chronic haemodialysis also shows that 
there is a lot to gain from doing dialysis in one’s own home. Pierratos et 
al. (1998) make it clear that patients conducting dialysis in their homes 
show much better clinical values and declare that they feel much better. 
This qualitative impact, i.e. the option of having dialysis treatment on a 
more or less daily basis, is, of course, essential for the success of the 
remote dialysis project, especially since the requirements are such that one 
should be able to conduct remote dialysis with high security and trust, 
and with equal or better medical quality as that provided in regular 
treatment. 

My part of the project was basically to study the current dialysis 
practice and discuss the use of technology in that setting. The field 
material collected for my study is mainly from a dialysis department in 
Karlskrona. The study begun in 1998 and continued with varying 
intensity for two years, with the most intense period in the autumn of 
1999, when I visited the site almost every week day. The material collected 
consists mainly of handwritten field notes, video sequences and audio 
recordings. The field material includes both observations and informal 
interviews (Blomberg et al. 1993, p. 134) with nurses, physicians and 
patients. 

Since this is the main domain studied for this thesis I will give a brief 
description of the dialysis departments and practice based primarily on 
the observations from 1998 to 2000. We will also focus on the dialysis 
department in Karlskrona, Sweden, since the main part of the 
ethnographic material was collected there. 
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Dialysis 
 
People who by some reason have malfunctioned kidneys are in need of 
dialysis as a substitute for the kidneys tasks. There are different forms of 
dialysis treatments and the one conducted at the dialysis department in 
Karlskrona is haemodialysis (from here on the term dialysis will be used 
instead of haemodialysis). This form of dialysis removed the waste 
products from the blood (what the kidney normally does) by passing the 
blood through a filter (the filter can be seen as the artificial kidney) and 
then returning it to the body. At the same time as the blood passes 
through the filter extra fluid that has build up in the patient is also 
removed (malfunctioned kidneys also makes the patients more or less 
unable to urinate). 

A crucial aspect of the treatment is access to the patients’ blood vessels. 
For haemodialysis the patient undergoes surgery whereby the artery and 
vein (usually in the wrist or arm) is joined in what is called a fistula. The 
aim is to form a larger and stronger blood vessel that makes it easier to 
insert the needles that are required to withdraw blood from and return it 
to the patient. 

The dialysis department in Karlskrona serves about 24 patients who are 
in need of haemodialysis. In each shift (generally one in the morning and 
one in the afternoon) they normally have eight patients. Each patient 
needs about 4-5 hours of treatment each session, and they have three 
sessions every week. During each shift the nurses take special 
responsibility for two patients each. They try to have the same patients 
over several months in order to get a better understanding of the patients’ 
individual needs. The patients for whom the same nurse is responsible are 
both treated in the same room. A simplified layout of the dialysis 
department is shown in figure 15. 

When the patient comes to the dialysis department, the nurses have 
usually prepared the machine according to a special procedure. The first 
thing the patient does is to check the patient’s weight on a scale in the 
corridor. The nurse uses this to calculate how much extra fluid the patient 
has in his/her body by subtracting their current weight from the target 
weight (specified by the physician). After treatment, the patient checks the 
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weight again to see if they have reached the target weight – this means 
they have removed enough fluid. 

After the patient has checked the weight they are connected to the 
dialysis machine with two needles, one that removes the blood and the 
other that returns it. The blood is then pumped though a filter by the 
dialysis machine. The dialysis machine used during the time of this study 
is shown in figure 16. The picture shows a dialysis machine when it is not 
in use, and does not include the tubes and filer in place during treatment. 
 

 

Kitchen 
Lunch 
room 

Office Maintenance 
room 

Figure 15: A simplified layout of the dialysis department, including the 
location of beds, dialysis machines, and alarm devices in the corridor. 
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During treatment the nurses check in to the patients regularly, and, of 
course, in case of alarms. The patients are also given breakfast, lunch or 
dinner depending on the time for the treatment. Most patients either 
watch TV, read, do crosswords, talk to one another, or sleep during the 
four to five hour treatment. Since the patients being treated at this 
department are chronic, many of them have taken their treatment for 
years. This helps the nurses and patients to get to know one another 
rather well. 

 
 
UK FAMILY – GLOW TAGS, CONTEXT ACCESS 
TOKENS 
 
During the autumn of 2001 I got the opportunity to work at Xerox 
Research Centre Europe (XRCE) in Cambridge. I became involved in two 
different projects, one concerning Glow Tags within the framework of an 
EU funded project named MiME (Multiple Intimate Media 
Environments), and a second concerning Context Access Tokens. The 

Figure 16: 

A haemodialysis machine. 
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latter was an internal project departing from an in-house innovation 
concerning ad-hoc and secure access through firewalls. Here my task was 
to develop the concept Context Access Token and consider how it could 
be thought of (more in paper V). 

Both of these studies used an analysis of family life as a base for 
argumentation. The field material I used was all video based and collected 
by Peter Tolmie at XRCE. The data consisted of full days of videos 
recordings where a regular middle-class family was the subject (two 
parents and three children). 
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Included Papers 
 
The main part if this thesis consists of a collection of papers. The order of 
the papers is a combination of their chronology in the research project (not 
necessarily related to the date of their publication) and domain. The first 
four papers are all related to the same project and domain, haemodialysis. 
The last two papers are from a much smaller part of the research project 
and relates to work conducted largely at XRCE the autumn of 2001. 
 
Paper I 
Nurses’ methods and their relation to design 
 
Tap, Hans (2002) Nurses' methods and their relation to design. Occasional 
papers from the Work Practice Laboratory, Vol. 2:2002 Department of 
Human Work Science and Media Technology, Blekinge Institute of 
Technology. 
 
The theme of this paper is about different kinds of design considerations 
one can put forward from ethnographic studies. The paper works through 
three different cases that all illustrate how technological artefacts are 
being used in everyday work practice at a dialysis department. All three 
cases points to different aspects that can be important to consider when 
going from a dialysis treatment within the hospital to a remote setting. For 
instance historicity from one treatment session, the support of chamber 
inspection, and the possibilities to move between a remote dialysis setting 
and the hospital. The difference between the level of description of the 
three cases (spanning from a couple of minutes in one case to several 
weeks in another) is one reason that lets you see different kinds of issues 
that can be related to design. 
 
Paper II 
‘You mean here?’ – Video-mediated nurse-patient 
communication 
 
Tap, Hans (2001) You mean here? Video-mediated nurse-patient 
communication in: M. Hirose (Ed) Interact 2001 (Tokyo, Japan, IOS Press). 
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My interest in the case analysed in this paper was to closely study the 
interaction that took place between two parties using video conference 
equipment. Many have studied video-mediated communication before, 
but often with the focus on measuring the time it takes to solve a certain 
problem, or the number of interruptions and overlaps that occur in the 
talk. I am instead trying to understand how the video conference is 
actually used and I also show how it bring benefits to interpersonal 
communication in a remote setting. Especially I emphasise how the 
patient uses referential practices  which are directly analogous to those 
used in co-located situations. This possibility is mainly due to the 
placement of the video camera in relation to the artefact (in this case a 
dialysis machine) being used and, perhaps most importantly, the patient’s 
awareness of the way in which he is visible for the nurse. These analytic 
results are then discussed in relation to future development of tools for 
remote dialysis, e.g. new dialysis machines. 

From the perspective of the remote dialysis project I believe it is 
important to have support for an intuitive way of communicating over 
distance, partly because many dialysis patients tend to get ‘confused’ 
towards the end of a treatment and are in need of an easy way of 
communicating, but also to have direct methods for patients and nurses to 
commonly identify ‘what to do’. By being able to point and use deictic 
reference, instead of specifying in more absolute terms (like naming the 
specific object) or by giving directions like “down to the left”, one can 
achieve such goals. 
 
Paper III 
Alarms - Localisation, Orientation, and Recognition 
 
Sánchez Svensson, Marcus & Hans Tap (2003) Alarms - Localisation, 
Orientation, and Recognition. International Journal of Human-Computer 
Interaction LEA. 
 
In this paper we have studied how different alarm systems, used in 
similar settings, give rise to different ways of interaction by the user. We 
analyse actual alarm situations and show how the physical placement of 
displays influences the ways the alarm systems are addressed by users. 



 35

Our standpoint is not to evaluate the alarm systems from the point of 
view of design intention, but from how they, observably in everyday 
work activity, actually are being used. It is not our goal to state if the 
alarm systems are misused in relation to the designed intention. 

What makes the study of alarm system interesting for us, are their 
placement in the work practice. The alarm systems are physically 
distributed throughout the working environment and make themselves 
present by different lights, sounds and displays. The physical distribution 
is in line with our design interest in taking information technology from 
the desktops and into the users’ environment. By studying the alarm 
systems in use we get a better understanding of how the physical 
placement of artefacts in relation to the work task and the ecology of the 
work place influences the use. From this understanding we conclude by 
discussing different design issues that we consider important when 
developing new alarm systems. 

 
Paper IV 
Interactional features of a paper based monitoring 
system 
 
Tap, Hans (submitted) Interactional features of a paper based monitoring 
system. The second international conference on Appliance design 2004, 
Bristol, UK. 
 
The traditional desktop computers have a tendency to drag users to the 
desk, away from their object of work. Within fields covered by the term 
tangible computing, researchers try to find ways to integrate computer 
technology in a more radical way, and minimising the desk gravitation. In 
this paper we argue for different interactional features that are connected 
to a design idea for monitoring treatment sessions of remote 
haemodialysis. We discuss interactional features with a non-traditional 
computer interface in a highly mobile work environment. 
 
Paper V 
Context access: Practice and concept development 
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Tap, Hans (submitted) Context access: Practice and concept development. 
Journal of Personal and Ubiquitous Computing, ACM, Springer-Verlag 
 
Context Access Token (CAT) that spring from an invention by Mark 
Stringer. The invention is called Pyramus and is an architecture that 
allows a mobile user to give secure access to their networked documents 
to other mobile users in unanticipated situations. This paper discusses the 
properties of a CAT based on their envisioned future use. We look at 
everyday activities in order to find out how people deal with access and 
limits to things and activities. This is used to conceptually explore 
relevant properties for a technical system that should handle different 
access manipulations. The ideas presented will be developed further in 
coming projects as also concludes and discussed in the end of the paper. 
The main part of the work was conducted at XRCE in the autumn 2001. 
 
Paper VI 
Glow Tags 
 
Tap, Hans (unpublished). The basic ideas in this paper are published in 
the MiME project deliverables9. What is included are the parts where I 
have contributed to the discussion. 
 
This paper will present a design concept called Glow Tags that was, 
among other things, topic for investigation in an EC funded project 
named MiME (Multiple Intimate Media Environments) during the 
autumn of 2001 at Xerox Research Centre Europe in Cambridge. The 
concept will be discussed in relation to the interaction style it suggests, 
from a user perspective, based on an understanding of people’s use of 
artefacts. The aim of the paper is not only to suggest alternative ways of 
using Glow Tags, but also illustrating that a conscious and serious 
approach of taking peoples everyday methods into account can have 
significant impact on the design of future systems. 

The original conception of Glow Tags was found problematic when 
reasoning about interaction, seriously, from a users standpoint. Since 
Glow Tags are not available as a fully usable artefact this paper will take a 

                                                        
9 http://www.mimeproject.org/ 
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‘pre-evaluative’ stance in the analysis. The analysis resulted in the 
identification of different ‘interaction styles’ that could be a result 
depending on how one chose to use Glow Tags in a future system. 

 

CONCLUSION 
 
The purpose of this thesis has been to deepen our understanding of 
different interactional features with technology in use. The arguments 
have been based both on analysis of peoples’ use of artefacts in existing 
practices, and through concept development of future design ideas. The 
discussions can be characterised as giving us a deeper insight into a 
specific domain (mainly haemodialysis) but what is more important to 
stress are the interactional features of technology in use. Both the 
discussion about how they unfold in current practice and how they could 
be part of future use. The latter part is what I find most interesting since 
that ends up in the gap between ethnographic studies of technology in use 
and system design. Although this thesis is not about how the design 
process should be organised, it is still in a design process where these 
results would be practically useful. What I want to stress here is thus not 
the process but rather the character of the requirements that can be 
included in a design process. The interactional features presented in this 
thesis are not only general ideas that technology should be flexible, easy 
to use, and seamlessly integrated into the work practice. The ambition is 
to give concrete example of how that actually could be done. 

What I want to include as an ingredient when developing computer 
systems are requirements for interaction. This work should be seen as an 
exploration of how these requirements can be analysed and exemplified. 
The goal has been to stick to exploring the interactional features, as I 
believe developing the design process is a topic on its own. Also the 
format for the requirements could be a hard issue, and is likely dependent 
on the design of the development process. Lately there has been an 
attempt to formalise the presentations of the results from work practice 
studies done within fields like CSCW. Martin et al. (2001, 2002) has begun 
to develop a pattern language that should work as devices for 
generalisation, re-use and design. The patterns consist of descriptions of 
common interactions found in similar settings, e.g. control rooms. Martin 
et al. (2001) state that ”the aim of these patterns is to act as a general 
resource for developers to be drawn upon when they are seeking to build 
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systems for a particular setting rather than to suggest a particular working 
arrangement as being more appropriate than others” (p. 47). I think this 
route is promising and think we currently have a large number of studies 
that can contribute to the development of these patterns. These patterns 
focus on the social interaction and how the work with artefacts and the 
ecological arrangement is contributing to the activity. My work can in 
many ways be characterised in this way too although I have not 
formalised the result in a pattern. What I to a larger extent stress in my 
work are the details of technology in current use and a discussion of 
future use, sometimes in the form of concept development. 

Not surprisingly, the results are not definitive in the sense that one 
solution can be identified as the most suitable one. The purpose when 
discussing interactional features has not been to come up with an optimal 
solution either, but rather point to the consequences different design 
variants give rise to. The discussion in this thesis is aimed at showing the 
potential of different interactional features. The critical decision about 
what is most suitable for a specific situation is one that needs to be taken 
in design projects aiming at developing a ‘final’ system. It is also in a 
development process that the results of this thesis can be useful. Let us go 
through some examples of how the results of the analysis can be used, 
and at the same time illustrate the character of the results. 

I will use a matrix with the general property ‘interactional features’ on 
one axis and ‘design concepts’ on the other (figure 17), and use it in 
relation to the individual projects presented in the thesis. The matrix will 
not reveal anything new, but is rather a compressed way of showing how 
different solutions relate to and differ from one another. I have also used a 
different grades of grey to indicate that some features are more or less 
supported (with black standing for ‘fully supported’). 

 

Design 
concepts 

Interactional 
features 

Figure 17: A General matrix to visualise and guide design 
considerations. 
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By recapitulating on the projects presented in this thesis and presenting 
the relevant results in matrixes, the result would resemble the illustrations 
in figures 18 to 20. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Playful Purposeful Supportive 

Original Glow Tag concept 

Glow Tag + input device 

Glow Tag + output device 

Figure 18: Glow Tag matrix 

Localisation Orientation 

Parallel 
notification 

Sequential     
notification

High 
volume 

Alarm system A 

Alarm system B 

Figure 19: Alarm system matrix 

Dialysis house 

Input 
Visualise 
work 

Zooming 
by 
walking 

Mobile 
reference 

Floor tiles 

Water 
containers 
Paper strips 

At-a-glance 
inspection 
from distance 

Figure 20: Remote haemodialysis monitoring system matrix 
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The matrixes themselves should only be seen as a ‘pedagogical tool’ to 
illustrate clearly and simply the points one wants to make. The first 
matrix is an example of a pre-evaluation of a design concept before it is set 
in use. It shows that, depending on different additional devices, different 
interaction styles are produced. The second matrix is an evaluation of two 
alarm systems in use. The features are the result of a detailed study of the 
alarm systems in use, and show how the different designs either support 
these or not. The last matrix is used to put different design concepts in 
relation to one another and see how they support the desired interactional 
features. In this case the features come from a combination of 
ethnographic analysis and a vision about how the technology should 
affect work practice. These features have been put as a layer over several 
design suggestions to see how they fulfil the requested features. This 
process was not done in sequential order, but rather through an iterative 
process by jumping back and forth from design ideas and our 
understanding of the work practice. So the paper strip version that is 
presented in this thesis is the result of trials with several kinds of design 
concepts (appendix 1). 

In the last case (figure 20), when the topic is design suggestions, the 
features can be seen as a kind of requirement specification for what the 
developed system should support. The main task is to show the potential 
of the requirements rather than specify the detailed design. This is done 
by connecting an understanding of technology in use and the work 
practice, as I have done in the present thesis. 

It is particularly the last matrix that I see as an extension or a 
contribution to design that is not so strong in Martins et al. (2001, 2002) 
suggested patters. To develop design concepts for a specific domain as 
done in this case can not only give a deepened understanding of the work 
carried out, but the result can also be requirements used as input in a 
system development process. It is a way of making interesting ideas about 
interaction with technology more concrete and easy do discuss. So, 
“whether the design ideas should be taken up and how they should be 
followed through is an issue for the project team or the designers. The 
work discussed here is meant to be presented in a manner where its 
accessibility and relevance to these stakeholders should be apparent. The 
work is designed to make apparent a number of design considerations in 
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a manner that makes it accessible for future development” (Martin et.al 
2002, p. 241). 

One critical, and central issue in my work, is the inclusion of 
cooperative aspects. For me it cannot be emphasised enough, since the 
working and consequences of cooperation and coordination is constantly 
pointed out in work place studies. What I also point to in this thesis is that 
when taking the cooperation and coordination methods people rely upon 
into consideration, the result of the design is strongly influenced. 
Particularly it provides arguments for moving to design areas beyond the 
traditional desktop computer interfaces. The French Nuclear Power 
Station project referred to earlier and the motives for the paper strip 
solution for remote haemodialysis are two examples of this. 

What is at heart of the cooperative aspects of work in the research done 
for this thesis is accountability. How peoples’ methods are accountable 
has been pursued by ethnomethodologist for several decades, and has 
been an inspiring point of departure when analysing my empirical data. 
To design technology with accountability in mind is though a later topic. 
Button and Dourish (1996) are working with the issue of making 
technology continuously accountable through its use. They move into the 
details of system implementation to give the technological possibility to 
fulfil the idea. I find their project, technomethodology, to be highly 
interesting and subscribe to their desire to make technology 
understandable through its real time use, and not through a post hoc 
commentary on what was done. 

The path I use in order to fulfil what I interpret as a similar ambition is 
a bit different. The examples Button and Dourish use when exemplifying 
technomethodology are how a single user perceive some interactive 
technology. I often take an expanded view on the use situation and 
include the cooperative context where most technology is used10. What I 
have done is to investigate how the technology is not only accountable as 
suggested by technomethodology, but also how the user, using the 
technology, becomes accountable. Of course the user is always 
accountable, but the focus I take is how to make the content of the account 
qualitatively different. Different interactional features give different 
accounts that make the work more or less visible for others to see. 

                                                        
10 This is not a critique of the work by Button and Dourish, just a clarification 
in relation to the examples used to explain technomethodology. 
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Of course there are much more work that needs to be done. The 
exploration of interactional features that this thesis present needs to be 
continued and further investigated. What I see as the next important step 
is to follow up the implementation of ideas of this character. Within the 
research projects I have participated in so far we have not had the 
opportunity to make concrete implementations. In future we will though 
be involved in project aiming at making real implementations. This will 
hopefully result in more knowledge about how suggestions concerning 
interactional features can be included in the development process. 
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Nurses’ methods and their relation to design 
 
 
 
[Tap, Hans (2002) Nurses' methods and their relation to designOccasional 

papers from the Work Practice Laboratory, Vol. 2:2002 Department of 
Human Work Science and Media Technology, Blekinge Institute of 
Technology] 

 

 

 

Abstract: This paper is about technology in use and its possible relation to 
future design. The paper presents three cases taken from an ethnographic 
study at a dialysis department in Sweden. The observed methods of the 
participants in the work practices are in different ways related to the 
development of a remote dialysis system. In addition to giving an 
understanding of how technology is used in the work practice, the paper 
also concludes how these different cases can relate to, and inform, design 
in different ways. 
 
Introduction 
 
Since the earliest days of haemodialysis11 (HD) treatment there has been a 
desire to remove chronic dialysis from its hospital setting to the patient’s 
home (Bluemle, 1968). One of the main reasons back then, that is equally 
valid today, was to reduce costs. Today there are a rapidly growing 
number of patients that need to be treated within the frame of an overall 
decreasing budget. One step in making the treatment more cost efficient is 
to let the patients to a larger extent take care of their own treatment, e.g. in 
their homes. Home haemodialysis has been conducted over several 
decades but the information technology of today can provide new 
possibilities that can take the development of home (or remote) 
haemodialysis one-step further. There are several ongoing studies where 

                                                        
11 A procedure for removing metabolic waste products or toxic substances 
from the bloodstream by dialysis. Dialysis is the process of separating smaller 
molecules from larger molecules by diffusion through a membrane. 
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new technologies are tried out in attempts to find new more cost efficient 
and qualitatively better ways of conducting home or remote 
haemodialysis (e.g. Winchester, 1999, Moncreif, 1998, Pierratos et al., 1998, 
Winchester et al., 1997). It has also been shown that more frequent 
dialysis, which is possible if the patients can treat themselves at home, has 
a qualitative impact on the treatment and, in turn, on the patients general 
well-being (Raj et al., 1999). 

In a joint project between a hospital, a medical company and Blekinge 
Institute of Technology, the aim is to develop new design ideas for 
existing and future haemodialysis equipment and systems. One goal is to 
increase the possibilities for patients to conduct haemodialysis without 
the immediate presence of skilled personnel – for instance in their homes 
or in local dialysis centres. 

What the nurses do in their work practices, and particularly how they 
do it, is important to investigate for several reasons. One is that there is no 
solid vision about how a future haemodialysis treatment system will be 
organised. Will the patients manage the treatment by themselves? Is it 
necessary with some kind of monitoring system when patients are treated 
over a distance? What should the monitoring system contain? Is it enough 
with the phone? If there is a need for a monitoring system, how should it 
be integrated into the nurse’s work? The questions are many and there 
exists no obvious answer for the moment. In any case, independent of 
what kind of organisation for dialysis treatment one will settle for, it is 
important to know what dialysis is all about. By that I do not mean from a 
clinical or medical point of view (which of course is essential), but from a 
practical perspective, i.e. what work is conducted, and how, in a treatment 
session.  

Why is this important? The main reason is that, when remote 
haemodialysis of some kind is to become a reality there will be a need for 
changes on many different levels: organisational changes (e.g. training 
centres for patients, new ‘shift routines’, new ways of conducting rounds, 
logistics for collecting blood samples, delivering medicine and other 
material for the dialysis treatment and so on), legal changes (who is 
responsible for the treatment?) and new and/or different tools (e.g. new 
dialysis machines, conferencing and monitoring systems). It is, in sum, a 
project which has many ramifications if it is to be practically realised. The 
various different competencies implicated in such a project need to be 
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recognised and combined before new kinds of dialysis treatment can 
become a reality. 

In the research reported here, I have chosen one aspect of the problem, 
namely, the nurses’ working practices. Different approaches to 
understand work practice and relating the findings to design have been 
tried out during the last decade, addressing issues such as how 
ethnography can form a bridge between observed use and designers 
(Hughes et al. 1993) and how to engage the users and designers in the 
analysis to co-construct the relevant parts of work practice for system 
design (e.g. Karasti, 2000, Blomberg and Trigg, 2000). The place – if any – 
for workplace studies in relation to a design context has also been 
discussed on a more theoretical level (e.g. Plowman et al., 1995 and 
Schmidt, 2000). 

The object for choosing to study nurse’ work practice is twofold: 
First I want to understand what nurses do ‘moment by moment’, ‘here 

and now’, and ‘in real time’, so I can give a reasonable account of what 
their work practice is about. My attempt is to recognise the patterns 
nurses address, while simultaneously constructing them, through actions 
in their work practice. The reason is that I am trying to understand the 
practice from the viewpoint of the nurses, and the nurses are relying on 
these visible patterns. It is through the patterns that nurses make sense of 
the situation at hand and act accordingly. These patterns and the actions 
that follows are specific and can only be fully understood in relation to the 
context of which they are a part. As Coulon (1995) points out, “the actions 
are continuously interpreted in terms of context, the context being in its 
turn understood through those actions” (p. 33).  

Secondly I hope my understanding of the work practice will influence, 
guide and/or support the development of new technologies and 
organisations. The theme of this paper is however mainly about parts of 
the work practice at the dialysis department and the role of technology, 
although this will be discussed in relation to design by way of conclusion. 

In this paper I will look into three cases I have observed during my 
ethnographic study at a dialysis department in Sweden. The study has 
been conducted over a period of two years with the most intensive period 
during the autumn 1999. Earlier studies have looked into the impact of the 
alarm system in the nurse’s work (Tap and Svensson, 1999, and Sánchez 
Svensson et al., 2000), at the first attempt to train two patients to set up the 
dialysis machine (training patients is done extensively at other dialysis 
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departments in Sweden and has so for several years), and at the use of 
video conference equipment in a remote dialysis setting (Tap, 2001). 

 
Approach to the field 
 
The approach I have used in my attempt to understand what nurses do in 
this context is ethnographic. The collected material consists mainly of field 
notes and a few video sequences. As inspiration for how to look at and 
understand the work I have to a large extent been influenced by 
ethnomethodology. I am though trying to do something different from an 
ethnomethodological study of a work practice, e.g. relating my 
observation to some future design, I find the concepts used in 
ethnomethodology both useful for my understanding about what I see 
and how to interpret my material. The use of an ethnomethodological 
perspective is not new, although far form common, for people working 
with questions concerning the relation between work practice and design 
of artefacts and organisational development (e.g. Button and Sharrock, 
1997, Randall et al., 1995, Harper and Hughes, 1993). 

What follows is a description and analysis of three cases where I have 
studied the procedures, or the methods, nurses’ use in their work practice. 
I also show how different technology comes into play in the everyday 
work practice. Finally I initiate a discussion about how these observations 
can connect to design. 
 
Case A: High arterial pressure 
 
The first case directly involves three persons, two nurses and one patient. 
Both of the nurses are responsible for two patients each in the room where 
the situation takes place. Although they help one another they want to 
take care of their own patients whenever possible. In the example Nurse 
A is the one who is mainly responsible for the patient with high arterial 
pressure. The following excerpt from my field notes describes what 
happened: 

 
8:20 Arterial pressure alarm on Patient’s machine. Nurse B [who is in 
the room but with another patient] resets the alarm. 
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Nurse A enters the ward and walks towards Patient. 
 
Nurse A: “Is it the artery? Is it high?” 
 
Nurse B “No, it’s low...” 
 
Nurse B walks back to her patient. 
 
Nurse A to Patient: “It was that needle I was about to rotate, but it 
seems to be stable. Or? Was it the second time today?” 
 
Patient shakes his head. 
 
Nurse A: “Perhaps it only was temporary” 
 
Patient: “We’ll see what happens” 
 
Nurse A leaves the ward. 
 
8:50 Arterial pressure alarm on Patient’s machine. Nurse A walks to 
Patient and resets the alarm. 
 
Nurse A: “I wonder if I shouldn’t rotate it? But it looks all right every 
now and then. But you must be able to move”. 
 
Nurse A rotates the needle. Nurse A got good pressure values. Nurse A 
increases the flow rate from 250 to 280. 
 
10:00 Nurse A increases the flow rate from 280 to 300. The pressures 
are still good. 
 
In the dialysis protocol you can read the following regarding the 
arterial and vein pressure: 

 
Time QB ml/min A-pressure V-pressure 
7:25 250 ~160 ~100 
8:50 280 ~100  
10:00 300 ~110 120 
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After the nurse ‘started up’ the patient she made a note in the dialysis 
protocol stating that the flow rate of the blood was 250 ml/min. This 
particular patient should, according to the prescription, have a flow rate at 
300 ml/min but since the arterial pressure was high (~160) the nurse 
could not set the flow rate as high as prescribed. That would only cause 
alarms and constant interruption in the treatment. It is quite normal to 
have high arterial pressure in the beginning of the treatment. The blood 
vessels sometimes contract, as a reaction to the unknown material the 
needle consists of, and hinder the blood flow, and which results in higher 
arterial pressure. The vessels then de-contract after a while when the body 
gets ‘used’ to the needle. Although this might be the cause of high arterial 
pressures in the beginning of the treatment, it is not the only possible 
explanation. Perhaps more often the needle can have an unfortunate 
position in the vessel that does not allow the blood to pass into the needle 
as required. Further, the arterial pressure is a negative pressure so the 
arterial needle sometimes sticks to the wall of the vessel and results in a 
high-pressure indication on the dialysis machine (and often an alarm). 
Alarms are common not only in the beginning of the treatment but also 
towards the end when the patients are getting ‘dry’ and the arterial needle 
has a tendency to more frequently stick to the wall of the blood vessel. 

As seen in Case A the nurse uses tools and other people (colleagues and 
the patient) when making sense of what is going on in the current 
treatment. What is interesting to identify are how they, the tools and 
people, come into play.  

Let us go through the example in more detail and see how the nurse 
interacts with tools and other people. 

 
“8:20 Arterial pressure alarm on Patient’s machine. Nurse B [who is in 
the ward but with another patient] resets the alarm.” 
 

The first thing that happens is that the machine indicates an alarm by a 
flashing light on top of the machine and a sound. Both the flashing light 
and the sound is propagated into the corridor, with the intention to let 
people outside the ward hear and see where the alarm has its origin. 
Nurse B, who is in the ward, gets notified that there is something wrong 
with Patient or his machine. Since she is the only nurse in the ward and is 
able to easily end her current task, she decides to take care of the alarm. 
When she looks at the machine she sees a red flashing border around the 
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artery pressure value indicator on the machines monitor (you can do this 
from several meters) which she recognises as an indication of a high 
arterial pressure. She presses a reset button on the monitor and the alarm 
terminates.  

 
Nurse A enters the ward and walks towards Patient. 
 
Nurse A: “Is it the artery? Is it high?” 
 
Nurse B “No, it’s low...” 

 
At the same moment as Nurse B resets the alarm, another nurse, Nurse A, 
steps into the room and walks towards Patient and Nurse B. Instantly 
when Nurse A enters the ward she asks if it is something wrong with the 
artery pressure – “is it the artery? Is it high?”. She sees that Nurse B is 
already by the dialysis machine. Nurse A cannot see the screen on the 
dialysis machine from her position but still has an idea about what could 
be causing the alarm. When you read in the dialysis protocol (see the field 
notes above) you can get a hint why. Nurse A is the one who started the 
patient and she has made a note stating that the artery pressure was ~160 
at a flow rate of 250 ml/min. Almost an hour has passed since she wrote 
the note and her reaction to the alarm – “is it the artery? Is it high?” – 
indicated that she is fully aware of the high pressure and prepared for the 
eventuality that it could cause a problem. 

That Nurse B says the pressure is low needs a comment since it seems 
to contradict Nurse A’s guess. When Nurse A asked the question “Is it 
high?”, Nurse B had just reset the alarm. What happens is that the 
haemodialysis starts again and the arterial pressure gets new values. It 
seems at least possible that Nurse B’s answer is based on the new value of 
the artery pressure and not the value it had when the alarm went off. The 
pressure probably decreased when the haemodialysis continued. That 
Nurse A later says “but it seems to be stable” and “perhaps it only was 
temporary” strengthens the idea that the pressure got back to normal or 
lower values. On the second alarm incident at 8:50 she also says the artery 
pressure “looks alright every now and then”. So, the arterial pressure was 
high enough to cause an alarm but then got back to ‘normal’ when the 
haemodialysis continued. 
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When Nurse A is standing next by the dialysis machine she studies the 
artery pressure values and asks the patient if there have been other alarms 
before, on the same day. 

 
Nurse A to Patient: “It was that needle I was about to rotate, but it 
seems to be stable. Or? Was it the second time today?” 
 
Patient shakes his head. 
 
Nurse A: “Perhaps it only was temporary” 
 
Patient: “We’ll see what happens” 

 
Here the nurse talks to the patient to get more information about what has 
happened earlier during the treatment when she has been busy with other 
tasks. The negative answer from the patient makes the nurse wait 
(perhaps she would anyway) before taking any measures – “perhaps it 
only was temporary”. Although the nurse has an idea about what could 
cause the problem – “it was that needle I was about to rotate” indicates 
she suspects a bad needle position – she does not seem to be sure. Is it the 
bad needle position or is it the vessel that is contracting? Perhaps both? To 
find out more the nurse uses one commonly used resource: time – “we’ll 
see what happens”. In this case it is the patient who articulates the phrase 
but that can be heard as evidence that the patient also is aware about the 
procedures in these kinds of cases. The nurse can wait since the treatment 
can continue without any immediate complications (although things are 
not ‘perfect’). 

Almost one hour later there is another artery pressure alarm on 
Patient’s machine. This time Nurse A decides to rotate the needle with the 
object of preventing further artery alarms and allowing a higher flow rate. 
There are several reasons why she decides to take measures now that 
were not valid earlier. 

 
8:50 Arterial pressure alarm on Patient’s machine. Nurse A walks to 
Patient and resets the alarm. 
 
Nurse A: “I wonder if I shouldn’t rotate it? But it looks alright 
occasionally. But you must be able to move”. 
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The most obvious reason is that it is the second time there is an alarm. The 
more problems you have, the more reasons you have to take some action. 
Secondly it was about one and a half hours since the patient was started 
and still the arterial pressure did not seem to get lower. If the problem had 
been caused by for instance contracting vessels the body ought to be ‘used 
to’ the needle by now. The nurse also suspects the alarm is trigged in 
relation to the patient’s movement – “you must be able to move” – and 
since you can not expect the patient to lie absolutely still for a five hour 
period it is important that the needle has a position that allows some 
movements by the patient. It is not considered ‘good nursing’ if the 
patient is not able to move his arm. A fourth reason for intervention is 
related to the clinical quality of the haemodialysis. The patients has a flow 
rate prescription for 300 ml/min and currently they have only been able 
to reach a flow rate at 250 ml/min. Roughly, the greater flow rate one can 
have the better quality of the haemodialysis one will get12. 

When the nurse decided to rotate the needle to get a better flow rate 
and arterial pressure, she used the arterial pressure monitor on the 
machine to see if the needle got into a better position (in relation to the 
required flow rate). In this case the arterial pressure value became much 
lower and the nurse could increase the flow rate from 250 to 280 ml/min. 
Later, since everything continued to proceed as desired, she increased the 
flow rate to the prescribed level, 300 ml/min. 

 
Nurse A rotates the needle. Nurse A gets good pressure values. Nurse 
A increases the flow rate from 250 to 280. 
 

                                                        
12 The theory behind this argument is that the higher flow rate you have on 
the blood the more waste products will be removed. This is mainly true to 
small molecules, like urea, which easily can pass through the dialyzer 
membrane. Since the membrane barely hinders the molecules, an increased 
flow rate will allow more molecules to pass through since more molecules 
will be exposed to the membranes surface. The smaller molecules the greater 
is the benefit of increasing the flow rate. Removal of bigger molecules is 
mainly dependent on the properties of the membrane. Generally you can say 
that the thinner membrane you have, the less resistance it will offer for 
passing molecules (But it should also be noted that if the patient can be 
treated more frequently and for longer sessions a slower flow rate seems to be 
the best treatment (Raj, Charra et al., 1999). 
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10:00 Nurse A increases the flow rate from 280 to 300. The pressures 
are still good. 
 

Case B: Dry weight13 
 
One of the main problems for the most dialysis patients is that they are 
more or less unable to urinate. Fluid is accumulated in their body and has 
to be removed during the dialysis process. This removal process is called 
ultrafiltration (UF). When removing the fluid a series of complications can 
arise such as hypotension, nausea, vomiting, and cramps, which limit the 
possible UF-rate. These symptoms, or the absence of some of them, 
sometimes force or ‘stimulate’ the nurses to take some action. For 
example, if a patient gets cramps, which is an indication that the patient 
currently has a low fluid level in the blood vessels, the nurses often lower 
the UF-rate as a countermeasure. In a sense, indications of cramp are a 
good thing since it under some circumstances indicates that the patient 
has removed all overloaded fluid. Cramp is also common towards the end 
of the treatment when most of the fluid is removed. 

The amount of fluid that is supposed to be removed from the patient is 
calculated in relation to the patient’s dry weight, i.e. how much the 
patient should weigh when she does not have fluid overload. The practice 
is such that when the patient comes to the dialysis department she weighs 
herself. Then the nurse subtracts the dry weight from the patients’ current 
weight and adds the amount of water the patient will get through the 
food during her visit. The sum of these parameters corresponds to the 
patient’s fluid overload and in turn corresponds to the amount of fluid 
that should be removed during the treatment (UF-goal). The doctor 
prescribes the dry weight value and it is the nurses’ responsibility to make 
sure the patient reaches the specified weight level. Although it is the 
doctor who decides the weight, the nurses often address the issue of 
changing it. We will see one instance of this in the coming example. It is 
also worth pointing out that the dry weight value is not easy to state. It 
cannot be measured directly, because there is no everyday occurring 
‘normal’ weight state of the patient. The dry weight value has to be 

                                                        
13 The case presented in this section is used in another paper too, but serves a 
different purpose (see (Tap and Sutter, 2000)). 
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estimated, by taking into account the patient’s weight before the sickness, 
if he or she has lost ‘normal’ weight, and so on. 

At the dialysis department one dialysis machine is equipped with a 
product that continuously measures the hematocrit14 level in the blood. 
The result can be viewed in real time in two different graphs on the 
dialysis machine. One graph shows the hematocrit level and another 
shows the blood volume. When analysing the graphs you get different 
indications about the dialysis process. What you want to see when 
looking at the hematocrit level is a graph that raise the closer you are 
towards the end of the treatment (figure 1, left, is one example). If you 
view the blood volume graph you want to see the opposite behavior, i.e. 
the graph should decline towards the end (figure 1, right). 

 

 
Figure 1: Hematocrit (left) and blood volume graph profiles (right) 

Lower blood volume means you have reduced the extra fluid that the 
patient had in her body, or to be more specific the fluid she had in her 
blood vessels. High hematocrit level indicates that the blood currently has 
a high concentration of red blood corpuscles which in turn means that the 
concentration of blood is getting higher in relation to the concentration of 
fluid. In a brochure from the firm producing this technology they state 
that the “technology provides a window into the patient to help manage 
and control patient fluid overload caused hypertension under control.” 

What follows is a description of a situation observed during the field 
studies at the dialysis department. 

 
 

                                                        
14 Roughly, the concentration of red blood cells in the blood vessels. 
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08-20 
 
17:25 A patient is soon about to end his treatment. Nurse A is standing 
next by the dialysis machine looking at the hematocrit level graph. The 
graph does not raise as much as Nurse A wants it to. Nurse A tells the 
patient (and me) that the profile is rather flat. 
 

 
 
Nurse A: Do you have cramps when you are at home? 
 
Patient: No 
 
Nurse A: Do you have the same appetite as before? 
 
Patient: Yes I do. 
 
17:40 Nurse A says she is interested to hear how much the patient 
weights after the treatment. The weight confirms if they have reached 
the patient’s dry weight or not. Nurse A says further that she suspects 
the patient has more fluid to be removed. When the patient tells Nurse 
A the current weight Nurse A says they should try to remove more 
fluid next time. The patient’s current weight (73,8 kg) was below the 
specified dry-weight (76 kg). 
 
In the dialysis protocol the nurse writes: 
“[The graph] + the patients general condition shows that we can lower 
his weight further. Weight was 73,8 when going home. Good blood 
pressure, feels well.” 
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08-26 Nurse A tells me that the patient now has a lower dry weight 
than before and that he feels more alert and also gets cramps towards 
the end of the treatment. 

 
A brief summary of what happened: The nurse observed that the 
hematocrit graph profile deviated from a ‘good’ one, and it was probably 
a significant deviation (since she continued to investigate the matter). She 
asked the patient a few questions about his condition. She knows for 
instance that if patients get cramps this is often an indication that they are 
‘dry’ – there is no more surplus fluid to be removed. The opposite seems 
to be the case here, the patient does not have cramps which indicates that 
the patient might have more fluid to be removed from his body. The low 
weight of the patient, low in relation to the specified dry weight, is a third 
indication that the dry weight needs adjustments. Thus, on this occasion 
of dialysis treatment, the medical team has gone below the prescribed 
weight and still there are indications of fluid overload. 

It is important to note that there are more ‘parameters’ that could have 
influenced this situation. The nurse has for instance known this patient for 
a long time and is most likely already aware of a possible weight problem 
since previous treatments (but it is in this particular situation where her 
suspicion gets articulated). She is also using tools in other ways than 
described here. For example she has read the notes from previous 
treatment in the patients dialysis protocol before starting up the patient 
which also might have directed her attention to the patient’s dry weight. 

 
Case C: Changing tubes 
 
It is not always the case that access problems can be handled as smoothly 
as in Case A. This third example will show how the activity of remedying 
an access problem can take other forms and extend into other activities.  

 
09-02 One patient had strange vein pressures and the nurses could not 
find any logical explanation (also stated in the documentation). They 
tried to rotate the needle but it did not seem to work. One nurse 
thought the strange pressures might be caused by coagulates in the vein 
chamber since there was a slight indication that the blood was dark in 
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the bottom of the chamber. To solve the problem two nurses changed to 
a new set of vein tubes. Unfortunately the problem did not go away. 
 
10-05 They use a different kind of treatment, single-needle, on the 
patient because he has had strange vein pressures. His arm has also 
been x-rayed but the results did not show any stenosis of any kind so 
there should not be any problems with the blood flow. 
 
10-14 The patient is using two needles again and his vein pressure is 
fine. The nurses says that the good vein pressures are a result of the 
single-needle treatment period which let his arm rest a bit. 

 
This case starts out in a similar way as Case A. There is a strange pressure, 
this time vein pressure, and the nurses tries to resolve the problem by 
rotating the needle. Contrary to Case A it has no effect – the strange 
pressure remains. The nurses are of course not satisfied with the situation 
and start to investigate the matter further. By taking a closer look at the 
tubes one nurse recognises a darker region in the bottom of the vein 
chamber. He suspects there are coagulates stuck in the filter in the bottom 
of the chamber. The coagulates could hinder the blood from passing and 
in turn give rise to a higher pressure in the vein chamber (the vein 
pressure gauge is connected to the vein chamber). After a moment of 
reasoning the nurses decided to change the vein tubes (including the vein 
chamber) to a new set of tubes. When the treatment continued they 
noticed that they still had the same problem with the pressures. One nurse 
suspected that there could be a stenosis in the vein higher up in the 
patient’s arm that could hinder the blood flow. After consultation with the 
doctor they decided to send the patient to x-ray and look for a possible 
stenosis in his arm. The x-ray did not show anything of that kind so it had 
to be something else that caused the problem. A few weeks later they had 
changed the treatment method to a single-needle treatment15 and the vein 
pressures were ‘normal’ again. After a few weeks of single-needle 
treatment they tried to go back to the traditional method and now 
                                                        
15 With single-needle treatment the blood get out from and into the patient 
from the same needle. The machine alternates in a few seconds’ intervals 
between removing and giving back blood from the patient. The quality of the 
dialysis is though reduced with this kind of treatment since a lower volume of 
blood passes through the dialyzer during the treatment. 
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everything worked fine. The explanation from the nurses was that the arm 
‘rested’ during the single-needle treatment and that the problem was 
resolved that way. 
 
Design considerations 
 
When thinking about a future remote dialysis setting is it hard to state 
what to design from the kind of analysis presented here. I do however 
believe, and that is what I will show in this section, that there are some 
interesting considerations. 

The unfolding events seen in Case A happen more or less everyday. 
The nurses’ procedures are routine and there is nothing strange or 
unusual going on. The nurse is able to solve the problem partly since she 
has been constantly updated about what has happened during the current 
treatment – she has put the needle in the patient, she knows about the 
initial high arterial pressure and so on. In a future situation where the 
patient is in a remote location and handles more of the treatment himself 
the case might be different. The nurse might not be involved during the 
progress of the treatment which hinders her from getting constantly 
updated in the same way as described above. When the patient needs to 
consult the nurse for some reason the nurse may not have an updated 
idea about what has happened. There might be a need for some kind of 
support system that helps the nurses make sense of what has happened. 
For instance, today the arterial pressure is indicated with a number and a 
column. One could suggest a similar solution in a support system for 
remote haemodialysis, i.e. present the current pressure with a number, 
and perhaps that is the best solution. But, before one arrives at such a 
conclusion there are aspects revealed in the analysis of the case that needs 
to be attended to. It is clearly seen that the nurse uses other resources than 
the specific arterial pressure figure. The pressure is not interpreted in 
isolation. The current arterial pressure number is juxtaposed with the 
prescribed value of 300 ml/min, how she believes the needle is positioned 
and the previous pressures. As seen, this is done continuously. The nurse 
waits and sees how the pressure develops over time. The nurse builds up 
a history of the arterial pressure that she uses as a resource for making 
sense of the situation and as a basis for her decision. In a remote setting 
there will be a need to do this instantly. This is an activity that is not 
supported by the machine but might be important to include in a future 
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support system. There might be a need for providing the historical 
development of the arterial pressure that spans over at least one treatment 
session. A single, current value of the pressure might be useful, but 
combined with the historical development of the arterial pressure could 
be even more useful.  

What makes the observations in Case B interesting are how the 
different ‘resources’ (heamatocrit graph, patient, weight and so on) are 
juxtaposed by the nurse in order to make sense about what is the case and 
eventually making a decision about what to do. For instance interpreting 
the hematocrit graph by itself seems not to be enough. I think it is hard to 
relate the analysis of this particular case to design in any specific concrete 
way. But I believe a detailed study of information technology (here the 
hematocrit graph) serve at least as sensitising design about an 
understanding of in what way information technology is used. As I said 
before, the graph is not treated in isolation, and how the tool is integrated 
in work practice is, according to my opinion, important to understand. 

Now, how does Case C relate to design of remote haemodialysis? I do 
not believe it does in the same way as Case A and B where one can 
observe the use of interaction resources in a more straightforward way, 
because of the level of description. The other cases display more of the 
nurses’ methods. The notes representing Case C are on a less detailed 
level, but last on the other hand over a longer period of time. I do though 
believe there are important aspects to be considered in Case C that can 
influence the design of a support system in a rather tangible way. Let us 
consider the example once again and imagine that the patient is in a 
remote location. 

The first thing that needs to be attended to in some way is the strange 
vein pressure. This is probably the easiest part since there are gauges 
measuring the pressure the output of which easily can be visualised. But 
what becomes interesting is how and to whom this visualisation should 
be presented for. And that decision is related to how the responsibilities 
will be distributed between the nurses and the remote patient. Is it the 
patient’s responsibility to recognise the strange pressures? If that is the 
case then the patient must have learned what a strange vein pressure is. 
Often when a patient has high vein pressure there are ‘routine’ 
explanations. So the patient needs to be able to distinguish a ‘normal’ 
problem from a ‘strange’ problem. When observing what the nurses do in 
attempting to find a logical explanation, one can see that they conduct 
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several ‘experiments’. They rotate the needle, change the tubes, send the 
patient to x-ray, and tries another treatment method. Everything done 
with the object of finding an explanation to the problem so they can take 
measures (and of course sometimes the experiment is the measure). The 
questions to be answered relate to how this could be supported in a 
remote setting. 

It is important to mention that the actual design cannot be derived from 
these kinds of observations. The result is a set of questions to be 
considered, but the solutions are to be found elsewhere. For instance 
when considering a remote dialysis setting, one has to ask if the patient 
will have the ability to do similar experiments and how to train the 
patient for the tasks. How independent should the patients be? If one 
wants independent patients there is of course a need to build up an 
extensive organisation for patient education. Considering the limited 
growth in the economy within the health care system– which also is a 
reason for our project – it is hard to see a future where one educates 
patients to be as skilled as the nurses before they begin their remote 
treatment. From my point of view, a more realistic view is to have the 
nurses supporting the patients in cases like the one described here. If that 
is the path to go then there are some interesting design considerations. 
Mainly it is about what should (and could) be supported by artefact 
design and what needs to be supported through the organisation of work, 
and there are many levels to be considered. How will vein chamber 
inspection be conducted (one example can be found in (Tap, 2001), how 
will patients be able to move from remote to ‘in department’ treatment, 
how should patients be trained, and how to support patients in ‘real time’ 
when they are remote?  

 
Conclusion 
 
I have looked at three cases in order to understand nurses methods, i.e. 
how they use artefacts in their everyday work practice when making 
sense of what is happening and what to do next. I have also opened up for 
some design considerations that are results from these three cases. In the 
table below I have roughly summed up the cases. 
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Case The nurse’s resources Action Relation to design 
A: Arterial 
pressure 

- Patient 
- Other nurse 
- Arterial pressure 
- Knowledge about start 
up of patient 

- Wait and sees 
- Rotate needle 

- Support historicity 
 

B: Dry weight - Patient 
- Hemacrotic graph 
- Weight after treatment 
- Specified dry weight 

- Juxtapose 
information from 
resources 
- Decrease specified 
dry weight 

- Learn about how a 
tool (hemacrotic 
graph) is used in 
relation to other 
resources 

C: Changing 
tubes 

- Vein pressure 
- Colour of blood in vein 
chamber 
- X-ray 

- Rotate needle 
- Change tubes 
- Single-needle 
treatment 

- Chamber 
inspection? 
- Move between home 
and hospital 

 
The three cases show different ways of relating to design (some aspects 
identified in one case also is visible in the others, but often more visible in 
the particular case I refer to). In Case A one can see the importance of 
historicity within one single treatment session. The nurse is constantly 
updated about what is happening from the start to the end of the 
treatment. She also waits and sees in order to find out more about the 
current situation. This is something that I feel needs to be supported in a 
remote setting if one requires the nurse to be able to support patients 
when they are in a treatment session. It will be hard for the nurse to be 
constantly updated, so one idea is to produce a ‘snapshot picture’ of the 
development of the particular session for the nurse. 

The second case relates to design in a very different way. I want to 
show how a certain technology is used in order to learn more about the 
integration of tools in work practices. The case shows how the hematrocrit 
graph is juxtaposed with other resources (dry weight, interview of patient, 
weight after treatment). How different resources are related to one 
another is important to recognise when deciding where things are to be 
located and trying to predict who needs what resource and when. I 
believe this might be particularly interesting when developing a remote 
dialysis treatment where (at least) two parties will need resources and 
share some of them, although they are not at the same physical location. 

The last example, Case C, becomes also most interesting, when it comes 
to design, when relating the activity to a future remote setting. The 
relation to design is on a level that has to do with skill and organisation 



 67

issues – at least as I chose to present it here. In the case one can see how a 
nurse conducts a vein chamber inspection and sees that the blood seems 
to have a darker colour in the bottom than is ‘normal’. Deciding on the 
colour is not an easy task and often nurses call a colleague to get a second 
opinion. How will this knowledge be preserved in the future? Is it 
reasonable to require the patient to be able to do this (they probably learn 
eventually, but how long does it take?), or should there be some 
possibility for the nurse to remotely conduct this activity? 

Case C also points to organisational issues due to the particular 
problem it contains. When the nurses decide to use a single-needle 
treatment they need to change the settings on the dialysis machine. Is it 
reasonable to require the remote patients to be able to know how to move 
from one treatment method to another (it is rare that one needs to move 
between treatment methods)? If not, which I believe is the most 
reasonable answer, there might be a need to have additional beds in the 
department where normally remote patient can have their treatment over 
a limited period of time (e.g. until the arm has ‘rested’, along with the 
explanation given in case C). 
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“You mean here?” - Video-mediated nurse-
patient communication 
 
 
 
[Tap, Hans (2001) “You mean here?” Video-mediated nurse-patient 

communication. In M. Hirose (Ed.) Interact 2001. Tokyo, Japan] 
 
 
 
Abstract: This paper presents an analysis of an experimental setting 
where video-mediated communication between a nurse and a patient was 
used. The focus of the analysis is on the communication between the 
nurse and the patient and the role of the video conference system being 
used. The emphasis is on how video technology can support interpersonal 
communication, and thus the patient’s orientation not only to his nurse, 
but also to the knowledge that he is visible to his nurse, that is of interest 
here.  This is done by referential practices which are directly analogous to 
those used in co-located situations. As a concluding discussion, the 
observations will be related to current and future design ideas. 
 
Keywords 
 
Video-mediated communication, hemodialysis, remote communication, 
nurse-patient interaction 
 
Introduction 
 
Since the early days of chronic hemodialysis (HD) there has since been a 
drive to have dialysis treatment take place in patients’ homes or in local 
dialysis centres. One of the main reasons was, and still is, to reduce costs 
(Bluemle, 1968). In an ongoing project between a hospital, a medical 
company and Blekinge Institute of Technology, the aim is to develop new 
design ideas for existing and future hemodialysis equipment and systems, 
partly based on detailed studies of work practices. One goal is to improve 
the prospect of patients conducting hemodialysis for themselves, without 
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the immediate presence of (skilled) personnel – for instance in their own 
homes or in local dialysis centres (I will call this remote hemodialysis). 
The main reason is the rapidly growing number of patients who needs to 
be treated within the framework of an overall decreasing budget. 
Fortunately, remote hemodialysis also appears to have a number of 
positive aspects, with research suggesting that remote, home-based 
hemodialysis can provide  better clinical outcomes (Pierratos et al., 1998). 

In order to find out more about the possibilities and limitations of 
remote hemodialysis, investigations were conducted in a trial setting. 
Here, one patient was trained to take care of some parts of his own 
treatment and moved to a location outside the hospital. For educational 
and safety reason, one dialysis nurse was always located at the patient’s 
location to instruct and help out when he could not manage the situation 
for himself. Otherwise the purpose was to use a video conferencing 
system to contact the dialysis department when there were ‘troubles’. 

Our interest was in studying the interactions which took place on these 
occasions in order to discover what features might be significant in 
supporting the quality of the interaction, and to identify what kind of 
information and tools the nurse and the patient made use of. In this paper 
I will focus on the interactional benefits that are produced in and through 
the presence of video pictures. There has been considerable attention paid 
to the problems and possibilities of video conferencing systems, including 
for brief mention the problem of replicating face-to-face communication 
(e.g. Whittaker and O'Conaill, 1997 and Heath and Luff, 1993), the 
problem of audio delay (Ruhleder & Jordan, 1999), the possibilities of 
video-as-data (Nardi et al., 1993) and so on. On many occasions the 
approach for the studies has been to e.g. measure the time it took to solve 
a problem, or the number of interruptions and overlaps in talk (see Finn, 
1997, for an overview of the field of video-mediated communication). The 
approach applied in this paper is different and does not try to answer the 
request from (Whittaker & O'Conaill, 1997) to “explain when and why this 
[video] technology brings benefits to interpersonal communication” (p. 
46). Being inspired by an ethnomethodological perspective, I will instead 
emphasise how the technology bring benefits to interpersonal 
communication in a remote setting. 

During the project, questions were raised about the use of the video 
conference system which included what the video might be for, and how 
it might be used. At a first glance it might appear that it is the nurse who 
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has most to gain from the video picture since the patient has local access 
to the full environment while the nurse is remote in relation to the 
treatment activity. As we shall see, however, what becomes visible when 
studying the interaction in more detail is that the patient to a large extent 
relies on the existence of the video feed. He consciously uses the fact that 
he himself and the dialysis machine can be seen by the nurse at the 
department to facilitate interaction. 

 
The setting 
 
The data collected for this study in the main consisted of video recordings 
from the patient’s location and of audio recording from the nurse’s 
location. The patient’s environment can be seen in figure 1. 

There are some noteworthy features of the equipment the patient and 
the nurse are using. The video camera in question can zoom and move in 
all directions. The two parties can change the focus of their local camera, 
but also remotely change the other camera by pointing to special icons in 
the video conferencing application. They see the video from the remote 
site in a large video frame on the computer screen and the video from the 
local camera in a smaller frame also on the computer screen (see figure 1 
to the left). The dialysis machine is placed to the left of the patient and on 
the upper part of the machine is a dialysis monitor (see figure 1) with a 
touch screen showing figures which relate to e.g. vein and arterial 
pressure, and the flow rate of the blood. As well as the possibility of 

Figure 1: Patients setting 

 
Video Camera  
The local video picture is visible 
for the  patient in a small video 
frame. 
Large video frame containing the 
video picture from the dialysis 
department. 
Dialysis monitor with a touch 
screen  
Dialysis machine 
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2 
3 

4 
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making changes through the graphical interface presented on the dialysis 
monitor, there are buttons on the machine itself too, e.g. blood level 
regulators for the vein and arterial chamber (not visible in the picture). 

 
Analysis 
 
I will use three examples to illustrate how the patient and the nurse orient 
to the availability of the video pictures. In the first example, we enter the 
situation when an alarm goes off on the dialysis machine. 
 
“Isn’t it?” 
 
The nurse and patient are already connected with the video conferencing 
system when the alarm occurs. Log 1 represents what happened. 

When the alarm goes off (line 1), the patient states that there is an alarm 
(line 2) and both the patient and the nurse try to identify what kind of 
alarm it is (line 2-3). The patient turns his head towards the dialysis 
monitor and the nurse zooms the video camera to the same. The nurse 
says that they should see what kind of alarm it is and asks the patient if he 
can identify it. In this case he gets it wrong and says it is an artery alarm 
(line 4), but the nurse corrects him (line 5) 

In this excerpt there are mainly two things that I want to address, 
namely the nurse’s use of “we” and the patient’s use of “isn’t it”. My 
interest here is in understanding work practices as an interactional 
phenomenon in relation to the problem of design and it is mainly in that 

# Time N camera 
focus 

Actor Talk Event 

1. 38:47    Alarm on the dialysis 
machine 

2.  Patient P Now is there an alarm P looks on the dialysis 
machines monitor 

3.  Monitor N We shall see what alarm 
you’ve got (1.0) Can you see 
it? 

N’s camera zooms in to 
the dialysis monitor. 

4.   P Well… it is the artery isn’t 
it? 

 

5.   N You have a vein pressure.  
Log 1: Example 1 – Isn’t it? 
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context the use of “we” and “isn’t it” will be discussed. But let me first 
make some speculations about the use of “we”. 

In the dialysis department at the hospital the nurses often use “we” 
when talking to the patient, e.g. “Shall we decrease the blood pump?” or 
“Either we move the needle or lower the blood flow”. It is hard to state 
with certainty what the motivation for the use of the first person plural 
are, but a possibility is that it constitutes a way of inviting the patient into 
the decision making process and also to get the patient involved in the 
treatment process in general. Decreasing the blood pump for instance 
influences the quality of the dialysis treatment, which is a strong reason 
for inviting the patient into the decision. This is particularly relevant in 
that the policy in the dialysis department is that it is the patient who 
should have the final call. Another important aspect, and long recognised 
by dialysis nurses, is of course that the patient is the one who knows best 
how he or she feels and how they usually react to certain interventions. In 
Swedish the use of “we” can also refer to a person without including the 
speaker herself, e.g. “How are we feeling today?” 

In the example on line 3 it seems reasonable to believe that the nurse 
invites the patient in the process with the intention to see if he is able to 
identify the alarm by himself. The setting is experimental with the 
purpose of finding out what the patient is able to do by himself, and what 
it is possible to do with the help of a remote nurse. This ‘testing’ of the 
patient continues with her question “can you see it?”, at a point where she 
has already identified the alarm herself (which she does in the 1 second 
pause). The question is not a request for information about something she 
does not know herself. 

 
We shall see what alarm you’ve 
got (1.0) Can you see it? 

N’s camera zooms in to the 
dialysis monitor. 

 
The nurse’s use of “we” and the use of the video conference system seems 
to be important for how the situation is perceived by the patient. When 
the nurse says “we shall see” she indicates that she also is able to identify 
the alarm herself. That she says “we shall see what alarm you’ve got” 
further indicates that she herself and the patient both should try to figure 
out what kind of alarm it is. The nurse does this by zooming in her video 
camera on the dialysis monitor. The patient knows about this possibility 
and acts accordingly: 
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Well… it is the artery isn’t 
it? 

P. looks at the dialysis monitor 

 
When the patient is adding “isn’t it” (line 4) in his answer to the nurses 
question, it does not only demonstrate his insecurity, it also illustrates that 
he knows the nurse is able to check if he is right or wrong. He knows the 
nurse can zoom in to the monitor and check the values, and through her 
“we” statement she has already indicated that she was about to identify 
the alarm herself too. If the patient looks at his own computer screen, he 
can see her zooming into the dialysis monitor in the small video frame in 
the video conference system (see figure 1). Before the event described 
here, he has seen her doing so (see the third example which takes place a 
few minutes before example one and two). 

If we assume they only could use audio transmission and the nurse did 
not have any other access to the patients setting, the use of “isn’t it” 
would probably become rather pointless since the nurse cannot make any 
immediate verification. I believe an utterance like “I think it is the artery” 
would be more likely in such a situation, but that would probably 
demand further questioning by the nurse in order to find out if it really is 
an artery alarm or not (and as seen in this case, it turns out to be a vein 
pressure alarm). We can see here that it is the patient’s awareness of the 
possibilities the video picture gives to the nurse which allows him to 
communicate in a more ‘efficient’ way than otherwise would have been 
possible.  

The possibility that the nurse might identify the nature of the alarm 
herself also makes it possible for her to ask the patient questions for 
learning purposes. If the patient gets it wrong, she can easily correct him. 

The nurse could, of course, identify the type of alarm and get access to 
the other figures displayed on the dialysis monitor without a video 
picture. What the nurse actually needs is direct access to the state of the 
dialysis machine without the necessity of mediation by the patient. One 
obvious solution could be to transfer the information displayed on the 
dialysis machine to a screen at the nurse’s location. There are though 
situations where such a solution probably would limit the patient’s 
possibilities of communicating as easily as with the support of a video 
picture. The following examples will further illustrate my point. 
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“Here?” 
 
In this case (log 2, a continuation from example 1) the nurse asks if the 
blood has reversed in the system and into the vein pressure gauge. Since it 
has, she further asks the patient if he needs to lower the blood level in the 
vein chamber, which is where the pressure gauge is connected. That the 
nurse refers to the vein chamber is contextually available and the patient 
also shows he is on the right track when saying “Here?” while pointing to 
the level pump (line 20) that regulates the blood level in the vein chamber. 
The patient’s pointing to the level pump and the phrase “Here?”, also 
works as a positive answer to the nurse’s question – “Do you need to 
lower the level?”. 

A further important aspect is the patient’s actions on line 20. Due to the 
fact that he is visible in the video transmission, he is able to act more or 
less as if the nurse were present at his location. He uses his body 
movement together with the phrase “here” to show what he intends to do 
based on the nurse’s instruction. It is a visual account of his 

17   N Has it [the blood] reversed up 
into the vein pressure gauge? 

 

18   P Yes  
19   N Has it? Do you need to lower 

the level? 
 

20   P Here? 

P points towards the level pump 
on the machine 

21   N Yes  
22   P You mean [here]?  
23   N Yes  
24   P Ok  

 Log 2: Example 2 – Here? 
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understanding of the situation and can only be understood by the nurse if 
she is able to see what the patient is pointing at. For example, Hindmarsh 
and Heath (2000) show how this kind of referential practice occurs in local 
everyday practice, and how participants display their ongoing 
involvement and orientation to the object, with regard to the activity in 
which they are engaged. The phrase “here” without the video picture of 
the patient would make little sense and demand further questioning about 
what the patients means by “here”. 

If we again consider a solution where the video picture is removed and 
the state of the dialysis machine transferred to a screen in the nurse’s 
location, the patients’ methods of interacting and communicating with the 
nurse would be more restricted. 
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Log 3: Example 3 - On that one? 

1 37:46 Monitor N You enter and press * 
ehm… profile. 

P looks at the video frames, and can see 
in the small video frame that N zooms in 
to the dialysis monitor. 

  
* P turns towards the machine. 

2 37:52  P Ok… 

 
P puts his finger above the button. 

3 37:53  N [this was hard] [ ] comment to the researcher observing 
N. N walks to a dialysis machine at her 
location and press profile. 

4 37:54  P on that one?  
5 37:56  N [have to press myself] [ ] comment to the researcher observing 

N. N. returns to the video conference. 

P 
turns towards the video pictures. 

6 37:57  P There, there where I have 
the finger? 

P turns his head to the machine 

7 37:59  N Yes, press that one P presses the button 
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“There where I have the finger?” 
 
As stated above, the patient is fully aware of the fact that he is visible to 
the nurse. A third example follows (log 3), in which the patient uses the 
same method as above when pointing into his environment, one which 
clearly shows his awareness of his own possible visibility in the video 
picture. 

Before the event in the excerpt takes place, the patient has told the 
nurse he has cramps and they decide to temporarily turn of the ultra 
filtration. To do this you first have to press a button on the dialysis 
monitor marked “profile” and then press a second button that appears on 
the screen. What we see in the excerpt is how the nurse instructs the 
patient in the first phase – to press the “profile” button. 

What is interesting here is again the patient’s actions. When he is 
instructed to do something with the machine – “you enter and press…” – 
he turns his head towards the machine and looks at the dialysis machine 
monitor. In the small video frame he can also see that the nurse has 
zoomed in to the dialysis monitor. This could also be an indication that 
something should be done in relation to the dialysis monitor. The nurse 
then says he should press “profile” and the patient moves his hand 
towards the screen and holds his finger above the profile button and says 
“on that one” (line 4). At the same time the nurse has temporarily left the 
video conference to move to another dialysis machine in the department 
to see what really happens when the profile button is pressed (line 3). 
When the patient do not get any responses from the nurse he asks again 
and turns his head towards the small video frame to makes sure his finger 
is visible for the nurse (line 6). Figure 2 illustrates what he sees although 
the picture is not from this particular instance.  
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Figure 2: Small video frame showing patients hand pressing a button on the 
dialysis monitor. 

 
This example does not only illustrate the patient’s awareness of the 
possibility that the nurse can see what he is referring to. The temporary 
breakdown in their spoken interaction, when the nurse does not respond 
to his question immediately, makes it clearly visible that the patient is 
deliberately using the video picture, his body and talk when 
communicating with the nurse. 
 
Design considerations 
 
The analysis above shows how the patient’s behaviour is constantly 
produced out of his awareness of the nurse’s visual monitoring. That is, 
his way of interacting and communicating is done through the knowledge 
that her monitoring will make it meaningful to her. The patient relies on 
similar referential practices to those which would occur if the nurse were 
located in the same room. I have shown how the patient talks and points 
to parts of his environment, i.e. using his body, while at the same time 
using deictic expressions like “Here?”, when communicating with the 
remote nurse. And as clearly seen in the third example the patient is using 
this possibility consciously. 
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This last section will relate these observations to current and future design 
ideas that are, or might become, a reality in our project.  

As seen in the pictures below (figure 3) the patient has to stretch in a 
rather uncomfortable way when pressing the buttons on the dialysis 
monitor. 

 

 
 
Figure 3: Patient reaching towards the dialysis monitor 

 
To solve this problem and let the patients have better access to the 
monitor, new machines are being developed where the monitor is located 
on an “arm” which allows the patient to move it and place it in front of 
him. Based on the observations presented in this paper such a design 
might change the way the patient is able to communicate with the nurse. 
The way he uses ‘embodied reference’ (Hindmarsh & Heath, 2000) when 
referring to parts in the graphical user interface on the dialysis monitor 
(example 3) is possible because of the placement of the machine in relation 
to the video camera. If one assumes the dialysis monitor is placed in front 
of the patient with the same camera position as in the examples, the 
possibility for that kind of reference would be limited. This, however, 
should not be seen as an argument for not placing the dialysis monitor on 
a flexible arm. What needs to be attended to is rather how to support this 
way of interacting in another way, if a flexible arm exists. 

One interesting issue to consider is the possibility of support through 
some kind of micro mobility. Micro mobility is “the way in which an 
artefact can [be] mobilised and manipulated for various purposes around 
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a relatively circumscribed, or ‘at hand’, domain” (Luff & Heath, 1998, p. 
306). If one wants to continue to support and perhaps enhance the way 
the patient communicates with the nurse, the challenge is to enable the 
patient to locally arrange the tools in terms of micro mobility and at the 
same time make his actions visible for the nurse. Things like camera 
position will probably be crucial for this kind of interaction. 

When we focus on the occasions when the patient is referring to the 
dialysis monitor (example 1 and 3) other solutions to the problem of 
supporting mutual ways of ‘communicating reference’ without the use of 
a video picture are evident. One could, as mentioned earlier, transfer the 
information on the dialysis monitor to the nurses location too, and 
implement a possibility to show what part of the interface one is referring 
to, e.g. by a telepointer (Ellis et al., 1993). Nevertheless, one must still 
consider how to support the communication when the patient is referring 
to parts of his environment that are outside the graphical interface on the 
dialysis monitor. (As in example 2 when the patient points to a physical 
part of the dialysis machine.) 

In the examples used, one can also see that the nurse has to refer to the 
patient’s setting in a rather specific way when guiding the patient. Either 
she has to name the objects, e.g. “Has it [the blood] reversed up into the 
vein pressure gauge?“, or give directions like “down to the left” (this 
aspect is not included in the excerpts presented in this paper). One 
interesting design challenge is to give the nurse support to refer to the 
patients setting in a verbally less direct way. Problems with the explicit 
naming of objects include the presumption that the patient shares the 
vocabulary of the nurse. Some objects are also, in practice, referred to with 
multiple names, which can be confusing. Finding solutions to support 
remote instruction is something we will continue to work on. Relevant 
technology for future use might include those exemplified by e.g. the 
GestureLaser (Yamazaki et al., 1999) and HyperMirror (Morikawa & 
Maesako, 1999). 
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Alarms - Localisation, Orientation, and 
Recognition 
 
 
 
[Sánchez Svensson, Marcus & Hans Tap (2003) Alarms - Localisation, 

Orientation, and Recognition. International Journal of Human-Computer 
Interaction LEA] 

 
 
 
INTRODUCTION 
 
In the beginning of the 90’s it was widely recognised that issues about 
how people work together and organise collaborative work was neglected 
in the considerations about how people use technology. From the 
recognition of the limitations of the traditional HCI paradigm a range of 
new design principles emerged. In 1990 Moran and Anderson proposed a 
new design paradigm, the workaday world (Moran & Anderson 1990). 
Their suggestion was to develop new design principles that could guide 
designers in embedding computers in users' environment more firmly in 
ordinary work practices. This path has since then, for instance, been 
represented by concepts and technological innovations such as ubiquitous 
computing (Weiser 1991), augmented reality (Wellner et al. 1993), tangible 
bits, ambient media (Ishii & Ullmer 1997, Fitzmaurice et al. 1995), and 
mobile/wearable computing (e.g. Spreitzer & Theimer 1993).  

One of the challenges for some of these new design principles and 
particular for ubiquitous computing is the notion of calmness and 
comfort. Weiser and Brown (1997) pointed out in their notes on calm 
technology that it will be crucially important in the design work to 
consider how smart devices and disappearing computers are going to 
engage the users’ attention.  

In this light, this paper presents an ethnographic study in which our 
analysis attempts to address some of the implications of distributing or 
embedding information technology in the users’ work environment.  This 
study focused on the use of different alarm systems at three dialysis 
departments. The character of the design of the alarm systems is to some 
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extent in line with the visions of ubiquitous computing. The alarm devices 
in the technical system are distributed in the environment to make 
notifications and indications about alarms available for the nurses in 
many places at the department. Our study has raised a range of questions 
which we think are relevant for the research on how to embed technology 
in the users' environment, such as the integration of information in 
physical space (e.g. Streitz et al. 1998, Cooperstock et al. 1995) and issues 
on peripheral awareness (e.g. Sawhney & Schmandt 1998, Pedersen & 
Sokoler 1997, Bly et al. 1993). On the issue of designing for calmness and 
comfort, we wish to explore how the affordances of the different alarm 
systems, concerted in the nurses physical environment, comes into play in 
the actual accomplishment of work.  

Even though it is not our main concern, this paper also contributes to 
the growing body of research on alarm design and the use of alarm 
systems in different work settings. This research has been represented by 
studies and experimental work in process control rooms (Hollywell & 
Marshall 1994, Woods 1994, Stanton 1994), intensive care units (Edworthy 
1994, Meriedith & Edworthy 1994, Kerr & Hayes 1983), operating theatres  
(Seagull & Sanderson 1998, Momtahan et al. 1993, Woods 1994, Kesting et 
al. 1988, Patterson et al. 1986), and in civil aircraft (Patterson 1982). Many 
of these publications, especially those from the field of human factors, 
have been concerned with the audibility, discriminability and 
identifiability of alarms (Momtahan et al. 1993, Patterson et al. 1986, 
Edworthy 1994). These studies have also raised issues about the 
appropriateness of certain alarms in settings such as operating theatres 
and intensive care units. It has, for instance, been recognised that the 
increasing number of audible alarms in operating theatres and intensive 
care units increases the risk of confusion as to the source of the alarm 
(Kerr & Hayes 1983, Meredith & Edworthy 1994). 

To begin with, we will present a background to our study and the 
methodological approach. We will then give a short description of the 
work at the dialysis departments and the different alarm systems in use. 
Aspects of work practice and technology in use are of central concerns for 
us, such as how labour is divided among the nurses, how they incorporate 
technology in their decisions and how technology influences their 
collaboration (Tap & Svensson 1999). We have observed that the nurses 
are often in motion, moving from room to room, attending patients, 
handling medical tools, doing administrative work and fetching materials. 
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This aspect of their work puts a demand on the design of alarm systems in 
terms of how they should present different alarms to the nurses in order 
to engage their attention without interfering with their current work tasks. 
In our analysis of the alarm systems in use we will address how the 
properties of the specific alarm systems, located in the local physical 
environment of the dialysis department, afford localisation, orientation to, 
and recognition of alarms. In this paper, localisation is about the ways in 
which the nurses exactly locate where the alarm comes from and 
orientation is how the nurses orientates themselves towards the alarm in a 
less precise way. Recognition is about how the nurses notice that there is 
an alarm in the first place and if there are multiple alarms. The paper ends 
with a set of design considerations, in respect to localisation, orientation 
to, and recognition of alarms, when designing future systems. 

 
BACKGROUND 
 
For the last two years we have been involved in a research project in 
collaboration with the county council, the county hospital and a medical 
company. In this project we are interested in how medical staff and 
patients actually use different technological tools within dialysis 
treatment and how this understanding might influence the design and 
development of new technological tools. 

Our field material is mainly based on observational studies inspired by 
traditional ethnographic methods, but in the examples presented in this 
paper we also use video-based interaction analysis (Ruhleder & Jordan 
1997). Our approach is based on the importance of getting a deep 
understanding of the social context in which the system is going to be 
placed. We are interested in how people actually go about doing their 
work and how they actually use information technology. We believe that 
an understanding of people's practical circumstances in the use of 
technology may constitute good conditions for the design of new 
technological artefacts. 

The results in this paper are based on ethnographic field studies at 
three dialysis departments (although only two will be presented in this 
paper). Video recordings at the departments were complemented with 
notes about nurses' engagement in the alarm situations not visible on the 
videotapes. Our understanding of the nurses' use of their alarm system 
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has to some extent also evolved during the nurses' active involvement in 
workshops and design activities. 
 
THE ALARM SYSTEMS IN USE 
 
Before we proceed with the analysis and discussion we will first give a 
short description of the alarm systems, the dialysis departments and the 
way in which these features in the nurses’ work. 

At the dialysis departments in our study the nurses treat approximately 
16 patients a day who have renal disease. In a normal shift, about four 
nurses take care of eight patients and each nurse is mainly responsible for 
two patients. The dialysis department is divided into patient rooms, lunch 
room, offices, kitchen and storage rooms on both sides of a long corridor 
(see figure 1, left). In the patient rooms where the patient receives dialysis 
treatment the space is occupied by patient beds, dialysis machines, tables 
with medical tools, chairs and television screens (see figure 1, right).  
 

In the morning when the patients arrive they go to their specified bed 
where a nurse sets up the dialysis machine, and connects the dialyzer 
(which purifies the blood and serves as an artificial kidney) to the patient. 
When the treatment is started the two main functions of the dialysis 
machine are to pump blood from the patient through the dialyzer and 
back to the patient again, and to supervise and control the process. For 
example, if the dialysis machine detects a high arterial pressure it stops 
the blood pump and activates an alarm indication. 

Figure 1 The corridor (left) and the patient room (right) 
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The most important task for the nurse is to maintain and supervise the 
patient’s physical condition during the treatment. However, there are 
certain tasks at the departments that make it impossible for the nurses to 
stay at the patient’s bedside during the treatment. The nurses have to deal 
with paper work in the office, answering phone calls, assisting other 
nurses, fetching materials from the storage rooms or having their lunch 
and breakfast in the lunch room.  

The dialysis machine and the alarm system make the nurses able to 
attend to other work tasks while still being responsible for their patients. 
In the patient rooms in all dialysis departments each dialysis machine has 
its own alarm device which simultaneously indicates an alarm by an 
audible signal and a visual indication. In addition, all patients have a 
patient alarm device beside their bed that they can use to get the nurses 
attention.  However, because of the physical layout of the building, the 
organisation of the dialysis departments, and the character of the nurses’ 
work practice, the alarm indication in each patient room is not sufficient. 
To ensure the alarm will be heard the notifications and indications are 
propagated to other parts of the department. Each dialysis machine and 
patient alarm is connected to a distributed alarm system that thus makes 
the visual and audible resources available in other parts of the department 
as well. 

In the remaining part of this paper we will focus on the distributed part 
of the alarm system and the way in which nurses receives notification of 
the alarms. All alarm systems described in this paper have the same 
purpose and features as those described above. In the following sections 
we describe the differences between the alarm systems. Although we have 
studied three different systems we will only describe two of them here 
since that is enough for the purpose of this paper. A description of the 
third alarm system can be found in (Sanchez Svensson et al., 2000). 

 
3.1. Alarm system A 
 
At one of the dialysis departments the staff used an alarm system that was 
implemented in 1987. This alarm system (system A) is the oldest of the 
three included in our study. The alarm system has an alarm panel outside 
each patient room in the corridor and a room panel inside each patient 
room. The alarm panel in the corridor has three alarm lamps: a red lamp 
for the indication of a machine alarm, another red lamp for the indication 
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of a patient alarm and finally a white lamp indicating the presence of 
nurses in the patient room (see figure 2b). Inside the patient room the 
room panel has two buttons: a red emergency button for emergency 
alarms and a white presence button for the indication of presence (see 
figure 2a).     

When an alarm is activated on the dialysis machine the alarm lamp on 
the alarm panel outside the patient room starts to flash with a red light 
and the machine alarm speaker in the corridor sends out an audio signal. 
The alarm panel has the same activation interval as the dialysis machine, 
which re-activates the alarm signal once a second until it is reset. 

The second red lamp on the alarm panel – the patient alarm – turns red 
and a centrally positioned patient alarm speaker (see figure 2b) sends out 
one audio signal when the patient alarm button in the patient room is 
pressed (see figure 2a). This patient alarm is re-activated every 10 seconds.  

On the alarm panel the white alarm lamp is turned on whenever a 
nurse presses the presence button on the room panel. The purpose of this 
function is to enable nurses to inform other members of the department 
that somebody is present in the room. Another feature is the emergency 
alarm that a nurse activates by pressing the emergency button on the 

 

  

Figure 2  Alarm panel and room panel in alarm system A. 

Machine alarm lamp 
Machine alarm    
speaker 
Presence lamp 
Patient alarm lamp 

Emergency alarm button 
Presence button 
 

Figure 2a. Room panel Figure 2b. Alarm panel 
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room panel. Also, if the presence indication has been activated, pressing 
the patient alarm button will cause an emergency alarm. On the alarm 
panel in the corridor the emergency alarm is indicated with a red flashing 
light from the patient alarm lamp and a sound from the machine alarm 
speaker. 

Following is a video fragment from alarm system A that demonstrates 
the functions and the use of the alarm system. The alarm situation that 
unfolds in this fragment starts with an alarm indication from patient room 
1 (see figure 3). 

Room 3    Room 1    Alarm    Room 2 

At this moment 
nurse B is in room 1, 
nurse A in room 2 to 
the right and nurse 
C is in room 3 on the 
left side of the 
corridor 

18:28:31 
An alarm is activated in 
patient room 1. The 
alarm lamp flashes on 
the alarm panel and the 
speaker sends out an 
audio signal that is 
repeated. 

18:28:38 
Nurse A takes a couple of steps out 
into the corridor. Before he enters the 
corridor he turns his head toward 
room one.  
 
18:28:39 
The alarm panel continues to 
indicate the alarm from room one. 
Nurse A stops in the middle of the 
corridor and turns his body towards 
room one. At this moment Nurse C 
appears in the corridor from room 
three.  
18:28:40 
Also Nurse B takes a look in the corridor 
standing in the entrance to the patient room. 
Nurse A standing in the corridor points at 
nurse B.  

 Figure 3 Alarm situation in alarm system A 
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In the first part of the alarm situation, a dialysis machine in patient room 1 
activates an alarm and the distributed alarm system activates the alarm in 
the corridor about 5-6 seconds before nurse A enters the corridor. When 
nurse A enters the corridor he already focuses his attention towards room 
1. When he notice nurse B he turns around and points at her.  

What is particular interesting is how the alarm situation unfolds and 
the way in which all three nurses appear in the corridor. This alarm 
situation has posed a range of questions for us and later in this paper we 
will discuss this fragment in our analysis of how the properties of the 
environment and the alarm system are made available for the localisation, 
orientation and recognition of alarms. 
 
3.2. Alarm system B 

The second alarm system (system B) is used at a dialysis department 
operating since 1996. As in the previous alarm system, this one also 
consists of alarm panels in the corridor and room panels distributed 
within the department. What is different compared to alarm system A is 
how the alarm indication is distributed and presented. 

Figure 4a. Room panel Figure 4b. Alarm 
panel 

Figure 4. Alarm panel and room panel in alarm system B 

Alarm display 
 
Emergency button 
Presence button 
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Along the department corridor, three alarm panels are mounted in the 
ceiling (see figure 4). Each alarm panel consists of a display and a hidden 
speaker (see figure 4b). In contrast to the older alarm system A, every 
alarm indication is distributed to all alarm panels simultaneously. Inside 
each patient room the room panel is located just beside the entrance. 
These room panels have an alarm display, an emergency button and a 
presence button (see figure 4a). Other rooms at the department have a 
room panel as well, but those panels do not have an emergency button. 

The indication on the alarm panel provides the nurse with information 
about room location, patient bed and alarm category. In case of a machine 
alarm from patient 3 in room 2, the text "2-d3" ("d" stands for dialysis 
machine) will appear in the display on the alarm panel. If it is a patient 
alarm indication, the display would instead present the text "2-3". Both 
patient alarm and machine alarm are indicated with three audio signals 
from the speakers. If there are two or more alarm indications at the same 
time, the display will show the multiple alarms by switching between 
them continuously. If the alarm is not reset after about 15 seconds, the 
alarm is re-activated again with three audio signals. 

If nurses wish to be notified about the alarm through the room panels 
in patient rooms, they need to press the presence button. The purpose of 
this design decision is to allow nurses to decide if they want to get alarm 
indications from other parts of the department in the patient room. 
Normally the nurses do not want to disturb the patient with this alarm 
indication. When an emergency alarm is activated in this alarm system, 
the text on the display flashes continuously and the speaker sends out an 
alarm sound that differs from the other and re-activates each second until 
the alarm is reset. The emergency alarm is activated if the emergency 
button located beside each patient bed is pressed or if the patient alarm 
button is pressed when the presence button has already been selected (in 
the same way as in alarm system A).  

The video fragment in figure 5 demonstrates the use of alarm system B. 
It shows a situation where several alarms are activated from three 
different patient rooms and how they engage the nurses’ attention. 
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The fragment shows how alarm indications are presented on displays in 
the corridor and the way audio signals notify the nurses about alarms. 
However, what makes this fragment more interesting, which we will 
come back to later, is the use of the room panels inside the kitchen and the 
patient rooms. In the kitchen the nurses usually activates the presence 
indication during the whole day. They do this because nobody other than 
themselves is disturbed by the alarms in the kitchen. The alarm 
indications in the kitchen also simplify the division of alarm management 

12:14:05 An alarm from room 2 is activated 
and the alarm display in the corridor reads  
“2-d1”. Also three audio signals indicates the 
alarm.  
 
12:14:12 Nurse A enters the corridor from the 
kitchen and goes directly into patient room 2.  
 
12:14:13 When nurse A is on her way in the 
corridor another alarm from room 5 is 
presented on the alarm display. The text “5-
d3” appears on the display and indicated by 
an audio signal. Alarm “2-d1” and “5-d3” is 
altered on the displays in the corridor every 
second.  

Figure 5 Alarm situation in alarm system B 

12:14:24 Nurse B enters the corridor and 
walks towards patient room 5. 
 
12:14:31 In the same moment as nurse B 
enters the patient room another alarm 
appears in the alarm system. An emergency 
alarm is indicated and the alarm displays 
reads “3-2”. The text flashes and repeats the 
audio signal continuously. No other alarms 
but the emergency alarm is presented on the 
displays.  

12:14:53 Nurse C comes out from the kitchen 
and hurries towards patient room 3 and as she 
enters the room she says: “Yes, yes, yes”. 
Shortly afterwards the alarm is reset and all 
three nurses returns to the kitchen. 
 

“2-d1”     Room 2 

Room 3     Room 5 

“3-2” 
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between the nurses during breakfast and lunches. However, what also is 
apparent in the alarm situation is the occurrence of an emergency alarm. 
The presence button was activated earlier during the morning in patient 
room three. Because the presence indication on the room panel still was 
selected, the emergency alarm was activated when the patient pressed the 
patient button. This alarm situation provides an example of the way in 
which the room panel affects the localisation and recognition of alarms. In 
the next section we will discuss this example further. 
 
AFFORDANCES OF THE ALARM SYSTEMS 
 
There are several issues that are interesting to analyse in our case study, 
but this paper focus on two topics related to the design of the different 
alarm systems. The first topic we have selected concerns localisation and 
orientation – how the alarm systems indicate where the alarms are coming 
from. The second topic is a discussion of the different characteristics of the 
alarm systems in relation to how alarms are recognised and distributed. 
The analysis on these topics draws partly on Gibson's ecological approach 
on perception, and particularly the concept of affordance (Gibson 1979). 
We will discuss what characteristics the alarm systems have, how they 
differ from one another, and what they offer to the users in different alarm 
situations.  
 
4.1. Localisation and Orientation 
 
One obvious and important role of an alarm system is how it enables 
users to locate an alarm. The nurses need to determine in what direction 
they have to walk and if the alarm is their responsibility. The alarm 
systems we have studied have solved this problem in rather different 
ways. 

Let us first describe how alarm system A is designed to solve the 
problem. As seen in the system description, one alarm panel is placed in 
the corridor outside each patient room. When an alarm is propagated 
from the patient room to the corridor, the alarm lamp and the speaker 
placed outside that particular room are activated.  Nurses standing in the 
corridor might locate the alarm quickly because of the direct relation 
between the patient room and the alarm panel outside the room. They 
might also locate the alarm by the alarm sound from the speaker placed 
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outside each patient room. From the office, the lunch room, or other parts 
of the department, the alarm system makes it possible for the nurses to 
hear if the alarm originates from far down the corridor or from a room 
nearby. This alarm system uses the physical placement of the alarm as a 
way of orienting the nurses to the alarm source – both by audible and 
visual effects. 

Lets turn to an example of the special features of alarm system A in this 
respect. The video fragment we presented in the demonstration of alarm 
system A (see figure 3) illustrates the use of audio and visual orientation. 
In the first part of the alarm situation it is noticeable how nurse A focuses 
his attention on room 1 immediately he enters the corridor (see figure 6). 

Through the placement of the sound source, he is able to determine 
rapidly the direction of the alarm. He turns around and looks at the alarm 
panel, notices nurse B in the entrance to room 1 and points in her 
direction. However, although the alarm is activated in nurse B's own 
patient room (the dialysis machine also indicates the alarm by the patient 
bed) the nurse does not recognise the alarm signal. In this alarm situation 
she obviously did not catch if the alarm signal was coming from the alarm 
panel outside her room or from the other two alarm panels in the corridor. 
The nurses have told us that they sometimes become disoriented   by the 
repeating alarm signals in the corridor, the alarm indication from the 
dialysis machine and medical equipment, and noises from radios and 
televisions in the patient rooms. 

As in alarm system A, alarm system B also has alarm panels in the 
corridor. However, alarm system B does not enable nurses to locate the 

 Figure 6 The nurse’s shift of orientation and the nurses’ localization of the 
alarm. 
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alarm by the physical placement of the alarm panels. Instead this 
information is coded on displays. Alarm system B use displays where a 
couple of letters and numbers state the localisation of the alarm (see 
section 3 The Alarm Systems in Use), e.g. "3-1" should be interpreted as an 
alarm from patient room 3 at bed 1. Whenever a new alarm is activated, 
the system both indicates the alarm on the display and sends out a short 
sequence of audio signals.  

Though alarm system B does not use the physical placement as an 
orientation towards the origin of the alarm, it supports the nurses’ 
localisation of alarms in a more specific way than alarm system A does. 
The alarm lamp on the alarm panels in alarm system A only identify the 
patient room, but in alarm system B the indication of patient bed is also 
identified.  

One apparent difference between the alarm systems is the way in which 
alarm system A makes it possible to hear in what direction the alarm is 
coming from. In the other alarm systems, the alarm indication is 
replicated on all alarm panels. The only way to know where the alarm has 
its origin is to read the letters and numbers on the display and know what 
the text stands for. In alarm system A, the physical placement of the alarm 
indication in the corridor makes it more obvious from where the alarm 
has its origin for anyone who happens to be in the corridor. The audio 
signal in alarm system B is only used for getting the nurses’ attention and 
not as guidance for localisation or orientation. 
 
4.2. Alarm Recognition 
 
The nurses not only need to know where to go when an alarm is activated, 
they also need to be notified that there is an alarm in the first place. It is 
also relevant to recognise if there is more than one alarm active at the 
same time. In this section we will discuss how these problems are handled 
in the different alarm systems. Let us first consider an example from 
alarm system B. 
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Time  Display Sound Comments 
    
45:13 2-d1 3 beeps New machine alarm 

indicated 
    :28  3 beeps Alarm re-indicated by 

sound (2-d1 constantly 
    :46  3 beeps visible on the display) 
46:05 1-d3 3 beeps New machine alarm 

indicated 
    :07 2-d1   
    :10 1-d3   
    :13 2-d1  The display alternates 

between active alarms 
    :16 1-d3   
    :19 2-d1   

 
Figure 7. Example of multiple alarm indications from alarm system B 
 
When the first alarm is activated (see figure 7), there is a sound from the 
alarm panel and a description of the alarm is shown on the display. About 
every 15-18 seconds, the alarm is re-activated with a sound. At first this is 
rather unproblematic, but at 46:05, when a new alarm is activated, a 
possible problem begins to appear. The only difference in indication from 
the alarm system is the new display indication "1-d3". The sound 
indication for the new alarm can be perceived as yet another re-activation 
of the "2-d1" alarm. The intervals between the beeps are the same as 
before, so the sound will not hint to the nurses that a new alarm has been 
activated. They need to look at the display to get the information. For 
example, assume that a nurse glances at a display one second after the 
three beeps when the display information shows "2-d1". One possible 
interpretation from the nurse is that it was just another re-activation of the 
“2-d1” alarm. In this example, the nurse has to look at the display for 
about four seconds before she knows if the sound was indicating a new 
alarm or re-activating an old one. If there are two active alarms, she has to 
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wait for about seven seconds (worst case) to be sure. If the nurses are able 
to look at the display within 2-3 seconds (during the three beeps), the 
alarm indicated on the display is the actual alarm that causes the beeps. 
The example above describes a kind of sequential notification that only 
allows one alarm to be visible at a single moment. With alarm system A, 
the design provides another kind of alarm distribution, namely parallel 
notification. The alarm panels in alarm system A are independent of one 
another, so more than one panel can be active at one single moment. This 
has the effect that more than one alarm can be heard and seen at the same 
time – the nurses get not only an orientation towards the alarm, they also 
hear if there are multiple alarms. This can be useful when they are busy 
with other tasks, since they might continue with whatever they were 
doing and still know if there is more than one alarm and possibly also 
hear where it originates.  

There are however some obvious disadvantages with the parallel 
distribution (as designed in alarm system A). Alarm system A is noisier 
than the other two, and, when adding the sound from televisions and 
phones, there is sometimes a hullabaloo of different sounds. The alarm 
situation described in video fragment 1 gives an example of such an event. 
This is more seldom the case when using alarm system B, since only one 
alarm is indicated at a single moment. Also, the volume of the sound from 
system A is higher than with the other system since the sound needs to be 
distributed through the whole corridor from one single audio source.  

 
4.3. Distribution of Alarm Devices 
 
Another issue about the alarm systems that we have not yet considered is 
the way in which alarms are made available for the nurses inside the 
patient rooms. As seen in alarm system A, there are many benefits of 
having the audio signals sent out from the physical location of the alarm 
source. The problem, however, is the need for a rather high sound volume 
in order to make the audible alarm signals available to the whole 
department. Instead of having a louder sound in the corridor, the nurses 
using the alarm system B have the choice of deciding if they want to 
distribute the alarm indication to the patient rooms by using the presence 
button on the room panels. 

In our field study we were able to observe an event in which two nurses 
were occupied with a patient in one of the patient rooms. The patient was 
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about to get connected to the tubes from the dialysis machine. The nurses 
assisted each other inserting the needle into the patient, handing over the 
blood tubes and dealing with the dialysis machine. At this moment an 
alarm was activated in a patient room further down in the corridor. The 
nurses in ward 4 heard a couple of alarm indications from the corridor 
and realised that they had not pressed the presence button on the room 
panel, which otherwise would have made it possible for them to see the 
alarm indication on the display in the room. The situation was 
complicated further by the fact that they could not easily drop their work 
to press the presence button on the room panel or take a step out into the 
corridor to inspect the display. 

In addition to this example, the video fragment from alarm system B 
(see figure 5) provides a nice contrast. In the situation that the video 
fragment illustrates, the presence button was still selected even though 
there was no nurse present in the patient room. Simply, the point we wish 
to make is that in alarm system B the presence button is an interface for 
the distribution of the alarm indications inside the patient room. But at the 
same time the presence indication is also a state in the alarm system that 
activates an emergency alarm if a patient is calling for help from the same 
patient room even if a nurse is not present. Both of the situations 
described above demonstrates an example of the possible implications of 
the distribution of information in physical space and the problems of how 
to inform the user in a seamless and unobtrusive manner. In the first 
situation, the nurses in the patient were notified and able to recognise the 
alarm but were unable to localise the origin of the alarm because of the 
practical circumstances. In the second situation, the nurse was able to 
localise the alarm on the room panel inside the kitchen but for this 
particular situation the emergency alarm signalled an incorrect level of 
urgency from the patient room. 
  
CONCLUDING REMARKS  
 
This paper has contributed to the research on ubiquitous computing and 
has demonstrated the implications of deploying systems and technologies 
that are distributed and ubiquitously embedded in the users’ 
environment. In that respect, the principal theme in our analysis concerns 
how the alarm systems and the properties of the environment afford 
localisation, orientation and recognition of alarms.    
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In our study we have seen that nurses use sound and visual effects in 
several different ways. The corridor displays in the alarm systems give the 
nurses exact information about the location of the alarm. In the older 
system, nurses could determine the location of the alarm by looking down 
the corridor to see which alarms were active in direct relation to the 
patient room and then look inside the room to see which dialysis machine 
was indicating the alarm. Sound, on the other hand, may provide users 
with other information. In our study, we could observe that sound tells 
the users where to look. Sound has affordances that provide users with a 
peripheral awareness of events and other people (Gaver 1997), allowing 
their attention to move back and forth between centre and periphery 
(Weiser & Brown 1997). At more distant locations, the nurses can hear and 
orient themselves towards the alarm with the possibility of attending to 
the current work task while being aware of the alarm activation at the 
same time.  

For the purpose of summarising this paper some of our central 
observations and findings are presented in the table following below (see 
Table 1). As much as the character of the analysis in this paper is shaped 
by a limited set of issues and settings, this list of findings is not in any 
way recommendations or guiding rules for design work. These particular 
findings have to be considered in relation to an understanding of the local 
circumstances of the setting in which the technological system is going to 
be introduced. Furthermore, being able to produce recommendations or 
requirements would, in our view, demand a further explication and 
investigation of aspects such as collaboration and communication. 

There is a range of technological innovations and design considerations 
that could be interesting for the design of future alarm systems or maybe 
for other kinds of technological systems embedded in the users’ 
environment. In the literature on alarm design urgency levels and 
acoustically designed warning signals (i.e. Patterson et al. 1986, Edworthy 
et al. 1994) has been suggested. Gaver conducted a similar study on the 
use of auditory interfaces (Gaver 1991, Gaver 1986) and pointed to the 
problems of using arbitrary sound mappings in intensive care units 
(Gaver 1997). Furthermore, in recent and earlier research on augmented 
reality, ambient media and ubiquitous computing a growing number of 
design ideas and innovations, such as wearable auditory displays 
(Sawhney & Schmandt 1998), active badge systems (Spreitzer & Theimer 
1993) and reactive environments (Cooperstock et al. 1995), has been 
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demonstrated and suggested as possible ideas for the problem of 
information provision and engagement of attention. 

  

 
Properties Alarm System A 
 

 

Physical placement: Independent 
alarm panels outside each patient 
room. 

Peripheral orientation (both audible 
and visual). 
Obvious from where the alarm has its 
origin (no need to read text on a 
display). 

Audio signals and visual 
indications. 

Getting the nurses’ attention and 
orienting them toward the alarm 
source. 

Parallel alarm indication. Multiple alarms can be heard and seen 
simultaneously. 
Noisy 

 
Properties Alarm System B 
 

      

Physical placement: Same alarm 
indication distributed to every 
alarm panel.  

Demand a focused attention to read the 
text on the alarm panels. 
Not as guidance for localisation and 
orientation. 

Audio signals and text 
indications.  

Getting the nurses’ attention (audio 
signals). 
Affords localisation (text). 

Sequential alarm indication. Demand a continuous attention 
towards the alarm display in order to 
recognise multiple alarms. 
Recognition of multiple alarms takes 
time.  

Selectable alarm indication in 
patient rooms.  

Demand activating the presence button 
in order to receive alarms in the patient 
rooms. 

Table 1: Summary of Observations and Findings 
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In contributing to this research and design work, we made along with our 
findings presented in this report, an interesting observation. We found 
that alarm system A sometimes produces alarm signals that ends the 
indication with a discordant sound. This is an interesting effect in the 
older alarm system that is not based on a conscious design decision but is 
rather due to the older technology being used. Although the closure 
sound could be seen as an unsuccessful design, we believe it is something 
one could use and deliberately include in the design of an alarm system, 
and especially if included in a system using sequential notification. By 
using a special sound as the prelude for a new alarm, and a closure sound 
when an alarm is terminated, one can imagine that the necessary attention 
focused towards the displays might be reduced. For instance, nurses 
could continue with their task and just by listening to the alarms 
determine if it is a new alarm or a re-activation of an old one.    

Furthermore, another interesting aspect is the comparison between 
parallel and a single distribution of alarms. By having a parallel 
distribution, the nurses get a feeling about how busy it is in the different 
patient rooms. With the single alarm indication, there is a possibility that 
many alarms will become invisible and unseen for the majority of the 
nurses. By including prelude and closure sounds to the sequential 
notification systems there is at least a chance of being aware of the 
number of different alarms.  
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Abstract 
 
Traditional desktop computers have a tendency to drag users to the desk 
and away from their object of work. Researchers working within fields 
covered by the term ‘tangible computing’ are trying to find ways to 
integrate computer technology in a more radical way and minimise 
gravitation to a desk. In this paper we argue for different interactional 
features that are connected to a design idea for monitoring treatment 
sessions of remote hemodialysis. We discuss interactional features with a 
non-traditional computer interface in a highly mobile work environment. 

 
Introduction 
 
One aspect when designing technology with visions like Ubiquitous 
Computing in mind is how to make interaction fit seamlessly into the 
kinds of everyday activity in which the technology is to be used. This 
paper will present a design concept for the purpose of remote 
haemodialysis monitoring with a focus on the interactional features that 
enable the design to fit nicely into the work practice. The design concept 
suggests a paper-based solution, but it is not our intention to suggest that 
this would be the single best solution. The idea presented here should be 
seen as a tool for discussing interactional features. These features can 
probably also be realised by implementing other design suggestions too, 
although we do find the paper-based version to be a rather convincing 
one. 
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The work presented is connected to a joint project between Blekinge 
Institute of Technology, a local hospital (Blekingesjukhuset) and Baxter 
Healthcare Corporation. The overall idea of the project was to enable the 
hospitalised haemodialysis patients to stay in a non-hospitalised 
environment where they can take greater – or at least more practical – 
responsibility for their treatment. Instead of having a dialysis nurse doing 
most of the work and being present throughout the treatment, the patients 
themselves are to do the work themselves. The goal is governed by both 
economic and medical factors. The dialysis departments need to keep 
their costs down, and with the continuous increase in the number of 
patients, this is hard to achieve. To let the patients take care of their own 
treatment to a greater extent is one way to handle the problem. Due to the 
limited number of beds at the hospitals the patients can ‘only’ have their 
treatment three times a week (for 4-5 hours per session). If the treatment 
can be more local and the patient do more of the work him-/herself, more 
frequent treatment becomes possible. Research has shown that patients 
show better clinical values if they can have dialysis treatment more 
frequently and for a longer time per session, as shown in, for example, 
Pierratos et al’s. report of the success of nocturnal haemodialysis [7]. 

Due to the geographical distance between the patients and the nurses, 
we currently assume that there is good reason for the nurses to monitor 
the remote patients even though the patients themselves will take care of 
their own treatment. We assume there always will be problems and that 
patients will need a professional opinion; it might also be advantageous if 
the nurses can have an at-a-glance access to the quality of the remote 
patients’ current treatment (especially initially, when the patient is 
inexperienced). Where a patient requests guidance, a continuous 
peripheral monitoring of the remote patient’s state can be a convenient 
way of keeping medical staff updated and thereby enabling them to 
render fast assistance. Having a continuous view of the treatment 
progress can also be helpful when calibrating treatment. Minor anomalies 
in treatment values can easily be identified and spur the nurse to contact 
the patient. 

We rely on an analysis of haemodialysis work practice and a design 
interest in the areas of ubiquitous computing and tangible computing as a 
base for our argumentation. What makes us especially interested in 
alternative computer interfaces such as those suggested by 
ubiquitous/tangible computing is how we perceive a connection to what 
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is often noted in work practice studies. For example, Bowers et al. [1] who 
have studied a print industry shop floor show how the ecology of the 
workplace plays a significant role in cooperative aspects of work. Having 
co-workers and their machines in sight promotes awareness of other’s 
work which in turn supports ad hoc cooperation (p. 56). Button and 
Sharrock [2] illustrate in a later paper the benefits of having artefacts 
available at-a-glance. For example, by placing ‘job-flags’ which display 
miscellaneous job information into piles of printed paper, an at-a-glance 
revision of the production order is achieved, allowing people to move the 
jobs on. Harper and Hughes [3] describe how air traffic controllers 
arrange flight strips in a certain way and sometimes lift them slightly out 
of their racks as a reminder of a particular problem. It is not only 
concluded, however, that the strips can be arranged in certain ways, but 
that this also serves as an at-a-glance indication for other controllers of the 
current state of air traffic. Working with physical artefacts located in 
different parts of the working environment also makes it easier for people 
to keep track of what their co-workers are up to. Robinson [4] re-reports 
from a study in a French Nuclear Power Station where they were about to 
replace physical dials with computer displays that were easier to read for 
the individual operator. The downside, however, was that the operators 
were no longer able to see what other operators were doing. With the 
physical dials, it was easy to see which part of the system was of concern 
when someone went up to them. This feature would have disappeared 
with the new displays (which, incidentally, were never implemented 
partly for these reasons). In our own studies at dialysis departments we 
have, for instance, seen how the physical placement of alarm devices 
affects the ability to localise the origin of an alarm and how nurses orient 
themselves, depending on the design of the alarm system [5]. 

How people orient themselves in relation to artefacts, their physical 
environment, and one another in everyday work activities seems to create 
a special tension in relation to computer systems which rely on desktop 
computers as the base for computer interaction. We use the term desktop 
gravitation to describe how desktop computers force users to move up to 
the desk to carry out their work. This drags them away from their object 
of work. Fields such as ubiquitous computing, disappearing computing, 
and tangible computing are influential sources for inspiration, and often 
seem to suggest possibilities that could reduce the gravitational force of IT 
– although that particular aspect is not always mentioned. Further, we are 
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aiming at achieving a seamless interaction (as also proposed by [6]) 
between the user and the technology by utilising the physical 
environment and physical objects. 

Before we go into the details of the interactional features that are the 
main topic of this paper, we will first describe the relevant elements of the 
work practice in the haemodialysis department we have studied. 

 
Dialysis nurses’ work practice 
 
Like many other work settings, the characteristic of medical work in 
hospitals is to a great extent mobile. At the dialysis departments we have 
studied, the mobility of the work is an obvious feature. Nurses are more 
or less constantly on the move and often switch between different work 
activities. Their work is frequently interrupted by questions from other 
nurses, phone calls, and alarms that require their attention. 

Further, nurses’ work can be characterised in part as opportunistic (in a 
positive sense). When the physician comes to the ward for his/her 
rounds, nurses take the opportunity to approach the physician with a 
variety of questions. One interesting part of these meetings is that the 
nurses often bring documentation (e.g. patient records) that is used as 
reference in the discussions. 

In the dialysis department we have studied, the nurses are the most 
active ones when it comes to setting up the dialysis machines and making 
changes during treatment sessions [8]. The nurse is responsible for 
ensuring that the treatment meets certain goals prescribed, for example, 
by the physician. This can, for example, be the level of the blood rate and 
how much the patient should weigh once the sessions is ended16. There is 
also a general rule that the nurses should check up on their patients at 
least once an hour. The continuous monitoring by the nurses’ keeps them 
constantly updated about the patient’s condition and the ongoing 
treatment session. They stay “geared into the work”, to borrow a phrase 
from Hughes et al. [9]. In a remote setting with the patient in another 
location, this possibility could be lost. The display used on the dialysis 
machine (which the nurses rely on when working with local patients) 

                                                        
16 One important part of dialysis treatment is to remove the accumulated fluid 
in the patients, and the patients’ weight before and after the treatment is used 
to measure the amount of fluid that has been removed. 
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often only shows the current values, and no historical data. But as already 
stated, nurses stay updated, i.e. keep a historical record of the values in 
mind, by being continuously engaged with a patient. They also take notes 
over some specific values in a special dialysis protocol. These values are 
also occasionally reflected upon during later treatment sessions (see [8] for 
more details). Although each nurse is responsible for certain patients, they 
regularly engage with other patients too in order to help the nurse 
responsible. When they intervene with other patients they communicate 
to the responsible nurse what has been done. This is usually done by 
looking them up, but also through signed notes in the dialysis protocol for 
each patient. 

The understanding gained through our ethnographic study of the work 
at the dialysis department is an important base for our reasoning about 
new technology to support the work. The design idea presented and the 
proposed interactional features presented in the next sections have been 
developed with this in mind. 

 
Design concept 
 
There are many ways one could design a system for monitoring remote 
patients. What we were looking for was a system that not only visualised 
treatment data, but also had more interactive properties. We were, for 
example, looking at how to bring a reference to the remote 
patient/treatment to different locations. Further, we investigated ways of 
entering information dealt with outside a digital system back into it. This 
latter requirement caused us to discard many of our design ideas. Several 
suggestions produced interesting ways of visualising information but 
gave little scope for an easy or practical and seamless, way of updating 
information back into the system. Many ideas would not fit the 
requirements suggested by the ethnographic study, i.e. showing 
consideration for the mobile character of nurses work, the way nurses 
bring reference material to the physician, that they stay ‘geared into the 
work’, continuously monitoring the patients, and the nurses’ 
communication with one another when intervening with other nurses’ 
patients. 
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Paper-based monitoring system 
 
After working with several different design ideas, the idea that we 
decided to opt for was a paper-based monitoring system. Before we start 
to discuss the potential interactional features that this design concept 
makes possible, we will first describe it briefly. 
 

 

 
Basically every remote patient’s treatment data should be displayed on 
one sheet of paper. As illustrated in the picture of a mock-up (figure 1), 
there are several small printers hanging on the wall. Each printer will be 
dedicated to one specific treatment session at a time. When a remote 
patient starts the treatment, one of the printers will become activated and 
treatment data will be continuously printed out on a sheet of paper. The 
length of the printed paper should show approximately how long the 
treatment has been in progress. An example of a printout is illustrated in 
figure 2. 
 

 Figure 1 Mock-up 
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The paper printed on is not ordinary paper; it is based on the technique 
from Anoto. The paper has a pattern that can be recognised by the Anoto-
pen, which allows you to track exactly where notations have been made 
on the paper17. This information can then be sent to a computer to be 
reused. We will describe the use of that feature later in this paper. The 
printer is also equipped with a sensor for knowing when someone has 
ripped of the paper. When the paper has been ripped off, a new copy will 
immediately be printed, and the following treatment data will be 
continued on the copy. Every time a new paper sheet is printed, an 

                                                        
17 The Anoto pen has a small camera that registers the pen’s movement when 
using it over a special kind of paper with a specific pattern. By recognising the 
pattern it is possible to determine exactly where on the paper notations have 
been made. This information is used to transform the stored coordinates into 
an image that can be reused and displayed on other devices. See 
www.anoto.com for more detailed information. 

Figure 2 An example of a paper strip showing treatment data 
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additional strip will be printed at the lower end of the paper. Also, if 
someone makes a notation with an Anoto-pen and chooses to save this, a 
special symbol will be printed (see fig 6). The next time the paper is 
reprinted, the symbol will have disappeared and the actual notation will 
be printed on the paper instead. 

A barcode is printed at the bottom of each paper sheet. The barcode is 
an identifier which is connected to each patient’s data. It is supposed to 
work as a way to connect easily to other services. By scanning the barcode 
on a computer containing patient records, the nurse can easily look up the 
patient in question. There is no need to perform searches by entering 
social security numbers. One could also imagine that the barcode is 
scanned with a device connected to the telephone system which would 
minimize the need to look up the patient’s phone number and so on. One 
reason for choosing barcodes is that their function is widely recognised. 
People know that they are supposed to be scanned and how this is done. 

 
Interactional features 
 
As we know, paper has many qualities that make it extremely useable 
[10], and some have tried to use paper when designing new interactive 
tools [11] [12]. What can be done with paper is common knowledge to 
most of us. We know, for example, that it is possible to write and draw on 
it, that it is easy to fold, and that it disappears when you put it on fire. 
Also, in cooperative situations paper has qualitative benefits. Luff and 
Heath [13] use the term micro-mobility to describe a frequently ignored 
feature of technology, i.e. “the way in which an artefact can be mobilised 
and manipulated for various purposes around a relatively circumscribed, 
or ‘at hand’, domain” (p. 306). They point specifically to paper’s high 
‘ecological dexterity’ as compared to conventional computer systems 
(both desktop and portable). This feature alone makes design based on 
paper fascinating. The rationale in our case is that we wish to utilise the 
highly mobile characteristic of nurses’ work described earlier and make 
our design fit into their way of working. 
 
Zooming by walking 
 
The fact that nurses move from room to room and in the corridor can be 
used as a resource for designing interactional features. In our design 
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suggestion we consciously utilise the distance between the nurse and the 
artefacts. As shown in figure 2, there are different patterns and figures 
printed on the paper. The patterns are intended to show graphically the 
development of different treatment values. These patterns make it 
possible to see at-a-glance and from several meters away how the values 
have changed over time. By moving closer to the paper sheets you can 
obtain precise treatment data by reading the printed numbers – what we 
call ‘zooming by walking’. Zooming by walking is typical of the nurses’ 
everyday work and integrated in many of their mundane activities. For 
example, when an alarm goes off they first decode figures on a display 
stating, for example, from which room and dialysis machine the alarm 
comes from [5]. Then they walk into that particular room towards the 
dialysis machine causing the alarm. Inside the room it is sometimes 
(depending on what kind of alarm it is) possible to see, from several 
meters, indications on the visual display of the kind of alarm it is. When 
moving closer nurses can further inspect the figures displayed on the 
dialysis machine’s display. To move up close in order to see more detailed 
information is something we all do on occasions and it is of course not a 
special feature of dialysis nurses’ work. What we are doing is to consider 
consciously this aspect of interaction with artefacts when designing our 
monitoring system. 

There is another reason too for taking this path. By only showing 
abstract visualisations of treatment data from a distance, we let the nurses 
decide themselves when they want more detailed information. It is a way 
of keeping the monitoring system on the periphery and lets the nurses 
pull it into the foreground when they choose to (typically by moving up 
closer to the paper sheet). 

 
Traces of action 
 
When placing a system in the corridor the treatment data becomes more 
accessible for all to see as compared to placing individual dialysis 
machines in the wards thereby requiring that you enter the particular 
ward. Due to the way the staff is organised, i.e. each nurse is responsible 
for two patients, and the fact that patients are located in different rooms, 
individual patient’s treatment data is less accessible than if it were placed 
in the corridor where more people pass by more regularly. The increased 
availability of the treatment data that our design suggests could 
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potentially lead to more people being engaged with the data in different 
ways (if so only by a mere glance). One potential issue could be that 
several people engage individually with the treatment for the same 
reason, i.e. conducting the same work. As a way of limiting these 
instances, we wish to offer the possibility to indicate that someone has 
already engaged with the patient (or at least the paper strip). We want to 
leave traces of actions for others to see – an asynchronous account of 
actions. 

Our suggestion consists of two parts. The first is to print a small stripe 
at the bottom of the paper sheet every time the paper is re-printed 
(happens when the paper is ripped of from the printer). The stripes do not 
say anything about the reason or motivation for why someone has ripped 
of the paper. It indicates that for some unknown reason someone has 
ripped of the paper, but also suggests, however, that someone has been 
engaged with the treatment. Our assumption is that this indication will let 
the nurses draw conclusions as to what is likely to have been done. 
Secondly, it will also be possible to make annotations on the paper using 
such technology as Anoto. When someone decides to save the annotations 
made by an Anoto-pen, by marking a specific part of the paper, a symbol 
will be printed on the paper currently in the printer. The symbol states 
that someone has made an annotation. A copy of the actual annotation 
will first be printed on the next paper sheet - after someone has ripped of 
the paper with the symbol.  

 
Mobile manipulation 
 
One could guess, based on current computer systems that are traditionally 
used, that a classic design for a monitoring system, in this case for remote 
patients, would consist of a computer screen and a desktop computer 
with which you interact using a mouse and keyboard. In order to inspect 
the status of the remote patients, the nurse would have to go up to the 
desk where the computer is located. If the nurse would like others to see 
the data and discuss it, it is likely that she would have to go and look for 
the other person and let them follow her back to the desk. One could 
assume that a print function exists to print out the treatment data. This 
could let the nurse bring the paper to the people she wants to discuss with 
instead of taking him/her to the computer, but she would most probably 
be needed to input notes from their discussion at the computer. Our aim is 
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to limit this potentially high degree of desk gravitation, and utilise the fact 
that nurses are moving around in the dialysis department. 

As briefly pointed out earlier, paper has benefits over traditional 
screens in the very local interaction between collocated persons. If the 
topic for discussions is fuelled with data presented on a screen, there is a 
need for both parties to locate themselves physically in front of it in order 
to see what is being referred to. If we compare with data that are 
presented on a piece of paper, it is often easy to make out what it is about 
even if you see the information upside down. Further, if there is a need to 
show the data in more detail, the paper is easily turned around and 
oriented towards the person of interest. This is a cumbersome task to 
perform with computer screens. One could imagine palm computers 
being used for this, but even they have problems with simultaneous 
viewing depending on the angle from which you look. There are, 
however, interesting attempts to design palm computers with an 
increased support for micro-mobility (although these words are not used). 
By equipping handheld devices with sensors, Hinckley et al indicate, for 
example, the possibility to tilt the device away from oneself, causing the 
content of the display to rotate 180 degrees so it is readable for someone 
on the opposite side [14]. 
 
Concluding remarks 
 
The possibility to tear off the paper and bring it to wherever it is needed is 
one attempt to relieve gravitational force to the desk. The ability to input 
annotations on the paper and for these to be transferred to its digital 
counterpart further weaken desk gravitation. The staff can, at their current 
location, input data without needing to go back to a computer. 

It is clear that our solution also has gravitational force as the nurses 
must approach the printer on the wall to get hold of the paper. One could 
argue that it would be better to equip every nurse with a palm computer 
in order to minimise gravitation towards a specific place. We believe, 
however, that some gravitation is actually desirable. The reason is 
visibility. 

Imagine that someone is sitting in front of a traditional desktop 
computer. In order to see what the person is engaged in it is often 
necessary to move up behind the person and rather close to the screen. It 
might be possible from a distance to see that the person is using a word 
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processor, but it can be hard to see which document the user is working 
with. If you cannot see the screen then it is hard to make out what the 
person is doing on the computer. It is hard to know the details of which 
object (application and its current content) the user is working on at a 
mere glance18. 

As seen in the nuclear power plant example, gravitation can be 
desirable. The need for someone to locate herself physically at a specific 
place makes it possible for others to draw conclusions about what is going 
on. By placing our design in the corridor and making people move closer 
to it when interacting with it, we hope to provide the possibility for others 
to recognise at a glance what the person is doing. In our design you can, 
for example, see which paper strip that is occupying a nurse’s attention 
and thus know which patient it is, and you can see if the paper is being 
ripped off, and based on where the nurse is going to, it is possible to some 
extent to foresee the coming action (did the nurse go into the video 
conference room, the lunch room where the physician is having a coffee, 
or to a desktop computer in the office?). 

Further, there are also organisational issues that need to be considered. 
One needs to decide what the nurses’ role will be towards the remote 
patient. What kind of responsibility will she have for the quality of the 
treatment? We assume the main responsibility will be in the hands of the 
patient since the nurses cannot control the treatment and physically help 
the patient. What can be important to think further about is what our 
design suggests for the nurses in relation to responsibility. Although they 
might not be responsible for the immediate safety of the remote patient, 
the monitoring system gives them information that in many ways affords 
responsibility. It is potentially possible to see that the treatment is not 
proceeding as it should, and that would be hard to disregard for any 
nurse – even if it is not their concern formally. It is also possible that the 
more detailed information that is presented about the treatment, the more 
responsibility is afforded. If we imagine a situation where there is a light 

                                                        
18 The reason for this is not only due to the physical design of screens, but also 
due to the amount of different applications that potentially can be run on a 
computer. Our design suggestion is more limited in terms of what it is used 
for – printing treatment data. So it is of course also easier to understand what 
someone is doing with a ‘single function’ artefact, than with one supporting 
‘multiple functions’. 
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in the corridor showing the overall status of all remote patients, there 
probably be fewer occasions for intervention. What the role of the nurses 
will be will influence the final details of the design. 

It is also important to point out that we are interested in the 
interactional aspects the design can provide. It is not our current concern 
to solve the problem of responsibility. What we want to stress is how our 
suggestion promotes ‘visibility of work’; in particular, how the system 
through its use contributes to the accountability of the work situation. 
Here we use the ethnomethodological definition of accountability, i.e. 
“members’ methods for making […] activities visibly-rational-and-
reportable-for-all-practical-purposes, i.e. ‘accountable’” ([15] p. vii). 

In this paper we have discussed how a paper-based display can be used 
and what the interactional strengths might be. We suggest a system that 
uses both the benefit of computer technology and people’s way of 
interacting in their everyday activities by letting the human-computer 
interaction take a step away from the desktop computer. 
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Context access: 
Practice and concept development 
 
 
 
[Tap, Hans (submitted) Context access: Practice and concept development. 

Journal of Personal and Ubiquitous Computing, ACM, Springer-
Verlag] 

 
 
 
Introduction 
 
Several people working within such fields as CSCW, HCI, and UbiComp 
who work with computer systems deal with context and awareness in 
different ways. Researchers propose ways of visualizing awareness of co-
workers and colleagues19, how to extract information from the user’s 
context20,21 which is then used in the interaction between the user and the 
technical system in question22. In addition, there are projects working with 
smart homes where the user should be able, for example, to control 
different features of the house form a remote location (e.g. locking 
doors)23. 

The suggested solutions vary from supporting a single user24 to systems 
supporting cooperation in different ways25. The context aware approach 
aims at developing efficient ways to extract information about users and 
their environment. This can be in the physical environment using sensors 
or a virtual workspace which relies on changes in digital documents26. 

                                                        
19 Rønby Pedersen and Sokoler, 1997 
20 Schmidt et al., 2002 
21 Crowley, 2002 
22 Burrell et al., 2002 
23 Randall, 2003 
24 Intille, 2002. 
25 Fuchs, 1999 
26 Hayashi et al., 1999 
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In a future where the kind of technology described above is ubiquitous in 
our homes and workplaces, it is possible that there will be both a need 
and a desire to be able to grant and limit access to one’s activities, things 
and places in a simple way. With this in mind, we became interested in 
how granting and limiting could be conducted and supported by 
technology. 

As inspiration for a technological solution we discussed a concept 
called Context Access Token (CAT) which is based on an invention by 
Mark Stringer called Pyramus. This is a system that allows a mobile user 
to give secure access to their networked documents to other mobile users 
in unanticipated situations27. After a discussion about the CAT concept 
we will describe how we will develop the concept in an ongoing project. 

 
Context Access Token 
 
A CAT aims at making it possible to give temporary access to a dynamic 
document containing information about someone’s context. However, 
what we will deal with here is not the token as a physical or virtual ‘thing’ 
but rather the properties we think are important for manipulation as well 
as the general principles for the token’s potential functionality. The 
concrete design of a token is thus left behind at this stage. 

We find it useful to divide CATs into two categories depending on 
what it is they give access to. The first deals with access to things and 
content, and the second, to someone’s activities. 

The thing/content access tokens are usually concerned with granting or 
limiting access to among other things bank accounts, documents, offices, 
homes, coffee machines or any other object that can be shared (physically 
or digitally). The basic idea is to specify when these things can be accessed 
and for how long/much. 

The second category dealing with the issue of granting access to one’s 
activities seems more complicated. When you allow someone to use your 
things or access your documents, it is rather easy to predict what the 
implications will be. If you give someone access to some of your money, it 
comes as no surprise that they might be used to buy something. If you 

                                                        
27 Much of the work on CAT was conducted when I was at Xerox Research 
Centre Europe (XRCE) in Cambridge during the autumn 2001. Peter Tolmie, 
James Pycock, and Mark Stringer were the initiators. 
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give someone access to your documents, you know what they can do with 
them. Assume instead that you give someone access to inspect your 
current activity. All of a sudden it is not so straightforward to know what 
you have given access to. In this case, you give access to what you do. It can 
be hard to state in advance what level’ of access is acceptable for someone 
to have the following week since you do not know in detail what you will 
be doing. We are used on a moment-by-moment basis to articulate the 
work we are doing in a way which is suitable for the current situation. 
The articulation work we engage in can easily be modified to reveal 
aspects of our context that we want others to know about. How could we 
possibly know in detail what we will be engaged in at some time in the 
future? 

There are, however, ways to limit the problem of having too much 
detail of one’s context on display. One useful limitation is time. By 
specifying for how long a certain access should be allowed one can more 
easily adapt one’s actions than if access is continuous. People are also 
good at working out with only a small number of clues what someone is 
up to, and if certain actions are appropriate at a given point in time. 

Another way to get around this issue could be to let the person who 
made the access specification adjust the access rights when the CAT is 
about to be used. Inspiration can be gained from Quiet Calls28. Here, 
simply put, a mobile phone has been given the additional function of 
allowing the user to press three different buttons to send pre-recorded 
voice messages, e.g. “I’m listening” or “I will be right there”. This lets the 
mobile phone user interact with the caller without actually speaking when 
participating, for example, in a meeting. What makes this interesting in 
relation to CATs is that the user can decide in each individual case how to 
handle the different calls. The user does not need to specify in advance 
how she would like to handle incoming calls based on the probability of 
what she will be doing. A caller might be considered ‘important’ but the 
message itself might not be that important, and vice versa. The user can 
decide the importance of a message at the moment of the call. 

Our initial attempt to define some features of a CAT has resulted in the 
following: 

 
A CAT should: 

                                                        
28 Nelson and Sokoler, 2001 
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- Be temporal in its existence 
-Allow ad hoc creation 
-Grant access to: 

o Your things 
o Your ‘contents’ 
o Your activities 

 
We strongly believe that temporality is one of the most important features 
of a CAT. The possible complexity of extensive use of CATs may be 
reduced by virtue of their temporality. It will be easier to keep track of the 
tokens you have handed out to different people since the danger of 
someone being ‘forgotten’ will be limited (this could result in unwanted 
access to whatever is specified). The user does not need to have a 
management system for that reason. Access will be removed 
automatically. 

Allowing context access tokens to be temporal also requires that they 
allow for ad hoc creation. You must have the possibility at any time to 
create a new token for someone to whom you want to give access. Since 
you do not want to add on too much interactional overhead for the user, it 
is better that the actual token creation be integrated into the ‘normal’ 
interaction as far as possible. You do not want the user to have to specify 
too many details in order to create a CAT. Try keeping the specification 
(from the user’s point of view) to a minimum. For instance, it is not 
always necessary to specify who the receiver of the token is – which might 
at first glance seem to be an obvious thing to include. But since a token is 
temporal in its existence and the user knows for how long and to whom 
she has given the token, ‘name specification’ will not be needed very 
often. 

What needs to be specified is though a case-by-case decision, and is 
possibly related to if the CAT is of a specific or general ‘nature’. The more 
specific the token is, the easier it is to work out how it will be used and 
probably limit the number of user specifications needed. If one goes for 
more general CAT:s the problem of specification will be more evident. 
 
The practice of granting and limiting 
 
In order to increase our understanding of what parameters would be of 
interest to manipulate we reconsulted some ethnographic material from a 
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study of family life in UK. The material we used consisted of full-day 
video recordings where the members of the family were continuously 
tracked. The questions we asked included ‘how do people specify what 
can be done and what is not allowed or inappropriate?’ and ‘how do 
‘access negotiations’ unfold in practice?’ What we noted in our analysis 
was that several issues concerning granting and limiting access are 
implicit and taken for granted. We will briefly go through three examples 
to exemplify common observations. 
 
Case I: “And you make sure YOU help yourself” 
 
The first example takes place during lunch. A family is sitting down 
having lunch when the father in the family tells the researcher studying 
the environment: “And you make sure you help yourself”. The researcher is 
standing a few meters from the dinner table in order to catch what 
happens. 

The interesting issue is what the phrase “help yourself” during lunch 
implies. There are several things. One is to be polite and show the guest 
that he is free to take whatever he likes. There are, however, some 
restrictions on what he is actually allowed to take and certain assumptions 
about what is appropriate. It would be rather strange if the guest were to 
take things that are not on the dinner table. How would one react if a 
guest starts to investigate the contents of the fridge and then put a steak in 
the oven? So, there seems to be a limitation implied in what is appropriate 
when ‘helping oneself’. Let us call this a limitation-of-what. 

Furthermore, it might not be in order for the guest to help himself one 
hour after lunch – even if he only takes the things that were previously 
offered to him. This is even more likely if the things have been removed 
from the table. This reasoning implies not only that there are restrictions 
on what to take but also when – a limit-of-time. 

 
Case II: “Even me?” 
 
In this case the parents suggested to the children playing in the garden 
that they could go next door to play football. They happily agreed and on 
their way out the following dialogue took place: 
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Father: “Just remember. If it [the ball] goes in the road come and get 
one of us. You are not allowed to go into the road.” 
Oldest boy: “Even me?” 
Father: “Even you” 

 
This is an explicit occasion when the father states what is not permitted 
and what the children should do in a special situation – do not go into the 
road and get one of us (referring to himself and the mother). What one can 
see in this example is a limit-of-place – i.e. do not go into the road. 

One noticeable part of the interaction is also when the oldest boy tries 
to negotiate. He asks if the rule also applies to him. Whether or not the 
answer is ‘yes’ or (as in this case) ‘no’ is not particularly important; rather, 
it seems that certain kinds of rules might not be ‘totally inclusive’. If you 
are of a certain age (or perhaps ‘mature enough’), some limits may be 
exceeded. To put it simply, this can be considered an example of a limit-of-
age. One should note thought that there might be other reasons for not 
allowing the older boy to fetch the ball. It might, for instance, give an 
impression to the younger children that going into the road is perhaps not 
such a serious matter after all. Irrespective of the motive in this case, it is 
still interesting to note that there are openings for negotiation. 

 
Case III: “Don’t lick it!” 
 
This case includes a second example of limit-of-place. Emma, one of the 
children in the family, is out playing in the garden while her parents are 
sitting on the veranda. She starts to feel chilly and is on her way into the 
house to get some more clothes when her mother temporarily halts her. 

 
Emma runs past her parents into the house. Just when she enters 
her mother says: “Emma, can I hold your ice lolly while you’re in 
the house? 
Emma walks over to her mother and gives her the ice lolly. She 
enters the house again, and as she goes through the door she says: 
“Don’t lick it!” as she continues into the house. 

 
Although this example can also be seen as an example of limit-of-place, 
there is at least one difference to the previous example. In this case the 
limit-of-place, i.e. to enter the house, is resolved by leaving an item, the ice 
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lolly, outside the house. This kind of limit-of-place has an attached 
‘condition’ that has to be fulfilled in order to proceed. ‘You can enter the 
house if you leave your ice lolly outside’. In other words, this shows a 
relation between place and location of things. Certain things are not 
allowed to be at certain places under certain conditions at certain times. 

This being true, there are also options for leaving your things. In this 
example it is not only the mother who wants to protect the house from the 
ice lolly. Emma also wants to preserve her ice lolly so she can enjoy it 
when she gets back- “don’t lick it!”. This indicates that another 
mechanism, namely that there are options to be fulfilled if one is to obey a 
limit. In this case the option is to be able to get an untouched ice lolly back 
when exiting the house. There have to be good reasons for not bringing an 
object into the house, and there must be ways of ensuring you will find 
the object in a sufficiently well-preserved condition when you need it 
again. 

What can be generally stated about these examples is that the access 
and limits dissolve over time. This is not because there has been an 
explicit agreement about a time span, but for practical reasons. For 
example, in Case I the researchers’ possibility of having lunch is limited to 
the length of the activity ‘having-lunch’; and in Case III, Emma can be in 
the house as long as the ice lolly is outside. When lunch is over and Emma 
has finished her ice lolly, the agreed accesses and limits are dissolved. 

The connection from the above ethnographic study to the design of a 
technological system is not an obvious one. There are, however, insights 
to be gained that can inform the character of the technological system. The 
examples presented illustrate how some issues of granting access and 
setting limits are ‘given’ from the social context, as in the “Help yourself” 
case, and others are more specific – “you are not allowed to go into the 
road”. The aspects that are specified are in line with how computers 
handle access, and are not hard to realize. The much tougher challenge is 
to utilize the more implicit social aspects which are taken for granted, as 
part of the design. What we present here is our first steps in investigating 
these issues; we have not devoted a great deal of attention to any concrete 
design. The work will, however, be continued in a project aiming at 
developing novel ways of queuing (more about this later). 
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Context Access Cube 
 
As a way to explore how the manipulation of the right of 
access could work as a technical system we constructed 
the Context Access Cube. In its most abstract form, the 
cube comprises three axes – what, when and where. This 
relates back to the study of family life presented earlier, 
where some limits were identified (limit-of-what, limit-of-
place, and limit-of-time). Although these limits do not cover all aspects 
involved in any specific situation, they reoccur in different shapes. They 
are more or less explicitly part of all negotiations. How each of the 
dimensions will be handled when it comes to implementation can, 
however, vary. For example, in some cases the where-dimension might 
not demand special consideration from an implementation point of view 
since it could be handled in other ways – through token activation points 
in the physical environment. 

Let us get back to the details of the access cube. The access cube is a 
space that specifies the limits of one particular ‘thing’ that one can grant 
access to. The specifications are what one particular product or system is 
able to provide. Within the complete space you have an access space that 
represents the overall limits the user can set on the particular ‘thing’. So 
even if a product or system has certain capabilities, they can generally be 
limited with the aid of the access space. Furthermore, there is one token 
space for every CAT that is handed out. If the token space falls within the 
access space, the user trying to use the related CAT will be granted access. 

Below is an illustration of an access cube with the related access space 
and token space included. 
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Since we want the tokens to be temporal, each token includes a Quantity 
Cylinder. It is a variable that ally contains an amount (e.g. time or money) 
or an expiry date. If the quantity cylinder is empty, the user will not be 

allowed access even if the token space is within the access space. The 
Quantity Cylinder can, of course, be more complex and contain many 
values, e.g. 10mb each day, max. 60min/day until November 3rd. 

To show briefly how a CAT could be used in an everyday work 
situation consider the following scenario: 
 

Figure 1 Context Access Cube 
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Figure 2 Quantity Cylinder 
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Three people are about to have a meeting, one of them (A) organises it by 
sending out an invitation with date, time and location. When B and C 
reply, they also have the option to attach a CAT to the reply. This gives A 
the right to get information about their activities during the time for the 
meeting and perhaps 5 minutes before. In this case, C is late for the 
meeting. Since A got a CAT from C, A can activate it and get a response 
(gathered by some ‘context sensing system’) that reveals that C is on the 
phone. 

We believe that rather simple feedback about someone else’s activities 
is usually sufficient. People are rather good at deducing what is going on 
on the basis of a small amount of information. And we also believe that 
people in many cases only need very limited information too, with few 
details. In the above scenario, a log like the following would probably be 
sufficient: 

 
 
10:10 C left the office 
10:05 C on the phone 
9:55 C in the office 
 

Although this has already been stated several times, it is important to note 
the temporal quality  of CATs. If access to C:s activities were continuous, 
privacy would soon become a problematic issue. With the temporality of 
the CAT, the information about C’s activities will only be available during 
the time for the meeting, a limitation to which C explicitly agreed when 
replying to the invitation. Once the agreed time for the meeting has 
passed, the CAT will be invalid and deleted. 
 

Figure 3 'Late-for-meeting' scenario 
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Concluding remarks 
 
The ‘late-for-meeting’ scenario is rather simple, and does not push the 
CAT concept too far. In order to develop the concept and get a better idea 
of its usefulness and applicability we are going to apply it in a project 
dealing with queuing. In a pilot study done at what is called the ‘Health 
Square’29 we became involved in the problem of how people queue and 
what they can or could do while waiting. A general conclusion was that 
with the current system for queuing (taking a queue ticket with a number 
and waiting for the number to appear on a display), people pay a lot of 
attention to the queue ticket and the number display showing the next 
number to be served. At the ‘Health Square’ in Lyckeby there are five 
different queues (with different systems) to different services (pharmacy 
(two different queues), district nurse, general practitioner and a lab). One 
issue is that a visit to one of the services can result in the need to visit a 
second one, e.g. the district nurse could suggest suitable medicine for a 
patient. In such cases the visitor must first queue for the first service and 
then queue again a second time. A second issue is that the people 
developing the Health Square also want visitors to benefit from the 
information provided through the Health Square. This can relate to 
different aspects of health such as diets, exercise, smoking, and so on. 
They also have different questionnaires concerning health, and machines 
where you can, for example, measure blood pressure. One intention is to 
let the visitors utilize this service while they wait, but currently that is not 
happening to the extent originally intended. To make it possible to use 
more of the services provided at the Health Square, a different system for 
queuing might be advantageous. 

Our ambition is to develop a one-queue system that can be used by all 
services. We also want to investigate different possibilities for making the 
queue less demanding on  visitors’ attention enabling them to engage in 
other things while waiting. In a different queuing system it could, for 
example, be useful for the staff to see where the visitor is located in the 
building and if they are engaged in some particular activity at that 

                                                        
29 The “Health Square” is an organizational structure set up by the pharmacy 
and local health services. In the project we are engaged in the aim is to have 
one “Health Square” in every municipality in the county of Blekinge by the 
end of 2005. 
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particular moment; in this way the staff could go and get them when it is 
their turn. Furthermore, the visitor could be able to track the progress of 
the handling of his/her medicines. During the initial study we have 
observed that some visitors start to fill in a questionnaire on a computer 
terminal but have to end in the middle of it because their number comes 
up. With a CAT it might be possible to implement a feature where one 
could make a ‘pause’, remain in the queue and finish the questionnaire.  

Also, new ‘Health Squares’ will come into existence that have their 
services sometimes several kilometres apart. We believe CATs would be 
useful in such cases, e.g. when queuing from a remote location. An 
interesting design challenge will be to make the queue visible both for 
visitors and staff. Normally you can see at a glance how busy it is by how 
many are waiting. Our observations show that this approach is used by 
visitors when deciding if they will wait or come back later. When the 
queue is dissolved and people can queue from different places, this 
feature might be lost. Although these are only speculative examples, they 
point to a direction we wish to investigate and one in which a concept like 
CAT could be useful. 
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Glow Tags 
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Abstract: Tagging physical objects to get a link from the physical world 
into the digital one has been done for a long time. The most commonly 
known is probably the barcodes that are used in five billion scans every 
day. During a project at Xerox Research Centre Europe in Cambridge, we 
came across the concept of Glow Tags. It is partly an expansion of the 
more traditional tags by, from a user perspective, making them more 
active. In many ways it is a logical next step in the development of tags. 
This paper will present the original conception of Glow Tags and illustrate 
what implications it could have for users. A special interest is the relation 
between digital and physical collections that becomes a topic with the 
Glow Tag technology. Further different forms of interaction styles such as 
playful, purposeful, and supportive will be considered in relation to the 
use of Glow Tags. 
 
Introduction 
 
Finding links between the digital and the physical is an interesting 
challenge for research within fields related to Tangible Computing. One 
common way is to tag physical objects with a reference to some digital 
information. Tagging objects is not a new thing. We are constantly tagging 
or marking objects in our everyday activities. We tag objects as books with 
belongings (our names), gifts with a name for who it is for, a file with 
“paid bills”, luggage is marked saying it passed the security check and so 
on. The most successful tagging system is most likely the barcodes that 
are used in over five billion scans every day (Uniform Code Council). 

There are many examples of projects within Human Computer 
Interaction and Ubiquitous Computing where tagging is used in attempts 
to create a link between our physical environment and some kind of 
digital system (e.g. Barret et al. 1998, Holmquist et al. 1999, Want et al. 
1999). The aim is often to make use of the affordances of physical objects 
and the computational strengths offered by computers. 
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Traditionally the tagged objects have been taken into use by actions 
carried out by the user. The user typically picks up an object and brings it 
to a reader of some kind. The tagged object is also treated in isolation as 
an individual entity independent of other tagged objects. What we will 
deal with in this paper is a discussion about using tags as collections 
instead of individual entities, and the characteristics the interaction could 
take (we call it interaction styles) 

The concept that fuelled this topic was partly Glow Tags that was, 
among other things, a topic for investigation in an EC funded project 
named MiME (Multiple Intimate Media Environments) that I participated 
in during the autumn of 2001 at Xerox Research Centre Europe in 
Cambridge. 

The original conception of Glow Tags was found problematic when 
reasoning about interaction from a users standpoint. Since Glow Tags are 
not available as a fully usable artefact we took a ‘pre-evaluative’ stance in 
the analysis. The analysis resulted in the identification of different 
‘interaction styles’ that could arise depending on how one chose to use 
Glow Tags in a future system, and also opened up for a discussion the 
relation between physical and digital collections. But before we dig 
deeper into these ideas we will describe parts of the original description of 
the Glow Tags as it was presented to us in the project: 

 
Glow Tags 
 
The original concept originates from Philips who also was part of the 
MiME project. They describe the idea as follows: 

 
“By themselves, the Glow Tags are not sophisticated devices that 
will proactively address and solve a specific functional need. The 
main purpose of a Glow Tag is to serve in a more subtle way as a 
trigger to the person who has placed it or who sees it. 
 The Glow Tag store a small amount of contextual information; 
including time, date, people’s names and locations. They will 
activate in certain circumstances, when they notice a connection, 
either a correlation of dates or an interaction with a certain person 
or related to a certain location. The activation will depend on the 
nature of the particular tag and the particular context that it has 
noticed. In general, this activation will consist of a very gentle 
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notification of the tag’s existence, either through a pulsing or 
glowing LED, hence the name Glow Tag, or through sound or some 
other means. 
 The action of a single Glow Tag is therefore a simple context 
related trigger alert. However, Glow Tags are also able to 
communicate wirelessly with each other and with other home 
systems. This means that complex and emergent behaviours can be 
expected from a collection of Glow Tags, particularly as the 
collection grows. For example, if one Glow Tag decides to activate, it 
will broadcast the intention and the reasons why. Other Glow Tags 
in the vicinity will pick up on that and may choose to activate 
sympathetically, perhaps because they also contain a reference 
relating to the original tag.” 

(MIME Deliverable 5, 2001) 
Further, some scenarios are suggested for how Glow Tags could be used. 
One typical example is illustrated on the following page. 
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Day breaks on Paul’s 32nd birthday As he gets up, he is greeted by his 
mirror glowing on the wall opposite. 

He received the mirror last year; a 
present from Alice 

Downstairs at breakfast, the kettle 
attracts his attention. 

The kettle was a present from his 
parents many years ago when he 
first moved from home. 

As he is reading his paper many 
books in his shelves start to glow, 
one after another. 

(MIME Deliverable 5, 2001) 
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The scenario above suggests that people place Glow Tags on objects they 
have in their homes, for example birthday presents. The objects will start 
to glow when they are trigged by for instance the date of ones birthday. 
The glowing should trigger people’s memory and make them think about 
the related occasion. 

There are many things one could discuss concerning the design of Glow 
Tags – from technical aspects like power issues to ‘aesthetic questions’ 
about if people want to have objects glowing in their homes. However we 
will disregard those issues here. A few suggestions how they can look are 
though illustrated in figure 1. 

 
Collections 
 
As mentioned, Glow Tags have the possibility to become jointly triggered 
to illustrate a relation between one another – a collection of some order. 
We believe this to be one of the more interesting features for Glow Tags 
since it might be possible to use them for more than something that 
simply alerts the user. Including the concept of collections is an interesting 
approach since people often deal with objects in a non-individual way. 
We constantly assemble and organise objects in different collections and 
sets. Bills are kept in a specific folder, things to bring on the trip in a 
suitcase, the cutlery is ordered in the kitchen drawers, and computer 
applications are installed in the ‘program files’ folder, and so on. We 

Figure 1 A collection of pictures with Glow Tag prototypes 
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typically assemble objects into collections so the objects can be identified 
more easily. 

It is not always that collections are as long lived as these examples 
propose. People often collect a corpus of objects for carrying out a specific 
activity. When we are about to do our weeding30 in the garden we first 
collect the items we need, like a bucket, a shovel, and a pair of gloves. 
When done, the objects are put back in their specific places again. When 
observing the tools lying together next to the flower bed, and 
understanding the use of the individual tools, people make instant sense 
of the collection of objects to have to do with weeding. Physical placement 
of objects in relation to other objects is an important part of understanding 
what is going on. When studying people in their homes, it is evident that 
people often prepare for different occasions by assembling the objects that 
most likely will be needed. The relation between objects and the sense we 
make of them and what they are intended for is to a large extent 
understandable through their physical location. It is important to note that 
the understanding of a collection is not universal, and is limited to the 
competent member of the arrangement. For example in a study of a family 
in UK done at XRCE we saw a red indian headdress, a bottle of drink, and 
a purse together on the side in the kitchen. This might be seen as a 
random collection of objects, but was seen as part of ‘getting ready to go 
to the fair’ by the family members. 

When considering enhancing objects with Glow Tags, one possibility 
would be to show a relationship between objects through simultaneously 
activation of the tags. A collection of objects could glow to show a 
common belonging of some kind. In such a case the collection could 
become ‘placeless’ in the sense that the actual physical location of the 
individual objects is not necessary equally important as before. 

The ability to make assemblies of physical objects ‘placeless’ is one of 
the strengths gained by computer technology. It is easy to create digital 
assemblies of objects where one single object appears simultaneously in 
many different collections. These collections could be introduced in the 
physical world through the activation of the corresponding objects Glow 
Tag. 

                                                        
30 Weeding was one case selected from a larger ethnography conducted at 
XRCE of people’s methods in the domestic environment. 
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As inspiration a system like Presto (Dourish et al. 1999, 2000) is interesting 
to look at. Although people are used to treating digital documents as 
belonging to one single place in our computer systems (by storing 
documents in specific folders and making copies if they should be stored 
in other places too) Presto experiments with using one single copy of a 
document but allowing it to be accessed from multiple collections. It is the 
user who specifies the properties of the documents that in turn makes out 
the collections. For example one could specify the properties ‘draft paper’, 
‘written with John’, and ‘shared with research group’ on a document, 
which gives the user three different categories from where one single 
document could be found. Dourish et al. (1999) also make the important 
observation that most documents have more users than creators, and that 
users have different relationships to the document. This highlights the 
importance of being able to create relationships in an ad hoc manner 
depending on the specific purpose. The presto interface is illustrated in 
figure 2. 

Figure 2 The Presto interface. Offers multiple workspaces onto the same 
document database, and displays documents (A), collections (B) and 
properties (C) (e.g. draft papers). Closed collections are shown as piles (D), 
giving cues as to their current size. Documents may appear in multiple 
places at once (E). 
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Since it is the user who defines the properties and selects relevant 
collection in a certain occasion, it is rather straight forward what the 
collection presented by the system ‘means’. If we return to Glow Tags 
though, the system itself generates the visualisation of a collection in 
relation to an occasion identified by the system. The question is how the 
occasion and the purpose for activating the tags should be shared between 
the system and the user. This will be discussed in the next section. 
 
Interaction styles 
 
As stated in the introduction we found the original conception of Glow 
Tags problematic when reasoning about interaction from a users point of 
view. We were not convinced that a system that highlights object in, from 
a users perspective, an arbitrary way was such a good idea. How would 
the user make sense of the glowing? Assuming it is the users birthday and 
an object starts to glow, what is it that says that the fact that it is the users 
birthday is the trigger for the glowing? The problem is the lack of an 
appropriate account from the Glow Tag. Making computer systems 
relevantly accountable is a challenging but yet important issue to deal 
with. The tag do not give any account for its glowing, it is completely up 
to the user to figure it out – it results in a game-like experience. 

Also, the scenarios describing potential use of Glow Tags are focused 
mainly on individual use. They focus on the owner of the objects as the 
main user. Possibilities to use the glowing ability of the objects among 
several users are not considered. If the Glow Tags are supposed to be 
shared, the importance of providing an appropriate account of the 
glowing becomes even more crucial. 

With this in mind we began to investigate how the concept of Glow 
Tags could be redesigned in order to, from our point of view, create more 
useful systems. This investigation resulted in the identification of three 
different interaction styles that we think are interesting to consider when 
designing systems based on Glow Tags. These are playful, purposeful, 
and supportive. 

 



 157

Playful 
 
The playful interaction style has its origin from the basic Glow Tag design 
as it was presented to us, i.e. the tags are supposed to be triggered by the 
system itself, e.g. due to a matching date. The triggered tag will also 
announce to other tags that it is trigged which in turn might trigger them 
to glow too. Since the decision to trigger a tag is executed by the system 
itself, it is up to the user to try and understand why the tags are glowing. 
The user’s task will be to figure out what the objects that have a glowing 
tag has in common in order to make sense of the glowing. This interaction 
style can be considered as a kind of game – hence the name ‘playful’. 

In the scenarios presented as examples of how Glow Tags could be 
used, the person who tries to make sense of the glowing is the owner of 
the connected object – which of course may make the glowing easier to 
interpret. But even if that is the case, the glowing will most likely only 
make immediate sense if it can be related to a very limited number of 
occasions that will trigger the tag. We do not believe that is the aim of 
Glow Tags - they are supposed to be used in many different occasions 
pointing out various relations among objects. 

 
Purposeful 
 
When we come to the conclusion that the original idea behind Glow Tags 
most likely would result in a playful interaction style we tried to come up 
with other ways of using the concept. We are not saying that there cannot 
be occasions when a playful interaction style would be preferred, but in 
the long run it might not be the most useful for the majority of people. 

What we considered as a first step was to let the user be in command 
and trigger the glowing instead of the system itself. By having a purpose 
and communicating it to the system, the user generates the event and has 
already an understanding of why the tags start to glow. The Glow Tags 
could point out objects in the users environment that she might need for 
the particular occasion she has communicated to the system. One could 
consider it as a checker system, e.g. if the user is about to leave for work 
and asked the system if she has forgotten anything, the system could 
illuminate the forgotten items. Another example could be if the user has a 
set of objects and is missing a related object the system could let the 
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missing object glow. Or why not ask the system to show all received 
birthday presents? These kinds of examples have their origin in the users 
purpose when carrying out an activity, and thus makes the glowing 
instantly sensible as opposed to the playful style. We call this interaction 
style the purposeful. 
 
Supportive 
 
Thirdly, we have what we call the supportive interaction style. In this case 
the system is yet again the trigger of the glowing, as in the playful style, 
but with the additional functionality of providing an account for why it 
has triggered the tags. The provided rationale for the glowing, given by 
the system, puts the collection of glowing objects in a context for the user. 
For example if the user is about to leave his home early in the morning the 
system might assume that she is going of to work and illuminate possibly 
forgotten objects and provide the reason – “it seems that you are off to 
work and might have forgotten…”. The system acts as an active support 
by monitoring the user’s actions and specifying the reason for the 
‘intervention’ imposed on the user – an active environment. 
 
Extension of the system 
 
The purposeful and supportive interaction styles that we are suggesting 
put new demands on the design of the complete system. There will be a 
need for more interfaces that the user has to engage with. If one is 
considering a purposeful interaction style, the user must be able to input 
her requests into the system in one way or another. In a supportive 
system, the system must have an interface where it can present the reason 
that triggered the glowing. If it also should react to users activities, as 
suggested in one of our examples, the system must be able to track the 
user and interpret her actions. How these issues should be solved, though, 
extends beyond the possible scope of this paper. 
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Concluding notes 
 
What this paper shows is the value of taking people’s everyday use of 
artefacts into close consideration when designing interactive systems. 
Although we have not been able to study the actual technology, Glow 
Tags, in use, a pre-evaluative study with an understanding of people’s 
everyday methods clearly gives some insight into what might be worth 
considering when designing a future system. The issues considered in this 
paper are far from complete. The idea of using physical tags in 
combination with virtually produced collections is an interesting topic. 
One of the main challenges will be to give an appropriate account for the 
glowing. A good starting point for a solution could be 
technomethodology as proposed by Button and Dourish (Button and 
Dourish 1996, Dourish and Button 1998, Dourish 2001). A strong point is 
that the system should be continuously accountable through its actions, 
and not only supply a comment on its execution. As it is now, there is a 
total lack of any relevant account form the original design of the Glow 
Tags. The alternatives we propose would need to be concretely specified 
before arguing for their appropriateness regarding their accounts. The 
purposeful interaction style solves the problems as the user decides the 
reason for making the tags glow. In the supportive interaction style the 
design challenge is harder if the ambition is to integrate the account in the 
execution through other means than explicitly displaying a comment for 
the reason of the glowing. This issue is however left for future 
investigation. 

A second issue that needs to be considered is how the Glow Tags 
would fit into a cooperative setting where many users potentially share 
the tags. This is not considered in the proposition for the Glow Tags, but 
would be relevant in many situations. The scenarios used to illustrate the 
use of Glow Tags are also largely connected to peoples home, and 
fortunately it is often the case that more than one person share a 
household. How to make distinctions for whom the glowing is for is an 
aspect that also need particular consideration. 
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Appendix 1 
 
Some design concepts used for developing support for remote 
haemodialysis monitoring. 
 

Tubes – Here we fill tubes with liquid and used for 
example light to illustrate the status of the treatment. 
Each tube represents one treatment session. The level of 
the liquid represents the time. One could also imagine 
filling the tubes with feathers and use a fan with different 

intensity to let the feathers float on different altitudes to for example 
illustrate the current blood rate. One motive for this concept was to have 
an installation that was not necessarily seen as a tool for dialysis 
monitoring by visitors. One problem though was the mobile references we 
wanted to utilse, i.e. the possibility to bring a tag related to a treatment 
session to different services. The tag would need to be an extra or special 
device and we saw that more as a patch to the design than a integrated 
part of it. 
 

Dialysis house – This design idea looks in some ways like 
a dollhouse. Each remote patient has a room where a 
physical token is placed. The token is a reference to the 
patient and the treatment session. In the back of the room 
is a display where different treatment values can be 

visualised in various forms. Here too the idea is to have a physical 
reference that you can physically move to different services, e.g. by 
placing it in connection to vide-conferencing equipment one can get 
connected to the referred patient. This suggestion was the result of a 
master thesis project (Dahlström & Heinstedt (2002) Designing for 
Awareness and Accountability with Tangible Computing, Blekinge 
institute of technology. Dept. Human Work Sciences and Media 
Technology). 
 

Active floor – In this example the floor is enhanced so it is 
possible to recognise when someone is walking on it and 
it is also possible to change some patterns on the floor. 
The idea is that when someone, and perhaps not anyone, 
walks on specific tiles on the floor, the surrounding tiles 
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will show the status of one of the remote treatments. In this example there 
are no possibilities to take a treatment/patient reference to another 
service. Envisioning an intuitive way to input notation about the 
treatment is one of the problems with this idea. 
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