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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. 
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1. 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. 

 

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 
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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 [1]. 

 

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 is often noted in work practice studies. For 

example, Bowers et al. [2] who have studied a print industry shop floor show how 

the ecology of the workplace plays a significant role in cooperative aspects of 
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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 [3] 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 [4] 

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 [5] 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 [6]. 

 

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 aiming at achieving a seamless interaction (as also proposed by 
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[7]) 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. 

2. 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 ended1. 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 

                                                 
1 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. 



5 

nurses rely on when working with local patients) 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. 

3. 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. 

3.1. 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 

Figure 1: Mock-up 

FIGURE 1 
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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. 

 

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 paper2. 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 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 2). 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. 

                                                 
2 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 

FIGURE 2 
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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. 

4. 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. 

4.1. 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 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 
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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). 

4.2. 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 

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. 

 



9 

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.  

4.3. 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 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 



10 

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 often a cumbersome task to 

perform with traditional 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]. 

5. 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 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 
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of which object (application and its current content) the user is working on at a 

mere glance3. 

 

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 in the corridor showing 

the overall status of all remote patients, there would probably be fewer occasions 

for intervention. What the role of the nurses will be will influence the final details 

of the design. 

                                                 
3 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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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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