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Abstract 
This thesis is a collection of seven papers reporting a research effort that started in January 1999. The theme of the 
thesis is interaction support for mobile CSCW (Computer Supported Cooperative Work). The interest in this theme 
is motivated by the trend towards a networked and nomadic society, the technical trends towards embedded, 
ubiquitous, and mobile technology, and the emergence of mobile CSCW settings. It is also motivated by current 
trends within the area of CSCW to focus on actual work practices, invisible and ubiquitous computer support, and 
mobile work settings where interaction with others is critical to get the work done.  
 
For some time now mobile technology has been widely used to support dispersed mobile interaction, and recently 
the importance of co-located ”mobile meetings” to get the work done, has been recognized in the area of CSCW. 
However, current technology is not well suited when it comes to support interaction in mobile work settings across 
co -located and dispersed settings. Here, this problem is approached from an informatics perspective. Informatics can 
be described as a theory and design oriented study of information technology use. The scope of this thesis can be 
defined as understanding transformations of work practice through the use of mobile technology, and how it might 
be supported. The overall research question is: What are the specific needs of interaction support related to mobile meetings and 
dispersed interaction, how might these be supported, and what are the implications for current interaction models and support within 
CSCW? To answer this question several activities have been undertaken. This thesis contains empirical studies of 
mobile work among service technicians at Telia Nära, models of mobility and mobile meetings, and design and 
evaluations of a prototype system called RoamWare.  
 
The overall conclusions related to the question stated in this thesis are that mobile interaction can be described as 
ongoing across mobile meetings, including both co -located face-to-face and dispersed interaction. Further, the 
interaction is maintained by the mobile workers through their efforts of re-establishing different threads of 
interaction across co -located and dispersed settings. Overall: There is a need to bridge co-located and dispersed 
meetings with sustained interaction support.  Concerning the second part of the overall research question one 
conclusion is that sustained interaction across co -located and dispersed settings can be supported with mobile 
physical/virtual meetings support systems through the use of personal and public interaction histories. To illustrate 
and test this idea a prototype system called RoamWare was developed. However, evaluations of RoamWare revealed 
that synchronous support for sustained interaction divides users’ attention between co -located and dispersed 
interaction. As a consequence a second version of RoamWare was developed as an unobtrusive support for 
sustained interaction in between mobile meetings through seamless reestablishment of different threads of 
interaction, by offering support for converting interaction histories into project contexts. Finally, and according to 
the last part of the question stated above, this thesis concludes that current session management models need to be 
extended to handle sustained and dynamic sessions of interaction across co-located and dispersed mobile meetings 
and that, techniques for addressing groups need to be extended to enable dynamic addressing of participants in co -
located mobile meeting. Finally, the exploration of how to support sustained interaction in between mobile meetings 
reveals important aspects to consider when trying to automatically frame spontaneous interaction with mobile 
technology.  
 
Directions for future work include questions of how to design filters to support: maintenance, participation in, and 
negotiation about participation in between, different mobile meetings. Further, more work is needed related to how 
to capture spontaneous face-to-face interaction technically. Finally,  new methods are needed to enable good 
evaluations of the impact of IT in mobile work settings. 
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"Do you think me a learned, well-read man?" 

"Certainly," replied Zi-gong, "Aren´t you?" 

"Not at all, " said Confucius. 

"I have simply grasped one thread which links up the rest" 1 

 

 
Preface 
 
This thesis is a collection of seven papers reporting a research effort that started in 
January 1999. The theme of the thesis is interaction support for mobile CSCW 
(Computer Supported Cooperative Work). The interest in this theme is motivated 
by the current trend towards a networked (Castells, 1996) and nomadic (Dahlbom, 
2000) society, the technical trends towards embedded, ubiquitous, and mobile 
technology, and the emergences of mobile CSCW work settings. It is also 
motivated by current trends within the area of CSCW to focus on actual work 
practices, invisible and ubiquitous computer support, and mobile work settings 
where interaction with others is critical to get the work done. These trends 
influence and transform the natures of work practice on the societal, 
organizational, collaborative, and individual levels 2.  
 
The value of interaction with others in gaining new and important knowledge is 
exemplified in the quotation above. However, current technical interaction support 
is not well suited when it comes to supporting these kinds of thread-following and 
thread-maintaining activities in mobile work settings across co-located and 
dispersed settings. Here, this issue is approached from an informatics perspective. 
 
The scope of this thesis can be defined as understanding transformations of work 
practice through the use of mobile technology, and how it might be supported and 
the overall research question is: What are the specific needs of interaction support related to 
mobile meetings and dispersed interaction, how might these be supported, and what are the 
implications for current interaction models and support within CSCW? 
 

                                                 
1 Recounted in Sima Qian (145-ca. 89 BC), "Confucius," in Hu Shi, The Development of Logical Methods in Ancient China, 
Shanghai: Oriental Book Company, 1922; quoted in Qian 1985:125, in Castells 1996, p. 1. 

 
2 Bradley (2000) discusses in detail the individual and psychosocial aspects of networking related to communication 
and the social and knowledge function of networking. 
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Introduction 

 

In between mobile meetings: 
 

Exploring seamless ongoing interaction  
support for mobile CSCW 

 
 
1. Introduction 
 

 
 
“The structuring properties of the interaction order in real-time settings such as 
meetings have enormous (and as yet largely ignored) consequences for the overall 
structuring of organizations. Caught in a meeting and connected through a series of 
interactions across time and space are the people, ideas, decisions, and outcomes that 
make the organization” (Boden 1994, p.106). 

 
 
 
Ongoing series of connected informal face-to-face meetings are critical to the 
modern, knowledge intensive organization. These meetings are not preplanned 
with a set agenda and not bounded to traditional meeting rooms. Instead they take 
place spontaneously and almost everywhere. To make these meetings happen 
people need to be mobile. Mobility as such is an intrinsic means to making this 
happen. However, the topics raised and discussed during these meetings do not 
exist in a vacuum. Rather, the issues discussed are important components in larger 
organizational contexts and are complemented with other forms of interaction (e.g. 
e-mail exchange, phone calls, etc). However, technological developments in the 
area of mobile computing, telecommunications, and developments in meeting 
support systems have so far overlooked and neglected this broader view of mobility 
and the mobile meeting as an important integrative element of the ongoing 
interaction which need to be taken into account when designing systems to support 
knowledge intensive organizations. Further, systems designers have not taken into 
account the constant shifting between informal meetings and computer-mediated 
interaction. 
 
The importance of meetings and how they could be supported in various ways with 
information technology have been well acknowledged within the CSCW research 
area. In the early 90’s there was a great interest within the CSCW community in 
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electronic meeting rooms (e.g. Elrod et al. 1992; Mark et al. 1995; Streitz, et al 1994) 
and quite a lot of systems have been developed since then to support these 
meetings (e.g the Tivoli system (Pedersen, 1993), the DOLPHIN environment 
(Streitz, et al 1994)). These systems all build on a traditional model of meetings as 
preplanned with an agenda, participants, etc. A perfect example of this idea of how 
meetings happen and how to support them can be found in commercial products 
such as Microsoft Outlook. See figure 1 below: 
 

 
 

Figure 1. Computer support for planning a new meeting. The screen shot shows a calendar of the 
invited participants schedules, suggested start/stop time for the meeting, the availability of the 
participants, and support for attaching meeting documents (e.g. agendas) together with the 
invitation.  

 
As figure 1 above illustrates, it is assumed in the application that meetings are 
carefully planned and initiated by a user who selects a date and time for the meeting 
and then invites the participants to that particular meeting. Preferably, this is done 
with an attached agenda and other documents included. This is a good example of 
a good support for traditional preplanned meetings. The traditional approach to 
meetings (i.e. meetings as preplanned with invitations sent to the participants 
together with agenda, etc) forces someone to do a significant amount of overhead 
work when setting up a new session (Edwards, 1994) (e.g. send invitations, 
distribute an agenda, etc) as illustrated in the example above.  
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As a contrast to formal and preplanned meetings, the importance of co-located 
“mobile meetings” (Bergqvist et al, 1999) to get the work done has been recognized 
in the area of CSCW. Research has explored the nature of these meetings and has 
described them as multi-threaded, work related, situated and opportunistic. 
Research on this topic has also explored how these meetings are initiated and 
reestablished (Bergqvist et al, 1999). Further, it has also been shown that frequent 
informal interactions are crucial to the work of a collaborative organization for 
knowledge sharing, decision-making and coordination. Spontaneous interactions 
facilitate frequent exchanges of useful information, and awareness of ongoing activity 
creates shared knowledge and provides a key context for the interactions that occur 
(Bellotti & Bly,1996). 
 
The concept of ‘mobile meetings’ is fairly new within the CSCW community, but 
the notion that this kind of interaction has advantages compared to computer-
mediated interaction has been discussed within the CSCW community for several 
years (e.g. Hollan & Stornetta, 1992). The objective of this particular thesis has 
been to explore mobile IT support in a work context beyond single individual 
mobile meetings and instead focus on how these spontaneous and work related 
meetings can be supported in a larger context of work. In a broader perspective, 
this means that these mobile meetings, and individual activities as well as 
collaborative activities taking place ‘in between’ these meetings, becomes necessary 
and interesting to acknowledge. 
 
So far, most research on informal communication such as ‘mobile meetings’ has 
been concerned with micro-level analysis of these meetings (e.g. Bergqvist et al, 
1999). This view follows an ethnographic tradition including micro-level analyses of 
e.g. informal communication (Whittaker, et al, 1994), opportunistic interaction (Dahlberg, et 
al, 2000), unplanned interaction (Bellotti & Bly, 1996), and finally, lightweight interaction 
(Whittaker, et al, 1997). 
 
So far, however, no one has explored how interaction can be maintained in 
between these mobile meetings, despite the fact that earlier studies of lightweight 
interaction (e.g Whittaker et al, 1997) have concluded that current conversational 
theories so far have focused on one-shot interaction, having identifiable beginnings 
and ends, and that there is a need to extend these theories to also address new 
problems of connection, context regeneration and conversational tracking from a seamless 
ongoing interaction perspective. 
 
Motivated by the current trend towards a networked (Castells, 1996) and nomadic 
(Dahlbom, 2000) society, the technical trends towards embedded, ubiquitous, and 
mobile technology, and by current trends within the area of CSCW to focus on 
actual work practices, invisible and ubiquitous computer support, and mobile work 
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settings, e.g. ”mobile meetings”, this thesis explores the following overall research 
question: What are the specific needs of interaction support related to mobile meetings and 
dispersed interaction, how might these be supported, and what are the implications for current 
interaction models and support within CSCW? 
 
In January 1999 when I started the research reported in this thesis development 
within the area of mobile CSCW (Computer supported Cooperative Work) was 
quite new and only a few studies had been made on the topic. For instance some 
prototypes had been made to support chat sessions over infrared between 
handheld computers in co-located meetings (e.g. Schmith, et al, 1998). Figure 2 
below illustrates IrChat (IrChat, 2000) while being used during a spontaneous 
mobile meeting to illustrate ad hoc chat support. IrChat supports different 
platforms such as EPOC and WindowsCE. 
 

Figure 2. IrChat support during a spontaneous face-to-face meeting. The picture (left) illustrates 
how different platforms can form an ad hoc network which runs a chat client. The screenshots 
(right) shows the user interface on a Psion handheld computer (top) and as it appears on a 
WindowsCE machine (bottom). 
 
However, I found it odd to support computer-mediated communication during 
face-to-face communication in co-located meetings (e.g. the IrChat system). 
Clearly, there must exist better ways of using mobile technology to support mobile 
groups and their interaction. From these points of departure I started to explore 
the topic of mobile CSCW, and especially mobile interaction empirically.  
 
Paper 1-3 in the thesis adds to our understanding of mobile CSCW as it happens 
“in the wild”. The first paper reports from a short empirical study conducted at 
Telia Nära in Umeå reporting on how the mobile group of service technicians 
worked together with mobile IT (i.e. mobile CSCW) and how they interacted with 
each other across co-located and dispersed settings.  
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Telia Nära is part of Telia, the partly government owned telephone operator in 
Sweden. Telia Nära is divided into 40 market companies each containing three 
divisions; (1), Service, including service technicians serving the telephone network 
(2), Support, including a call center and task dispatching unit called “The Station", 
and (3) The Store, where products pertaining to use of Telia’s communication 
system are sold; telephones, faxes, modems, computers, subscriptions, etc. 
 
Our study focused on the service division in the city of Umeå which employees 10 
service technicians. With new mobile technology in their cars, the service 
technicians travel alone to customers scattered over a vast area (some customers 
are located more than 300 km from the Station), fixing problems like cable 
breakdowns, crossed signals, and software hang-ups, and installing new equipment. 
Before the introduction of the mobile technology they worked together in pairs. 
Nowadays, however, informal meetings, lunch and coffee breaks play a major role 
for the sharing of experiences, socialization, etc. The empirical work at Telia Nära 
was conducted during the spring of 1999 and included approximately 40 hours of 
ethnographic observations followed by interviews and follow up discussions. For 
more details about the study I refer to papers 1-3 in this thesis. 
 
Quite soon the scope for the study was narrowed down to some specific issues and 
paper 2 reports the identification of time and place as critical to mobility. Based on 
these observations the thesis rejects the vision of mobility as “anytime, anywhere” 
work. This importance of time and place in the area of mobile computing has 
recently been acknowledged within the CSCW research community (e.g. the 
workshop on the ACM CSCW 2000 conference entitled: “Technologies that cross 
boundaries: exploring the gap between wireless networks, bits, interfaces and 
mobile practices” and the “Anyone. Anywhere” topic for the ACM CHI 2001 
conference). With the time and place aspects of mobility in mind paper 3 looks 
more closely at the issue of knowledge processes and problems that arise when part 
of the staff is mobile, which included conflict management, skill management and 
responsibility management.  
 
From this first part of the thesis I draw the overall conclusion that face-to-face 
mobile meetings and sustained interaction in between them is critical to this kind of 
work. The in between interaction (i.e. the dispersed interaction) was usually mediated 
with mobile technology (i.e. mobile phones) well suited for one-to-one 
communication but less fruitful for supporting group collaboration3. Further, there 
was no support available to enable a seamless shift from face-to-face interaction to 
computer-mediated interaction, despite the nature of their interaction as ongoing 
across these modes of interaction. 
 
                                                 
3 The mobile service technicians studied in this thesis had three mobile phones each. Two phones 
installed in their service car and one regular to ensure their instant accessibility. 
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The concepts of interaction and interaction support can be defined in relation to 
the concepts of communication and collaboration (Ljungberg, 1999b). According 
to Dix & Beale, (1996) communication is the exchange of information between 
people, e.g. Video conferencing. Collaboration is when two or more people are 
operating a common object (or artifact), e.g. co-operative authoring where the 
shared document is the common object. In collaboration, operations produce 
"feedback" to the operator, but also "feed through" to co-workers. Support for 
collaboration is sometimes combined with support for communication, e.g., a 
collaborative authoring system (collaboration) equipped with a chat feature 
(communication). In the context of this model, communication and collaboration 
can be conceived as subsets of "interaction". As suggested by Ljungberg (1999b) 
we can use "CSCW technologies" to frame the technological support for 
interaction, i.e., communication technology and collaboration technology (see 
figure 3): 
 

 
 
Figure 3. Definition of interaction and interaction support and how it relates to communication 
and collaboration. (In Ljungberg, 1999b, based on Dix & Beale, 1996). 
 
According to figure 3 mobile interaction can be defined as communication and 
collaboration around a shared object in a mobile use context. Thus, ongoing 
interaction refers to continuous activities around a shared object ordered over time. 
Of course, coordination is a third important concept in the area of CSCW. That is, 
however, not included in the model above. 
 
In my research on mobile CSCW I found it necessary to deepen our understanding 
of how to support interaction in mobile CSCW. Against this background I 
formulated the following research question for the remaining four papers (papers 
4-7): how might these (i.e. the specific needs identified) be supported, and what are the implications 
for current interaction models and support within CSCW? 
 
A specific need identified was to bridge co-located and dispersed interaction with 
seamless and sustained interaction support. However, supporting seamless and 
sustained interaction stresses questions related to group addressing techniques and 
underlying session management models. The term “session management” within 
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CSCW (Computer Supported Cooperative Work) refers to the process of starting, 
stopping, joining, leaving, and browsing collaborative situations. Currently there are 
two types of session management models (implicit and explicit) and there are two 
different models of explicit session management as described below:  
 
(1) Initiator-based session management (i.e. through some sequence of dialogs the 

initiating user invites other users to the collaborative session. Initiator-based 
session management systems fulfill two goals: to notify users of the existence of 
the collaboration, and to provide a means for rendezvous with the others in the 
session.). 

(2) Joiner-based session management (i.e. the initiating user creates a new session; users 
must find the session by browsing the list of currently active sessions (or know 
a priori that the session will be taking place). Once they know that they can 
attempt to join the session. Joiner-based systems typically only provide 
rendezvous facilities).  

 
However, as pointed out by Edwards (1994) the explicit models are awkward 
because they force someone to do a significant amount of overhead work setting 
up each new session (i.e. not seamless support). Explicit session management 
seems to be useful in situations where there is a high degree of formality (e.g. board 
meetings, etc). Explicit session management models do not seam to be the general 
solution to support mobile meetings due to their spontaneous and ad hoc nature. 
Edwards (1994) has suggested that a more implicit and direct approach would be to 
have the act of opening the object of the collaboration provide the potential for 
collaborative activity itself (i.e. implicit session management). Thus, to collaborate 
in a meeting, (whether co-located or dispersed) the participants would simply enter 
the meeting session and automatically be assigned as participants by the meeting 
support system without any login procedure.  
 
The specific challenges raised to these models when it comes to interaction support 
for mobile CSCW are further documented in paper 4. Overall, the paper stresses 
how to manage multithreaded and sustained sessions of interaction across co-
located mobile meetings and dispersed settings.  
 
The theoretical modeling on how to support interaction in mobile CSCW (paper 4) 
and the developed prototypes illustrating how seamless ongoing interaction across 
co-located and dispersed settings could be realized (paper 5) is followed by an 
evaluation paper of the prototype system (paper 6). The evaluations were made to 
explore the developed support for ongoing interaction in a broader and actual use 
context. The purpose of the evaluation was to identify what face-to-face meetings 
offer when compared to dispersed participation and to what extent informal 
meetings could be integrated into ongoing and sustained sessions of interaction. 
Finally, the thesis ends with a paper describing a full implementation of 
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RoamWare, an integrated architecture to support seamless ongoing interaction for 
mobile CSCW together with some preliminary use observations (paper 7). 
 
In short, RoamWare was developed in two versions to support interaction in 
mobile CSCW. The first version of RoamWare supported ongoing physical/virtual 
mobile meetings through personal and public interaction histories. The second 
version of RoamWare was developed to enable sustained interaction through 
seamless re-establishment of different threads of interaction in between co-located 
and dispersed mobile meetings by use of multiple PDAs and Internet technology. 
More details about these systems can be found in papers 5, 6, and 7. 
 
 
To summarize this introduction a few words can be spent on the underlying 
objectives for this thesis. Overall, the basic objectives can be formulated as an 
attempt to move: 

 
• From separated meetings to sustained interaction 
• From preplanned meetings to spontaneous interaction 
• From disruptive support to non-disruptive and unobtrusive support 
• From stationary and mobile support to integrated solutions 
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The aim of the rest of this introduction of the thesis is to link the seven individual 
papers, found in papers one to seven. In addition, the introduction offers a 
background overview, a discussion of the research methodology and theoretical 
choices and a summary of the contributions.  
 
The seven individual papers of the thesis are listed below: 
 
1. Wiberg, M. (2001) Collaboration on the move: An empirical study of mobile 
work at Telia Nära. IRIS24, Norway. 
 
2. Wiberg, M. & Ljungberg, F. (2001) Exploring the vision of anytime, anywhere in 
the context of mobile work, Book chapter in: Knowledge management and 
business model innovation, (Ed. Malhotra, Y.) Pages 153-165. the Biztech network. 
Idea Group Publishing. USA. 
 
3. Lindgren, R. & Wiberg, M. (2000) Knowledge Management and Mobility in a 
Semi-Virtual Organization: Lessons Learned from the Case of Telia Nära. In 
Proceedings of HICSS-33, IEEE-press. Maui, 2000. 
 
4. Wiberg, M. (2001) Modeling mobility: Exploring the design space for enabling 
seamless ongoing interaction for mobile CSCW, In proceedings of HCI 
International 2001. New Orleans, USA. (Revised version to appear in the WebNet 
Journal, Juli-September 2001). 
 
5. Wiberg, M. (2001) Using wireless inter-PANs to enable seamless ongoing 
interaction across mobile meetings and dispersed settings, IEEE Network: Special 
Issue on WPANs (Wireless Personal Area Networks). September/Oktober 2001. 
 
6. Wiberg, M. (2001) Knowledge management in mobile CSCW: Evaluation results 
of a mobile physical/virtual meeting support system, In Proceedings of HICSS-34, 
IEEE-press. Maui, 2001. 
 
7. Wiberg, M. (2001) RoamWare: An Integrated Architecture for Seamless 
Interaction In between Mobile Meetings, To be presented at GROUP 2001, ACM 
2001 International Conference on Supporting Group Work, September 30-okt 3. 
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2. Mobile CSCW 
 
 
Right now several different mobile technology platforms are being developed (e.g. 
GPRS, 3G, WLAN, Bluetooth, etc.) together with Mobile Internet solutions in 
different forms (e.g SMS, WAP, Avantgo). Each day new companies release new 
services and products to support mobility. But what is mobile work? Or rather, 
what is mobile CSCW, which is the scope of this thesis, and how does it differ from 
other forms of IT use?  
 
In this section I will try to frame the area of mobile CSCW. Basically, this will be 
done by relating it to other forms of IT use (e.g. stationary IT use, mobile IT use, 
CSCW (Computer Supported Cooperative Work). The objective of this framing of 
mobile CSCW is twofold. First, it provides a brief overview of the area for this 
thesis and second, it highlights some important issues which this thesis considers 
(i.e. the necessity of moving across different places while collaborating with IT 
support).  
 

 
2.1 Framing mobile CSCW 

 
Figure 4 presents a rough framework for talking about the area of mobile CSCW and 
how it differs from (1) stationary work, (2) mobile work and, (3)CSCW. Each area 
of the model consists of users and computers. The circle indicates the center of the 
objective for the activity of the user (i.e. for stationary use the main activity is 
somewhat “inside” the computer, e.g. working on a spread sheet, whereas in the 
case of mobile work, the work is highly related to the specific location and its 
context and activities “outside” the computer (Kristoffersen & Ljungberg, 1999a).  
 
Similar models (although not considering mobile CSCW) have been developed 
before (e.g. Brave, et al, 1998, p. 169). However, the objective of the below model 
is not to test its validity or correctness against other models developed, nor an 
attempt to give an overview of the research made in each area but rather a way of 
providing a rough overview of the area of mobile CSCW and typical characteristics 
and activities compared to other settings of IT use. The model is then described in 
more detail followed by a description of the specific issues related to mobile CSCW 
reported in this thesis. 
 
The description of the areas in the model (i.e. stationary IT use, mobile IT use, 
CSCW, and mobile CSCW) serves primarily as a way of roughly distinguishing the 
area of mobile CSCW and pointing to some specific characteristics worth 
considering which differ from the other three types of IT use. 
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Figure 4. Four different kinds of IT use. 
 
 
2.1.1 Stationary IT use 
 
As stated above a rough characterization of stationary IT use can be made by 
focusing on where the object of the activity is located. From such a viewpoint the 
main activity for stationary IT use is somewhat “inside” the computer, e.g. working 
on a spread sheet or sending an email. Even if stationary work includes a lot of 
physical objects around the computer (e.g. print outs, books, etc.) as well as other 
activities (looking up things, answering phones, etc) the work can be performed at 
the location where the computer is stationed. Of course, stationary work also 
includes some mobile activities (Bellotti & Bly, 1996) (e.g. stationary office work 
includes ‘local mobility’ (Luff & Heath, 1998) such as walking to the printer, etc). 
This blurring of stationary and mobile activities is further discussed below. The 
personal computers of today have been optimized for stationary work with the 
desktop metaphor for the graphical user interface which shares several attributes 
with the surrounding office context (e.g. the trash can, folders, archives, etc). 
Today, several mobile devices or PDAs (Personal Digital Assistants) have been 
developed with the same metaphor in mind without considering alternatives that 
might be more suitable for mobile work (Kristoffersen & Ljungberg, 1999a), e.g. 
Windows CE for palm size computers have a graphical user interface containing 
folders, desktop, trash can, etc. In the next section the mobile use context is briefly 
outlined. 
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2.1.2 Mobile IT use 
 
Essential to mobile work is motion, i.e. the work is on the move.  Kristoffersen & 
Ljungberg (1998) use the term modality in an attempt to characterize different 
kinds of mobility. Modality is, according to Kristoffersen & Ljungberg (1998) the 
fundamental pattern of motion of an activity. The basic kinds of modalities are 
mobile and stationary. Specifying the general criteria for an activity to be mobile or 
stationary is difficult. One reason is that virtually all activities involve mobility of 
some kind. Traditional office work, for instance, is often described as stationary. 
Nevertheless, it often involves local mobility such as short trips to the coffee-
machine or copiers, visits to offices, etc. Kristoffersen & Ljungberg (1998) consider 
this modality, called walking an omnipresent mobility, even for stationary work. 
Their ambition is not to suggest exact definitions of the mobile and stationary 
modalities, but to offer examples from real-world studies of what it typically means 
to be mobile. In order to do that, they introduce three archetypes, called wandering, 
travelling and visiting (see figure 5).  
 

 
 
Figure 5. Three kinds of mobile modalities. (From Kristoffersen & Ljungberg, 1998).   
 
Wandering is an activity characterized by extensive local mobility. The IT support 
staff described by Kristoffersen & Ljungberg (1998), spent a considerable part of 
the working day wandering around the building. To help users, they often need to 
go to their offices, and on the way they often meet other users that want help. The 
policy of the group was to be visible. This required extensive local mobility, or 
wandering. 
 
Travelling is an activity that takes place while traveling in a vehicle. Of course, this 
modality can allow for some stationary computing as well (e.g. sitting on a train 
writing on a document on a laptop computer). However, from the perspective of 
mobile IT use more interesting application areas are worth acknowledging such as 
travelling support of different kinds (e.g. street finders, restaurant guides, etc).  
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Visiting is an activity that happens in one place for a coherent but restricted period 
of time. The IT staff in the central IT department sometimes go to branches in 
other places in the city to implement software. If the implementation is complex 
then the person might spend some days in the branch. This kind of mobility is 
called visiting. 
 
Other researchers have made similar categorizations of mobility. Luff & Heath 
(1998) identify three types of mobility; micro mobility, local mobility and remote mobility.  
 

• Micro mobility is the way in which the artifact may be mobilized and 
manipulated for various purposes around a relatively circumscribed, or “at 
hand” domain.  

• Local mobility is more scattered, for instance, walking between rooms, floors 
and buildings at a local site, e.g. that of product designers at a consulting 
firm, personnel on the London underground, or bank officers at a customer 
service center.  

• Remote mobility is when remote users interact with each other using 
technology, e.g. construction foremen visiting work teams.  

 
According to these categories the scope of this thesis is directed towards local and 
remote mobility.  
 
Further, the mobile user does not only have a relation to the computer (see the 
straight lines in figure 4) but is also dependent on the current modality of mobility 
(i.e. wandering, visiting, and travelling) as well as the surrounding physical and 
social context (the line between the user and the circle). Since the object of the 
main activity is located “outside” the computer, e.g. a mobile service technician that 
uses a mobile computer to report a breakdown found in a telephone pole, 
Kristoffersen and Ljungberg (1998) have suggested that effect rather then functionality 
might be a fruitful way of talking about to what extent an activity can be 
accomplished in the current context with mobile computer support. Figure 6 shows 
an illustrative example of when the present physical surrounding makes it virtually 
impossible to perform any computing at all4. 
 

                                                 
4 For more details concerning the mobile use context, and especially the physical surrounding I refer to Bergman 
2000, p. 177. 
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Figure 6. Illustration of how the surrounding physical context influence to what extent mobile 
computing is possible. Regardless of the functionality that the mobile computer offers the effect (i.e. 
what the user can actually accomplish by using a device under these conditions) is even more 
important to acknowledge. 
 
Another example of how the surrounding effects the use of computer can be made 
by looking at computing while driving a car. When the attention is divided between 
the driving on the one hand, and the computer screen on the other hand, nothing 
heavily visually demanding can be performed with the computer without risking the 
safety of the driving. 
 
So far, the areas presented have concerned only individual IT use. The next two 
sections will concern collaborative, and cooperative IT use. 
 
 
2.1.3 Traditional CSCW  
 
CSCW (Computer Supported Cooperative Work) is essentially about working 
together with IT support. A typical CSCW setup includes a computer network and 
connected computers. For distributed settings software has been developed to 
support remote voting, project management and coordination support, video 
conferencing, shared workspaces, etc. For co-located work CSCW systems have 
been developed to support electronic meeting rooms, electronic hallways, etc. A 
central idea however, has been to support the work on the screen (e.g. the co-
located collaborative work around an electronic whiteboard or the distributed 
planning of a project). As in the case of stationary work, the central activity when it 
comes to CSCW in general is located “inside” the computers and distributed across 
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the computers in the network. During the 1980s there was trend towards office 
automatisation and a lot of work has been done within the CSCW community 
related to that (e.g Hedberg, et al 1987; Hirschheim, 1986; Schill, 1995). However, 
the focus was primarily on stationary computer supported cooperative work.  
 
 
2.1.4 Mobile CSCW 
 
Mobile CSCW shares some characteristics with more traditional CSCW but at the 
same time mobile CSCW also shares some similarities with how mobile IT use 
differs from stationary IT use as described above. The similarity from the 
theoretical view applied in this thesis (i.e. Activity theory) is that mobile CSCW is a 
collective activity involving all traditional factors from the CSCW area such as 
issues related to cooperation, collaboration, coordination, awareness, etc. The 
difference however, lies in the fact that the work happens mostly “outside” the 
computer (Kristoffersen & Ljungberg, 1999a) while moving around and is thus 
very much dependent on the current surrounding and modality. A typical example 
of this is what happens when a person calls another on a mobile phone. A not 
unusual first question is then: “Where are you?” or “What are you doing?”. These 
small questions are asked because there is a need for some information that helps 
to contextualize the call.  For instance, these small questions can reveal whether the 
receiver is busy or in an inappropriate place for discussing some issues. 
 
Since mobile CSCW is viewed as a collective activity in this thesis the whole group 
is considered as well as how this group dynamically changes between different 
places over time and different modes of collaboration (e.g. face-to-face meetings, 
phone calls, etc) accordingly. 
 
As seen in figure 3 above there are two circles overlapping in the “mobile CSCW” 
square. From the scope of this thesis that could illustrate a mobile meeting as one 
instance of mobile CSCW. However, as this thesis pinpoints, what constitutes a 
meeting is not just the geographical co-location of individuals. There is also a social 
layer determining if there is any interaction going on between these persons. 
 
For mobile CSCW the main activities are located mostly “outside” the computers 
(Kristoffersen & Ljungberg, 1999a).  These activities take place at different sites 
depending on the current mission of the mobile worker. Actually, these places are 
often the reason for being on the move (Wiberg & Ljungberg, 2001). As figure 3 
above illustrates, the activity circles can be: (1) overlapping (e.g. a co-located mobile 
meeting) and/or (2) dispersed (e.g. dispersed mobile interaction).  The focus of this 
thesis has, according to these two settings described, been to explore mobile IT 
support for the dynamic and constant shifting between co-located and dispersed 
mobile interaction.  



24 
In between Mobile Meetings Paper 1

 
3. Background: Meeting support systems 
 
 
This section describes the development of meeting support systems over recent 
years from several different perspectives. The objective in doing this is to review to 
what extent current interaction support could meet the current needs for 
interaction support in mobile CSCW. 
  
Firstly, some attempts to support co-located meetings are presented followed by a 
presentation of a few attempts to support both co-located and remote participants 
at meetings. The following section provides an overview of support for only 
remote settings (i.e. virtual meeting support). Finally, I present some attempts made 
in ‘in between’ meeting support, mobile interaction support, and regular email 
systems. The section ends with a discussion of the limitations of current support 
when it comes to supporting mobile interaction. 
 

 
3.1 Co-located support: Electronic meeting rooms 

 
In the early 90’s there was a great interest within the CSCW (Computer Supported 
Cooperative Work) research community in electronic meeting rooms (e.g. Elrod et 
al. 1992; Mark et al. 1995; Streitz, et al 1994) and several systems have been 
developed since then to support these meetings (e.g the Tivoli, (Pedersen, et al, 
1993) and the DOLPHIN systems (Streitz et al, 1994)). Meeting support systems, 
also called electronic meeting systems (Nunamaker et al. 1991), seek to support the 
actions taken by people who have joined together in a meeting. Group decision 
support systems, which were one of the most early groupware systems available, 
have been developed to support collaborative decision making, most often, among 
co-located people in a so called electronic meeting room (Turban 1990, pp. 136). 
Two examples are Capture Lab, investigated by Mantei (Mantei 1989), and 
GroupSystem, described by Nunamaker et al. (1991).  
 
Typically, the attempts made have focused on stationary settings (e.g. meeting 
rooms or ‘electronic meeting rooms).  This might be for one of two reasons. First, 
the focuses have been on formal meetings with agendas, shared documents, voting 
support, etc. Second, until recently the only technology available has been 
stationary computers and fixed networks. From that technical horizon solutions 
enabled by use of MANETS, i.e. mobile ad hoc networks, (e.g. bluetooth based 
personal area networks) and PDAs with Wireless Ethernet connection (e.g. WLAN, 
(IEEE 802.11b) running at 10 mb/s) have sounded quite science fictional. 
According to this background it is not strange that Borghoff and Schlichter (2000, 
p.100) has stated that:  
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“electronic meeting rooms are the ideal rooms for face-to-face meetings” (Borghoff & Schlichter, 
2000, p.100). 
 
Figure 7 illustrates a typical network set up in an electronic meeting room. The 
picture shows a long conference table and laptop computers located at every seat 
around the table. 
 

 
Figure 7 Typical set up of an electronic meeting room to support co-located meetings. From 
Maaranen & Lyytinen (1995). 
 
According to Maaranen & Lyytinen (1995) this meeting support system was 
designed in a user-centered manner. Typical functions for this kind of system are 
e.g. the ability for the participants of a meeting to be able to discuss issues 
anonymously by just typing in their comments into the system (similar to ordinary 
chat systems), vote, share documents, etc. A problem with the anonymity however 
is that the other participants can easily hear who is typing on their keyboard and 
thus figure out who is who anyway. Another problem with this anonymity idea is 
that it ignores the benefits of the face-to-face interaction even though the 
participants are co-located and, despite the face that they are sitting geographically 
at the same place together the functionality of the system tends to isolate each 
person into interaction with the system solely. This was also something noticed 
during one of the evaluations made in this thesis. We noticed that computer 
support during face-to-face meetings draws much attention away from the face-to-
face interaction. In fact, the conversations stopped as soon as they started to 
interact with the system. The picture below (figure 8) illustrates a typical situation 
during one of these evaluation sessions. 
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Figure 8. Meeting support during one of the evaluations conducted in this thesis. 
 
Despite the fact that several research reports (e.g. Whittaker, 1997; Bellotti & Bly 
1996; Boden, 1994) have stated that informal face-to-face meetings happen 
everywhere and are crucial to make an organization work (Boden, 1994) there has 
been very little done concerning support for mobile informal meetings. There have, 
however, been some attempts to support informal, but yet stationary, meetings. 
(e.g. the Tivoli system, Pedersen, et al, 1993). Figure 9 shows a picture of Tivoli in 
use during an informal meeting. 
 

 
Figure 9.  Tivoli running on a Xerox Liveboard used in an informal meeting. 
 
Tivoli strives to provide its users with the simplicity, ease of use, and easily 
understood functionality of conventional whiteboards, while at the same time 
taking advantage of the computational power of the liveboard to support and 
augment its users' informal meeting practices (Pedersen, et al, 1993). 
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3.2 From co-located support to both co-located and remote support 
 
There have also been some attempts to not only focus on the co-located and face-
to-face situation, but also on providing remote persons with computer support to 
enable them to participate in a meeting. One example of these attempts is the 
implementation of the DOLPHIN meeting support system (Streitz et al, 1994). 
DOLPHIN is, according to Streitz et al (1994), a fully group aware application 
designed to provide computer support for different types of meetings: face-to-face 
meetings with a large interactive electronic whiteboard with or without networked 
computers provided for the participants, extensions of these meetings with support 
for remote participants at their desktop computers connected via computer and 
audio/video networks, and/or participants in a second meeting room also provided 
with an electronic whiteboard as well as networked computers. According to Streitz 
et al (1994) the DOLPHIN system supports the creation and manipulation of 
informal structures (e.g. freehand drawings, handwritten scribbles), formal 
structures (e.g. hypermedia documents with typed nodes and links), their 
coexistence, and their transformation. Figure 10 illustrates the range of application 
scenarios currently supported by the DOLPHIN system. 

 
 

Figure 10. Range of application scenarios currently supported by DOLPHIN (Streitz et al, 1994, 
p. 348). 
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Support for co-located and remote meetings has also been provided by so called 
Liveboards (Elrod et al. 1992; Mark et al. 1995). Liveboard is described as: 
 
"an attempt to build a directly interactive, stylus-based, large-area display for use in computer-
supported meetings. While still falling short of the ultimate wall-sized, flat-panel, high-resolution 
display, prototype Liveboards have enabled us to begin to develop and evaluate user interfaces 
for group meetings, presentations and remote collaboration." (Elrod, 1992, p. 599). 
 
However, so far the attempts to support both co-located and remote participation 
in meetings have been very stationary biased with arrangements of meeting rooms 
equipped with video and computer links to the remote stationary sites.  
 
 

3.3 Only remote support: Virtual meeting rooms 
 
There have also been attempts to design virtual meeting rooms so that meetings 
can take place away from the stationary settings of physical meeting rooms.  
Collaborative virtual environments, such as Massive (Greenhalgh and Benford 
1995), FreeWalk (Nakanishi et al. 1996), and DIVE (Fahlén et al. 1993), enable 
interaction among embodied participants in virtual worlds (Bowers et al. 1996). 
Such systems differ from other CSCW technologies in that they embody their 
users, assigning them to characters that interact in often game-like artificial worlds. 
Research efforts on collaborative virtual environments have mainly concerned 
application design (see, Greenhalgh and Benford 1995; Nakanishi et al. 1996), the 
development of underlying models for virtual worlds (see, Benford and Fahlén 
1993; Rodden 1996), and recently, even some investigations into experiences of 
these systems in use (see, Greenhalgh and Benford 1995; Bowers et al. 1996). Figure 
11 illustrates a typical virtual meeting room designed for communication and 
collaboration with other users in a networked environment (Fahlén, et al, 1993). 
 

 
Figure 11. Two persons in a virtual meeting room and one person to the left that is about to 
enter. From (Fahlén, et al, 1993, p.45). 
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In the area of research focused on virtual meeting rooms there have been some 
attempts to not only focus on supporting present activities in a meeting but also 
how to automatically generate visual representations of recorded histories of 
distributed multimedia collaborations (e.g. Ginsberg & Ahuja, 1995). However, the 
histories generated only include virtual activities. As such that work differs from 
the work reported in this thesis where also physical activities (such as people 
coming and leaving meetings) are recorded in interaction histories to enable dynamic 
addressing of the participants, etc. 
 
To summarize, virtual meeting rooms make it possible to participate in a meeting 
from almost anywhere. However, both dispersed computer-mediated interaction 
(e.g. phone calls, etc) and face-to-face meetings are very common and important to 
making mobile collaboration work. Still, as the review of current ‘In between’ 
meeting support below will show, there have been no systems developed to 
seamlessly switch between mobile face-to-face and virtual meetings over time.  
 
 

3.4 In between meeting support   
 
Besides the different kinds of systems described above to support 'in meeting' 
activities there has been a lot of work concerned with 'in between' meeting support. 
According to Borghoff and Schlichter (2000, p.100) there are four types of ‘in 
between’ support. These are: (1) Project management systems, (2) Calendar 
management systems, (3) Joint/group authoring, and (4) Spontaneous interaction: 
electronic hallways. Below these types are described further: 
 
1. Project management systems 
These specialized software systems support teams when planning or coordinating 
tasks, or monitoring project progress. 
 
2. Calendar management systems 
The system manages an electronic calendar for team members. Individual schedules 
are entered into the shared calendar. The calendar information facilitates the 
selection of suitable meeting times and the planning of project completion by 
allowing for vacation times of project members. 
 
3. Joint/group authoring 
A number of geographically distributed persons work on a shared document. Team 
members generate new sections, update information and include annotations. 
Group authoring aims at shorter document creation times and improved document 
quality. Rather than each team member writing a separate, complete section, all 
team members are in principle responsible for the entire document. 
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4. Spontaneous interaction: electronic hallways 
The last type concerns spontaneous interaction and electronic hallways. Modeling 
spontaneous meetings, as they often occur in office corridors or near the coffee 
machine, is quite important because information is often exchanged during these 
encounters. The electronic hallway utilizes various communication media, such as 
data, audio and video. There have also been some attempts to support ‘in between’ 
meeting activities with multiple PDAs. Rekimoto (1997) for instance have 
illustrated the “pick-and-drop” techniques that make it possible for two users with 
WLAN enhanced PDAs to use a stylus for picking up an object (e.g. a note or a 
file) on one PDA and seamlessly drop it onto the screen of the other PDA. 
 
 

3.5 Mobile interaction support 
 
Besides the extensive use of mobile phones to support dispersed interaction there 
has been an increased attention directed towards the use of mobile computing 
devices, such as PDAs (Personal Digital Assistants), wireless networks (IEEE 
802.11b) and bluetooth ad hoc networks), and their application in organizations. So 
far research on mobile computing has mainly concentrated on highly technical 
issues (e.g. Chikarmane, et al, 1998). The section below presents some of the 
attempts made related to interaction support for mobile CSCW. 
 
Ljungberg (1997) has explored mobile IT support for networking groups and 
Fargell (2000) has explored knowledge management support for mobile work 
forces with a special focus on how to provide mobile workers with timely 
knowledge. 
 
Further, there have been some attempts to support specific characteristics of 
mobile meetings (e.g. the identifiable multi-threadedness of topics in opportunistic 
interaction). One attempt to support this opportunistic character of mobile 
meetings is illustrated by the Proxy Lady system (Dahlberg, et al 2000). With Proxy 
Lady the user can select “information items” (emails, tasks, etc) on the desktop 
computer, associate them with persons, and then transfer them to their PDA. 
When other PDAs are within the near proximity (i.e. 10 meters) of the user and 
these persons match those associated with the “information items” the information 
is displayed on the PDA to serve as background information in opportunistic face-
to-face interaction. 
 
“Proxy Lady is a mobile system for informal, opportunistic face-to-face communication running 
on a PDA equipped with a radio transceiver [...] Proxy Lady assumes that “information items” 
like emails and tasks can serve as the basis for opportunistic interaction. The system lets the user 
associate information items (currently email and tasks) with other people, called “candidates for 
interaction”. When a candidate is in the proximity, Proxy Lady notifies and provides the user 
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with the information item. If suitable, an informal communication session may follow.” 
(Dahlberg, et al, 2000, p. 111). 
 
There are, however, several problems associated with this kind of support. First, it 
assumes that everybody is using and wearing the device. Second, associating items 
with persons that the user believes he/she might run into seams, from a situated 
action perspective (Suchman, 1987), like planning for something situated. Finally, it 
takes a lot of effort for the user to continuously associate items with persons just in 
case the information is needed when or if they will run into each other. Proxy Lady 
serves very much as a personal memory aid helping the user to remember important 
information or topics needed to be discussed when a opportunistic situation 
occurs.  
 
There have also been some attempts to focus on wearable public displays called 
“WearWare” or “Group-Wear” where the information displayed on a device is not 
for private use, but only for the others nearby to see. One example of such support 
is the Meme Tags system (Borovoy, et al, 1998). Meme Tags is intended to be an 
“ice breaker” at conferences. As Borovoy, et al  (1998) claims, people tend to talk 
only to persons they already know during conferences. However, with Meme Tags 
conference participants can associate memes to their nametags that can function as 
a conversation “ice breaker” with strangers and which can be displayed to and 
collected and further past on by others and also visualized as threaded memes on 
public displays. Unlike other research on face-to-face CSCW, Group-Wear 
attempts to augment the collaborative work that goes on before collaborative work 
is formally acknowledged — before any project meetings have taken place, a team 
has been established, or a shared vision has been articulated. GroupWear 
technology is designed to help participants at a conference find like-minded 
individuals, and begin conversations that can lay the ground-work for further 
collaboration.  
 
“Richard Dawkins first introduced the term “meme” to suggest how ideas can spread and evolve 
through Darwinian selection. In our use, a meme is an idea or opinion, expressed as a short piece 
text that spreads from person to person. The Meme Tag contains community-relevant memes 
that a participant has chosen.” (Borovoy, et al, 1998, p. 160). 
 
Figure 12 below shows the Meme Tags system design and two screen shots from 
the community mirror (i.e. “How Meme Flow Connects People”, and “Most 
Popular Memes”). 
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Figure 12. Meme Tags system design and two screen shots from the community mirror. From 
Borovoy, et al  (1998, p. 163) 
 
The observations of Meme Tags in use showed that the meme tags worked like 
interesting rumours growing through the community of people at the conference. 



33 
In between Mobile Meetings Paper 1

Thus, Meme Tags also support the idea of storytelling as part of knowledge 
processes as described by Orr (1996). This topic of how to pass a message along 
and how to visualize who knows what has been further elaborated on in this thesis 
(i.e. papers 5 and 6).  
 
There have also been some efforts made related to support groups that are co-
located but not directly visible to each other (e.g. in a crowded area such as a rock 
concert). Holmqvist et al (1999) describes a "proof of concept" system called 
Hummingbird, which illustrates this as a proximity based inter-personal awareness 
tool for mobile groups. The Hummingbird system is based on radio equipped 
Gameboys, which use short-range radio to detect other group members in the 
nearby surrounding. The Hummingbird system provides awareness to the user 
about other group members that are nearby (within 100 meters) but maybe not 
visible due to crowded areas or walls in between.  
 
In this thesis email was used as one technique for passing these messages along. 
Thus, in the next section I review some research conducted within the field of 
regular email systems. 
 
 

3.6 Regular email systems 
 
Since email is becoming widely mobile, accessible in different forms (i.e. available 
through SMS, WAP, Avantgo, and on other mobile internet solutions) and, since it 
has been used as a main function in the prototypes developed in this thesis, some 
research on email systems is worth considering. This section gives a brief overview 
of research conducted within the field of electronic message systems. 
 
Many early research efforts in CSCW have been directed towards message systems 
and how they could be extended in different ways. For example, the information 
lens project (Malone et al. 1987; Mackay 1988; Mackay 1989; Mackay et al. 1989) 
was concerned with how to design information-sharing systems that would reduce 
the so-called information-sharing problem:  
 
“...which has to do with disseminating information so that it reaches those people to whom it is 
valuable without interfering with those to whom it is not” (Malone et al. 1987, p. 390).  
 
This problem was approached with, amongst others, the idea of “semi-structured 
messages,” which made it much more easy for people to filter incoming messages. 
The quotation above has much in common with the motives behind "dynamic 
addressing" as presented in paper 7 in this thesis. This problem is sometimes 
addressed as the "email overload" problem (Whittaker & Sidner, 1996).  
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Email is the most successful groupware so far (Baecker et al. 1995, p. 743), and it 
has been developed further in various ways, e.g., incorporating multimedia features 
(Borenstein and Thyberg 1991) and new ways of viewing the exchange process 
(Goldberg et al. 1992). Early research attempts were, besides email, also concerned 
with computer conferencing and bulletin board systems (Hiltz and Turoff 1993) as 
outlined in section 3. 
 
To summarize, the work reported in this thesis shares some aspects with the work 
of Malone (1987) concerning filtering and avoiding inappropriate addressing of 
persons. However, so far there has been no research conducted on how to address 
ad hoc set ups of participants at mobile meetings as explored as one issue in this 
thesis (i.e. dynamic addressing as described and implemented in paper 7). Further, the 
work of Malone (1987) does not consider how interaction could be sustained 
across co-located/face-to-face and dispersed/virtual (e.g. email) sessions for mobile 
groups. 
 
 

3.7 Discussion of current interaction support  
 
Even though there have been some attempts made in using PDAs to support  ‘in 
between’ meeting activities (e.g. Rekimoto, 1997) there is still much that needs to 
be done within this area. Almost all handheld devices today have calendar support 
(even some mobile phones, e.g. some Nokia and Ericsson models) and it has 
become widely used around the world. However, due to the situated, spontaneous, 
and opportunistic nature of mobile face-to-face meetings (Whittaker, 1997, 
Dahlberg, et al, 2000) current planning support is not a sufficient support for 
mobile groups, nor the most suitable, and, even if single individuals are good at 
writing down events in their calendars it would be too much overhead work to 
demand that everybody mark every mobile spontaneous meeting they run into just 
in case they needed that information again or, even worse, if occasionally someone 
else would need it. This has been formulated more generally before by Grudin 
(1994) where he argues that groupware often fails from disparity between work and 
benefit (i.e. groupware applications often require additional work from individuals 
who do not perceive a direct benefit from the use of the application) (Grudin, 
1994, p.97). Concerning group calendars he states that: 
 
“Successful use of automatic meeting scheduling requires additional work for those group 
members who would not otherwise maintain electronic calendars. Consequently, this groupware 
feature is rarely used.” (Grudin, 1994, p. 96). 
 
Further, as stated above, since the nature of mobile face-to-face meetings can be 
described as highly situated, spontaneous, and opportunistic, (Dahlberg, et al, 2000) 
there is a need to move out of the electronic hallways and meeting rooms 
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(Bergqvist, et al, 1999) and instead direct our focus to all the different places where 
mobile interaction support might be needed. 
 
From the review of current interaction support it can be concluded that several 
attempts have been made to support interaction in different domains, e.g. support 
for co-located meetings, remote interaction, both co-located and remote 
interaction, and in between meeting support. So far, however, there have been no 
attempts made to integrate face-to-face spontaneous mobile meetings to enable 
sustained and dynamic mobile interaction. Further, the current attempts rely heavily 
on stationary settings. Either due to its physical location (e.g. electronic meeting 
rooms), interaction modality (e.g. One can sit still in a chair while moving around in 
a 3D virtual world), or infrastructure (e.g. electronic hallways enable people to have 
spontaneous meetings in hallways. However, these systems rely on a stationary 
infrastructure installed in specific technologically enhanced hallways). Overall, there 
are to date no systems developed to support sustained mobile interaction across co-
located and dispersed settings. 
 
In the next section the overall method of the thesis is presented together with a 
background describing my own inspirational roots, a description of the research 
approach and process, followed by a description of how the seven individual 
papers are linked together in the thesis, related to three methodological phases as 
presented by Borghoff & Schlichter, (2000, p.132). 
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4. Method 
 
 
As the previous section has shown, current interaction support is not well suited as 
interaction support for mobile CSCW. In this section I will address the research 
objective of this thesis, my personal inspirational roots, the overall research 
approach and research process applied in this thesis, followed by a description of 
how the seven papers in this thesis fulfill different parts in the overall structure of 
the thesis. The objective for this section is to describe the underlying ideas, models, 
and phases for how I have explored the overall research question: What are the 
specific needs of interaction support related to mobile meetings and dispersed interaction, how might 
these be supported, and what are the implications for current interaction models and support within 
CSCW? 
 
First, the research objective and inspirational roots for this thesis are outlined 
followed by the research approach, the research process according to three phases, 
and how the seven individual papers relate to these phases. This section ends by 
discussing some methodological problems related to moving between the three 
different phases. 
 
 

4.1 Research objective and inspirational roots 
 
The research objective of this thesis and my personal inspirational roots is a 
presentation of different sources that have influenced this work and, over time 
contributed to its final shape. Below I will go through different sources that I 
believe have played a major role in this process. 
 
First of all I would like to present a quotation from Bellotti & Bly (1996) that 
shows upon an attitude concerning the problem of mobility that I totally agree 
with: 
 
“Since mobility is so important for local collaboration and use of resources it seems misguided to 
try to eradicate it from a workplace. If our aim is to support a range of group work, including 
distributed collaboration, we must design for mobility and not against it. The implications for 
CSCW drawn from our study suggest two design goals: (1) To replicate for remote colleagues 
some of the opportunities for building awareness and for informal communication and 
coordination that local mobility enables. (2) To reduce the penalties for distributed colleagues of 
trying to communicate, collaborate and coordinate with others who are away from their desks. “ 
(Bellotti & Bly, 1996, p. 261). 
 
I believe that this thesis is an answer, or at least a supportive reply, to the quotation 
above for the following two reasons: First, definitely the underlying idea in this 
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thesis is to support, rather then eradicate mobility. The prototypes built are 
designed for mobility and not against it. Second, the attempts in this thesis to 
support seamless ongoing interaction in between mobile meetings are probably a 
contribution to the second part of the quotation. One underlying idea has been to 
design technology to support continuous work when physically moving across 
several locations and support both co-located and dispersed work instead of 
designing technology to only bridge distance over several locations5. Further, 
another underlying inspirational idea has been to support activities beyond the 
desktop6: 
 
"For human-computer interaction to advance in the new millennium we need to understand the 
emerging dynamic of interaction in which the focus task is no longer confined to the desktop but 
reaches into a complex networked world of information and computer-mediated interactions" 
(Hollan, et al 2000, p. 192). 
 
These were some inspirational roots for the topic of the thesis. Concerning the 
process and the approach applied in the thesis there has also been several sources 
worth mentioning. Below some quotations from different research areas are put 
together with some discussions as to how they have contributed and influenced the 
research objective in this thesis. First the sources within Informatics are presented 
and discussed followed by quotations from the specific fields of HCI and CSCW. 
 
Recently, there have been several PhD projects conducted (e.g. Ljungberg, 1997; 
Holmqvist, 2000; Fagrell, 2000) that have stated their sympathies with “the new 
informatics” program presented by Dahlbom (1996). According to Dahlbom 
(1996) Informatics can be described as:  
 
“...a theory and design oriented study of information technology use, an artificial science with the 
intertwined complex of people and information technology as its subject matter” (Dahlbom, 
1996, p. 29). 
 
A reason for using this statement has been, besides other things, been to point out 
the need for design-oriented studies within the field of Informatics. Since there has 
been some design work made within the scope of this thesis, this has of course 
influenced my thoughts and my work. However, within the field of HCI and 
CSCW this focus on both theory and design is not new. Rather, these two 
components of research are almost taken for granted. For example, the distributed 
cognition research framework presented by Hollan (2000) includes design as a 
necessary activity in several phases of a project: 
                                                 
5 Technology has often been used to bridge distance over large geographical areas (e.g. the Internet can be used for 
collaborating with colleagues in a different country).  
6 There have been several statements made like this before (e.g. “Walking away from the desktop computer (Bellotti 
& Bly, 1996); “Breaking the screen barrier” (Holmqvist, 2000), and "Leave the Office, Bring Your Colleagues: 
Design Solutions for Mobile Teamworkers" (Bretain, et al, 1997). 



38 
In between Mobile Meetings Paper 1

 
"Design enters the story in several ways. First, ethnography offers clever ways of getting things 
done that can be incorporated in new designs. New uses can be found for old strategies, and 
techniques effective in one setting may be transferred to another. Experiments can refine the 
theory of distributed cognition which in turn can be applied to improve design. Finally, since the 
design process creates new tools for workplaces, there are new structures and interactions to 
study. This loop from observation to theory to design and back to new ethnographic 
observations is an important cycle of activity in our framework." (Hollan et al 2000, p. 182) 
 
Also in the area of Human-Computer Interaction design is embedded in other 
research activities: 
 
"Human-computer interaction is the kind of discipline which is neither the study of humans, nor 
the study of technology, but rather the bridging between those two. So you always have one eye 
open to the question: what can technology do? How can you build it? What are the possibilities? 
And one eye open to the question: what are people doing and how would this fit in? What would 
they do with it? If you lose sight of either of those, you fail to design well....I think the challenge 
is to really keep knowledge of both the technology and the people playing off against each other 
in order to develop new things" (Preece, 1994, p.43). 
 
Preece (1994) also points out that design-oriented studies could be a valuable 
complement to other studies of IT use and illustrates with the following example 
how that might be done. 
 
"A major concern of these disciplines until relatively recently, therefore, has been to consider the 
implications of IT to society. More recently, attempts are being made to apply methods 
developed in the social sciences to the design and evaluation of systems.[..] For example, a study 
might be carried out in a workplace to assess how existing computer systems and software are 
used. The results may then point out areas where changes to work practices could increase the 
use of the systems. In addition it might suggest the implementation of new emerging types of 
groupware, which is software specifically designed to be used by more than one person." (Preece, 
1994, p. 41). 
 
This thesis shares this view presented by Preece (1994). The need for theory and 
design oriented studies has been further argued for by Thomas (1995): 
 
"in sociological terms, we must develop a sociology for rather than of human-computer 
interaction. The issue here is that sociology should not simply asses, value, or comment upon the 
design and use of technology; rather it must move toward a situation where sociology theory, 
methodology, and modes of analysis can provide direct and unambiguous input into the design of 
technology." (Thomas, 1995, p. 2) 
 
One reason for this seemingly unproblematic view of design in research might be 
that the HCI field has a problem of how to draw the line between HCI research 
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and HCI practice. If the practice of HCI is considered, then of course design is an 
unproblematic issue. Carroll & Rosson, (1992) discusses this problem as follows: 
 
“We propose viewing HCI research as an action science, a science that produces “knowledge-in-
implementation”, and viewing HCI design practice as inquiry.” (Carroll & Rosson, 1992, p. 182).    
 
This view uses the designing of prototypes to illustrate “proofs-of concepts” 
(Borovoy, 1998) as necessary illustrations of theoretical ideas. These necessities of 
illustrations as implemented prototypes have sometimes been formulated as a 
“demo-or-die” challenge for this kind of research (Brand, 1987). Still, the area of 
HCI and how to conduct studies within this area is problematic. As formulated by 
(Mackay & Fayard, 1997): 
 
 “HCI cannot be considered a pure natural science because it studies the interaction between 
people and artificially-created artefacts, rather than naturally occurring phenomena, which 
violates several basic assumptions of natural science. Similary, HCI cannot be considered a pure 
design discipline because it strives to independently verify design decisions and processes, and 
borrow many values from scientists.”  (Mackay & Fayard, 1997)  
 
However, design has not always been a natural part of HCI research. Preece (1994) 
gives a brief historical overview of this case. He then points out how design might 
be a good way of exploring new and better ways of using computers. 
 
“...their [researchers]contribution to HCI has historically been from a "soft sciences" perspective. 
By this it is meant that traditionally they have not been directly involved with the actual design of 
computer systems in the same way as "hard sciences", but rather with the consequences of 
developments in Information Technology (IT) and technology transfer. A major concern of these 
disciplines until relatively recently, therefore, has been to consider the implications of IT to 
society. More recently, attempts are being made to apply methods developed in the social 
sciences to the design and evaluation of systems. For example, a study might be carried out in a 
workplace to assess how existing computer systems and software are used. The results may then 
point out areas where changes to work practices could increase the use of the systems. In 
addition it might suggest the implementation of new emerging types of groupware, which is 
software specifically designed to be used by more than one person." (Preece, 1994, p. 41). 
 
In this thesis these arguments presented above have had a great influence on my 
thinking on how to plan the study conducted within this thesis. As the next section 
will illustrate the thesis consists of basically two phases. The first part is oriented 
mostly towards understanding whereas the other part is more design-oriented. However, 
this division into two parts fits the description of CSCW made by Dix et al (1998) 
quite well: 
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 “CSCW is about groups of users, how to design systems to support their work as a group and 
how to understand the effect of technology on their work patterns”  (Dix et al, 1998, p. 463)  
 
Compared to this, the two-folded scope of this thesis (i.e. to first empirically 
understand and develop a model of mobility and of how mobile meetings are 
integrated in a broader work context and second, to design and evaluate technology 
support based on this understanding of mobility) have much in common with the 
focus on both understanding and design as described by Dix et al (1998). 
 
Still, as pointed out by Dahlbom (1996) and Ljungberg (1999a) there is, so far, not 
much design-oriented work conducted within the field of Informatics: 
 
“The focus on “use” seems to be widely recognized in our discipline, however the “design 
orientation” seems (too often) to be lost. For example, browse the conference proceedings of  
the International Conference of Information Systems (ICIS), which is one of the most 
prestigious conferences of our discipline. What do you find? Perhaps most contributions concern 
the use of computer technology, however very few are design-oriented. The focus is on the 
present” (Ljungberg, 1999a, p. 83). 
 
With this statement in mind the work conducted in this thesis might be seen as an 
attempt to contribute to the argued need for design-oriented research by, as one of 
the main objectives, moving from a present use situation (i.e. part 1 of the thesis 
reporting on mobile CSCW at Telia Nära) to experimentation’s with new, as 
formulated by Ljungberg (1999a), "computer-enabled situations" (i.e. part 2 of the 
thesis focuses on mobile interaction support, or more specifically, on in between 
mobile meeting support to enable seamless ongoing interaction).  
 
In the following sections more detailed descriptions are outlined of how the thesis 
is structured related to different research approaches and methodological phases. 
 
 

4.2 Research approaches applied in the thesis 
  
Given the background presented above this section provides an overview of the 
research approaches that have been applied in this thesis. Overall, this section tries 
to summarize my research approach according to the model presented by Braa & 
Vidgren (1999). As described by their model there are six different ways of doing 
empirical research (see figure 13 below). Action research is, according to Braa & 
Vidgren (1999) focused on change through interventions whereas soft case studies 
strive towards providing better understanding of a phenomenon through 
interpretations. Field experiments, according to Braa & Vidgren (1999) focuses on 
predictions but with less rigorous than a laboratory experiment as there are lots of 
factors which the researcher cannot control but which could affect the outcomes 
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(Braa & Vidgren, 1999, p. 31). Finally, hard case studies focuses on “how” and 
“why” questions without that much interpretation. 
 
With the model of Braa & Vidgren (1999) in mind the thesis can be described as 
consisting basically of two parts (i.e. a hard case study which serves as an empirical 
basis for exploring mobile CSCW with a specific focus on mobile interaction 
followed by a field experiment where different developed concepts and prototypes 
to support mobile meetings and sustained interaction are tested and evaluated). 
 
According to their model the first part of the thesis is a hard case study (i.e. papers 
1-3) whereas part two (i.e. papers 4-7) can be more characterized as different 
phases of a field experiment including both design and evaluation of the prototype 
system called RoamWare. 
 

 
 
 
 
Figure 13. Method location model developed by Braa & Vidgren (1999) complemented with 
numbers (1& 2) indicating how this thesis moves from a hard case study (phase 1, paper 1-3) of 
mobile CSCW among mobile service technicians at Telia Nära, to a field experiment (phase 2, 
paper 4-7) where ideas and prototypes to support mobile meeting and ongoing interaction are 
tested and evaluated. 
 
Table 2 below, presented by Braa & Vidgren (1999), gives a brief overview of what 
characterizes the two approaches applied in this thesis, and what the main 
differences are related to other research approaches: 

2. 1. 
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      Research method      

  Hard case study 

 

Soft case study Action 

research 

Action case Field 

experiment 

Quasi-field 

experiment 

Research 

outcome 

Change 

(intervention) 

Unintended 

 

Unintended Intended, 

large scale 

Intended, small 

to medium scale 

Intended, 

small scale 

Intended, 

small scale 

 Prediction 

(reduction) 

Medium 

 

Low Low Low High 

 

Medium 

 Understanding 

(interpretation) 

Medium 

 

High Low to 

medium 

Medium Low 

 

Low to 

medium 

Research 

characteristics 

Duration Any 

 

Any Long Short to medium Short 

 

Medium 

 Time 

orientation 

Contemporary 

 

 

Historic and 

contemporary 

Building 

future 

Contemporary 

and building 

Contemporary 

 

 

Contemporary 

and building 

 

 Participation Low Low High Medium High Medium 

     

Table 2. Characteristics of  the two parts of research conducted in this thesis and what the main 
differences are related to the other approaches. Table from Braa & Vidgren, (1999, p.42). 
 
As table 2 above illustrates, the focus in a hard case study is to get an overview of 
the case. There is no focus on interventions as in the case of action research. The 
duration of a hard case study can be “any”. In the case of this thesis the empirical 
work at Telia Nära was conducted during the spring of 1999 and included 
approximately 40 hours of ethnographic observations followed by interviews and 
follow up discussions.  
 
For the second part of the thesis a field experiment was conducted including design 
and evaluations of the RoamWare prototype system. In total three evaluations were 
conducted (two evaluations reported in paper 6 and one in paper 7).  In field 
experiments, the researcher makes intended changes, (e.g. provides the users with 
specific tools) and then observes how these changes affect their work. The focus is 
on predictions rather then understanding. Typically, this kind of investigations are 
characterized by “What if?” questions. In the case of this thesis one such question 
where “What if spontaneous meetings could be seamlessly integrated... How could 
that be made so?.. and how would that change the status of these meetings?”. 
Typically, the duration of a field experiment is very short with a high degree of 
participation from the users. 
 
The next sections describes, more in detail, how the thesis moves from part one 
(i.e. a hard case study) to part two (i.e. field experiments) according to three 
necessary phases of CSCW research as described by (Borghoff & Schlichter, 2000, 
p.132).  
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4.3 The research process according to three phases  
 
A central idea in order to answer the three folded question:  What are the specific needs 
of interaction support related to mobile meetings and dispersed interaction, how might these be 
supported, and what are the implications for current interaction models and support within 
CSCW? has been to follow the design cycle and process for validation of CSCW 
concepts provided by Tang (1991) as a methodological guidance for the thesis. The 
basic component of the cycle is illustrated in figure 14 below: 

 
Figure 14. Process for validation of CSCW concepts (Borghoff & Schlichter, 2000, p.132) 
 
According to Borghoff & Schlichter, (2000, p.132), this approach observes, 
understands and supports cooperative work. In order to support cooperative work 
sufficiently, the current state must first be observed and understood (compare part 
1 of the thesis described above as a hard case study). The use of supportive 
mechanisms can then change the behavior of cooperative work (e.g. the field 
experiments in part 2). Krcmar (1991) transfers this approach to the conception of 
groupware, identifying the following three basic phases: 
 
Phase 1:  
Understanding must be achieved for both teamwork and for its supportive tasks. 
 
Phase 2:  
Concepts and prototypes of groupware systems have to be developed and 
continually extended. 
 
Phase 3:  
The concepts and prototypes must be evaluated in the context of teamwork. 
 
These three phases correspond to the overall research question in this thesis as 
follows: What are the specific needs of interaction support related to mobile meetings and 
dispersed interaction (phase 1), how might these be supported (phase 2), and what are the 
implications for current interaction models and support within CSCW? (phase 3). 
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Further, as Borghoff & Schlichter  (2000) points out, there is no predefined 
sequence for the phases, for example it may make sense to first develop the 
prototypes and then evaluate them during actual usage in order to gain knowledge 
about basic characteristics of teamwork. As this section will show, the papers in 
this thesis follow the order of the three phases except for the final paper. That was 
done intentionally since phase two points out the importance of continuous 
development of concepts and prototypes. The continuous development of 
concepts and prototypes also has to do with the question of validation. Borghoff & 
Schlichter (2000) continues, arguing that:  
 
“The validation of CSCW concepts is fundamental to the further development of this innovative 
research area. Validation takes place either by systematic analysis of teamwork and the respective 
behaviour of team members, or by using groupware prototypes in real environments and 
observing the interaction during the usage of the prototypes.” (Borghoff & Schlichter, 2000, 
p.131ff).  
 
Below I present an overview of the methods used in each phase together with 
reference to the individual papers in this thesis. For a more detailed description of 
the methods applied in each paper see papers 1-7. As the following sections will 
show there is not a clear match between the papers and the phases. However, as 
the following section will show these overlaps of papers and phases serve two 
important goals. First, from a pedagogical perspective it makes it easier to follow 
the arguments made in the thesis across the different phases. Second, from a 
methodological perspective each new argument claimed in each paper can be more 
easily integrated with the earlier papers if overlapping is allowed. Finally, as 
Borghoff & Schlichter (2000) points out, there is no predefined sequence for the 
phases, and iterations are strongly recommended.  
 
 

4.4 How the research conducted in this thesis is related to the three 
phases  

 
 
Phase 1: Understanding must be achieved for both teamwork and for its 
supportive tasks 
 
During phase 1 ethnographic techniques were used for data collection, i.e., 
participant observation and qualitative interviewing. Hammersley and Atkinson 
(1995) describe ethnography as follows:  
 
“In its most characteristic form it involves the ethnographer participating, overtly or covertly, in 
people's daily lives for an extended period of time, watching what happens, listening to what is 
said, asking questions - in fact, collecting whatever data are available to throw light on the issues 
that are the focus of the research.”  (Hammersley and Atkinson, 1995) 
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The objective of ethnography is to “present a portrayal of life as seen and 
understood by those who live and work within the domain concern” (Hughes et al. 
1993, p. 125-126). We made participant observations of mobile service workers for 
approximately 40 hours. We also conducted five qualitative interviews (Mason, 
1989) with staff and their manager. The interviews lasted for 60 to 90 minutes. 
 
To further enrich the understanding of the mobile teamwork and its supportive 
tasks several theoretical frameworks, models, and 2x2 matrixes where applied 
during this first phases. For further details about the methods used during this 
phase I refer to paper 1-3. 
 
 
Phase 2: Concepts and prototypes of groupware systems have to be developed 
and continually extended 
 
The second phase points out that, besides the importance of developing concepts 
and prototypes it is important that this development is continuously made. The value 
of formative (Egan et al 1989; Harley et al 1998;) or iterative design and evaluation 
have been noticed frequently in the CSCW literature (e.g. Bergman 2000, p.195; 
Houde, 1992; Cool et al, 1992; Bailey 1993; Baecker et al, 1993; Ishii, et al, 1994; 
Johnson, et al 1996; Sullivan, 1997; Savage, 1996; Plaisant, et al, 1997; Bagrodia, 
1991; Caldwell, et al, 1999; Holmquist & Narayanan, 2000; Bellotti & Smith, 2000; 
Kelley, 1984).  
 
In this thesis papers 4 and 5 explore and develop concepts and prototypes related 
to ongoing interaction. Further, the research conducted and reported in paper 7 
illustrates a first iteration and redesign of the prototype system RoamWare based 
on the results from the two evaluations conducted in phase 3. Below I describe this 
process in more detail. 
 
Overall, the development process of concepts and prototypes in this thesis can be 
described as a theoretical and technical elaboration, with a point of departure in the 
empirical data collected during the case study and the theoretical frameworks 
provided by Activity Theory. The UMEA approach (Kaptelinin, 1997) has, 
particularly, been a source of guidance during the design of the RoamWare 
prototype system. The concepts developed and explored within the scope of this 
thesis include but are not limited to:  “Seamless ongoing interaction”, “Interaction 
histories”, “Project contexts”, “Dynamic addressing”, and “Cognitive walkabout”. 
 
This second phase of concept and prototype development is well known in the 
HCI and CSCW area (sometimes labeled as "demo-or-die"), and it is described and 
realized in a number of different ways with different levels of formality (e.g. 
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“Requirement analysis” (Newman & Lamming, 1995), “Technical elaboration” 
(Fagrell, 2000), and the “Hunch-and-hack” approach (Holmqvist, 2000)). 
 
To summarize this phase according to the efforts made in this thesis, paper 4 
reports the theoretical elaboration and development of concepts, paper 5 illustrates 
the development of a prototype based on the theoretical elaboration, and finally, 
since the model outlined above suggests that concepts and prototypes of 
groupware systems have to be developed and continually extended through 
iterations, the last paper (i.e. paper 7) elaborates on some of the results from the 
first two evaluations of RoamWare (paper 6) together with the UMEA approach 
(Kaptelinin (1997), in order to continually improve the computer support and 
extend the concepts underlying the prototype. 
 
 
Phase 3: The concepts and prototypes must be evaluated in the context of 
teamwork 
 
The third phase is also a well-known part of HCI and CSCW research. The 
importance of evaluations of prototypes and validations of concepts cannot be 
stressed enough (Newman & Lamming, 1995). In this thesis a total of three 
evaluations have been conducted (two activity checklist evaluations reported in 
paper 6, and one more informal evaluation reported in paper 7). 
  
In the sixth paper two evaluations of RoamWare were conducted. The first 
evaluation aimed at exploring the use of the RoamWare system in detail. The goal 
of that evaluation was to test the different functions of the system and look for 
problems in the design. We also wanted to explore how members of a group would 
go about using the different functions on the system and how they would use it to 
support their work while being both co-located and dispersed from each other. 
After the use exercises we applied the focus group technique (Nielsen, 1994; Agar 
& MacDonald, 1995) and asked them questions concerning the use of the 
RoamWare system compared to using a ordinary email client. The second 
evaluation aimed at getting more contextual feedback concerning how and to what 
extent the system could support their work. For this reason we conducted an 
evaluation in the same setting as the one investigated which later gave rise to the 
idea which led to the design of the RoamWare system. To frame and organize the 
empirical data collected in the two evaluations made, we used the Activity Checklist 
(Kaptelinin, Nardi & Macaulay, 1999).  
 
This phase also has, as one aim, to identify loops for iterations. These iterations can 
concern the development of new prototypes, but are also needed for exploring new 
concepts, application domains, and needs. In this thesis this identification work is 
reported mostly in paper 7. In that last paper lessons learned from the earlier 
prototypes are built upon and the result is a refinement of the RoamWare system 
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into an integrated architecture for seamless ongoing interaction across mobile 
meetings and dispersed settings. Besides the refinement of RoamWare some new 
concepts were developed to frame the underlying idea of RoamWare (e.g. “dynamic 
addressing”). 
 
Finally, this last phase has, as an overall goal, to explore, not only the 
appropriateness of the concepts and prototypes developed to support a special kind 
of work setting, but also to validate the underlying theoretical models guiding the 
design as well as the methods used to come up with the results. As the final paper 
points out there is a lack of methods for evaluating and studying mobile CSCW 
applications in real use settings due to the environmental constraints related to the 
mobility of the group. From a methodological and geographical perspective, we are 
“chasing a running target”. In this thesis a “cognitive walkabout” approach is 
suggested for the study of mobile CSCW. However, it is also stressed that this 
suggested approach has a lot of drawbacks and that more work is needed within 
this particular area of research7. 
 
 

4.5 Moving between the three phases 
 
During the work with the thesis I have not aimed towards a complete match 
between the three phases and papers. Rather, as shown in the description of the 
three phases above, the papers overlap the three phases. From a pedagogical 
perspective that is preferable since it makes it easier to see how the individual 
papers in the thesis fit together. However, from a methodological perspective the 
movements between the phases are also associated with some typical and well-
known problems. Below I present these methodological problems related to 
moving from phases 1 to 2, and problems related to moving from phases 2 to 3, 
and also describe how these problems have been handled in this thesis. 
 
 
4.4.1 Moving from phases 1 to 2 
 
The purpose of phase 1 was to achieve a good understanding for both teamwork 
and for its supportive tasks, and the goal of phase 2 was to develop and continually 
extend concepts and prototypes of groupware systems. However, the movement 
from phase 1 to phase 2, or from understanding to design is not straightforward. This 
is a well-known and often discussed issue within the CSCW research community 
(e.g. Hughes, et al 1992; Huges, et al, 1993; Hughes, et al, 1994; Hughes, et al, 1997; 
Simonsen & Kensing, 1997). Typically, the question concerns ethnographically 
informed system design (Hughes, et al 1995; Blythin, et al, 1997; Rogers & Bellotti, 
1997), or the gap between ethnography, ethnomethodology,  technomethodology 
                                                 
7 See section 8 for a more detailed discussion of this issue. 
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and design (e.g. Shapiro, 1994; Button & Dourish, 1996; Hughes, et al, 1992). A 
main argument is that it is hard to go from an understanding of how something is, 
or interpreted from an observer viewpoint, to how it could be, as this new situation 
would radically change the situation observed. As a colleague stated a few years 
ago: “How do you conduct fieldwork on future work places?” 
 
In this thesis ethnographic observations have been conducted to provide an 
understanding of mobile work among service technicians at Telia Nära. 
Ethnography, as a method is usually about the specific, and about details 
concerning how people are actually doing their work rather then how they are 
describing their work (as in the case of interview studies). However, the objective 
of ethnographic study conducted within the scope of this thesis was to get a general 
overview and identify interesting areas of mobile work rather then analyzing this 
work in detail. I found it important not to get stuck in the current situation but 
rather use the empirical context as a background and inspirational source for 
developing new concepts and prototypes (i.e. phase 2). Thus, the focus was not to 
improve a current situation in any way, but rather use the case as a point of 
departure for thoughts as to how technology could support mobile group work. 
The focus has thus been on explorations of new use situations through 
explorations of new concepts, and illustrations of these concepts as implemented 
prototypes. 
 
To be able to distance myself from the empirical material collected during the 
fieldwork at Telia Nära and extract valuable empirical episodes I have chosen to 
complement the ethnographic approach with different theoretical models, e.g. Ellis 
time/place matrix (Ellis, et al, 1991) the UMEA approach (Kaptelinin, 1997) and 
the Activity checklist (Kaptelinin, Nardi and Macaulay, 1999). 
 
Within the CSCW field of research the use of theories in combination with 
empirical and ethnographic cases has proved to be quite successful (Kuttii & 
Arvonen, 1992; Turner, et al, 1999). As (Macaulay, et al (2000) claims, “the use of 
theories can provide a scaffold for the ethnographer entering the field, alleviating 
some of the concerns about ethnography being a black art with little place in the 
hard-headed world of design” (Macaulay, et al, 2000, p. 27). 
 
As mentioned above this thesis builds on several theoretical models and 
frameworks. I would however not want to term this an eclectic approach. Rather, I 
share the view presented by Shapiro (1994) that combinations of approaches or 
interdisciplinary work is preferred to broaden the understanding of a phenomenon, 
and that the models applied in this thesis can be used together or in different 
combinations as a “candy box” depending on the specific research question stated. 
Although, the fundamental theoretical view is somewhat coherent, as the next 
section will illustrate. This coherency is illustrated through the use of activity theory 
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informed models for both the design as well as the evaluations made on the 
RoamWare system8. 
 
 
4.4.2 Moving from phases 2 to 3 
 
A second problem related to the overall three phases applied in this thesis is how to 
move from phase 2 to phase 3, i.e. how to find appropriate ways of evaluating the 
concepts and prototypes developed. 
 
As mentioned above the issue of how to evaluate mobile IT support is not 
straightforward. Bergman (2000) presents some ideas on typical issues that could be 
focused on when conducting evaluations of information appliances, PDAs, or 
other mobile devices. However, the issues are still very traditional without taking 
into account the mobile use context, e.g. that the users are geographically on the 
move, shifting surroundings, new use constraints for every new situation that the 
user confronts, etc. This topic is, as mentioned before addressed as a question for 
further research in paper 7. Building upon the lessons learned during the first two 
evaluations made and reported in paper 6 the last paper elaborates on new ways of 
evaluating mobile services and related problems. From that elaboration a “cognitive 
walkabout” approach is presented. This idea builds mainly on the frequently 
applied “cognitive walkthrough” approach (e.g. Rieman, et al, 1991; Rieman, et al, 
1995; John & Packer, 1995; Rizzo, et al, 1997). However, as pinpointed at the end 
of the paper there are several questions related to this particular area that are in 
need of further research. 
 
A general and often discussed problem related to the third phase is that even 
though the prototypes should be evaluated in the context of teamwork the 
prototype itself changes the context to be studied. This thesis does not provide any 
solutions to this problem. However, an acknowledgement of the problem provides 
valuable insights related to the analyses of the prototypes in use. 
 
Overall, this thesis handles the problem of moving from phases 2 to 3 by focusing 
the evaluations on how well the concepts and underlying ideas have been possible 
to realize in the prototype systems developed. By using the same theoretical ground 
for design and evaluation the evaluations hopefully cover the most important 
aspects of the explorations conducted. 
 
The next section describes and discusses the underlying theoretical perspectives 
used during these three phases. As the next section will show, a coherent 
theoretical basis can be helpful for handling the problems described above related 
to moving between the three phases. 
                                                 
8 For more details concerning the choice of theoretical perspective I refer to section 5.  



50 
In between Mobile Meetings Paper 1

5. Theoretically informed mobile interaction support  
 
 
In this thesis the overall research question related to mobile interaction has been 
approached from several theoretical standpoints, and through the use of different 
models and conceptual frameworks. In this section I will list the frameworks used 
so far in research on mobile CSCW. I will also briefly describe the main theoretical 
perspectives within the CSCW research area and discuss to what extent they could 
provide guidance on how mobile interaction across co-located and dispersed 
settings might be supported. 
 
Overall, the first part of the thesis (reported in papers 1-3) found that mobile 
meetings are critical to mobile work and can be described as multithreaded, 
situated, work related, and opportunistic, and that the mobile workers put a lot of 
effort in to sustaining different threads of interaction across co-located mobile 
meetings and dispersed/computer mediated interaction. When moving from this 
first part of the thesis to the next phase on how mobile interaction might be 
supported the main theoretical perspectives in CSCW are reviewed according to 
their appropriateness as a guide for design of mobile interaction support.  
 
Recently, many empirically informed models of various types have been developed to 
describe mobile work. The models consider mobility as distributed work (Bellotti & 
Bly, 1996), and co-located work (Schmidt et al, 1998), sometimes also referred to as 
"mobile meetings" (Bergqvist et al, 1999). Models have also been developed to 
distinguish different modalities of mobility, i.e. visiting, wandering and traveling 
(Kristoffersen & Ljungberg, 1998), levels of mobility, e.g. micro-, local- and remote 
mobility (Luff & Heath, 1998) as well as "anytime, anywhere" models of mobile 
work (e.g. Kleinrock, 1996). However, no one has explored mobility and mobile 
meetings in the broader context of ongoing interaction.  
 
Instead of constructing another empirically grounded model of mobility I have 
explored how to use theoretical artifacts (i.e. the UMEA approach and the Activity 
Checklist) to inform the design of interaction support for mobile CSCW. I believe 
that there is a need to complement the empirically informed models in the area of 
mobile CSCW with theoretical approaches that could provide a more coherent 
understanding of basic principles related to interaction and interaction support. The 
importance of theories and models of meetings has been recognized before in the 
CSCW literature (e.g. Bennett & Karat, 1996).  
 
In the area of CSCW there are a few major theoretical perspectives that I believe 
have played a significant role in the development of the research area. Below I will 
describe and discuss these perspectives related to the research conducted within 
this thesis on mobile CSCW. Before formulating a couple of criteria needed to be 
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met from the theoretical foundation the underlying rationale for choosing a 
theoretical perspective is outlined. According to Eneroth (1984, p. 137), a 
theoretical perspective can be chosen in basically two ways. The first way is to, with 
a specific phenomena in focus, choose a perspective that highlights the most 
important aspects of it depending on the question formulated. The second way is 
to, based on a already defined concept or theory, try to find and explore a case 
which challenges and/or further develops this view.  
 
According to this background the theoretical perspective applied in this thesis has 
been chosen according to both of these two ways. In part one of the thesis (see 
section 4) ethnographic techniques were applied to grasp the mobile work setting. 
The nature of the studies was thus explorative and open-ended. After the 
explorative phase it came clear that certain aspects needed to be highlighted in 
more detail (according to the three criteria's described below). As a consequence, 
more specific questions were raised in phase two of this thesis concerning mobile 
interaction, modes of interaction (co-located and dispersed), session management, 
group addressing, etc. Thus, the second phase of the thesis is more theoretically 
informed and several concepts were applied, challenged, and proposed. With this 
background in mind the following discussion focuses on to what extent the main 
theoretical perspectives within the CSCW area can provide a good guidance for 
design of interaction support for mobile CSCW.  
 
In the discussion of the appropriateness of these perspectives the following three 
criteria related to interaction support for mobile CSCW will be used as a basis for 
my arguments:  
 

• Seamless and sustained interaction within a mobile group instead of “one -shot” interaction.  
So far, there have been few attempts, if any, to explore how interaction can be 
sustained in and between mobile meetings, despite the fact that earlier studies of 
lightweight interaction (e.g Whittaker et al, 1997) have concluded that current 
conversational theories so far have focused on one-shot interaction, having 
identifiable beginnings and ends, and that there is a need to extend these theories to 
also address new problems of connection, context regeneration and conversational tracking 
from a seamless ongoing interaction perspective. The issue of seamlessness is an 
important element within the CSCW research area. Ishii and Miyake (1991) defines 
it as unobtrusive integration of any noticeable system aspect into the surrounding context. 
Borghoff and Schlichter (2000, p. 127) distinguish between several types of 
seamlessness (i.e. communication media, working mode, phases of the group 
process, technology, and time). 
 

• Different interaction according to different levels of the activities performed. 
During the first phase of research it was noticed how a mission given to a mobile 
service technician could involve traveling to different sites, individual work with 
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specific problems, collaboration with colleagues, reporting of these problems and 
fixes to the central station, knowledge sharing during coffee breaks, etc. Thus, there 
were several levels of the activities performed of interest for further research. More 
specifically, the levels of interest concerned the individual level, the group level, and 
the organizational level (i.e. co-operation with the central station downtown). 
 

• Different interaction according to different hierarchies of activities  
Finally, a deepened understanding of how different hierarchies of activities are 
interrelated, and interdependent was needed to identify the role of mobile meetings 
as part of their everyday communication and how these meetings could be more 
seamlessly integrated in their everyday work to support interaction, knowledge 
sharing, and the co-building of a shared knowledge base.  
 
These three have been in central focus for the purpose of answering the overall 
research question stated in this thesis (i.e. What are the specific needs of interaction support 
related to mobile meetings and dispersed interaction, how might these be supported, and what are 
the implications for current interaction models and support within CSCW?). 
 
Below the perspectives offered by Distributed cognition, Coordination theory, 
Situated Action, and Activity Theory are discussed with these three aspects of 
mobile CSCW as a particular focus. 
 
 

5.1 Distributed cognition  
 
Distributed cognition has been widely used within the CSCW research community 
(e.g. Halverson & Rogers, 1998; Ackerman & Halverson, 1998; Hollan, et al, 2000; 
Whitson, 1988; Nirenburg & Lesser, 1986 and Wiberg & Grönlund, 1999). Briefly, 
distributed cognition can be described as: 
 
...a new branch of cognitive science devoted to the study of the representation of knowledge 
both inside the heads of individuals and in the world ...[and] ... the propagation of knowledge 
between different individuals and artefacts. By studying cognitive phenomena in this fashion it is 
hoped that an understanding of how intelligence is manifested at the systems level, as opposed to 
the individual cognitive level, will be obtained.' (Hutchins, 1995). 
 
Distributed cognition focuses on the distributed nature of cognitive phenomena 
across individuals, artefacts, and internal and external representations. In particular, 
the analysis of complex socially distributed work activities in which a diversity of 
technological artefacts and other tools are an indispensable part. 
 
The unit of analysis for distributed cognition analysis is distributed activities across 
human beings and artefacts. It thus describes distributed activities in terms of 
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socially distributed representational states, cognitively distributed representational 
states and technologically distributed representational states.  
 
The underlying idea of distributed cognition has been to apply the central idea 
underlying cognitive psychology of sensory inputs, representations and processes 
going on inside a person’s head to describe the same things as going on beyond the 
single individual. This opens the possibility to study cognition beyond the skin of 
the individual as well as the possibility to include artifacts and physical 
representations. Distributed cognition is a theory of "the in between", that is, what 
happens outside peoples heads, beyond their thoughts. It focuses on things and 
events taking place "in between" such as conversations use of artifacts, the artifacts 
themselves, and interaction between humans and between humans and artifacts. 
Further, Distributed cognition deals with what can be seen as observable cognition: 
 
"with systems of socially distributed cognition we can step inside the cognitive system and while 
some underlying processes (inside people's heads) remain obscured, a great deal of the internal 
organization and operation of the system is directly observable" (Hutchins, 1995). 
 
Distributed cognition puts a strong emphasis on representations and transformations , 
thus it focuses on the structure and processing of representations within a cognitive 
system. It examines the role of material media in which representations are 
embodied and of the physical processes that propagate representations across 
media. It also analyses how information is transformed through the different 
representations. As Hollan et al (2000) describes it, distributed cognition can be 
used to highlight how cognitive processes may be distributed across the members 
of a social group, how cognitive processes may involve coordination between 
internal and external (material or environmental) structure, and how processes may 
be distributed through time in such a way that the products of earlier events can 
transform the nature of earlier events (Hollan et al 2000, p. 176) 
 
Further, and according to the goal stated in this thesis, i.e. to provide mobile 
groups with interaction histories to support sustained and dynamic interaction, the 
theory of distributed cognition could have offered guidance into automated 
gathering of activity histories. 
 
"Just as computation can be used to create potentially more flexible and effective active 
representations, it can also be used to allow representations to record their history of use and 
make that history available in ways that inform tasks and facilitate interaction. We think that 
automated gathering of activity histories provides rich opportunities for pursuing the event-
centered ethnography we are proposing."  (Hollan et al 2000, p. 187). 
 
As seen in the quote above distributed cognition is not only focused on the present 
situation, but rather on how the cognition distributed across time and places can be 
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used in human problem solving by off-loading cognitive workload efforts to the 
environment.  
 
Overall, a distributed cognition approach to the overall research question 
formulated in this thesis could have offered a thorough understanding of different 
cognitive transformational states across individuals, places, groups and artifacts. 
For example it would probably have offered a good understanding of the teamwork 
of the technicians according to the physical conditions for interaction, the 
knowledge that is necessary for the management of the interaction, and the 
technologies (cognitive artifacts) that can support the interaction. Actually, this 
theoretical perspective has been explored in relation to this thesis (i.e. Wiberg & 
Grönlund, 1999). 
 
When it comes to informing the design of mobile interaction support this 
perspective could give rich details about specific collaborative problem solving 
activities and how a single mobile meeting is part of a collaborative cognitive 
process with distinctive transformational states. However, to provide a good 
understanding of how mobile meetings, as sub activities in work processes, could 
be supported across different project contexts goes beyond the scope of distributed 
cognition. 
 
However, even though distributed cognition is widely described as a theory of the 
'in between', which is somewhat a focus of this thesis, distributed cognition has 
some shortcomings when it comes to the three criteria formulated before. More 
specifically, a distributed cognition approach would probably not provide a good 
understanding of how the different threads of interaction could be managed 
according to different goals of the group members. Further, it would probably have 
overlooked the problem of how to handle different threads of interaction as 
belonging to different hierarchies of activities (e.g. different projects, different 
subgroups, etc). Finally, the different threads of interaction would probably not 
have been identified as belonging to different project contexts, thus resulting in an 
understanding of the interaction taking place as a single ongoing stream of 
transformational states towards a collective and harmonic system goal, as a 
consequence of an ignorance of human activities as hierarchically ordered and goal 
oriented. As Nardi (1996) puts it: 
 
"A distributed cognition analysis begins with the positioning of a system goal, which is similar to 
the activity theory notion of object, except that a system goal is an abstract systematic concept 
that does not involve individual consciousness." (Nardi, 1996, p. 79). 
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5.2 Coordination theory 
 
The notion of coordination is widely used in the CSCW community and various 
theoretical perspectives focusing on coordination in cooperative work have been 
applied in CSCW (e.g. Sørgaard 1987; Sørgaard 1988). Authors such as Strauss 
(1985), and Gerson and Star (1986), have used the notion of coordination to 
understand and describe work, while others, (e.g. Schmidt & Simone 1996), have 
been more interested in establishing a theoretical foundation for CSCW design. 
Some examples are: Displans, an approach and programming language for the 
implementation of coordination mechanisms (Holt 1988); Oval, a development 
environment of computer-supported coordination based on the idea of radical 
tailorability, i.e., that the users themselves should be able to design and re-design 
their applications according to their own specific needs (Malone et al. 1995); and, 
Ariadne, a general notation for the development of co-ordination mechanisms 
based on the theory developed by Schmidt, Carstensen, and colleagues (Schmidt 
and Simone 1996). 
 
Within management literature, workflow systems are often suggested as an 
approach to improve the coordination aspects of work (e.g. Abbott & Sarin 1994). 
The aim of workflow systems is to automate tasks in work processes, most notably 
the coordination of activities among participants, so that, for example, tasks when 
completed are automatically routed to the next person in the work process 
(Ljungberg, 1997). Coordination is also an important topic in organizational theory, 
especially in literature on organizational design (e.g. Mintzberg 1983). 
 
Most perspectives on coordination start out from the problem of how to cope with 
interdependency. Co-operative work, it is argued, makes people interdependent on 
each other, and for that reason, they have to co-ordinate their individual efforts. 
What essentially distinguishes cooperative work from individual work is accordingly 
the need for co-ordination (Carstensen, 1996). This implies, Carstensen (1996) claims, 
that we can make an analytical distinction between two kinds of activities in 
cooperation, namely tangible work and coordination work. However, this distinction is, 
as mentioned above, analytical. In practice, co-ordination and other work activities 
are intertwined with each others in complex ways.   
 
Malone & Crowstone (1990), the founders of Coordination Theory, define 
coordination as follows: 
 
"The act of managing interdependencies between activities performed to achieve a goal" (Malone 
& Crowstone, 1990). 
 
A Coordination Theory approach to the research question stated in this thesis 
could have highlighted several important aspects related to interdependent tasks 
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between mobile workers within the group and their cooperation with the central 
station. This deepened understanding of these problems could have been a valuable 
source and a guidance for issues on coordination support for task exchanges, etc.  
According to the analytical distinction made above a coordination theory approach 
would have offered a good understanding of the coordination work but very little 
support to think about the tangible work, i.e. in this case all the activities taking place 
outside the computers which is a very central aspect of mobile work9. 
 
To summarize this according to the three categories outlined above, this approach 
would have focused more on how different threads of interaction should be 
interconnected depending on interdependent tasks, topics, etc., rather then 
focusing on how to sustain the interaction across different modes of interaction 
(i.e. co-located/face-to-face and dispersed/computer-mediated). Further, this 
modeling of how these different threads of interaction should be interconnected 
would probably be based on a predefined schema of how different topics, tasks and 
group constellations are interrelated. Thus, this approach would probably have left 
out the unplanned and spontaneous (i.e. the situated) aspects of mobile interaction. 

 
 

5.3 A Situated action approach  
 
Suchman (1987) and her Situated Action approach have played a major role in 
CSCW research and, since mobile IT use and the mobile use context is sometimes 
described as highly situated, e.g. Kristoffersen et al (1998) and Dourish, (2000), the 
Situated Action approach is worth considering in exploring the issue of mobile 
meetings as part of a larger work context with a specific focus on support for 
sustained interaction.  
 
Suchman (1987) is particularly concerned with systems that interact with people 
based on some notion of intelligence, e.g., trying to understand what the user wants 
to accomplish and how they go about their decision making, and based on that, 
take purposeful actions. Albeit not always made consciously, the design of such 
systems always makes assumptions about human behavior. The cognitive science 
perspective of human behavior relies on a planning model, suggesting that human 
action always derives from predefined plans. Interactive systems, relying on such a 
perspective, are therefore designed to recognize the user’s current plan, and based 
on that, take appropriate actions. Suchman’s (1987) study of an expert help system 
based on a cognitive approach, implies that problems could occur when the users’ 
actions do not proceed according to the plan implemented in the system, simply 
because the system, when this happens, stops responding appropriately (Suchman 
1987, p. 121 - 170). 

                                                 
9 For a more detailed discussion of this see section 2.1.2. 
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"The insistence on the exigencies of particular situations on the emergent, contingent character 
of action is a reaction to years of influential work in artificial intelligence and cognitive science in 
which 'problem solving' was seen as a 'series of objective, rational pre-specified means to ends' " 
(Nardi, 1996, p. 72). 
 
The alternative suggested by Suchman (1987) is the ethnomethodological 
perspective. Etnomethodology was mainly developed by Garfinkel (1967) in the 
1960s. It is concerned with explaining the ordinary and obvious day-to-day actions 
on a very detailed level of analysis. In fact, inquiry should take place at a very fine-
grained level of minutely observed activities, inextricably embedded in a particular 
situation (Nardi, 1996). This detailed and non-theory approach has been criticized 
as implying a gap when it comes to informing systems design10.  
 
Lave (1988) identifies the basic unit of analysis for situated action as "the activity of 
person-acting in setting". According to Lave (1988) the unit of analysis is thus not 
the individual, nor the environment, but a relation between the two. Further, a 
setting is defined as a relation between acting persons and the arenas in relation 
with which they act.  
 
An important aspect of the "activity of persons-acting in setting" is, according to 
Nardi (1996), that it forces the analyst to pay attention to the flux of ongoing 
activity. Further, Situated action emphasizes responsiveness to the environment 
and the improvisatory nature of human activity (Lave, 1988).  However, while 
emphasizing improvisation and response to contingency, situated action de-
emphasizes the study of more durable, stable phenomena that persist across 
situations. With the particular question raised in this thesis in mind, this implies 
that a situated action approach to the question stated would probably have 
provided a good understanding for the interaction happening as an activity that 
emerges out of the particular settings in which they take place. However, due to the 
problem of the situated action approach in following long-term contingent 
activities it would also miss out how single meetings and dispersed interactions are 
interconnected as part of the everyday routines, knowledge sharing processes, 
planning activities, and decision making processes taking place within the group of 
mobile service technicians at the research site of Telia Nära. Or, put otherwise: 
 
"Situated action accounts may then exhibits a tension between an emphasis on that which is 
emergent, contingent, improvisatory and that which is routine and predictable." (Nardi, 1996, p. 84). 
 

                                                 
10 For a more detailed discussion of the problems related to the gap between ethnography, 
ethnomethodology, technomethodological and design as pointed out by Shapiro (1994); Button 
& Dourish, (1996) and Hughes, et al, (1992) I refer to section 4.4.1. 
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Further, a Situated action approach would probably also have offered a good 
understanding for how each new setting influenced the interaction within the group 
and their communication with the central station staff11.  
 
To summarize, applying a Situated action approach in this thesis could have 
provided a rich understanding of situations as continuously changing and 
interaction as emerging in these settings. Further, this approach might also have 
offered a deepened understanding of how the social and material surrounding 
would have influenced the work, how meetings were established and topics 
discussed, etc. However, since one activity cannot be distinguished from another by 
reference to an object or motive (Nardi, 1996) this approach would not provide any 
guidance of how different activities observed in different settings are 
interconnected, interdependent or related. Thus it would provide very little 
guidance on how to collect and order interaction to support ongoing interaction. 
An almost opposite view of human activities is offered by Activity theory, as the 
next section will show. 
 
 

5.4 Activity theory 
 
In CSCW, and related fields such as HCI, activity theory has been used for making 
sense of work practices (e.g. Nardi 1996), as a theoretical foundation for design 
(e.g. Raeithel 1992), and as a design paradigm for CSCW systems used to analyse 
real work settings (e.g. Kuutti and Arvonen 1992). 
 
The theory has several historical origins, ranging from classical German philosophy 
to the writings of Marx, as well as the work of Vygotski, Leontev and Luria in the 
Soviet Union in the beginning of this century (Kuutti 1994, pp. 51).  
 
Activity Theory takes into account social, cultural, historical and psychological 
aspects of human activities. By doing this, the idea is to give a rich understanding 
of human beings, their goals and motives, in their natural environment. The unit of 
analysis in Activity Theory is the Activity. Kaptelinin & Nardi (1997) describe the 
basic elements to consist of three things, (1) a subject, an individual or a group), (2) 
a motive or an object, and (3) socio-cultural rules (Kaptelinin & Nardi, 1997). 
   
"In Activity Theory the unit of analysis is an activity. Leont'ev, one of the chief architects of 
Activity Theory, describes an activity as being composed of subject, object, actions, and 
operations (1974). A subject is a person or a group engaged in an Activity. An object (in the sense 
of "objective") is held by the subject and motivates activity, giving it a specific direction. "Behind 

                                                 
11 For more details about this see paper 3  
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the object," he writes, "there always stands a need or a desire, to which [the activity] always 
answers."."(Kaptelinin & Nardi, 1997). 
 
The Activity Theory consists of five principles, together forming a general 
conceptual tool or framework for context analysis. The principles are one by one; 
object-orientedness, hierarchical structure of activity, internalisation/ 
externalisation, tool mediation, and development. Those five will be further 
described below: 
 
 1. Object-orientedness 
The first principle constituting the framework tells us that every activity is directed 
to an existing object. According to Activity Theory, human activity can be directed 
to two kinds of objects; (1) to human beings and (2) things. 
   
"The notion of an object is not limited in Activity Theory to the physical ... Social and culturally 
determined properties are also properties that can be studied with objective methods." 
(Kaptelinin & Nardi, 1997). 
   
2. Hierarchical structure of activity 
The second principle, hierarchical structure of activity, describes that activities can 
be organised into three different hierarchical levels; (1) activities, (2) actions, and (3) 
operations. The relationship between them is that activities correspond to motives, 
i.e. top-level goals. Those motives are grounded on some need or desire. Actions 
are carried out to fulfil the motives. While actions and their goals are conscious, 
people do not have to be consciously aware of their motives. Actions are driven or 
pulled by goals. These goals can be broken down into lower level goals, i.e. 
subgoals. 
 
"Actions are goal-directed processes that must be undertaken to fulfil the object. They are 
conscious (because one holds a goal in mind), and different actions may be undertaken to meet 
the same goal." (Kaptelinin & Nardi, 1997). 
 
Activity Theory describes operations as the lowest hierarchical level of an activity. 
According to Activity Theory an action becomes an operation when it is performed 
automatically and unconsciously. Operations do not correspond to any conscious 
goal as action does. Instead, operations react to the conditions. In case of changed 
conditions a breakdown can occur and the operation can be transformed back into 
an action. 
   
3. Internalisation/externalisation 
The third principle is the internalisation and externalisation of activities. As 
Kaptelinin & Nardi says, internalisation is a transformation of external activities 
into internal ones. The transformation can involve making routine work explicit, 
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i.e. an externalisation or learn to do something without explicit thinking about the 
specific details of the activity, i.e. internalisation. However, as the authors claim; 
 
"internal activities cannot be understood if they are analysed separately, in isolation from external 
activities, because it is the constant transformation between external and internal that is the very 
basis of human cognition and activity." (Kaptelinin & Nardi, 1997). 
 
  4. Tool mediation 
The fourth principle is mediation. As Activity Theory claims, the tool surrounding 
us mediates activity. The tool refers to tools in the broad sense of including both 
external (like computers, calculators, etc.) and internal ones (like concepts, laws, 
logic, etc.). The principle of tool mediation plays a central role in the Activity 
Theory. According to Activity Theory artefacts such as information technology, 
signs, etc.mediate activity. 
 
"tools shape the way human beings interact with reality. Shaping external activities results in 
shaping internal ones...tools usually reflect the experience of other people who tried to solve 
similar problems before and invented/modified the tool to make it more efficient and useful." 
(Kaptelinin & Nardi, 1997). 
 
As Kaptelinin & Nardi (1997) claims, artefacts carry with them a particular culture 
and history and are persistent structures that stretch across activities through time 
and space. 
   
5. Development 
The fifth and last principle is development. Looking back on the description of the 
forth principle it is of great importance to consider and understand how a 
phenomenon has developed over time into its existing form. The framework makes 
it clear that tools are not just constructed to solve a problem. Rather they carry with 
them a history and are themselves a result of transformations, historical as well as 
cultural and social. 
   
"Activity Theory sees all practice as being reformed and shaped by historical development." 
(Kaptelinin & Nardi, 1997). 
   
These different principles should not be seen as isolated ideas but rather as an 
integrated system. The fundamental idea and purpose of the principles is to provide 
an opportunity to structure and orient thought and research.  
 
The activity focus of Activity Theory 
 
Kuutti (1994) describes Activity theory as primarily concerned with human 
activities, such as work. An activity is an action directed towards an object, in the 
sense of "objective" (Nardi, 1996), which is transformed by a subject, i.e., a human 
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actor or a group, using one or several tools, into an outcome. This is assumed to 
take place in a community, i.e., among subjects sharing the same object. The three 
parts of an activity, i.e., subject, object and community, which together produce the 
outcome, are related to each others through so called mediators (Kuutti and Arvonen 
1992, pp. 235 - 236). The relationship between the subject and the object is mediated 
by the tool, the relationship between the subject and the community is mediated by 
rules, and finally the relationship between the object and the community is mediated by 
the division of labour. The above items, when put together, form “the basic structure 
of an activity” (Kuutti 1994, p. 54). See figure 15 below. 
 

 
 
Figure 15. The basic structure of an activity (Kuutti 1994, p. 54), showing the parts of an activity and 
their mediators. The gray lines symbolize the relationships between the parts, the black lines how 
these relationships are mediated. 
 
As described by Kaptelinin, Nardi, & Macaulay, (1999) two ideas can be said to 
underly Activity Theory. First of all, the human mind emerges, exists, and can only 
be understood within the context of human interaction with the world and second, 
this interaction, that is activity, is socially and culturally determined. Further, 
activities are longer-term formations (processes) and their objects are transformed 
into outcomes not at once but through a process that consists of several phases. Activities 
can further be divided into actions or chains of actions. Moreover, activities may 
overlap in that different subjects engaged together in a set of coordinated activities 
may have multiple or conflicting objects (Nardi, 1996). 
 
In the light of the three criteria pinpointed in the introduction of this section an 
Activity theory approach offers the possibility to follow different activities, e.g. 
sustained interaction, across different geographical locations and while being co-
located or dispersed from each other, since the activity itself is the context for the 
analysis. 
 
"Activity theory, then, proposes a very specific notion of context: the activity itself is the context. 
What takes place in an activity system composed of object, actions, and operations, is the context. 
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[...] A context cannot be reduced to an enumeration of people and artifacts; rather the specific 
transformative relationship between people and artifacts, embodied in the activity theory notion 
of functional organ, is the heart of any definition of context, or activity." (Nardi, 1996, p. 76). 
 
Further, Activity theory offers an object oriented view making it possible to follow 
different, and sometimes conflicting objects or projects. This object oriented view 
thus makes it possible to follow different threads of interaction according to 
different goals, levels of activities and how they are interrelated as tangled 
hierarchies of activities. 
 
 

5.5 Activity theory informed mobile interaction support 
 
According to this overview of the main theoretical frameworks applied within the 
area of CSCW I found Activity Theory to be the most suited as a guide to how 
mobile interaction might be supported. More specifically, to explore how to sustain 
and provide access to different threads of interaction across time and place. Still, as 
pointed out by Nardi (1996): 
 
"Human-computer interaction studies are a long way from the ideal set out by Brooks (1991): a 
corpus of knowledge that identifies the properties of artifacts and situations that are most 
significant for design and which permits comparison over domains, generates high-level analyses, 
and suggest actual designs." (Nardi, 1996, p. 96).  
 
As a contribution to this statement this thesis has applied two theoretical artifacts 
with their roots in Activity theory to the design and evaluation of RoamWare, a 
groupware support for ongoing interaction across mobile meetings and dispersed 
settings, i.e. the UMEA (User Monitoring Environments for Action) approach and 
the Activity Checklist. For the thesis I have chosen to rely on these tools for the 
following reasons: 
 
• First, the UMEA approach met my needs for a framework that could guide and 

inform the design of RoamWare as a mobile support for collaborative higher-
level user actions across co-located and dispersed settings due to its underlying 
ideas on user monitoring, interaction histories and project contexts. 

 
• Second, Activity Checklist is specifically developed for evaluations of CSCW 

applications in use.  
 
• Finally, besides the suitability of Activity Theory as a theoretical approach to the 

research question stated, none of the other theoretical approaches discussed 
above in this section provide any similar concrete tools such as the UMEA 
approach and the Activity checklist to enable a movement from a theoretical 
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level of mobility and human activities to a more concrete level of how this kind 
of work might be supported. These two tools or artifacts are further described 
in the next two sections. 

 
5.5.1 The UMEA approach 
 
To describe how these higher-level user actions could be supported in computer 
supported environments Kaptelinin (1997) has developed the UMEA (User-
Monitoring Environments for Action) approach. The UMEA approach is heavily 
influenced by Activity Theory, and the underlying idea of the UMEA approach is 
that interactive environments are still application-oriented and that there is a need 
to support higher-level users actions.  
 
UMEA systems are intended to support the accomplishment of higher-level 
meaningful goals by facilitating reflection, resource integration, portability, and co-
operation by focusing on providing users with support for converting interaction 
histories into project contexts as way to minimize overheads, integrate self-management 
with communication and management of tools and materials, and capitalize upon 
actual work practices of users. 
 
However, since the UMEA approach was originally developed to explore how 
single user stationary systems should be designed it was extended as follows to 
meet the specific requirements of the mobile work context as reported in paper 4: 
 

• Mobile work involves a lot of critical actions outside the computer. Thus 
these actions must be covered by the UMEA approach. 

• Higher-level user actions and action chains in this case refer to series of 
connected meetings. 

• Each individual worker has his or her own interaction history containing 
both physical and virtual sessions of interaction. 

• The higher-level user action involves other persons. These persons past and 
future actions are important for the continuum of the individuals activities.  

• A project is no longer e.g. the editing of a document across several tools but 
threads of meetings across physical and virtual arenas. 

 
Still, the underlying idea remains intact, i.e. the focus on automatic creation of 
interaction histories through user monitoring and support for converting 
interaction histories into project contexts. 
 
This framework was used to guide the design of RoamWare. For further details 
concerning how RoamWare supports automatic generation of interaction histories 
and how these can be converted into project context see papers 5 and 7. 
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5.5.2 The Activity Checklist 
 
The Activity Checklist is an artifact developed by Kaptelinin, Nardi and Macaulay 
(1999) intended for use in the early phases of design or evaluation of existing 
systems. Kaptelinin, Nardi and Macaulay (1999) present both evaluation and design 
versions of the checklist. The checklists are constructed on the basis of main 
concepts and principles underlying Activity Theory, each offering a list of think-
about-items for design and evaluation. The main purpose of the checklist is to help 
identify the most critical issues involved in evaluation and design. The Activity 
Checklist provides the questions to raise in order to capture and structure a 
complex context.  
 
The Activity Checklist is intended to elucidate the most important contextual 
factors of human-computer interaction. It is a guide to the specific areas that a 
researcher or a practitioner should be paying attention to when trying to 
understand the context in which a tool will be or is used. 
 
The checklist puts a heavy emphasis on tool mediation. That principle of Activity 
Theory is then systematically combined with the other four basic principles. 
 
There are four perspectives incorporated in the checklist. These are: (1) means and 
ends, (2) social and physical aspects of the environment, (3) learning, cognition and 
articulation and (4) development.  For more details concerning the content and the 
use of the activity checklist I refer to paper 6. 
 
In the next section the individual papers included in the thesis are related to each 
methodological phase as described in section 4 followed by a summary of the 
results from the research process according to each paper. The results are separated 
from the conclusions since the results concern necessary accomplished activities 
performed during the research process, whereas the conclusions concerns the 
overall contributions of the thesis. 
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6. Results 
 
 
In this section I summarize the main results of the research process. Before 
describing the detailed results reported in each paper I first illustrate how each 
paper maps to the three methodological phases presented above (table 3 below): 
 

Phase 1 

Understanding must be 
achieved for both teamwork 
and for its supportive tasks. 

Phase 2 

Concepts and prototypes of 
groupware systems have to be 

developed and continually 
extended 

Phase 3 

The concepts and prototypes 
must be evaluated in the 

context of teamwork. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Table 3. Illustration of how the individual papers in the thesis map to the three methodological steps 
presented above. 

 

Paper 1: Collaboration 
on the move: An 
empirical study of mobile 
work at Telia Nära 
 
- Exploration of how 
service technicians at Telia 
Nära works together as a 
mobile group with the use 
of mobile technology. 

Paper 2: Exploring the 
vision of “anytime, 
anywhere” in the context of 
mobile work 
 
- Exploration of 
dependencies in  mobile 
CSCW on time, place & 
travelling.  

Paper 3: Knowledge management 
and mobility in a semi-virtual 
organization: Lessons learned from 
the case of Telia Nära 
 
- Identification of the need of  skill-,  
responsibility-, & conflict management 
systems  
This paper moves towards needs for 
new systems to support mobile CSCW 

Paper 4: Modeling mobility: 
Exploring the design space 
for enabling seamless 
ongoing interaction for 
mobile CSCW 
 
- Based on the needs for 
ongoing interaction noticed 
during phase 1 this paper 
explores concepts and 
technological support for this.  

Paper 5: Using wireless inter-
PANs to enable seamless 
ongoing interaction across 
mobile meetings and 
dispersed settings 
 
- Prototype system developed to 
support ongoing interaction 
across mobile meetings and 
dispersed settings. 

Paper 6: Knowledge 
management in mobile 
CSCW: Evaluation results of 
a mobile physical/virtual 
meeting support system 
 
- Two evaluations made of 
RoamWare. The first one as an 
experiment and focus group 
evaluation. The second one at 
Telia Nära. 
 
- Detailed analysis of how 
RoamWare could support 
mobile CSCW and the effects 
of such support on group 
collaboration. 
 
- Attempt to investigate to what 
extent mobile meetings could 
be integrated into explicit 
knowledge sharing processes 

Paper 7:  RoamWare: An Integrated 
Architecture for Seamless Interaction In 
between Mobile Meetings 
- Building on the results from the evaluations 
made (paper 6) this paper presents a full 
implementation of RoamWare illustrating the 
concepts of ‘invisible computer support’, 
dynamic addressing’, and ‘divided use’ instead 
of ‘divided attention’. 
- Initial use results are also reported. 
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As seen in table 4 above there is, as stated before, not a complete match between 
papers and phases. However, the papers all together cover the phases quite well. 
Further, the table above shows how the positions of each individual paper in the 
figure reveal the main focus related to the three methodological phases described 
earlier (i.e. a focus on understanding of teamwork, development of concepts and 
prototypes, or evaluations). 
 
The main results presented in the seven papers are summarized in the following 
sections: 
 
 

6.1 Paper 1: Collaboration on the move: An empirical study of mobile 
work at Telia Nära 

 
The first paper reports empirical data collected during a short ethnographic field 
study of mobile CSCW (Computer-Supported Cooperative Work) conducted at 
Telia Nära. The purpose of the paper was to provide a description of how mobile 
service technicians collaborate as a group with the use of mobile technology.  
 
The paper describes the implementation of mobile technology at Telia Nära and 
how the mobile service technicians use the IT support in their every-day work. The 
paper adds to the current body of research within the areas of mobile computing 
and mobile CSCW by proving a rich description of an empirical case in which the 
use of mobile IT is a necessary and organized part of their every-day work. 
 
During this first initial study of mobile CSCW at Telia Nära several new 
methodological problems needed to be faced, e.g. how to follow the collaboration 
between dispersed workers who were constantly moving around. Since I was the 
only one carrying out this study I used follow-up questions to get information 
about the other party during phone-calls and information about what other 
colleagues were doing. Even if we had been several observers who had each 
followed one mobile service technician, each problems would have emerged 
concerning how to synchronize our field notes and how to describe what happened 
in the different contexts over time. 
 
A main contribution offered in the paper is a detailed study of mobile CSCW as 
collaboration on the move, and the identified need for:  maintaining several threads 
of interaction, flexible planning, and the need for shared home bases for 
knowledge-sharing and socialization. 
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6.2 Paper 2: Exploring the vision of “anytime, anywhere” in the context of 
mobile work 

 
The second paper explores the vision of "anytime, anywhere" in the context of 
mobile work. The exploration is done empirically. Using qualitative research 
methods, we studied to what extent work tasks are dependent on time and place. 
We analyzed the data using a 2x2 matrix, with the two axes “time” and “space,” 
which both have the categories “dependent” and “independent.” One of the four 
situations is “anytime, any where,” while the other three are dependent on time, 
place, or both. We found instances of work in all four categories. Some traveling 
seems very difficult to escape, simply because there are places that staff need to 
visit physically to do their job. For example, to repair a telephone pole you need to 
go there. We also found there are time frames that staff cannot escape. For 
example, rebooting parts of the telephone network has to be done at night. Lastly, 
there are work tasks that seem pretty much independent of time and space, e.g., 
scheduling and rescheduling of activities. Accordingly, the vision of “anytime, 
anywhere” is not easy to realize in the case of the mobile workers we studied. 
 
The analysis of mobile work according to the 2x2 matrix contributes to the almost 
taken for granted view of mobility as independent from time and the geographical 
location, i.e. mobility as “anytime, anywhere” work.  Through the broader 
perspective on mobility offered in this paper we believe that even more interesting 
services is possible to identify that go beyond “anytime, anywhere” access to 
information, e.g. services based on positioning of people, places, and physical and 
digital objects, place-based coordination services, tagged and digitally enhanced 
physical environments, etc. This broader perspective on mobility might also be 
useful for applications such as: route planning support, mobile work report 
systems, etc. However, as the next paper in this thesis will show this analytical tool 
also reveals collaboration problems related to the time and place dependencies of 
mobile work. 
 
 

6.3 Paper 3: Knowledge management and mobility in a semi-virtual 
organization: Lessons learned from the case of Telia Nära 

 
The third paper reports ethnographical research in search of new ways of designing 
CSCW systems that support knowledge management in a semi-virtual organization. 
One such way, suggested in this paper, is the design of mobile CSCW systems from 
the perspective of the developed NIR-model. According to the principles of the 
NIR-model and the empirical findings three concrete areas are worth mentioning; 
(1), There is a call for Responsibility Management. (2), Conflict Management 
becomes important. (3), Skill Management seems to be of great importance. This 
paper ends by concluding the impact of the NIR-model as an analytical tool, as well 
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as highlighting important aspects of knowledge management of particular concern 
when designing CSCW systems for semi-virtual organizations.  
 
As this third paper illustrates, mobile work includes both co-located and dispersed 
interaction. It has also illustrated that problems arise when interaction is lacking in 
between these two modes. With these observations in mind the next paper explores 
the possibilities for and limitations of enabling ongoing interaction across co-
located and dispersed settings. 
 
 
6.4 Paper 4: Modeling mobility: Exploring the design space for enabling 

seamless ongoing interaction for mobile CSCW  
 
This forth paper reports a theoretical exploration of the possibilities for and 
limitations of enabling seamless ongoing interaction across physical and virtual 
arenas for mobile groups by the use of interaction objects and connection objects. The 
exploration builds on the findings from papers 1-3 and was guided by the UMEA 
approach that has its theoretical roots in Activity Theory.  
 
A theoretical point of departure in this paper is that session management models 
and technologies to support interaction are, so far, typically based on a narrow view 
of interaction. This view neglects that interaction is ongoing rather than strictly 
separated as well as it dynamically crosses physical (i.e. co-located and face-to-face) 
and virtual (i.e. computer-mediated) arenas. 
 
The paper derives some practical requirements for systems intended to support 
seamless ongoing interaction for mobile groups and discusses their implications for 
session management models for mobile CSCW systems. A concrete result offered 
in this paper is a theoretically informed coherent model of mobility and ongoing 
interaction in a mobile work context. This model provides a coherent view on this 
subject not presented in the literature before. 
 
Based on these findings, the next paper describes the design of RoamWare, a 
system to support seamless ongoing interaction for mobile groups. 
 
 

6.5 Paper 5: Using wireless inter-PANs to enable seamless ongoing 
interaction across mobile meetings and dispersed settings 

 
Building on the results of paper 4 this paper presents a prototype system called 
RoamWare, specifically developed to support seamless ongoing interaction across 
co-located mobile face-to-face meetings and dispersed work settings by use of 
Internet technology and inter-PANs (i.e. inter-personal area networks realized 
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through ad-hoc network connections established across several mobile devices 
belonging to different users).  
 
The paper describes the requirements for RoamWare, and how these have been 
realized in the system. The paper also discusses how RoamWare meets the 
requirements as well as it concludes that future research is needed to really evaluate 
RoamWare.  
 
The implementation of RoamWare contributes to the field of HCI and CSCW by 
illustrating how session management models can be modified to incorporate 
spontaneous mobile meetings into ongoing sessions of interaction. 
 
 

6.6 Paper 6: Knowledge management in mobile CSCW: Evaluation 
results of a mobile physical/virtual meeting support system 

 
The sixth paper reports from two evaluations made on RoamWare, from the 
perspective of RoamWare as a mobile physical/virtual meeting support system 
intended to support knowledge management (KM) in mobile CSCW (Computer 
Supported Cooperative Work). As described above, the design of RoamWare was 
based on a previous empirical study of knowledge management and mobility at 
Telia Nära.  
 
The evaluation of RoamWare was made in two ways: (1) by exercises and, focus 
groups and, (2)by demonstration and interviews. The main objective of this 
research was to explore two issues: 1) The use of the RoamWare system to support 
knowledge management 2) The way in which RoamWare could be integrated in 
everyday work.  
 
A concrete result from this study is offered by the report on how RoamWare could 
successfully be used to integrate informal mobile meetings into the larger 
organizational context of knowledge processes. Further, the evaluations made on 
RoamWare verify the theoretical model developed in paper 4 concerning the 
possibilities for and limitations of enabling ongoing interaction in between mobile 
meetings. The paper ends by highlighting important aspects of knowledge 
management of particular concern when designing mobile CSCW systems, as well 
as summing up the impact of Activity Checklist as an analytical tool and the 
strengths of using the UMEA approach to guide design of knowledge management 
systems to support mobile CSCW.  
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6.7 Paper 7: RoamWare: An Integrated Architecture for Seamless 
Interaction In between Mobile Meetings 

 
The last paper included in this thesis reports the final step in a research project that 
has aimed at developing novel meeting support for mobile CSCW. Taking into 
account the work reported in papers 1-6 this paper presents an iteration made 
according to the three methodological phases described above. The iteration 
included both the development of new concepts as well as the design and 
implementation of a second version of RoamWare. The underlying idea behind this 
second version of RoamWare was to integrate spontaneous mobile meetings with 
in between meeting support, and divide the use between different situations rather 
than users attention. As a result of the efforts made on this topic an integrated 
architecture called RoamWare is proposed that illustrates the concepts of divided 
use, invisible computer support, and seamless ongoing interaction across physical 
and virtual meetings. Having outlined the system this paper then reports on some 
initial use results and relates it to other research attempts before concluding the 
paper. 
 
Besides the design and development of RoamWare and the initial user studies 
reported, this last paper also discusses the issue of privacy related to RoamWare. 
Further, this paper is a concrete result of the continually extended work with 
concepts and prototypes. Specifically, this paper illustrates how user monitoring as 
suggested by the UMEA approach can be successfully combined with a split use 
approach to implement invisible computer support. 
 
A final result  reported in this last paper is the development and implementation of 
the “dynamic addressing” concept as a way of re-establishing physical face-to-face 
meetings through a virtual or computer-mediated medium (e.g. chat, email, etc). 
Further, but beyond what is reported in this final paper, the work conducted on the 
radio devices developed for the RoamWare system (i.e. RoamWare :: Radio) 
resulted in some technical contributions as well, e.g. an illustration of a mobile ad 
hoc network with no central server (necessary since people tend to come and leave 
mobile meetings dynamically), a protocol needed to handle radio disturbances, 
handling of data collisions of radio transmitted data packets, parallel and 
synchronous checksum handling from multiple radio devices, and the handling of 
resubmission of data packets.  
 
To sum up, this final paper points at interesting future areas of research concerning 
integration of IT use across stationary computers, laptops, handholds and wearable 
devices, which are context-aware, ubiquitous, and seamlessly interconnected. 
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7. Summary conclusions 
 
 
In this section I describe the overall contributions of the thesis. The thesis answers the 
question: What are the specific needs of interaction support related to mobile meetings and 
dispersed interaction, how might these be supported, and what are the implications for current 
interaction models and support within CSCW?  
 
The main contributions from the cover paper and the following seven papers can 
be summarized according to the overall research question and the three phases of 
the research process as follows: 
 
 

Phase 1: What are the specific needs of interaction support related to 
mobile meetings and dispersed interaction? 

 
The importance of co-located “mobile meetings” (Bergqvist et al, 1999) to get the 
work done has been acknowledged in the area of CSCW (Computer Supported 
Cooperative Work). Research has explored the nature of these meetings as multi 
threaded, work related, situated and opportunistic. Research on this topic has also 
explored how these meetings are initiated and re-established (Bergqvist et al, 1999). 
However, their role as part of a mobile groups interaction and how that might be 
supported has not received enough attention. 
 
The overall conclusions related to the question stated in this thesis are that mobile 
interaction can be described as ongoing across mobile meetings, including both co-
located face-to-face and dispersed interaction. Further, it is not possible to identify 
any clear beginnings or endings of the interaction. Rather, mobile meetings are part 
of ongoing interaction processes. Further, the interaction is maintained by the 
mobile workers through their efforts of re-establishing different threads of 
interaction across the co-located and dispersed settings (e.g. taking notes about 
numbers to call, redirect questions and answers to each other, making several calls 
to notify each other about new solutions, problems, etc).  
 
In more detail, an empirical study of collaboration on the move at Telia Nära 
(paper 1) indicated the importance of ongoing interaction for collaboration and the 
importance of maintaining different threads of interaction across co-located and 
dispersed work settings. The empirical findings further pinpoint the need for 
flexible planning, and the importance of face-to-face meetings for knowledge 
sharing and socialization. 
 
Further, an analysis of the mobile context according to a time/place matrix (paper 
2) reveals that mobile work is not about “anytime, anywhere” work. Rather, we 
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found that there are:  (1) traveling that seems difficult to remove, thus places that 
people have to visit physically, e.g., telephone poles, customers houses, not all 
customers are mobile, network routers, locations where new cables need to be 
drawn, etc. (2) time frames, which seem very difficult for staff not to do certain tasks 
within, e.g., customer service within 24 hours, rebooting parts of the telephone 
network has to be done at night, etc., and finally, (3) tasks that do not seem to be 
restricted by time and place, e.g. scheduling and rescheduling of the activities over 
the day, co-ordinations of activities between the technicians, experiences and 
knowledge sharing among the technicians, etc. although important for them since 
they are alone in their cars most of the day. 
 
Finally, an analysis of the consequences of the character of mobile work as 
bounded to time and place on the group collaboration and their relation to the 
central station downtown from a knowledge sharing perspective is offered in paper 
3. Overall, this thesis concludes that there is a need to support skill-, responsibility-, 
and conflict management as well. 
 
To summarize, there is a need to more seamlessly bridge co-located mobile 
meetings and dispersed settings across time and place to support maintenance of 
ongoing interaction. 
 

 
Phase 2: How might these needs be supported? 

 
An overview of current interaction support within CSCW made in this cover paper 
reveals that very little has been done so far regarding support for mobile interaction 
characterized as ongoing across spontaneous and opportunistic mobile meetings, 
including both co-located face-to-face and dispersed interaction.  
 
A first contribution offered in this thesis related to supporting mobile interaction is 
the extension of the UMEA approach to cover mobile CSCW as follows: 
 

• Mobile work involves a lot of critical actions outside the computer. Thus 
these actions must be covered by the UMEA approach. 

• Higher-level user actions and action chains in this case refer to series of 
connected meetings. 

• Each individual worker has his or her own interaction history containing 
both physical and virtual sessions of interaction. 

• The higher-level user action involves other persons. These persons past and 
future actions are important for the continuum of the individuals activities.  

• A project is no longer e.g. the editing of a document across several tools but 
threads of meetings across physical and virtual arenas. 
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Overall, the underlying ideas of the UMEA approach were not challenged in this 
thesis. However, these extensions made it possible to use the UMEA approach as a 
guidance of interaction support for mobile CSCW. 
 
Given the UMEA approach mobile interaction could be supported through 
automatically generated interaction histories, user monitoring, and support for 
converting these interaction histories into project contexts. Given this approach 
interaction can be sustained across co-located and dispersed mobile meetings and 
dynamically managed by each mobile worker. 
 
On a conceptual level this thesis has explored the concepts of “Physical/virtual 
meeting support” and “Seamless ongoing interaction” to enable sustained mobile 
interaction across co-located mobile meetings and dispersed settings. These 
concepts have further been explored as implemented prototypes reported in papers 
5-7. 
 
Concerning the second part of the overall research question one conclusion is that 
sustained interaction across co-located and dispersed settings can be supported 
with RoamWare, a prototype system that support ongoing physical/virtual mobile 
meetings through the use of personal and public interaction histories.  
 
The design and implementation of RoamWare with the subsystems RoamList, 
RoamWeb, and RoamLines illustrates a novel way of supporting seamless ongoing 
interaction across mobile meetings and dispersed settings. Overall, RoamWare 
illustrates support for the higher-level user actions of ongoing interaction. Further, 
the implementation of RoamWare is a concrete illustration of how the UMEA 
approach can be used to inform design of mobile CSCW systems. 
 
Two evaluations of RoamWare were conducted and reported in paper 6 in this 
thesis. The evaluations were conducted with a specific focus on the role of 
RoamWare as a support for knowledge sharing. Thus, the focus was on Roamware 
as a contribution to research on knowledge management systems. The design, 
implementation, and evaluations of RoamWare indicate how socialization and tacit 
knowledge sharing at meetings can be made explicit to working groups. Further, it 
demonstrates how knowledge sharing can be supported across co-located mobile 
meetings and dispersed interaction. The evaluations indicate that these meetings are 
crucial aspects of knowledge processes for knowledge-sharing, coordination and 
decision-making, whereas dispersed interaction is preferred for briefings of 
information, during searches for new information, etc. One contribution offered in 
this thesis related to research on knowledge management systems is that mobile 
meetings can and should be taken into account when designing systems to support 
KM. 
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The two evaluations made according to the Activity Checklist indicate the impact 
of Activity Checklist as an analytical tool and the strengths of using the UMEA 
approach to guide the design of knowledge management systems to support mobile 
CSCW with a specific focus on mobile interaction. That is, due to the recognized 
importance of face-to-face meetings as valuable aspects of knowledge processes the 
UMEA approach has shown its strength in suggesting putting the technology into 
the background to invisible monitor the activities going on but at the same time 
providing the users with support for backtracking of interaction histories as well as 
visualizations of information according to specific projects (e.g. group members, 
topics, etc).  
 
During the two evaluations conducted two problems were identified and 
acknowledged related to ongoing interaction and PDA use during meetings (i.e. the 
“divided attention” problem and the “ongoing interaction” problem). Taking these 
problems into account a second version of RoamWare was developed as a novel 
integrated architecture, which provides seamless ongoing interaction support in 
between mobile meetings. 
 
The implementation of the second version of the RoamWare architecture (paper 7) 
illustrates the concept of “split use” to handle the “divided attention” problem and 
implements a new way of addressing groups not reported before (i.e. dynamic 
addressing by using the previous physical presence at meetings as data to 
automatically generate interaction histories that can be used later by a user as 
contact lists).  Besides this, the RoamWare architecture contributes to research on 
MANETs (Mobile ad hoc networks) by illustrating a new application domain (i.e. 
mobile meetings) and how MANETs can be successfully used in such situations. 
 
This thesis also reports some initial user studies of the second version of 
RoamWare. Based on these studies three important issues are identified related to 
the use of RoamWare (i.e. proximity problems, issues related to easy 
reestablishment of meetings, and problems related to making priorities between 
physical (i.e. face-to-face) and virtual (e.g. email, chat) sessions of interaction.  
 
Finally, this work adds to the current body of research within HCI and CSCW by 
illustrating the use of the UMEA (User-Monitoring Environment for Action) 
approach for modeling how to design integrated mobile architectures to support 
higher-level user activities that cross over several collaborative and individual sub 
activities over time. 
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Phase 3: What are the implications for current interaction models and 
support within CSCW? 

 
 
The overall implications from the study conducted in this thesis is that there is a 
need to move out of the meeting room and explore mobile interaction support for 
various places, e.g. hallways, busses, etc. A second implication is that we need to 
start exploring support for sustained rather then "one-shot" interaction. As stated 
above, an overview of current interaction support within CSCW made in this cover 
paper reveals that very little has been done so far regarding support for mobile 
interaction characterized as ongoing across spontaneous and opportunistic mobile 
meetings and dispersed interaction. 
 
The implications for current interaction models can generally be stated as a need to 
move from models of how to establish, maintain, and finish separate sessions, to 
models that could provide a basis for sustained interaction support. In this thesis 
this has been explored to some extent and the implications from this work can be 
summarized as follows: 
 
• First, extend the notion of Mobile meetings to include both co-located 

and dispersed participants 
Bergqvist et al (1999) defines mobile meetings as ”people who have come together 
to discuss work related issues” and characterizes these meetings as situated, 
multithreaded, opportunistic, and work related The focus here is on people that 
have come together physically, i.e. they are co-located. However, "come together" 
should also include remote participation (e.g. a mobile phone call) Looking at a 
meeting as an object with these attributes (i.e. participants and issues) opens up 
opportunities of providing dispersed group members with meeting awareness 
information and co-located group members with meeting proximity triggered 
information. This new notion of mobile meetings where explored in papers 4-6. 
 
• Second, view Mobile meetings as interaction objects 
Interaction objects are typically shared documents, etc. However, in this work a 
mobile meeting itself is seen as the interaction object which can give feedback to the 
co-located participants, (e.g. what is discussed during a meeting and which of the 
group members that participated in a meeting) but also feed through to distributed 
group members (e.g. information about which group members that participates 
right now in a meeting and who that have discussed what with other group 
members). The interaction object can then be described according to figure 16 
below.  
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Figure 16. A mobile meeting including both co-located and dispersed participants 
(interaction object) and how it might be technically supported with a connection 
object. 
 
According to figure 16 above a mobile meeting can include both co-located and 
dispersed participants and be described as the interaction object in focus. Further, a 
connection object connects the participants to the session to technically support 
this. These ideas are further elaborated on in paper 4 and 5.  
 
• Third, extend current group addressing techniques to enable addressing 

of mobile meetings 
Through the use of a connection object as described above current group 
addressing techniques can be extended to enable dynamic addressing of mobile 
meetings (i.e. to use the previous physical presence at meetings as data to 
automatically generate interaction histories that can be used later by a user as 
contact lists of participants in mobile meeting). The last paper in this thesis (i.e. 
paper 7) presents this new way of addressing groups not reported before in the 
literature. When combining this record of co-located participants in mobile 
meetings with records of dispersed participants a complete addressing of mobile 
interaction can be provided. 
 
• Fourth, Extended current session management models to handle 

sustained and dynamic sessions of interaction across co-located and 
dispersed mobile meetings 

According to the last part of the question stated above, this thesis concludes that 
current session management models needs to be extended to handle sustained and 
dynamic sessions of interaction across co-located and dispersed mobile meetings.  
 
As stated in this cover paper and further elaborated on in papers 4 and 5, Session 
management within CSCW (Computer Supported Cooperative Work) refers to the 
process of starting, stopping, joining, leaving, and browsing collaborative situations 
(Edwards, 1994). Thus, session management models are critical to all CSCW 
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systems. However, one assumption made in current implementations of session 
management models in CSCW systems is that sessions are clearly separated and 
established without previous interaction. Recently, Kristoffersen & Ljungberg 
(1999c) have challenged this view, arguing that in real life "establishing interaction 
always involves interaction. Interaction often interrupts, or replaces interaction. This is done in an 
unproblematic, effortless and effective way" (Kristoffersen & Ljungberg, 1999c). 
 
The observations made during the empirical study reported in this thesis (papers 1-
3) confirm this view of interaction as ongoing rather then segmented into separate 
sessions. A theoretical exploration concerning the possibilities for and limitations 
of enabling this effortless/seamless ongoing interaction across mobile meetings (i.e. 
time/place dependent work) and virtual arenas (i.e. computer-mediated anytime, 
anywhere work) is reported in paper 4. From the theoretical exploration a general 
model is developed as to how to integrate mobile meetings and dispersed 
interaction into ongoing sessions of interaction. A general conclusion offered is 
that, to support mobile CSCW, current session management models need to be 
extended and move from “one-shot” interaction to seamless ongoing interaction 
across physical and virtual arenas. 
 
Overall, this thesis concludes that there is a need to move from the traditional view 
of sessions as clearly separated towards models of sustained interaction. One way 
of doing this is to stop thinking about starting and finishing sessions, and instead 
start to think about session management of interaction in terms of active and latent 
parts of sessions. Figure 17 below illustrate this difference.   
 

Figure 17. Illustration of the proposed view of session management of mobile 
interaction as sustained and dynamic in relation to the traditional view of sessions 
as clearly separated. 
 
The traditional view of sessions is illustrated in figure 17 where each mobile 
meeting is one separate session (i.e. sessions 1, 2, and 3). With the introduction of: 
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1.  Extensions of the notion of Mobile meetings to include both co-located and 
dispersed participants, 2. Mobile meetings as interaction objects, and 3. Extensions 
of current group addressing techniques to include dynamic addressing of mobile 
meetings, according to the conclusions made above, it is possible to explore session 
management models for sustained and dynamic interaction across mobile meetings 
over time. Of course, mobile workers are involved in other activities in between 
these meetings (see figure 17 above) however, the session is not finished. Rather, it 
is latent until it is addressed again. According to this model technology should 
support ad hoc constellations of meetings, the dynamics of such meetings (people 
coming and leaving and their remote participation in these meetings), sustaining of 
interaction across co-located and dispersed settings, and manage sessions as active 
or latent instead of established, maintained and finished. Basically, the notion of 
active and idle parts of ongoing interaction corresponds to focus and context 
interaction as reported in paper 4. 
 
Finally, the exploration of how to provide mobile workers with this kind of 
interaction support has revealed important aspects to consider when trying to 
automatically frame social interaction with information technology (i.e. issues 
related to the role of proxemics in social interaction, etc). These aspects are mostly 
considered in papers 5, 6 and 7. 
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8. Discussion  
 
 
How can we therefore provide mobile groups with seamless ongoing interaction 
support across co-located and dispersed settings? Some ways of doing this are 
addressed in this thesis.  
 
The efforts made in supporting this with sustained interaction support adds to the 
current body of research within the area of HCI and CSCW which addresses the 
needs for theories that move from "one-shot" interaction to sustained interaction 
(Whittaker, et al, 1994), research on persistent interaction (e.g. Sørensen, in Braa, 
Sørensen, and Dahlbom, 2000), and technical support for persistent conversations  
(e.g. Smith and Fiore, 2001). The research efforts reported in this thesis also 
contribute to research on session management models for CSCW systems (e.g. the 
work made by Edwards, 1994; Kristoffersen, and Ljungberg, 1999c; Trevor, 
Rodden, and Smith (1998), and Roseman and Greenberg, 1996), and the work 
made by Kristoffersen (1997) concerning the use of ConnectionObjects for re-
establishment of collaborative computer-mediated sessions of interaction, by 
illustrating the idea of sustained and dynamic sessions management as an 
alternative to the accepted view of sessions as clearly separated from each other in 
time and place. This opens up for new interesting questions concerning how to 
help users to easily choose between, and negotiate their participation in different 
threads of ongoing interaction. 
 
As explored in this thesis mobile work goes beyond “anytime, anywhere” work. 
Mobility is somewhat a consequence of having to visit several different places. This 
is also acknowledged in this thesis by the focus on both co-located and dispersed 
settings and the differences in these two modes of interaction. Further, place is 
both about geographical places and how to bridge these with information 
technology, but also about social places and how to create forums for discussions, 
knowledge sharing and socialization. As Hollan & Stornetta (1992) pointed out, 
there is no equality in interaction between face-to-face and dispersed participation. 
And, to make telecommunications work we need to provided dispersed workers 
with support that goes beyond being there. During the empirical case study at Telia 
Nära it was clear that the service technicians needed both dispersed and face-to-
face interaction in their everyday work. A simple way for them to realize this was to 
use mobile phones and regularly meet at the central station downtown.  
 
In this thesis the importance of a “home-base”12 for the mobile group as a place for 
knowledge sharing and socialization was acknowledged during the empirical study 
                                                 
12 The issue of whether or not a home base is critical for mobile cooperative work was discussed during the 
“Innovation of IT Use in Mobile Settings” workshop at IRIS 21. For further details about that see Kristoffersen 
& Ljungberg, (1999b). 
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at Telia Nära. However, how will a broader use of mobile devices change or 
influence this? Varshney (2001) has stated that currently, more than 500 million cell 
phones and other mobile devices are in use worldwide, and out of those, more than 
100 million users are in US alone. Further, he argues that these numbers are 
projected to rise to 1 billion in the next few years thereby exceeding the combined 
total of all computing devices several fold.  Thus, a direction for further research 
will be how to, on a: (1) interaction distribution, (2) interaction access, and (3) 
interaction filtering level, as presented and discussed in paper 4 in this thesis, 
socially “make room” for mobile groups and mobile workers in such a way as not 
to ruin their "rooms" for reflection and socialization. Currently there are a lot of 
discussions on how to create "hot spots" where all kinds of accessibility are 
supported. However, as a contrast to this "anytime, anywhere access idea" it might 
be important to also think in terms of "cold spots" where the interaction filters do 
not reveal anything about the users. A suggestion here is therefore to change the 
focus from “anytime, anywhere” work to “particular time, particular place” work. 
 
Further, the second version of RoamWare enabled the user to focus at the face-to-
face interaction and then seamlessly re-establish the interaction afterwards over 
some appropriate interaction channel (e.g. email, chat, etc.). This idea of splitting 
the use instead of splitting the users attention (as reported in paper 7) might be a 
fruitful start for future research on how to support both sustained interaction and 
reflection in a similar way as formulated by Norman (1993): 
 
"There are many modes of cognition, many different ways by which thinking takes place. The 
two modes particularly relevant to my analyses are called experiental cognition and reflective 
cognition. The experiental mode leads to a state in which we perceive and react to the events 
around us, efficiently and effortlessly. This is performance. The reflective mode is that of 
comparison and contrast, of thought, of decision-making. This is the mode that leads to new 
ideas, novel responses. Both modes are essential for human performance, although each mode 
requires very different technological support." (Norman, 1993, p. 15). 
 
Related to this, we need to be able to configure technology so as to allow for 
sustained interaction, but also for non-interaction, to provide support for both the 
experiential mode as well as the reflective mode of cognition. In a sense, the title of 
this thesis, i.e. “In between Mobile Meetings”, can be a fruitful point of departure 
for reflections on how to support both mobile meetings and in between activities 
with these two modes of cognition in mind. 
 
Another direction for future research concerns questions of how to automatically 
frame and support spontaneous face-to-face interaction with technology and the 
role of proxemics in social interaction. This issue was acknowledged in paper 7 and 
clearly there is more work needed to be done related to that.  
 
Concerning the evaluations made of RoamWare in this thesis there is a strong need 
for new methods to capture and evaluate the mobile use context. Since the mobile 
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use context per se implies that the users observed are moving around, (sometimes 
together and sometimes not) across different locations while collaborating, 
evaluators will need to handle questions such as: comparison of field notes of user 
behavior, match user behavior across different sites and capture special 
characteristics of new situations that the users walk into which might influence 
their use of computer support. In this thesis I have only briefly explored this issue 
and clearly more work is needed on this subject. 
 
As described above there are several questions still possible to extract concerning 
the topic of this thesis. These are questions that further research will have to 
address. 

 



82 
In between Mobile Meetings Paper 1

References 
 
 
Abbott, K., and Sarin, S. (1994). Experiences with workflow management: Issues 
for the next generation, In proceedings of ACM 1994 Conference on Computer 
Supported Cooperative Work, New York Press, Pages 113-120. 
 
Ackerman, M., and Halverson, C. (1998). Considering an organization's memory; 
Proceedings of the ACM 1998 conference on Computer supported cooperative 
work, 1998. 
 
Agar, M., & MacDonald, J. (1995). Focus Groups and Ethnography, Human 
Organization, Vol. 54, No. 1, 1995. 
 
Baecker, et al. (1993). The user-centered iterative design of collaborative writing 
software; Conference proceedings on Human factors in computing systems, 1993, 
Pages 399 – 405. 
 
Baecker, R., J. Grudin, W. Buxton and S. Greenberg (1995). Groupware and 
Computer-Supported Cooperative Work. In Readings in Human-Computer Interaction: 
Toward the year 2000. R. Baeckeret al. San Francisco, California, Morgan Kaufmann 
Publishers: Pages 741-753. 
 
Bagrodia, R. (1991). Iterative design of efficient simulations using Maisie; 
Proceedings of the 1991 winter simulation conference on Winter simulation 
conference, 1991, Pages 243 – 247. 
 
Bailey, G. (1993). Iterative methodology and designer training in human-computer 
interface design; Conference proceedings on Human factors in computing systems, 
1993, Pages 198 – 205. 
 
Bellotti, V. and S. Bly (1996). Walking away from the desktop computer: 
Distributed collaboration and mobility in a product design team. In procedings of 
ACM 1996 Conference on Computer Supported Cooperative Work, Cambridge, MA., ACM 
Press, Pages 209-218. 
 
Bellotti, V., and Smith, I. (2000). Informing the design of an information 
management system with iterative fieldwork; Conference proceedings on Designing 
interactive systems: processes, practices, methods, and techniques, 2000, Pages 227 
– 237.                                                                           
 
 
 



83 
In between Mobile Meetings Paper 1

Bennett, J., and Karat, J. (1996). Working through meetings (tutorial 
session)(abstract only): a framework for designing meeting support; Proceedings of 
the ACM 1996 conference on on Computer supported cooperative work, 1996, 
Page 4. 
 
Benford, S. and L. Fahlén (1993). A Spatial Model of Interaction in Large Virtual 
Environments. In procedings of The Third European Conference on Computer-Supported 
Cooperative Work, Milan, Italy, Kluwer Academic Publishers, Pages 109-124. 
 
Bergman, E. (2000).  Information Appliances and Beyond: Interaction Design for 
Consumer Products, Morgan & Kaufmann Publishers, USA. 
 
Bergqvist, J., Dahlberg, P., Ljungberg, F. and Kristoffersen, S. (1999). Moving Out 
of the Meeting Room - Explore support for mobile meetings, In Proceedings of 
ECSCW'99, Copenhagen, Denmark. 
 
Blythin,,S., Rouncefield, M., Huges, J. (1997). Never mind the ethno' stuff, what 
does all this mean and what do we do now: ethnography in the commercial world ; 
interactions 4, 3 (May. 1997), Pages 38 – 47. 
 
Boden, D. (1994). The business of talk. Organizations in action. Cambridge, Polity 
Press. 
 
Borenstein, N. and C. Thyberg (1991). “Power, ease of use and cooperative work in 
a practical multimedia message system.” International Journal of Man-Machine Studies 
34(2): Pages 229-259. 
 
Borghoff, U & Schlichter, J (2000). Computer-supported Cooperative Work, Cloth. 
Springer-Verlag, UK. 
 
Borovoy, et al, (1998). Meme tags and community mirrors: moving from 
conferences to collaboration; Proceedings of the ACM 1998 conference on 
Computer supported cooperative work, 1998, Page 159. 
 
Bowers, J., J. O'Brien and J. Pycock (1996). Practically accomplishing immersion: 
Cooperation in an for virtual environments. In procedings of ACM 1996 Conference 
on Computer Supported Cooperative Work, Cambridge, MA., ACM Press, Pages 380-389. 
 
Braa, K., & Vidgren, R. (1999). Interpretation, intervention, and reduction in the 
organizational laboratory: a framework for in-context information system research, 
Accounting, Management, and Information Technologies, 9 (1999) Pages 25-47. 
 
 



84 
In between Mobile Meetings Paper 1

Braa, K., Sørencen, C., and Dahlbom, B. (2000). Planet Internet, Studentlitteratur, 
Lund, Sweden. 
 
Bradley (2000). The Information and Communication Society: How people will live 
and work in the new millenium, in special issue of "Ergonomics", Volume 43, No. 
6, included in the congress CD-ROM proceedings at the IEA/HFES 2000 
congress, San Diego, USA, August 2000. 
 
Brand, S. (1987). The Media Lab: Inventing the Future at M.I.T New York, NY: 
Viking Penguin. 
 
Brave, S., Ishii, H., and Dahley, A. (1998). Tangible interfaces for remote 
collaboration and communication; Proceedings of the ACM 1998 conference on 
Computer supported cooperative work, 1998, Page 169. 
 
Bretain, I, et al (1997). Leave the Office, Bring Your Colleagues: Design Solutions 
for Mobile Teamworkers, Conference proceedings on Human factors in computing 
systems, 1997. 
 
Button, G., & Dourish, P. (1996). Technomethodology: paradoxes and possibilities; 
Conference proceedings on Human factors in computing systems, 1996, Pages 19 – 
26. 
 
Caldwell, A., et al. (1999). Effective iterative techniques for fingerprinting design 
IP; Proceedings of the 36th ACM/IEEE conference on Design automation 
conference, 1999, Pages 843 – 848. 
 
Carroll, J., and Rosson, M. (1992). Getting around the task-artifact cycle: how to 
make claims and design by scenario; ACM Trans. Inf. Syst. 10, 2 (Apr. 1992), Pages 
181 – 212. 
 
Carstensen, P. (1996). Computer supported coordination. Department of 
Computer Science, Roskilde University, Denmark. Roskilde, Denmark, Roskilde 
University. 
 
Castells, M. (1996). The Rise of the Network Society, Oxford: Blackwell.  
 
Chikarmane, V., Williamson, C., Bunt, R., and Mackrell, W. (1998). Multicast 
support for mobile hosts using mobile IP: design issues and proposed architecture; 
Mob. Netw. Appl. 3, 4 (Dec. 1998), Pages 365 – 379. 
 



85 
In between Mobile Meetings Paper 1

Cool, C., Fish, R. S., Kraut R. E., Lowery C. M. (1992). Iterative design of video 
communication systems; Conference proceedings on Computer-supported 
cooperative work, 1992, Pages 25 – 32. 
 
Dahlberg, P., F. Ljungberg, and J. Sanneblad (2000). Supporting Opportunistic 
Communication in Mobile Settings. In Proceedings of CHI’2000, ACM Press. 
 
Dahlbom, B. (1996). The New Informatics, Scandinavian Journal of Information 
Systems, vol. 8, no. 2, Pages 29-48. 
 
Dahlbom, B. in Ciborra, C., et al., (2000). From control to drift: The dynamics of 
corporate information infrastructures, Oxford University Press. 
 
Dix, A., et al. (1998). Human-Computer Interaction, second edition, Prentice Hall 
Europe. 
 
Dix & Beale, (1996). Remote Cooperation: CSCW Issues for Mobile and 
Teleworkers, (Pages. 95-112) Springer. 
 
Dourish, P. (2000) A Foundational Framework for Situated Computing. Position 
paper for the CHI 2000 Workshop on A Research Agenda for Situated Computing.  
 
Edwards, K. (1994). Session management for collaborative applications;; 
Proceedings of the conference on Computer supported cooperative work, 1994, 
Pages 323 – 330. 
 
Egan, D., et al. (1989). Formative design evaluation of superbook; ACM Trans. Inf. 
Syst. 7, 1 (Jan. 1989), Pages 30 – 57. 
 
Ellis, C.A., Gibbs, S.J., Rein, G.L., (1991). Groupware: Some issues and 
experiences, Communications of the ACM, vol.   34, no.1, Pages 39-58. 
 
Elrod, S., et al. (1992). Liveboard: A Large Interactive Display Supporting Group 
Meetings, Presentations and Remote Collaboration. In procedings of ACM 1992 
Conference on Human Factors in Computing Systems, Monterey, CA, ACM Press, 599-
607. 
 
Eneroth, B. (1984). Hur mäter man vackert? Grundbok i kvalitativ metod, Natur & 
Kultur, Göteborg, Sweden. 
 
Fahlén, L. E., O. Ståhl, C. G. Brown and C. Carlsson (1993). A Space Based Model 
for User Interaction in Shared Synthetic Environments. In ACM 1993 Conference on 
Human Factors in Computing Systems: Pages 43-48. 



86 
In between Mobile Meetings Paper 1

 
Fagrell, H. (2000). Mobile Knowledge, (Ph.D-Thesis), Gothenburg University, 
Informatics, Sweden. 
 
Garfinkel, H. (1967). Studies in ethnomethodolgy. Engelwood Cliffs, Prentice Hall. 
 
Gerson, E. M. and S. L. Star (1986). “Analyzing due process in the workplace.” 
ACM Transactions on Office Information Systems 4(3): Pages 257-270. 
 
Ginsberg, A., and Ahuja, S. (1995). Automating envisionment of virtual meeting 
room histories; Proceedings of the third ACM international conference on 
Multimedia, 1995, Pages 65 – 75. 
 
Goldberg, D., D. Nichols, B. M. Oki and D. Terry (1992). “Using collaborative 
filtering to weave an information tapestry.” Communications of the ACM 35(12): Pages 
61-70. 
 
Greenhalgh, C. and S. Benford (1995). “MASSIVE: A Virtual Reality System for 
Tele-conferencing.” ACM Transactions on Computer Human Interaction 2(3): Pages 239-
261. 
 
Grudin, J. (1994). “Groupware and social dynamics: Eight challenges for 
developers.” Communications of the ACM 37(1): Pages 93-105. 
 
Halverson, C., and Rogers, Y. (1998). An introduction to distributed cognition  
(tutorial session)(abstract only): analyzing the organizational, the social and the 
cognitive for designing and implementing CSCW applications; Proceedings of the 
ACM 1998 conference on Computer supported cooperative work, 1998. 
 
Hammersley & Atkinson (1995). Ethnography: Principles in Practice , Routledge, 
London. 
 
Harley, H., et al. (1998). A formative evaluation of scenario-based tools for learning 
object-oriented design; Crossroads 5, 1 (Sep. 1998), Pages 9 – 15 
 
Hedberg, B., Elling, M., Jönsson, S., Köhler, H., Mehlmann, M., Parmsund, M., 
Werngren, C. (1987) Kejsarens nya kontor: Fallstudier om datoranvändning på 
kontor, Liber, Stockholm, Sweden. 
 
Hiltz, S. R. and M. Turoff (1993). The network nation. Human communication via 
computer. Cambridge, MA., MIT Press. 
 



87 
In between Mobile Meetings Paper 1

Hirschheim,  R. A. (1986). Understanding the office: A social-analytic perspective;. 
ACM Trans. Inf. Syst. 4, 4 (Oct. 1986), Pages 331 – 344. 
 
Hollan, J., Hutchins, E., and Kirsh, D. (2000). Distributed cognition: toward a new 
foundation for human-computer interaction research; ACM Trans. Comput.-Hum. 
Interact. 7, 2 (Jun. 2000), Pages 174 – 196. 
 
Hollan, J., and Stornetta, S. (1992). Beyond being there; Conference proceedings on 
Human  factors in computing systems, 1992, Pages 119 – 125. 
 
Holt, A. (1988). “Displans: A new language for the study and implementation of 
coordination.” ACM Transactions on Office Information Systems 6(2): Pages 109-125. 
 
Holmquist, L.E., Falk J. and Wigström, J. (1999). Supporting Group Collaboration 
with Inter-Personal Awareness Devices.Journal of Personal Technologies, 3(1-2), 
Springer. 
 
Holmquist, S., and  Narayanan, H. (2000). Tightly coupling authoring and 
evaluation in an integrated tool to support iterative design of interactive 
hypermedia educational manuals; Conference proceedings on Designing interactive 
systems: processes, practices, methods, and techniques, 2000, Pages 155 – 164. 
 
Holmqvist, L. (2000). Breaking the screen barrier, (Ph.D-Thesis), Gothenburg 
University, Informatics, Sweden. 
 
Houde, S. (1992). Iterative design of an interface for easy 3-D direct manipulation;  
Conference proceedings on Human factors in computing systems, 1992, Pages 135 
– 142. 
 
Hughes, J., V. King, T. Rodden and H. Andersen (1994). Moving out from the 
control room: Ethnography in system design. In procedings of ACM 1994 
Conference on Computer Supported Cooperative Work, Chapel Hill, NC, ACM Press, Pages 
123-141. 
 
Hughes, J., King, V., Rodden, T., and Andersen, H. (1995). The role of 
ethnography in interactive systems design; Interactions 2, 2 (Apr. 1995), Pages 56 - 
65. 
 
Hughes, J., Randall, D., and Shapiro, D. (1992). Faltering from ethnography to 
design; Conference proceedings on Computer-supported cooperative work, 1992, 
Pages 115 – 122. 
 



88 
In between Mobile Meetings Paper 1

Hughes, J., Randall, D., & Shapiro, D. (1993). From ethnographic record to system 
design. Some experiences from the field, Computer Supported Cooperative Work, An 
International Journal, vol. 1, no. 3, Pages 123-141. 
 
Hughes, J., O'Brien, J., Rodden, T., and  Blythin, S. (1997). Designing with 
ethnography: a presentation framework for design; Proceedings of the conference 
on Designing interactive systems: processes, practices, methods, and techniques, 
1997, Pages 147 – 158.  
 
Hutchins, E. (1995). Cognition in the wild, The MIT Press, Cambridge, 
Massachusetts, London, England. 
 
IrChat. (2000)  http://sunet.pda.tucows.com/epoc/adnload/56894_18277.html  
 
Ishii, H., Kobayashi, M., and Arita, K. (1994). Iterative design of seamless 
collaboration media; Commun. ACM 37, 8 (Aug. 1994), Pages 83 – 97. 
 
Ishii, H., and Mayake, N. (1991). Toward an open shared workspace: computer and 
video fusion approach of TeamWorkStation; Commun. ACM 34, 12 (Dec. 1991), 
Pages 37 – 50. 
 
John, B. and Packer, H. (1995). Learning and using the cognitive walkthrough 
method: a case study approach; Conference proceedings on Human factors in 
computing systems, 1995, Pages 429 – 436. 
 
Johnson,  et al. (1996). Application of a Markov model to the measurement, 
simulation, and diagnosis of an iterative design process; Proceedings of the 33rd 
annual conference on Design automation conference, 1996, Pages 185 - 188. 
 
Kaptelinin, V. (1997). Supporting Higher-Level User Actions with Representations 
of Project Context and Interaction Histories, Working Paper, Dept. of informatics, 
Umeå University, ISSN 1401-4580. 20pp. 
 
Kaptelinin, V. and Nardi, B. (1997). Activity theory: Basic Concepts and 
Applications, In ACM 1997 Conference on Human Factors in Computing Systems. 
 
Kaptelinin, V., Nardi, B., and Macaulay, C. (1999). The Activity Checklist: A Tool 
for Representing the “Space” of Context; Interactions 6, 4 (July+august 1999), 
Pages 27 – 39. 
 
Kelley, J. F. (1984). An iterative design methodology for user-friendly natural 
language office information applications; ACM Trans. Inf. Syst. 2, 1 (Jan. 1984), 
Pages 26 – 41. 



89 
In between Mobile Meetings Paper 1

Kleinrock, L. (1996). Nomadicity: anytime, anywhere in a disconnected world; 
Mob. Netw. Appl. 1, 4 (Jan. 1996), Pages 351 – 357. 
 
Krcmar, H. (1991). Computer Supported Cooperative Work. In: Bullinger, H.-J. 
(ed.): Human Aspects in Computing: Design and Use of Interactive Systems and 
Information Management, Amsterdam, The Netherlands. Pages 113-117. 
 
Kristoffersen, S. (1997). MEDIATE: video as a first-order datatype;  Proceedings 
of the international ACM SIGGROUP conference on Supporting group work: the 
integration challenge, 1997, Pages 395 - 404. 
 
Kristoffersen, S. et al, (1998). Developing mobile CSCW scenarios, In proceedings 
of IRIS’ 21, Denmark., Pages 509-518. 
 
Kristoffersen, S. & Ljungberg, F. (1998). Representing modalities in mobile 
computing, In proceedings of Interactive Applications of Mobile Computing, IMC 
98, (Rostock, Germany, November 1998). 
 
Kristoffersen, S. & Ljungberg, F. (1999a). Making Place to Make IT work: 
Empirical Explorations of HCI for Mobile CSCW, In proceedings of International 
Conference on Supporting Group Work (GROUP´99), AMC Press. 
 
Kristoffersen, S., Ljungberg, F. (1999b). Mobile Informatics: Innovation of IT use 
in mobile settings, IRIS’ 21 Workshop Report, SIGCHI Bulletin, Jan. 1999, Vol 31, 
Number 1. 
 
Kristoffersen, S., Ljungberg, F. (1999c). An empirical study of how people establish 
interaction: implications for CSCW session management models; Proceeding of the 
CHI 99conference on Human factors in computing systems: the CHI is the limit, 
1999, Pages 1 - 8. 
 
Kuutti, K. (1994). Information systems, cooperative work and active subjects: the 
activity-theoretical perspective. Department of Information Processing Science, 
University of Oulu, Finland. Oulu. 
 
Kuutti, K. and T. Arvonen (1992). Identifying potential CSCW applications by 
means of Activity Theory concepts: A case example. In procedings of ACM 1992 
Conference on Computer-Supported Cooperative Work, Toronto, Canada, ACM Press, 
Pages 233-240. 
 
Lave, J. (1988). Cognition in Practice, Cambridge: Cambridge University Press. 
 
 



90 
In between Mobile Meetings Paper 1

Ljungberg, F. (1997). Networking (Ph.D-Thesis), Gothenburg University, 
Informatics, Sweden. 
 
Ljungberg, F. (ed.) (1999a). Informatics in the Next Millennium, Gothenburg 
Studies in Informatics, Report 14, May 1999. 
 
Ljungberg, F. (1999b). Exploring CSCW Mechanisms to Realize Constant 
Accessibility Without Inappropriate Interaction, Scandinavian Journal of 
Information Systems, 1999, 11: Pages 115-136. 
 
Luff, P. & Heath, C. (1998). Mobility in Collaboration. In Proceedings of the ACM 
1998 Conference on Computer Supported Cooperative Work, edited by S. Poltrock 
and J. Grudin, ACM Press, Pages 305-314. 
 
Maaranen, P., and Lyytinen, K. (1995). Designing meeting support systems in a 
user-centered manner: the case of the Helsinki prototype system; Proceedings of 
conference on Organizational computing systems, 1995, Pages 336 – 346 
 
Macaulay, C., Benyon, D and Crerar, A. (2000). Ethnography, theory and systems 
design: from intuition to insight. International Journal of Human-Computer 
Studies, Vol 53(1) Pages 35-60. 
 
Mackay, W. (1988). More than just a communication systems: Diversity in the use 
of electronic mail. In procedings of ACM 1988 Conference on Computer Supported 
Cooperative Work, Portland, Oregon, ACM Press, Pages 344-353. 
 
Mackay, W. (1989). “Diversity in the use of electronic mail: A preliminary inquiry.” 
ACM Transactions on Office Information Systems 6(5): Pages 380-397. 
 
Mackay, W., et al. (1989). How do experienced Information Lens users use rules? In 
procedings of ACM 1989 Conference on Human Factors in Computing Systems, Austin, 
Texas, ACM Press, Pages 211-217. 
 
Mackay, W.E., & Fayard, A-L. (1997). HCI, Natural Science and Design: A 
framework for triangulation across disciplines. In Proceedings of ACM Designing 
Interactive Systems ´97 (DIS ´97), Pages 223-234, ACM Press, 1997. 
 
Malone, T., K.-Y. Lai, F. Turbak, S. Brost and M. Cohen (1987). “Intelligent 
information-sharing systems.” Communications of the ACM 30(5): Pages 390-402. 
 
 
 
 



91 
In between Mobile Meetings Paper 1

Malone, T. and K. Crowston (1990). What is coordination theory and how can it 
help design cooperative work systems? In Groupware: Software for computer-Supported 
cooperative work. D. Macra and G. Bock. Los Almatios, CA, IEEE Computer Society 
Press: Pages 100-113. 
 
Malone, T. W., K.-Y. Lai and C. Fry (1995). “Experiments with Oval: A radically 
tailorable tool for cooperative work.” ACM Transactions on Information Systems 13(2): 
Pages 177-205. 
 
Mantei, M. (1989). Observation of executives using a computer supported meeting 
environment. In Readings in Groupware and Computer-Supported Cooperative Work: 
Assisting human to human collaboration. R. Baecker. San Francisco, CA., Morgan 
Kaufmann Publishers Inc.: Pages 695 - 708. 
 
Mark, G., J. Haake and N. Streitz (1995). The use of hypermedia in group problem 
solving: An evaluation of the DOLPHIN electronic meeting room environment. In 
procedings of The Fourth European Conference on Computer-Supported Cooperative Work, 
Stockholm, Pages 197-213. 
 
Mason, R.O. (1989). MIS experiments: A pragmatic perspective, In The 
Information Systems Research Challenge: Experimental Research Methods, edited 
by I. Benbasat, vol. 2, Pages 3-20, Boston: Harvard Business School Press. 
 
Mintzberg, H. (1983). Structure in fives. Designing effective organizations. Englewood 
Cliffs, N.J., Prentice Hall. 
 
Nakanishi, H., C. Yoshida, T. Nishimura and T. Ishida (1996). FreeWalk: 
Supporting causal meetings in a network. In procedings of ACM 1996 Conference on 
Computer Supported Cooperative Work, Cambridge, MA., ACM Press, Pages 308-314. 
 
Nardi, B. A., Ed. (1996). Context and Consciousness: Activity Theory and Human-Computer 
Interaction. Cambridge, MA., The MIT Press. 
 
Newman, W., and Lamming, M. (1995). Interactive System Design, Addison – 
Wesley Publishers Ltd. 
 
Nielsen, J. (1994). Usability Engineering. Academic Press. 
 
Nirenburg, S., and Lesser, V. (1986). Providing intelligent assistance in distributed 
office environments; Proceedings of the third ACM-SIGOIS conference on Office 
automation systems, 1986, Pages 104 – 112. 
 
Norman D. (1993). Things that Make us Smart. Addison-Wesley. 



92 
In between Mobile Meetings Paper 1

Nunamaker, J., A. Dennis, J. Valacich, D. Vogel and J. George (1991). “Electronic 
meeting systems to support group work.” Communications of the ACM 34(7): Pages 
40-61. 
 
Orr, J. (1996) Talking about Machines: An Ethnography of a Modern Job, ILR 
Press, Cornell University Press. 
 
Plaisant, C. et al. (1997) Bringing treasures to the surface: iterative design for the 
Library of Congress National Digital Library Program; conference proceedings on 
Human factors in computing systems, 1997, Pages 518 – 525. 
 
Preece, J. (1994). Human-Computer Interaction, Cloth. Addison-Wesley, UK. 
 
Raeithel, A. (1992). Activity theory as a foundation for design. In Software development 
and reality construction. C. Floydet al. Berlin, Springer Verlag: Pages 391 - 415. 
 
Rekimoto, J. (1997). Pick-and-drop: a direct manipulation technique for multiple 
computer environments; Proceedings of the 10th annual ACM symposium on User 
interface software and technology, 1997, Pages 31 – 39. 
 
Rieman, J., et al. (1991). An automated cognitive walkthrough; Human factors in 
computing systems conference proceedings on Reaching through technology, 1991, 
Pages 427 –  428. 
 
Rieman, J., et al. (1995). Usability evaluation with the cognitive walkthrough; 
Conference companion on Human factors in computing systems, 1995, Pages 387 
– 388. 
 
Rizzo, A., et al. (1997). The AVANTI project: prototyping and evaluation with a 
cognitive walkthrough based on the Norman's model of action; Proceedings of the 
conference on Designing interactive systems: processes, practices, methods, and 
techniques, 1997, Pages 305 – 309. 
 
Rodden, T. (1996). Populating the application: A model of awareness for 
cooperative applications. In procedings of ACM 1996 Conference on Computer 
Supported Cooperative Work, Boston, MA., ACM Press, Pages 87-96. 
 
Rogers, Y. and Bellotti, V. (1997). Grounding blue-sky research: how can 
ethnography help?; Interactions 4, 3 (May 1997), Pages 58 – 63. 
 
Roseman, M. and Greenberg, S. (1996) TeamRooms: network places for 
collaboration; Proceedings of the ACM 1996 conference on on Computer 
supported cooperative work, 1996, Pages 325 – 333 



93 
In between Mobile Meetings Paper 1

Pedersen, R., et al (1993). Tivoli: an electronic whiteboard for informal workgroup 
meetings; Conference proceedings on Human factors in computing systems, 1993, 
Pages 391 – 398. 
 
Savage, P. (1996) User interface evaluation in an iterative design process: a 
comparison of three techniques; Proceedings of the CHI '96 conference 
companion on Human factors in computing systems: common ground, 1996, Pages 
307 – 308. 
 
Schill, A (1995) Cooperative Office Systems, Prentice Hall, London, UK. 
 
Schmidt, A., Lauff, M., and Beigl, M (1998) Handheld CSCW. Proceedings of the 
Workshop on Handheld CSCW, ACMs Conference on Computer Supported 
Cooperative Work (CSCW), October 1998, Seattle. 
 
Schmidt, K. and C. Simone (1996). “Coordination mechanisms: Towards a 
conceptual foundation of CSCW system design.” Computer Supported Cooperative 
Work: An International journal 5(2-3): Pages 155-200. 
 
Shapiro, D. (1994) The limits of ethnography: combining social sciences for 
CSCW; Proceedings of the conference on Computer supported cooperative work, 
1994, Pages 417 – 428. 
 
Simonsen, J. and Kensing, F. (1997) Using ethnography in contextural design; 
Commun. ACM 40, 7 (Jul. 1997), Pages 82 – 88. 
 
Smith, M. and Fiore, A. (2001) Visualization components for persistent 
conversations; Proceedings of the SIG-CHI on Human factors in computing 
systems, 2001, Pages 136 - 143. 
 
Sørgaard, P. (1987). A cooperative work perspective on use and development of 
computer artifacts. In The 10th Information Systems Research Seminar in Scandinavia. P. 
Järvinen. Tampere, University of Tampere: Pages 719 - 734. 
 
Sørgaard, P. (1988). A discussion of Computer Supported Cooperative Work. 
Department of Computer Science, Aarhus university. Aarhus, Denmark, Aarhus 
University.  
 
Strauss, A. (1985). “Work and the division of labor.” The Sociological quarterly 26(1): 
Pages 1-19. 
 
 
 



94 
In between Mobile Meetings Paper 1

Streitz, N., et al (1994) DOLPHIN: integrated meeting support across local and 
remote desktop environments and LiveBoards; Proceedings of the conference on 
Computer supported cooperative work, 1994, Pages 345 – 358. 
 
Suchman, L. (1987). Plans and situated actions: The problem of human-machine 
communication. Cambridge, Cambridge University Press. 
 
Sullivan, K. (1997) The Windows 95 user interface: iterative design and problem 
tracking in action; Proceedings of the 1997 international conference on Software 
engineering, 1997, Pages 562 – 563. 
 
Tang, J. C. (1991) Findings from Observational Studies of Collaborative Work. Int. 
J.Man-Machine Studies 34, 143-160. 
 
Thomas, P. (1995) The social and interactional dimensions of human-computer 
interfaces, Cambridge Series on Human-Computer Interaction, Cambridge 
University Press, 1995. 
 
Trevor, J., Rodden, T., and Smith, G. (1998) Out of this world: an extensible 
session architecture for heterogeneous electronic landscapes;; Proceedings of the 
ACM 1998 conference on Computer supported cooperative work, 1998. 
 
Turban, E. (1990). Decision Support and Expert Systems. Management Support Systems. 
New York, Macmillan. 
 
Turner,P., et al. (1999) From description to requirements: an activity theoretic 
perspective;  Proceedings of the international ACM SIGGROUP conference on 
Supporting group work, 1999, Pages 286 – 295. 
 
Varshney, U (2001) , A Framework for the Emerging Mobile Commerce 
Applications; In Proceedings of HICSS-34, IEEE-press. Maui, 2001. 
 
Whittaker, S., D. Frohlich, and O. Daly-Jones (1994) "Informal workplace 
communication: What is it like and how might we support it?," in Proceedings of 
ACM1994. Conference on Human Factors in Computing Systems, ACM Press. 
 
Whittaker, S., and Sidner, C. (1996) Email overload: exploring personal information 
management of email;  Conference proceedings on Human factors in computing 
systems, 1996, Pages 276 –283. 
 
Whittaker, S, Swanson, J, Kucan, J & Sidner, C (1997) TeleNotes managing 
lightweight interactions in the desktop, ACM Trans. Comput.-Hum. Interact. 4, 2 , 
Pages 137 - 168 



95 
In between Mobile Meetings Paper 1

Whitson, G. (1988) An introduction to the parallel distributed processing model of 
cognition and some examples of how it is changing the teaching of artificial 
intelligence; Proceedings of the nineteenth SIGCSE technical symposium on 
Computer science education, 1988, Pages 59 – 62. 
 
Wiberg, M. & Grönlund, Å. (2000) A distributed cognition analysis of mobile 
CSCW, In proceedings of IRMA2000, Information Resources Management 
Association International Conference, Alaska, USA. 
 
Wiberg, M. & Ljungberg, F. (2001) Exploring the vision of "anytime, anywhere" in 
the context of mobile work, In: Knowledge management and business model 
innovation, the biztech network, Brint Press. 



96 
In between Mobile Meetings Paper 1

Paper 1 
 

Collaboration on the move:  
 

An empirical study of mobile work at Telia Nära 
 

Mikael Wiberg 
Department of Informatics, Umeå university, 901 87 Umeå, Sweden. 

Phone: +46 (0)90 786 61 15 
Fax: +46 (0)90 786 65 50 
mwiberg@informatik.umu.se 

 
Abstract 
 

 
 
This paper reports empirical data collected during a short ethnographic field study of 
mobile CSCW (Computer-Supported Cooperative Work) conducted at Telia Nära. 
The purpose of this paper is to provide a description of how mobile service 
technicians collaborate as a group with the use of mobile technology. The paper 
describes the implementation of mobile technology at Telia and how the technicians 
use the IT support in their every-day work. The paper adds to the current body of 
research within the areas of mobile computing and mobile CSCW by proving a rich 
description of a case in which the use of mobile IT is a necessary and organized part 
of their every-day work.  

 
 
 
Introduction 
 
Changes of work organization towards increased physical separation and the wide 
adoption of mobile technology are likely to entail fundamental changes of work 
organization. Dahlbom (1998) compares the behaviour of people and organizations 
with that of nomads, i.e. people continually working 'on the move' without relying 
on some specific home base such as offices, factories and so on.  
 
Geographical distribution of work and workers certainly entails the ability to co-
ordinate common activities in spite of periodic disconnection. But it also implies 
the need for finding ways of sharing community - social and professional - despite 
being separated a significant amount of the time. This may mean meeting physically 
or virtually (i.e. through computer-mediated interaction channels). What seem 
important are issues such as: How to achieve things that are necessary to achieve, 
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How to share knowledge? How to share company routines and norms so as to 
being able to perform work according to company standards and image? How to 
share and reproduce common norms and values so as to do work in a socially and 
ethically responsible manner? How to become a team?  
 
So far, most studies of mobile work concern the technology itself, such as mobile 
networks, RPC (Remote Procedure Call), ATM, Satellite systems etc, or usability 
and reliability aspects of PDAs and other handholds (Kristoffersen, 1998; 
Varshney, 1998; Kleinrock 1996; 1998). Very little research is done on charting the 
social territory of the mobile worker such as the work situation and the ability of 
the technical tools to support people in completing tasks alone and in co-operation 
with others. This study is part of an attempt to do this. 
 
This paper reports empirical data collected during an ethnographic study of mobile 
CSCW at Telia Nära. The purpose of this paper is not to analyse the case in detail, 
but rather to provide a description of how mobile service technicians collaborate as 
a group with the use of mobile technology. The paper is structured in three overall 
parts. First the method used for the data collection is described. Second, the 
research case is described. Finally, the paper ends by a discussion of issues of 
relevance for further research. 
 
 
Method 
 
We used ethnographic techniques to collect data for the purpose of "participating 
in people's daily lives for an extended period of time, watching what happens, 
listening to what is said, asking questions - in fact, collecting whatever data are 
available to throw light on the issues that are the focus of the research.” 
(Hammersley and Atkinson, 1993) 
 
The objective of ethnography is to “present a portrayal of life as seen and 
understood by those who live and work within the domain concern” (Hughes et al. 
1993). We made participant observation of mobile service workers for 
approximately 40 hours. The observations were collected during the following main 
activities presented in table 1 below: 
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Main activity Hours Data collection techniques 

Traveling to different 
locations  

 
Mostly short distances to 
different locations all over 
the town 

~6 h 
 

Observations, Taped mobile phone calls, follow-
up questions regarding phone calls, new missions, 
etc., field notes about interesting situations 

Error searches and fixes of 
the telephone network 

 
Different kinds of problems 
related to cable breakdowns, 
AXE-switches, etc observed 

~8 h 
 

Observations, follow-up questions. Note-taking. 
Photographing, documentation of different 
situations. 
Observations on how the technology was used 
and what kind of information it provided the 
technicians. 

Client visiting  
 

Installation of new 
equipment, error searches in 
houses and apartments, etc 

~19 h 
 

Observations, field notes on discussions with 
clients, questions afterwards to the technician 
about how he/she solved the problem, 
observations on how the work were initialized 
with the IT support and other paper notes in the 
car. Observations were also made on how the 
work was reported and how the technicians kept 
notes for themselves to tell colleagues and remind 
themselves about important issues. 
 

Socialization/networking 
 

Including coffee breaks, 
lunch breaks, informal 
discussions with colleagues, 
etc. 

~7 h Participative observations, informal discussions 
and conversations with the staff. Note-taking on 
interesting issues. 

Table 1. Hours spent on different activities during the empirical study at Telia Nära 

We also conducted five qualitative interviews (Mason, 1989) with the staff and their 
manager. Each interview lasted for 60 to 90 minutes. The next section describes 
both observations made of the work as well as data collected through interviews 
with the staff at Telia Nära. 
 
 
Research site: Mobile work at Telia Nära 
 
Telia Nära is part of Telia, the partly government owned telephone operator in 
Sweden. Telia Nära is divided into 40 market companies each containing three 
divisions; (1), Service, including service technicians serving the telephone network 
(2), Support, including a call centre and task dispatching unit called “The Station", 
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and (3) The Store, where products pertaining to use of Telia’s communication 
system are sold; telephones, faxes, modems, computers, subscriptions, etc. 
Our study focuses on the service division in the city of Umeå which employees 10 
service technicians. The service technicians travel to customers scattered over a 
vast area (some customers are located more than 300 km from the Station), fixing 
problems like cable breakdowns, overhearing on the lines, and software hang-ups, 
and installing new equipment. 
 
 
Implementation of mobile technology at Telia Nära 
 
In a recent reorganization that took place during 1997, the technicians were 
provided with advanced computer and telephony technology for the purpose of 
making them more self-contained. With the new IT support any information need 
can be accessed from the service technicians car through wireless LAN. Similarly, 
anybody who wants to pass information to them, by telephone or computer, can 
reach them in their cars. 
 
 
Description of the IT support 
 
The IT support at Telia Nära can be divided into three distinct but fully integrated 
systems: 
 
 (1) The car systems with terminals at all times connected to the Station over a 
wireless LAN (Local Area Network). The cars have systems to support scheduling 
of activities, putting work on waiting lists, searching the telephone network for 
errors, getting in contact with the other cars, redirecting missions to free 
technicians if something unexpected occurs, etc. The technicians can, for example, 
search for errors over the telephone network from the customer’s site. The new 
ICT also makes it possible to plan the route for the day at home and reschedule it 
during the day. It can also be used to order spare parts.  
 
 (2) The cellular phones, receiving SMS messages (short message service) from the 
Station, telling of new tasks. An SMS message contains the customer’s telephone 
number (address indicator) and information about what kind of problem there is 
from the description given by the customer. The SMS-system is connected to the 
mobile car system, so the task can be further investigated by consulting the car 
system. 
 
(3) The Station systems, necessary to receive calls from customers needing help, 
scheduling of tasks, and resource allocation, i.e. where to send which car. 
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The new technology has increased the possibilities to work from anywhere so as to 
reduce the traveling and make the technicians more free to decide upon how, 
where and when to carry out their work. They can check the work assignments 
from home in the morning and plan the route for the day, or schedule a whole 
week. They also receive new assignments, additional information, and changes 
continuously during the day.  
 
There were basically three main goals of the reorganization stated by Telia; (1) 
closer customer relations by providing service from a single technician throughout 
the whole problem solving activity, (2) "just in time" delivery of parts and services, 
and (3) route minimization by use of mobile IT. 
 
The first goal was thus to enable a single technician to have information enough to 
solve almost any problem at the customers site. By providing the technicians with 
this IT support they could now install a new phone line and also active it directly 
from their laptop in their car. Concerning the second goal, the new IT support 
enabled the technicians to order new parts directly from their car at the client site 
and directly be able to tell the client when he/she would receive the parts and get 
back to the client. The final goal of “route minimization” by use of mobile IT was 
introduced together with a new incentives system, which promoted less traveling. 
This was done by the implementation of a function in the system that kept a record 
on how far each technician have traveled and how long each mission takes. In the 
beginning an idea was to use GPS (Global Positioning System) to track the exact 
location of each technician. However, the staff felt that this would violate their 
privacy so that function was never implemented. 
 
 
How the reorganization and implementation of mobile IT 
support changed the work setting for the technicians 
 
After the implementation of the mobile IT support at Telia Nära and due to the 
reorganization concerning have each technician now should, on their own handle 
their own schedule and priorities, the travel patterns changed, but not entirely as 
planned, i.e. the ideal state illustrated in the middle. Figure 1 below shows the 
changes. 
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Figure 1. Travel patterns before and after the reorganization. The Station is still a focal point, but 
now for social purposes, discussions and knowledge sharing rather than work organization such 
as distribution of work lists, etc. 

Before the reorganization the Station played an important role as coordinator. 
Here, the technicians got their list of what to do (and where, and in what order) 
during the day. This set the route for the day. From the morning when the 
technician checked in at the station and throughout the day, work was just about 
carrying out the tasks on the list in the order of appearance.  
 
 “Usually, we went to the station each morning for a cup of coffee, chat a little, and receive the 
work list from the station staff. That was really nice because everybody got together before a new 
working day” (Service technician 4). 
 
The ideal state, as planed from Telia Nära, was to arrange the work for the 
technicians so that they did not any longer needed to go to the central station 
before driving out to the clients. Instead, the idea was to let the technicians get all 
the information about new missions on their mobile phone, and let them use the 
laptop in their car to find out the relevant information they needed to plan their 
day, coordinate their work with their colleagues, etc. 
 
Today, the staff can carry out all important tasks in the field; the coordinating role 
of the Station is considerably reduced. However, the home base still has a social 
value. Every day the technicians meet at the station to socialize, exchange 
experiences, and talk about problems they have faced since the last time they got 
together there. For the newcomers, this is important since that is somewhat the 
only opportunity for them to get to know their colleagues. If it weren't for the 
meetings at the station they would never meet their colleagues, less know anything 
about them. Thus, the meetings at the station are important for establishing such 
contacts.  
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 “The informal discussions in the station building as well as at different locations downtown are 
very important... both for socializing and, of course also for work related discussions... I mean... 
to just hear about troubles others have run into, how they have solved it and so on... that kind of 
discussions are very important for us. Since we now travel alone in our cars and not as before 
when we always had a colleague this is somewhat the only chance for us to exchange experiences. 
We have mobile phones, but.. you know.. it is not the same thing. Some things cannot be 
explained over a phone line” (Service technician 2). 
 
The IT support installed in the service cars is designed strictly for the technical 
aspects of work; scheduling, instructions, work reporting, and error search and 
fixing of the telephone network. There is virtually no technical support for 
communication among the staff. As the technician above stated the physical face-
to-face meetings have special characters not easily replaced by IT support. That 
might be one reason way there have been no attempts made to support such use. 
 
 
The day-to-day work at Telia Nära 
 
This section reports observations made during a typical day for a service technician 
at Telia Nära. The objective of this section is to provide an illustrative example of 
the ordinary day-to-day work as observed during this study. 
 

The workday starts at the breakfast table 
The workday starts during breakfast (i.e. at 07.45 am) with a couple of SMSs sent to 
the technician’s mobile phone. Each SMS contains an ID number (i.e. a code that 
can be used on the laptop computer to get a richer description of the mission), a 
short description of the job, and a priority number (on the range 1-5). 
 
When the technician receives the messages he quickly looks through them and 
finishes his breakfast. Having finished the breakfast he walks out to the service car, 
gets in and logs on to the computer. He checks the IDs collected in the mobile 
phone against the longer descriptions of the missions provided by the laptop 
computer. Having decided where to go first he starts the car and start to drive 
downtown. At 08.20 he reaches the location of the first client. The task is to install 
a new phone jack in a house. He gets in and starts to work with the task. At 08.35 
his mobile phone rings. It is another colleague asking him if they should meet at the 
central station for a coffee break around 10 o’clock. He finishes up the work at the 
client site one hour later, reports the work on the laptop computer, and heads for 
the central station. 

Informal discussions during coffee breaks and sustained interaction 
When the technician reaches the central station he parks the car outside and brings 
the mobile phone with him in case someone needs to get in contact with him. At 
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the station he meets a few other colleagues. They take a cup of coffee and the 
following discussion takes place. 
 
Person 1:  So, how is your day so far? 
Person 2:  Ohhh, not so good... I have tried to fix a problem with over-hearing between the 
phones in a big house with a lot of stairs.... I had to run up and down em all the time to see if I 
managed to solve the problem.... 
The observed technician: So, did you? 
Person 2: No... I cannot understand why... 
Person 1: Have you tried to disconnect every phone in the house and then followed each line. 
You know, the lines should be connected on the top and then connected in the bottom to the 
next jack... 
The observed technician: Yes. That is what I usually do. 
Person 2: I have followed the lines but maybe there was some phone that I forgot to disconnect. 
I have to check that in the afternoon.... 
 
The discussion continues for a couple of minutes. When the coffee break is over 
the service technicians split up and heads for their next mission. The observed 
technician gets into his car. When seated he realized that it is actually not necessary 
to disconnect all phones to solve the problem of over-hearing. He brings up his 
mobile phone, looks in the address list for the number to person 2 and makes the 
call. Having told person 2 that thing he realizes that maybe he should also have told 
person 1 in case he/she runs into the same trouble. Again he looks in the address 
list of the mobile phone, dials the number and tells the same story again. 
 
After these two phone calls the technician heads towards the next mission, which is 
a client that wants to have two phone lines installed in their home. 
 

A major breakdown occurs – rescheduling needed 
While driving to the next client the technician gets an alert from the laptop 
computer that there has been a major breakdown in the telephone network and he 
is asked to assist in the repair work. He tries to dial the client but gets no answer. 
He then reschedules his schema for the day on the laptop computer and marks the 
client visit as low prioritised. Since that information is available also for the central 
staff it is possible for them to check why he has not arrived in case no-one else 
have time to do the work and in case the client calls Telia asking for the service. 
 
After a couple of hours of work with the network it is time for lunch. The 
technicians drive to the central station and gets together in the lunchroom. During 
the lunch experiences they have had from different missions are discussed. The 
transcription below illustrates one snapshot of one conversation during that lunch: 
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Person 1: Do you believe that it was right decision to shut down the whole switch central during 
the repair work today? 
Person 2: Yes, why? 
Person 1: Well, I believe that it might not have been necessary... I mean, when it is no power in 
the switches no one can make any phone calls. 
Person 3: It is always safer to shut down the whole central. It is quite dangerous otherwise... 
The observed technician: Yes, I agree. 
 
After the lunch break the technicians’ drives back to the site for the breakdown in 
the network. It takes almost two hours of work before it is fixed. The clock is now 
15.00.  Before it is time to head back home the observed technician calls up the 
client from the morning and asks him if it is OK to stop by and take a look at the 
problem. It turns out that it fits the client perfectly. The technician then 
reschedules his schema again on the laptop in the service car and heads to the 
client. 
 
 
Specific issues of interest noticed during the study 
 
The section above provided a short description of a typical workday for the service 
technicians at Telia Nära. During the 40 hours of observations made and with data 
collected from the interviews this section highlights some other findings of 
importance from the study. 
 

Changed conditions for cooperation 
Due to the implementation much information has been geographically distributed. 
Information like task descriptions and diagnoses, customer addresses, and 
schedules is now available both at the Station and at the mobile workplaces in the 
cars.  
 
“Yeah... well... now it is possible to do almost anything.. you know if you just looks at this [the 
technician aims at the laptop in the service car] you see information about the schedule for 
today... you can also see here the overview of the group and what they are busy with. Of course 
this is good. However, it also means some problems... For example if I am driving to a site it 
becomes important to tell the station staff that I am on my way.. because, you see... since they 
also have the information and descriptions of the problems there are several things that they can 
do from the station with their computers... for instance error search the network” (Person 3). 
 
As the quotation above states it becomes necessary for the station staff and the 
mobile technicians to cooperate and coordinate their efforts so that work can be 
properly divided between geographically independent task performed by the station 
staff and mobility requiring tasks performed by the mobile service technicians. 
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At the same time as the mobile technology were implemented with the following 
described reorganization Telia Nära moved to another building in the city of Umeå. 
Since the original idea concerning the new technology were to eliminate the need of 
the central station and instead let the technicians go directly from their homes to 
the clients a "natural" (existing because of the nature and location of the 
professional activities) social forum - the Station - disappeared through the 
reorganization. Since the idea behind reorganization was to use technology (i.e. the 
laptop computers and mobile phones) instead of meeting frequently at the station 
there were not arranged any local for socialization in the new building (i.e. no 
lunchroom or coffee tables). However, the technicians did not appreciate this: 
 
“So what now... do they want us to be just on our owns... and only let us talk to each other over 
the phones? What about thing that is not that important so that you make a phone call? I mean... 
a lot of things evolve just in informal settings, you know when you bump into someone and you 
have a nice little chitchat about just anything.... but in the long run can be very good... You see, 
the atmosphere is hard to establish just over a phone line” (Person 1). 
 
As a consequence, the social forum was re-created on a social basis - the staff 
required it. Similarly, a natural forum for exchange of professional knowledge 
disappeared but was recreated as a consequence of recreating the social forum. 
 
“Sometimes it is totally necessary to have the opportunity to sit down together in a meeting and 
really discuss important issues and problems. There must be arenas for this kinds of discussions, 
arguments, planning activities, and coordination of different things” (Person 3). 
 
Today, the technicians share the same locales as the central station staff. According 
to the interviews made with the technicians this was a very good solution since it 
made it possible for them to also meet the station staff in person and discuss issues 
face-to-face with them from time to time.  
 
Finally, a physical forum for negotiation of task distribution and schedules 
disappeared. It was partially replaced by telephones, but support for more complex 
negotiations, such as involving more than two parties, is now lacking as the 
example in section 4.2 above showed. The re-created social forum does not fulfil 
this function, because of timing; negotiations typically take place in the morning, 
before work, or during the coffee breaks. However, not everybody is present 
during all these breaks since everybody follows their own schedules and priority 
lists. 

New knowledge needed 
The introduction of the new technology together with the reorganization also 
implied that new knowledge and new skills were needed for the technicians to 
handle their every-day work. This section describes a few changes regarding these 
issues. 
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First, new knowledge was distributed to technicians, including stock management, 
scheduling, transfer of responsibilities, and general IT knowledge.  The general IT 
knowledge concerned basis handling of the car laptop computer, but also specific 
knowledge on how to report finished or disrupted work, check and reschedule the 
stock of the work over an ordinary week, etc. The transfer of responsibility was 
related to their IT knowledge too. With the new technology in their cars they 
needed to develop new skills to measure how many task they could manage during 
a day, what they needed help with from their colleagues to perform, etc. Before the 
reorganization and implementation of the new technology the central station staff 
handled these issues. However, today the technicians make these judgements on 
their own by negotiating with their colleagues. The following transcription 
illustrates such a typical negotiation of jobs taking place several times every day. 
The transcription was made based on field notes taken during the conversation and 
then filled in through follow-up questions after the phone call with the technician. 
That was done to grasp the other parties involved in the session. 
 
Person 1: [The technician calls up another technician from his service car. He has three mobile 
phones in the car. Two stationary installed phones in the car and one regular mobile phone.] Hi it 
is me! 
Person 2: Hi! What’s up? 
Person 1: I believe that mission...[he looks at the laptop computer] #34576 will take the rest of 
the afternoon. Would I be possible for you to take care of mission #35665 for me? 
Person 2: Well... I have to check...yeah... I think I can do that... I was going to handle #356555 
today but I think it would be OK to do that tomorrow morning instead... it was just a routine 
control anyway...Maybe you can do that for me then? 
Person 1: OK, that’s fine. Is there anybody else involved with this? 
Person 2: Yes, I was going to do this together with Person 9. At least we talked about it down at 
the station this morning...  
Person 1: OK then, I can call him and tell him about these changes... See you later! 
Person 2: Yeah... see you at the station... bye! 
Person 1: Good-bye! 
 
Second, the staff at the central station maintains the same knowledge as before so 
as to be able to make a qualified assessment when a customer reports a problem 
and to participate in error fixing when possible.   
 
Third, according to our observations there was some knowledge dissemination to 
customers. The incentive system that was implemented as part of the 
reorganization rewards not travelling. This has meant that technicians try to make 
customers fix simple problems themselves by telling them how to do things over 
the phone. 
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Issues related to the new supporting technologies  
The implementation of the new technology implied several problems that the 
technicians had to handled. The technicians have been assigned new technology for 
technical parts of the work; error searching, error fixing from a distance, 
scheduling, stock management, and communication. Further, technical support is 
lacking for some activities that the new organization made necessary, i.e. 
negotiations including more than two parties, e.g. more complicated scheduling of 
tasks and transfer of assignments. Typically, these activities involved a complex 
handling of several threads of interaction through the use of several mobile phones. 
The transcription below provides such an example: 
 
Person 1: [while driving down town one of his three mobile phones starts to ring] Yes, hello?! 
Person 2: Hi there it’s me. 
Person 1: Hi! Nice to hear from you! 
Person 2: Have you checked with Person 7 if it was OK for him to do that fixing of the AXE 
switch together with me instead of you as you promised yesterday? 
Person 1: No.... not yet... do you have his number? 
Person 2: Yes.. let me check... it is 070-XXX XX XX 
Person 1: OK... [he types in the number on one of the installed phones in the service car] so... the 
number was... [he now repeats what person 2 just said].... 070-XXX XX XX.... can you hold on? 
[He then presses the call button on phone 2]. 
Person 2: OK. 
Person 1: Hi it’s me! [he is now talking to person 7]. Listen; do you think that you could take 
mission # 347882 together with person 2? 
Person 7: Yeah.. but it has to be in the afternoon then.. 
Person 1: That’s fine for me, but I have to check with Person 2 first... hold on..I have him 
online... 
Person 1: Person 2, are you still there? 
Person 2: Yes... but I am driving right now... 
Person 1: Person 7 says it is OK for him, but he want to do that in the afternoon..is that OK for 
you 
Person 2: I have to check... but due to the traffic it is hard right now.. can I call you back? 
Person 1: Why can’t you just call person 7 and arrange this with him? His number is... [he scrolls 
down the address book of his third mobile phone] 070-XXX XX XX. 
Person 2:  OK, I will do that as soon as I stop the car. See you! 
Person 1: Bye.... Person 7 are you still there? 
Person 7: Yes...  
Person 1: He [person 2] said that he will give you a call about this as soon as he has stopped the 
car. We’ll keep in touch. 
Person 7: OK, bye! 
Person 1: Good bye! 
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As the transcription above illustrate the technicians needs to maintain different 
threads of interaction related to issues shared among several colleagues. 
 
Another issue related to the technology used by the technicians relates to the lack 
of representations of causality in the report system, e.g. why a task took longer than 
expected (the norm time/assigned time).  Each new mission takes different periods 
of time to solve depending on the circumstances for that particular meeting. For 
instance if new cables have to be drawn or if old cables can be found and used in 
old buildings. This is a problem for the technicians since their pay check is based 
on how fast they accomplishes missions related to the norm time for an average 
mission of a certain kind.  
 
In summary, due to the interviews and the observations made, some amount of 
decentralisation of tasks, knowledge, and responsibilities had occurred. Generally, 
knowledge has been decentralised:   
 

• stock control (from the Station to technicians)   
• scheduling, partially (from the Station to technicians)   
• route planning (from the Station to technicians) 
• transfer of tasks (from the Station to technicians)   
• Knowledge about error fixing: 

 
a) from the Station to the technicians, because the new technology makes error 
fixing from a distance possible.   
 
b) from the technicians to customers, because the technicians try to avoid (non-
paid) travelling by trying to explain to customers over the phone how to fix simple 
things instead of going there. 
 
Two items moderate this general decentralisation: (1) A stricter control system; 
work time and stock are now accounted for in more detail. (2) The reward system 
directs day planning by rewarding minimising travel.   
 
In the next section we provide some concluding remarks from the reported study. 
 
 
Concluding remarks 
 
The purpose of this paper was to provide a description of how mobile service 
technicians collaborate as a group with the use of mobile technology. 
 
In this paper we have outlined a case description of a mobile technology 
implementation at Telia Nära and how that changed their work. Further we have 
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reported on, though transcriptions, examples, and interview statements, how the 
technology were used in their every-day work. We have also reported on important 
factors related to how the group managed to exchange experiences and knowledge 
in the new work setting 
 
Contradictory to the introduction of this paper it seams like, due to the descriptions 
of the re-establishment of the social forum, that there is a strong need for a home-
base when it comes to mobile CSCW. At least there is a need for some forums for 
socialization and experience- and knowledge sharing. 
 
A general observation that the transcriptions, and examples provided in this paper 
have illustrated is the “flexible planning” of the team’s collaboration and how they 
quickly can change priorities between different missions and coordinate themselves 
to solve problems occurring. Another general observation made is that the mobile 
group work hard for sustaining their interaction as “threads of interaction” across 
informal face-to-face meetings and mobile phone calls with different group 
members in their efforts to negotiate on missions, share experiences, remind each 
other, etc. 
 
We believe that the case can provide a good description of issues of importance 
and of relevance for research within the area of mobile CSCW. Future work 
includes more detailed analysis of issues related to knowledge sharing and sustained 
interaction within this team of mobile service technicians.  
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Abstract 
 

 
 
This chapter explores the vision of "anytime, anywhere" in the context 
of mobile work. The exploration is done empirically. Using qualitative 
research methods, we studied to what extent the work tasks they do are 
dependent on time and place. We analyzed the data using a 2x2 matrix, 
with the two axis “time” and “space,” which both have the categories 
“dependent” and “independent.” One of the four situations is “anytime, 
any where,” while the other three are dependent on time, place, or 
booth. We found instances of work in all four categories. Some traveling 
seems very difficult to escape, simply because there are places that staff 
need to visit physically to do their job. For example, to repair a 
telephone pole you need to go there. We also found there are time 
frames that staff cannot escape. For example, rebooting parts of the 
telephone network has to be done at night. Lastly, there are work tasks 
that seem pretty much independent of time and space, e.g., scheduling 
and rescheduling of activities. Accordingly, the vision of “anytime, 
anywhere” is not easy to realize in the case of the mobile workers we 
studied. 
 
Keywords: "Anytime, anywhere", Mobility, Time, Place  

 
 
 
A paradox? 
 
The adoption of Internet technologies, mobile phones, etc., have increased and in a 
sense made the world smaller. Compared to ten years ago, it is today much easier to 
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communicate with remotes sites, and the frequency of communication in many 
organizations has increased accordingly. Some people have even talked about “the 
global village.” (Preece, 1994). 
  
A paralle l trend is that people travel more than they used to do. According to 
predictions, this trend will sustain, and even increase. For example, the national 
road agency of Sweden reports the number of flights will increase by a factor four 
the next ten years. How can it be that the global village is so mobile? If people can 
interact independent of time and space, why then do they spend more and more 
time traveling? Is not that a paradox?  
 
Reviewing the literature on the topic, we find no research that has explored this 
seemingly paradox. Authors are either concerned with remote interaction (e.g., Ellis 
et al. 1991, Brave, Ishii & Dahley 1998, McDaniel 1996, Kuzuoka 1992, and, Tang 
& Minneman, 1991) or mobility (e.g., Luff & Heath 1998, Bejerano & Cidon 1998, 
and, Porta, et al. 1996). Furthermore, research on mobility has mainly dealt with 
technology issues, e.g., limited battery life, unreliable network connections, varying 
channel coding and characteristics, volatile access points, risk of data loss, 
portability and location discovery (e.g., Bhagwat, Satish & Tripathi 1994, Dearle 
1998, Francis 1997, and, Varshney 1999). Accordingly, no research so far has 
explored the relation between, on one hand “the global village,” with its idea that 
distance plays no role, and on the other hand the trend of increased mobility. How 
do the two trends hang together?  
 
In order to investigate the question empirically, we conducted an empirical study of 
mobile telecommunication engineers in a Swedish company. Using qualitative 
research methods, we studied to what extent the work tasks they do are dependent 
on time and place. We analyzed the data using a 2x2 matrix, with the two axis 
“time” and “space,” which both have the categories “dependent” and 
“independent.” One of the four situations is “anytime, any where,” while the other 
three are dependent on time, place, or booth.  
 
We found instances of work in all four categories. Some traveling seems very 
difficult to escape, simply because there are places that staff need to visit physically 
to do their job. For example, to repair a telephone pole you need to go there. We 
also found there are time frames that staff cannot escape. For example, rebooting 
parts of the telephone network has to be done at night. Lastly, there are work tasks 
that seem pretty much independent of time and space, e.g., scheduling and 
rescheduling of activities. Accordingly, the vision of “anytime, anywhere” is not 
easy to realize in the case of the mobile workers we studied.  
 
The rest of the paper is structured as follows: Section 2 contains a background 
describing the two trends of the evolving global village , i.e.  anytime, anywhere 
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distributed and co-located work and mobility as work on the move. Section 3 
presents the theoretical framework. In section four (4) we introduce the empirical 
study, i.e. mobile service work at Telia Nära. Section 4 presents the main results 
from the study. We do so by taking Ellis et al. (1991) dimensions of time and place 
and then draw upon a model of dependencies and independencies of those two 
dimensions when it comes to the case of the mobile service technicians at Telia 
Nära. So, in this section the vision of anytime, anywhere is contrasted to its 
opposites, e.g. particular time, particular place dependent work. Finally, in section 6 
we conclude the paper.  
 
 
Background: The global village and mobility 
 
In this section, we describe in more detail the vision of “any time, any where” and 
the trend of mobility.  
 

 “Anytime, anywhere”  
Kleinrock (1996, 1998) claims advanced wireless technologies, the Internet, global 
positioning systems, portable and distributed computing, etc., will realize the vision 
of “anytime, anywhere”. We can today see the first signs of this vision. For 
example, telework is now possible, remote organizations can be engaged in close 
cooperation, and people can form communities on the Internet. The world has 
become a global village, some claims (Preece, 1994, Castells, 1996), where you can 
interact with anybody independent of time and space.  
 
The vision of “any time, any where” describes a situation where people can do 
tasks wherever they want and without any consideration of time. Related to the 
vision is the 2x2 matrix often used in the field of CSCW to denote different kinds 
of computer supported collaboration (e.g., Johansen 1988, Baecker et al 1993). This 
model has the dimensions of time and place, which each can be same or different.  
It says computer-supported collaboration can take place as follows:   
 
Same time, same place, e.g., an electronic whiteboard supporting a brainstorming 

meeting.  
Same time, different place , e.g., a vide conferencing system supporting remote 

interaction. 
Different time, same place, e.g., a system supporting coordination of tasks between 

shift workers.  
Different time, different place, e.g., an email system supporting asynchronous 

exchange of messages between people in different locations.  
 
The model is shown in the figure below.  
 



115 In between Mobile Meetings 

 

Figure 1.The model shows different scenarios for groupware (Ellis et al. 1991) 
 
The vision of “any time, any where” is tasks that can be done independent of time 
and place, i.e., in any of the four scenarios. The does not say anything about where 
or when the tasks should be done, only that they should not be restricted by these 
dimensions.  
 
It is interesting to notice that the model does not take into consideration mobility. It 
assumes that people are either in the same place, or in a different place, and 
whether or not they are mobile does not seem to make a difference.  
 
 
Mobility 
 
Both work and leisure activities are becoming increasingly mobile. One reason is 
that emergence of service work as the dominating profession in the post-industrial 
society. Service work very often takes place at the client, therefore it is often 
mobile. Another reason is the increased importance of cooperation in and between 
organizations. Some cooperation can take place remotely, but people also need to 
meet physically. A third important reason for increased mobility is the extensive 
adoption of mobile phones. Mobile phones enable people to be mobile and yet 
accessible. As people have become accessible independent of place, new ways of 
working have emerged in many organizations. To describe the mobile worker, new 
concepts have been coined. Some examples are “road warriors” and “nomads” 
(Dahlbom, 1998), thus distinguishes mobile workers as moving from terms as 
distributed and co-located. 
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In the past, people traveled because they had no choice. If you wanted to do 
business or talk to remote friends you had to meet them face-to-face. However, 
transportation costs prohibited certain meetings and activities. A long series of 
technological developments  including the pony express, railroads, automobiles, 
and the telephone  have aimed at lowering the costs associated with transaction 
and conversation. Computer-mediated communications are the most recent 
development in that progression. Even so, people still travel and still meet in 
person.  
 
So, why do people want to meet each other? One possible answer is the social need of 
personal contact. The salesperson goes to the customer, shakes hands, and looks at 
the facilities. Workers in different groups travel to the staff meetings of their 
colleagues to establish rapport. Friends get together for dinner. In all these 
situations the requirement for movement is rooted in the desire to meet, take the 
measure of, and enjoy the company of others.  
 
Another possible answer is interactivity. An important part of human interaction is 
nonverbal communication, such as body language. There are certain situations 
where the give and take goes beyond words. The personnel evaluation meeting in 
business, the town meeting in government, and the family meeting to decide on a 
vacation destination are all common examples of the need for interactivity.  
 
A third answer, which is more practical, is that people are often mobile because 
they have to, i.e., because you need to be at some place a particular time to do 
something. For example, you may have to go to the stadium to watch the football 
game. Places you do not have to visit physically may be dependent of time, e.g., a 
telephone hotline that is opened day-time only, but they can also be independent of 
time, e.g., a grocery opened 24 hours a day. However, you still need to go there.  
 
Mobility is an aspect of many jobs, but it comes in different forms and in different 
amounts. There are some people who move around most of the time, and do so by 
necessity of their work. Examples include service technicians travelling to mend 
systems at customers’ sites or remote company sites, home care staff who work in 
the homes of elderly and handicapped people, and travelling salespeople. 
 
For others, mobility is temporal. It may be compulsory, but is often voluntary. 
Examples of compulsory temporary mobility include businessmen travelling to 
negotiations with customers, politicians travelling to meetings, sales people 
travelling to fairs, consultants doing work at customers’ sites, researchers going to 
conferences. Examples of voluntary temporary mobility include people doing part 
of their work from home, from their summerhouse, etc. Many categories of people 
do that, including consultants, teachers, university professors, but also database 
managers and operators. 
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Theoretical framework 
 
In order to explore the vision of “any time, any place” in the context of mobility, 
we found it necessary to develop a conceptual framework to guide the study, and in 
particular to analyze the empirical data. The model we have used is shown in figure 
2.  
 

 Place  
 Independent  Dependent 

 
 
 
 
Time 

 
 
Independent 

1. Anytime, anywhere :  

Tasks that can be done 
independent of time and 
place. They can be done 
anytime, anywhere. 

2. Anytime, particular 
place :  
Tasks that need to be 
done within on a 
particular place but can 
be done whenever. 

  
 
Dependent 

3. Particular time, any 
place : 
Tasks that can be done 
independent of place but 
at a certain time or in a 
certain order. 

4. Particular time, 
particular place: 
Tasks that must be done 
on a particular place and 
on a particular time. 

 
Figure 2. The theoretical framework of the study. 
 
The framework above makes it possible to analyze the relation between a particular 
task and the dimensions of time and space. One of the four scenarios of the model 
is “any time, anywhere” (4), while the other three are dependent on time, place, or 
booth.  
 
The first frame (1) concerns the vision of future work, i.e. to be able to work 
anytime, anywhere. That means that tasks can be done independent on time, 
whenever the worker feels like doing it and from whatever location suitable.  
 
The second frame (2) concerns the limit of the second part of the vision of future 
work, i.e. to be able to work anywhere. Here this means that some work can be 
done anytime, although there is no way that the work can be done at any other 
location. That means that tasks most be done on a specific place whether the 
worker feels like doing it there or not. 
 
The third frame (3) concerns the limits of the first part of the vision of future work, 
i.e. to be able to work anytime. That means that tasks most be done in a certain 
order or on a specific time whether the worker feels like doing it or not. On the 
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other hand, there is no restriction whether the technician handles those things from 
his car, from home or from the customer site.    
 
The fourth and final frame (4) concerns the opposite to the vision of future work, 
i.e. to be able to work anytime, anywhere. That means that some tasks needs to be 
done in certain places and on or within a certain period of time. Examples of such 
work is when larger breakdowns occurs in the telephone systems, like after a storm 
when trees have fallen down and destroyed cables drawn between telephone poles 
in the air. 
 
 
Empirical study 
 
We now wish to direct the attention to the results of the empirical research of this 
paper. The research issue we have explored is the relation between the vision of 
“any time, any where” and mobility. Let us start the section by describing the 
research methods involved.  
 

Method 
We used ethnographic techniques to collect data, i.e., participant observation and 
qualitative interviewing. Hammersley and Atkinson (1995) describe ethnography as 
follows:  
 
“In its most characteristic form it involves the ethnographer participating, overtly or covertly, in 
people's daily lives for an extended period of time, watching what happens, listening to what is 
said, asking questions - in fact, collecting whatever data are available to through light on the 
issues that are the focus of the research.”  
 
The objective of ethnography is to “present a portrayal of life as seen and 
understood by those who live and work within the domain concern” (Hughes et al. 
1993). We made participant observation of mobile service workers for 
approximately 40 hours. We also conducted five qualitative interviews (Mason, 
1989) with staff and their manager. The interviews lasted for 60 to 90 minutes. The 
empirical data was analyzed using the theoretical framework shown in figure 2 
above.  
 

Research site  
Telia Nära is part of Telia, the government owned telephone operator in Sweden. 
The study focuses on the service part of Telia Nära in Umeå, Sweden. The service 
technicians travel to customers scattered over a vast area (some customers are 
located more than 300 km from the Station), fixing problems like cable 
breakdowns, overhearing on the lines, etc. 
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The service section has recently gone through a reorganization including providing 
the technicians with advanced computer and telecommunication technology, and 
introducing a new economic incentives system. The new computers make staff 
completely mobile; any information they need can be accessed from the car, even 
administrative tasks that they previously had to do in the office. Similarly, anybody 
who wants to pass information to them, by telephone or computer, can reach them 
in their cars.  
 
The engineers we studied used the following technology:  
 
(1) The car systems with terminals at all times connected to the Service call center 
downtown over a radio LAN. The cars have systems to support scheduling of 
activities, putting work on waiting lists, search the telephone network for errors, 
getting in contact with the other cars, redirecting missions to free cars if something 
unexpected occurs, etc. The technicians can, for example, search for errors over the 
telephone network from the customer’s site. The new IT also makes it possible to 
plan the route for the day at home and reschedule it during the day. It can also be 
used to order parts needed to be changed at the customer’s site and plan a route for 
the day in a optimal manner.  
 
(2) The cellular phones receiving SMS-messages (short message service) from the 
Station, telling of breakdowns in the telephone network. The SMS message 
contains the customer’s telephone number, so the technician knows where the 
customer is located. It also contains information about what kind of problem there 
is from the description given by the customer. The SMS-system is connected to the 
mobile car system, so the short description using SMS given over the cellular 
phones can be further investigated by consulting the car system.  
 
(3) The Station systems necessary to receive calls from phone customers needing 
help, scheduling of those, and resource allocation among the cars, i.e. where to 
send which car. 
 

   
The pictures show the interior of a service car with the mobile system installed. 

The new technology has increased the possibilities to work from anywhere so as to 
reduce the travelling and make the technicians more free to decide upon how, where 
and when to carry out their work. They can check the work assignments from home 
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in the morning and plan the route for the day, or schedule a whole week. They also 
receive new assignments, additional information, and changes continuously during 
the day. Even though their work is very practical previous research has shown that 
it is also very knowledge intensive (Lindgren & Wiberg, 2000). 
 
Compared to how work was done before the reorganization, the mobility patterns, 
e.g. how they are geographically switching locations during a typical workday, of 
the workforce can be viewed as follows: 

 
Figure 3. The figure shows the alter from how work was conducted and organized before into 
the current work situation. 
 
Before the reorganization the home base had played an important role as 
coordinator. For example, here staff got their list of what to do (and where, and in 
what order) during the day. The work list at the home base set the route for the 
day. From the morning when the technician checks in at the station and 
throughout the day it is just about carrying out the tasks on the list in the order 
they appear to him or her.  
 
Today, the situation is very different, as staff can carry out all important tasks in the 
field, thus there is no direct importance of the home base anymore. Although, the 
home base still has a social value. Every day the technicians meet at the station to 
socialize, exchange experiences, and talk about problems they have faced since the 
last time they got together there. For the newcomers this is important since that is 
somewhat the only opportunity for them to get to know their colleagues. If it 
wasn’t for the meetings at the station they would never meet their colleagues, less 
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know anything about them. Thus, the meetings at the station are important for 
establishing such contacts. Since the passenger seat in the service car is occupied by 
all different kinds of technology (e.g. laptop computers, mobile phones, portable 
printers, etc) and the technical support for virtual communication among the staff 
is rather poor (e.g. mediated by mobile phones and SMS-messages) the meetings at 
the station serves as an important communication bridge between the technicians.  
 
 
Results 
 
In this section we report the results of the empirical study according to the 
theoretical framework described above. We do so by going through our empirical 
material and places it into the four different areas of "anytime, anywhere", 
"anytime, particular place", "particular time, anywhere" and "particular time, 
particular place" according to the model. 
 

Anytime, anywhere 
The first area (1) concerns the vision of future work, i.e. to be able to work 
anytime, anywhere. That means that tasks can be done independent on time, 
whenever the worker feels like doing it and from whatever location suitable.  
 
In the case study described above this frame was implemented by functions built -in 
in the information system making it possible for the technicians to schedule their 
workday, their work tasks and the priorities of work throughout the day. No matter 
when and no matter where. If a technician choose not to schedule the workday the 
system will automatically set the agenda for the day according to the proposed 
priorities of descriptions of different kinds of work tasks built -in in the system. 
 
However, the technicians had no mobile support for remembering door codes, 
error messages, etc, so they are thus dependent on the printer in the car. The 
technicians need to take a print out to remember all information needed about the 
problem in order to help the client. The car is their "on-line, on-wheel homebase". 
The mobile workers can schedule the day from home (or the car, or anywhere) by 
use of SMS and the car system, but they are still dependent upon the location and 
accessibility of the CAR! They cannot tell the colleagues where or when they will 
operate without doing the scheduling within the car system. The technicians are 
also very much dependent on remembering to send SMS when they get off duty. 
Otherwise they will continue to receive tasks since none of the colleagues knows 
that a particular colleague is off duty and they never meet in real life, except if they 
meet during a break at the central station downtown. 
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Anytime, particular place 
The second frame (2) concerns the limit of the second part of the vision of future 
work, i.e. to be able to work anywhere. Here this means that some work can be 
done anytime, although there is no way that the work can be done at any other 
location. That means that tasks most be done on a specific place whether the 
worker feels like doing it there or not. 
 
In the case study described above the technicians are dependent upon the location 
of the client. They have to do the work at the problem site. They cannot actually 
stop and do it “anytime, anywhere”. They cannot actually ask the client to fix their 
problems by themselves since not all people got the technical skills or the right 
tools to do it. So, as long as the client is stationary the mobile worker will be too in 
a sense. 
 
They are also place dependent upon the location of the next job, the way to go 
there, and the co-operation with the colleagues, since they are asking the technician 
to do the work which is closest to the primary position of the technician. However, 
within the time frame of 24 hours as a goal stated by Telia the technicians are free 
to choose when to go and visit the client.  
 
The mobile workers are also, on a social level, dependent on the location of the 
central station since it is important for them that the station is in the neighborhood 
so they can go there everyday and exchange experiences and talk about different 
problems that they run into.  
 
The mobile workers are also very much dependent upon the location of their 
colleagues. Often problems are of a kind that a single worker cannot handle so they 
need to co-operate. However, since the passenger seat is occupied the mobile 
workers needs to work around that problem by having instant contact over the 
phone and continuously look over that they not are to far from each other. 
 

Particular time, anywhere 
The third frame (3) concerns the limits of the first part of the vision of future work, 
i.e. to be able to work anytime. That means that tasks most be done in a certain 
order or on a specific time whether the worker feels like doing it or not. On the 
other hand, there is no restriction whether the technician handles those things from 
his car, from home or from the customer site.    
 
In the case study described above this frame was implemented by functions built -in 
in the information system making it possible for the technicians to conduct their 
work independent of the physical location. Typical tasks according to this are error-
searches of the network and work reports to the central station. But, they have to 
do it from the car system, they cannot do an error search from the mobile phone. 
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The mobile workers must report their finished tasks (and those in need of further 
work) from the car over the radio-LAN back to the central station. This 
information is used as background information for the proposal on which 
technician should do what kinds of tasks (a kind of knowledge management, i.e. to 
get the right man to the right place at the right time). So, they are in one sense 
dependent upon the location of the car.  
 
Further, the technicians are in one sense independent of the place of the central 
station since they nowadays goes directly from home to client and place 
independent in the sense of being able to do some of the work at the customers 
site instead of going to the station.  
 
Finally, the technicians are dependent upon having keys to different customers 
houses, thus dependent on door codes or if the customers are at home so they can 
access the physical problem. However, this information is place independent. The 
only thing of important is to receive the information; the location is of no 
importance.  
 

Particular time, particular place 
The fourth and final frame (4) concerns the opposite to the vision of future work, 
i.e. to be able to work anytime, anywhere. That means that some tasks needs to be 
done in certain places and on or within a certain period of time. Examples of such 
work is when larger breakdowns occurs in the telephone systems, like after a storm 
when trees have fallen down and destroyed cables drawn between telephone poles 
in the air. 
 
In the case study described above the technicians are dependent upon the error list 
sent to him/her by SMS and the organizational goal to correct those errors within 
24 hours. The central station sends out the tasks to the workers. Thus they are 
dependent on the time the task is given to them, the location off the fault to 
correct, etc. However, they are free to reschedule their task within that 24 hours 
time frame. The technicians are also dependent on the schedule of some of their 
clients. When they are doing jobs like installing a new telephone connecting, etc. 
they often need to discuss details with the client, like where to set montage the 
contacts, which contacts that should be connected to a specific number (if there are 
several lines), if there should be overhearing between phones in the house, (which 
some people like so they can have minor teleconferences by using multiple phones 
in the house) etc. 
 
Another interesting thing is that the staff at the central station downtown can still 
do error checks of the network so the mobile workers are very much dependent on 
the workers at the station in the sense that the staff at the station have the 
possibility to perform tasks while the mobile workers are on the move. This is a co-
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ordination and responsibility problem which also relates to, and conflicts, the 
organizational goal of providing service to the customer as fast as possible. It 
creates conflicts needed to be solved between the mobile and stationary workers. 
This, we think, is important to consider when building  new business model for 
knowledge intensive firms where mobility is an important factor. For a more 
detailed analysis of these requirements see Lindgren & Wiberg (2000).  
 
Further, the technicians are also dependent on the memory size in the mobile 
phone. They need to schedule the first five SMS received otherwise they will be lost 
(i.e. they will disappear from the memory in the phone but they are stored in the 
car) and then continue to schedule the tasks as they are sent to them. This is 
somewhat both a time and place dependency, i.e. they need to schedule the tasks 
before they disappear and they need to schedule those in the car. They are also 
dependent on being in range for the phone so they are aware of new tasks that has 
been given to them. Otherwise they will not notice that before they get into the car 
and goes to the first client in the morning. Thus, considering the range of the 
mobile phone as a limit of the physical location which the technicians are 
dependent on this "radio location" is an obstacle for the workers. However, these 
things are technical problems and no significant obstacle related to the nature of 
their job. 
 
They are also dependent upon the physical terrain, i.e. the geography. The workers 
do not want to sit in their cars the whole day just driving around doing nothing 
since the driving activity makes it impossible to do other kinds of work. They are 
thus dependent on the way we function as a human beings. Humans cannot do 
several things simultaneously, like driving a car and fully operate a laptop computer 
at the same time. However, in this paper we neglect such aspects of humans such 
as motivation, moods, strength and other human capabilities. We do so because the 
technicians studied had no such problems hindering them to perform their jobs in 
a proper manner. Nor do we think that those factors are of any greater importance 
for service engineers than for other people.  
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Discussion 
 
This paper has shown some limitations to the vision of anytime, anywhere work. 
Time and place are indeed very old ways for understanding context and it seams 
like they are useful even for bringing light on the phenomena of the two parallel 
trends of the global village and mobility.  
 
The paper has shown that work have moments, e.g. time frames, which are not 
negotiable so the work is dependent upon those. 
 
The paper has also shown that work have places of non negotiable importance, e.g. 
you cannot reframe the earth by putting away distance nor go backwards in time, 
although computers are often described as being able to bridge those gaps in time 
and space. As seen above, there is not much service work possible to perform 
"anytime, anywhere". 
 
But, as this paper has shown, these two trends in the technological development, of 
enhancing the global village and its mobile users, makes people able to become 
semi-virtual i.e. to, at the same time, have face-to-face mobile meetings and remote 
on-line colleagues. 
 
Kleinrock (1998) has argued the vision of mobility as being able to work "anytime, 
anywhere". However, from the analysis of the empirical study presented above, we 
argue that there are several limits to that vision. In fact, this paper has argued that 
the concept of "anytime, anywhere" belongs to another trend, i.e. the trend towards 
a global village, which is something altogether different from the trend of mobility. 
However, as the analysis has shown above those to trends comes together in 
practice. 
 
Beside the results presented due to the time and space model drawn upon above 
the empirical study showed many practical limitations due to the vision of mobility 
as “anytime, anywhere”. Just to mention a few: 
 

• First of all, 'Anytime, anywhere' does not by necessity mean 'every time, 
everywhere'. The ideal mobile situation is not to work continually without 
any stops. As described above, after the reorganization at Telia Nära, this 
was solved by the technicians themselves in that they always meet in the 
morning and throughout the day to get some breaks and socialize. We find 
this a very important factor when it comes to service work. It is important to 
be alert and service minded when working close to the client and the breaks, 
we believe, facilitates that. 
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• Secondly, true mobility goes beyond mobile support for 'here and now'. 
Support is also needed for the place to go and the place left behind as well as 
to make plans for the future or backtracking earlier events. 

 
• Third, the mobile worker is in one sense a 'stationary worker': The 

technicians always have to stop the car to perform any real work since the 
nature of this kind of service job is quite physical oriented, like installing 
switches or repairing breakdowns. They have to operate a 'mobile' stationary 
computer and, as the more technical parts of the analysis above shows, they 
are actually stationed in the cars (just as any other office job) since, as the 
pictures of the car interior shows, they need to do all "office" work from the 
car like schedule work, reporting jobs, etc, by use of the car system and the 
mobile printer in the car. 

 
To sum up: As seen in the analysis above there is just tiny parts of service work 
possible to perform "anytime, anywhere". Most of the work is dependent on spatial 
factors such as location of breakdown in the telephone network system, the 
location of the client, etc or time related dependencies such as fixing problems 
within 24 hours or co-ordinate schedules to co-operate around larger problems. We 
found there are:  
 

• traveling that seems difficult to remove, thus places that people have to visit 
physically, e.g., telephone poles, customers houses, not all customers are 
mobile, network routers, locations where new cables needs to be drawn, etc. 

 
• time frames which seem very difficult for staff not to do certain tasks within, 

e.g., customer service within 24 hours, rebooting parts of the telephone 
network has to be done at night, etc...  

 
• tasks that do not seem to be restricted by time and place, e.g. scheduling and 

rescheduling of the activities over the day, co-ordinations of activities 
between the technicians, experiences and knowledge sharing among the 
technicians, etc. although important for them since they are alone in their 
cars most of the day. 

 
So, finally we conclude this paper arguing that the practical limitations of “any time, 
anywhere” make it impossible for the mobile service engineers to conduct work 
“any time, anywhere”.  
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Abstract 
 

 
 
This paper reports ethnographical research in search of new ways of 
designing CSCW systems that support knowledge management in a 
semi-virtual organization. One such way, suggested in this paper, is the 
design of mobile CSCW systems from the perspective of the developed 
NIR-model. According to the principles of the NIR-model and the 
empirical findings three concrete areas is worth mentioning; (1), There is 
a call for Responsibility Management. (2), Conflict Management 
becomes important. (3), Skill Management seems to be of great 
importance. This paper ends by concluding the impact of the NIR-
model as an analytical tool, as well as highlighting important aspects of 
knowledge management of particular concern when designing CSCW 
systems for semi-virtual organizations.  

 
 
 
 

Introduction 
 
This paper presents an empirical study of practical knowledge management (KM) 
as it takes place by mobile workers at the case of Telia Nära, for the purpose of 
informing the design of mobile CSCW systems. 
 
A considerable part of the research conducted regarding KM focuses on knowledge 
work in traditional stationary production organizations (see e.g. [1],[2];[3];[4]). This 
is also true for the CSCW field, where research under the themes of KM and 
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organizational memory has mainly dealt with development projects within software 
companies (see e.g. [5]; [6]).  
 
However, today tendencies can be observed demonstrating the growth of new 
organizational models; clusters, small entrepreneurs, virtual- and semi-virtual 
networks ([7]; [8]; [9]). Consequently, the need for research on KM in such "new" 
forms of organizations arises.  
 
This paper deals with KM in a semi-virtual organization, which consists of 
stationary as well as mobile workers. The NIR-model was developed to make it 
possible to analyze specific aspects of KM in an organization of the kind already 
indicated. The purpose of this paper is to investigate practical KM as it takes place 
by mobile workers at the case of Telia Nära, in order to find new ways of designing 
CSCW systems that support KM in semi-virtual organizations. The research work 
is limited to studying the case of Telia Nära through the NIR-model, which is 
introduced in the section Knowledge management below. 
 
The paper is structured as follows; Initially the related work is outlined, and after 
that the theoretical framework is presented. Following this, the research method is 
introduced. The next step is a presentation of the research site. Then the case of 
Telia Nära is analyzed through the NIR-model. This analysis is subsequently 
discussed. The paper ends by concluding the impact of the NIR-model as an 
analytical tool, and highlighting important aspects of KM of particular concern 
when designing CSCW systems for semi-virtual organizations.   
 
 
Related Work  
 
The concept of KM has recently been introduced into the field of CSCW (cf. [10]). 
Within CSCW organizational memory (OM) is an established theme, and it appears 
to have much in common with KM. Both OM and KM have inspired significant 
discussions within the CSCW field concerning information repositories, 
information retrieval and artificial intelligence techniques ([11]; [12]).  
 
In Conklin & Begeman [13] gIBIS is discussed, which can be considered as one of 
the first OM systems described in the CSCW literature. By capturing the 
argumentation the purpose of gIBIS is to make decision processes explicit. Another 
system is Answer Garden that aims to help organizations to capture and enable 
retrieval of experiences made by their employees [14]. Features for finding as well 
as interacting directly with experts were added in Answer Garden 2 [15].  
 
Under the theme of KM Edwards & Mahling [16] have explored implications for 
design within the legal domain. Besides putting knowledge "chunks" into 
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organizational contexts, roles should be assigned for assuring the relevance and 
accuracy of the material. In accordance with Edwards & Mahling [16] empirical 
studies on KM have been conducted in order to elicit design implications, e.g. by 
analyzing the work of a telephone hotline group [17]. 
   
However, organizational memory and KM have mainly focused on local knowledge 
conceived as specific to place and procedures. Recently, Luff & Heath [18] have 
argued that there is a need to explore how mobility takes place in collaboration, and 
"walking away from the desktop" involves new problems and possibilities [19].  
 
For this reason Fagrell et al [20] have examined the suitability of the concept of 
KM on the day-to-day work of mobile service engineers. In reporting the results of 
the empirical study a distinction is made between different aspects of local and 
mobile KM as it took place in the mobile work setting. Finally, the empirical 
findings are compared and contrasted with existing KM perspectives, and a draft of 
a framework for practical KM is outlined.   
 
 
Theoretical framework 
 
This paper starts of from traditional ideas about KM for the purpose of 
investigating KM as it appears in a semi-virtual organization, i.e. half stationary half 
mobile. In this section the concepts of KM, semi-virtual organizations and mobile 
work are introduced. 
 

Knowledge management 
Today our society faces one of the greatest changes since the industrial revolution. 
The transformation taking place is a change from an "industrial society" to a 
"knowledge society" (see e.g. [21]; [2]). 
 
The market, which is more and more globally integrated, increases the demands on 
the organizations ability to manage their knowledge resources. Knowledge has 
become the most important competitive device for many organizations (see e.g. 
[21]; [22]; [23]).  
 
The so-called Knowledge Intensive Firms (KIFs) ([24]; [25]; [26]; [3]; [27]) are now 
considering how to increase quality and efficiency in their knowledge processes, 
among other things, through the use of information technology (IT) to support the 
knowledge work. This is one of the reasons why interest in knowledge management 
has increased over the last couple of years.  
 
The majority of the spokesmen regarding KM claim that the largest profits of KM, 
can be obtained when organizations are able to stimulate and facilitate the exchange 
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of knowledge between individuals within different departments and with varying 
specialties through the cross-fertilization of ideas (see e.g. [28]; [1], [2]; [4]; [29]). 
This thought that the development of new knowledge constitutes a driving force 
for improvement as well as renewal in organizations is scarcely new. It has a firm 
foundation in both neo-classic economic theory and established organizational 
theory (see e.g. [30]; [31]; [32]).  
 
The idea that the production and practical application of new knowledge, within 
the organization, creates renovation and growth is a well-founded thesis. However, 
the access to knowledge is merely not of decisive meaning. Equally important is the 
ability to bring in, apply and utilize the knowledge in the form of new processes of 
production, products and services, new ways of organizing and, until now, untried 
forms of co-operation with customers and suppliers. 
 
The perspective in this paper is that the largest profits of KM can be obtained if 
organizations are able to co-ordinate the exchange of knowledge between 
individuals, customers competence, resources and structural assets like routines and 
IT-systems. Through an innovative utilization of IT and organizational changes 
along with the knowledge and competence of the organizational staff and their 
customers, the greatest competitive advantages can be created (see figure 1). 
 

 
 

Figure 1: Perspective concerning KM. 
 
This idea, concerning co-ordination of innovative IT-solutions and organizational 
changes, along with the competence of the organization staff and their customers, 
is built on the notion that through the customer-oriented and quality-driven 
learning ([33]; [28]; [34]; [35]) in which the staff is continuously trained and their 
competence increased, the customers receive better information: 
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"A Learning Organization is systematic, accelerated learning that is accomplished by the 
organizational system as a whole rather than the learning of individual members within the 
system. Learning Organizations are able to transform data into knowledge and thereby increase 
the long-term adaptive capacity." [36] p. 73. 
 
Accordingly, in this paper the organization is considered as a knowledge processing 
and value creating learning system [37]. This way of looking at an organization 
throws new light upon the real significance of creating, acquiring, processing, 
utilizing and sharing different types of knowledge.  
 
Within the organization, knowledge is formed in varying forms through research, 
development projects and in connection with the daily work. The formation of 
knowledge is a creative event consisting of, in principle, two or more different 
elements of existing knowledge, which are united, known as bisociation [38], for 
the first time or in a new way. In some cases the combination is generally new, but 
in other cases it is only new within the organization. New knowledge is also 
brought into the organization from the surrounding world. This imported 
knowledge is used more or less unmodified, but sometimes it is an integral part of 
new combinations with other, within the organization existing knowledge, and in 
this process knowledge is accrued. The organization as a knowledge system is a 
processor [37], which generates and transforms knowledge. Existing available 
knowledge constitutes the base of the knowledge system in order to develop new 
knowledge.  
 
If the organization is regarded as a knowledge system and knowledge is considered 
as one of the most important resources for the organization, it can then be 
concluded that an essential task is to constantly increase the knowledge base [39]. 
Organizations that increase their knowledge base; 
 

• Are able to increase their value creation [37]. 
 

• Create a better condition for the detection and the handling of external 
knowledge. Cohen & Levinthal [40] have studied, what they call, the 
absorbing of knowledge within organizations. With this concept they refer to 
the process of how internal and external knowledge is processed and 
transformed to new knowledge. Since most of the innovations are the result 
of "external borrows" rather than own discoveries, the access to external 
knowledge is of decisive importance to the organization. However, Cohen & 
Levinthal [40] claim that the ability to take care of and absorb knowledge 
depends upon already existing knowledge within the organization. Thus, a 
good knowledge base constitutes a vital condition for the detection and the 
handling of external knowledge [3]. 
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The question therefore is: How is it possible for the organization to broaden its 
knowledge base? There are three obvious ways, which are illustrated in the NIR-
model (see figure 2) where the spreading of knowledge (Knowledge Networking 
Processes), the acquisition of external knowledge (Knowledge  Interacting Processes) and 
the processing of knowledge (Knowledge Reviewing Processes) appear as simultaneous 
and reciprocal processes. 
 

 
Figure 2: The NIR-model. 

 
1. Knowledge Networking Processes; Firstly, the knowledge base can be broadened when 
the boundaries within the organization are crossed. Blackler [4] claim that it is 
necessary to co-workers, within the organization, to co-operate across former 
boundaries and bring together existing knowledge from different departments and 
levels. By such an approach project groups and task forces, consisting of members 
from different departments and functions, will replace the specialized work that is 
performed by each department [28]. Thus, dynamic processes and project groups 
will characterize work. A form of work that builds upon co-operation across 
boundaries, self-governing project groups, rapid communications and tight 
networks [9]; [41]. It is simply a question of co-operation between people, with 
different knowledge and experiences, in order to solve common problems ([1], [2]; 
[42]; [37]; [29]).  
 
2. Knowledge Interacting Processes; Secondly, the knowledge base can be broadened 
through the acquisition of external knowledge ([3]; [37]). Primarily this means 
obtaining knowledge from the customer since no one else has as deep and close 
knowledge regarding the context, which the customer-offers have to be fitted for 
[35]. 
 
3. Knowledge Reviewing Processes; Finally, there is an additional way of strengthening 
the knowledge base. Independent of the origin of the knowledge, from inside or 
from outside the organization, the processing of acquired knowledge contributes to 
the broadening of the knowledge base. Through the reflection upon existing 
knowledge new knowledge, of a deeper and more fundamental kind, can accrue, 
and by this knowledge creating process understanding as well as learning can 
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increase [2]. According to Argyris & Schön [33] both understanding and learning 
are powerful tools in advanced problem solving. This is what the organizational 
theorists designate as "double loop learning" within organizations [33]. 
 
The NIR-model is used for analyzing the case of Telia Nära, which is presented in 
the section Telia Nära analyzed through the model. In the following section a definition 
of semi-virtual organizations is introduced. 
 

Semi-virtual organizations 
In this paper semi-virtual organizations means a combination of face-to-face 
partners and on-line members. This implies that half of the staff is working 
together on the field and the other half are either connected by use of mobile IT or 
through a system at a central station downtown, which sends out messages to the 
field workers over a radio LAN.  
 
Since half of the staff is mobile some extra descriptions of the mobile work context 
is outlined below. 
 

Mobile work 
Mobile work is about working at a distance from others. Mobile work shares 
several characteristics with telework, but is not equal to it. Dix & Beale [43] make 
the distinction by claiming telework is dependent upon spatial location, i.e. the 
home, a hotel room etc: 
 
"Telework, broadly defined, means ‘working at a distance’: the person doing the work is at a 
distance from colleagues with whom he or she works, or from ‘customers’ - those who use the 
work outputs. The most popular example is the person who works at home instead of 
commuting to a distant office. Another is ‘the mobile worker’ - one whose ‘place of work’ isn’t 
fixed at all, and who needs to be effective in a range of different work settings. There are some 
workers for whom mobility is central to their role - for example, field service engineers." [43] p. 
17. 
 
Mobile work is in one sense independent of any particular geographic location. 
Work may be performed from different places over time, or even whilst moving 
around. However, mobile work is very much dependent on the physical location. 
Often the location is the reason for being on the move.  
 
Kristoffersen et al [44] present three “modalities” of mobile work; visiting, travelling, 
and wandering. Visiting is working in different places for a coherent but limited 
period, e.g. maritime consultants engaged in the classification of ships. Travelling is 
working while travelling in a vehicle, such as an aeroplane or a train. Wandering is 
working while being mobile locally, i.e. local, physical mobility of users, e.g. a 
distributed and mobile team of IT support staff (see figure 3). 
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Figure 3: The figure shows three different modalities of mobile work [44]. 
 
Mobility is an aspect of numerous jobs, but it comes in different forms and in 
different amounts. There are some people who move around most of the time, 
since the nature of their work requires it of them. Examples include service 
technicians travelling to mend systems at customers’ sites or remote company sites, 
home care staff who work in the homes of elderly and handicapped people and 
travelling salespeople. For others, mobility is temporal. It may be compulsory, but 
is often voluntary. Examples of compulsory temporary mobility include 
businessmen travelling to negotiations with customers, politicians travelling to 
meetings, sales people travelling to fairs, consultants working at customers’ sites 
and researchers going to conferences. Examples of voluntary temporary mobility 
include people doing part of their work from home, from their summerhouse etc. 
Many categories of people work this way including consultants, teachers and 
university professors, but also database managers and operators. 
 
For the discussions of how to support mobile work, it would seem that the first 
kind of workers is most crucial. Not only is the work dependent on going to 
different places, but time is often an important factor more so than in any of the 
other categories. Further, the complexity of the work to be supported is important. 
While a travelling businessman may be well supported with a mobile phone and a 
fax, sales people, service technicians and home care staff do a wide variety of 
things; check technical equipment, order food, report working hours and actions 
taken, order material, search for data on products etc. In all these three cases, there 
is a need for supporting a variety of different activities and a telephone alone is not 
capable of fulfilling these requirements. 
 
Mobile workers are described by many terms by different authors; road warriors, local 
nomads, campus nomads ([45], [46]) or just nomads [47].  
Other authors have tried to distinguish different kinds of mobility, e.g. Luff & 
Heath [18] identify three types of mobility; micro mobility, local mobility and remote 
mobility.  
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• Micro mobility is the way in which the artifact may be mobilized and 

manipulated for various purposes around a relatively circumscribed, or “at 
hand” domain.  

• Local mobility is more scattered, for instance, walking between rooms, floors 
and buildings at a local site, e.g. that of product designers at a consulting 
firm [19], personnel at London underground [18] or bank officers at a 
customer service center [48].  

• Remote mobility is when remote users interact with each other using 
technology, e.g. construction foremen visiting work teams.  

 
The case study in this paper concerns mobile work in a semi-virtual organization, 
which is remote mobility in collaboration with staff at a central station. 
 
 
Research method 
 
To attain the aim of the paper, research was undertaken through ethnographic 
studies [49] of a mobile work context by following the service technicians during 
their everyday workdays (approximately 40 hours of observation).  
 
Ethnography is concerned with describing a certain domain, such as a working day, 
as seen from the people involved. The ethnographical method seeks to illustrate a 
portrayal of life, as seen and understood by those who live and work within the 
domain concern [50]: 
 
"In its most characteristic form it involves the ethnographer participating, overtly or covertly, in 
people's daily lives for an extended period of time, watching what happens, listening to what is 
said, asking questions - in fact, collecting whatever data are available to through light on the 
issues that are the focus of the research." [49] p. 1. 
 
The naturalistic approach to ethnographic studies suggests that the objective of the 
study should be the phenomena of interest in its "natural state", opposed to an 
experiment designed to control and isolate certain variables.  
 
"According to the naturalist account, the value of ethnography as a social research method is 
founded upon the existence of such variations in cultural patterns across and within societies, and 
their significance for understanding social processes." [49] p. 9. 
 
 
The close observations of the mobile work were complemented by 5 qualitative 
interviews ([51]; [52]), with the technicians and their manager, each lasting between 
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60 and 90 minutes. The empirical material was transcribed and analyzed according 
to grounded theory [53]. 
 
 
Research site 
 
Telia Nära is part of Telia, which is the largest telephone operator in Sweden. The 
company has recently been privatized but remains government owned. Telia Nära 
is divided into 40 market companies [54] each containing the three divisions; (1), 
Service, including service technicians serving the telephone network. (2), Support, 
including a call center and task dispatching unit called "The Station". (3), The Store, 
where products pertaining to use to Telia’s communication system are sold; 
telephones, faxes, modems, computers, subscriptions etc. 
 
This study focuses on the service part of Telia Nära in Umeå, Sweden. The service 
technicians travel to customers scattered over a vast area (some customers are 
located more than 300 km from the Station) fixing problems such as cable 
breakdowns, overhearing on the lines etc.  
 
The service section has recently gone through reorganization. There were three 
main goals of the reorganization; (1), Closer customer relations by providing 
service from a single technician throughout the whole problem solving activity. (2), 
JIT (Just In Time) delivery of parts and services. (3), Route minimization by use of 
mobile ICT (Information Communication Technology). 
 
The reorganization has partly been realized through new rules and praxis and a new 
economic incentive systems, and partly by providing the technicians with advanced 
computer and telephony technology. The new ICT makes the technicians 
completely mobile, which means that any information they need can be accessed 
from the car. Similarly, anyone who wants to pass information to them, by 
telephone or computer, can reach them in their cars. 
 
By a combination of wireless mobile technology and ordinary stationary technology 
the technicians could make practical as well as ordinary office work, such as filling 
out report lists, at the field.  
 
The ICT at Telia Nära can be divided into three distinct but fully integrated 
systems; (1), The car systems with terminals at all times connected to the Service call 
centre downtown via a radio LAN. The cars have systems to support scheduling of 
activities, maintaining work on waiting lists, search the telephone network for 
errors, contacting with the other cars, redirecting missions to free cars if something 
unexpected occurs etc. The technicians can, for example, search for errors over the 
telephone network from the customer’s site. The new ICT also makes it possible 
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for the technicians to plan the day's route from home and reschedule it during the 
day. It can also be used to order parts needed to be changed at the customer’s site 
and plan a route for the day in an optimal manner (see figure 4). (2), The cellular 
phones receiving SMS-messages (Short Message Service) from the Station, reporting 
of breakdowns in the telephone network. The SMS message contains the 
customer’s telephone number, so the technician knows where the customer is 
located. It also contains information about the type of problem there is from the 
description given by the customer. The SMS-system is connected to the mobile car 
system, so the short description using SMS given over the cellular phones can be 
further investigated by consulting the car system. (3), The station systems necessary to 
receive calls from phone customers needing help, scheduling of those, and resource 
allocation among the cars, i.e. where to send which car. 
 

 
 

Figure 4: The picture shows the interior of a service car with the mobile system installed. 
 

The research site Telia Nära is a semi-virtual organization to the extent that half of 
the staff is working together on the field, and the other half are either connected by 
use of mobile IT or through a system at a central station downtown, which sends 
out messages to the field workers over a radio LAN, i.e. the organization is build 
around a combination of face-to-face partners and on-line members. 
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Telia Nära analyzed through the model 
 
This paper started of from the specific perspective of KM as a complex structure 
capturing the four components of internal and external knowledge and 
competence, innovative IT use and innovative organizational changes. 
 
The focus in this section is upon the second part of the theoretical framework 
concerning KM, i.e. Knowledge Networking Processes, Knowledge Interacting Processes and 
Knowledge Reviewing Processes for the purpose of analyzing how practical KM happens 
in practice in a semi-virtual organization. 
 
 
Research findings  
 
The research findings display the need for Responsibility-, Conflict- and Skill 
Management. 
 

Responsibility Management 
Within the Knowledge  Networking Processes there is a call for Responsibility Management; 
introducing IT to support free flowing information throughout the networking 
team demands new ways for co-ordination of work tasks, related responsibilities 
and managing the division of labor among the stationary as well as the mobile 
workers. An example in practice: 
 

This conversation took place among the service technicians’ downtown in their lunchroom. 
Person 1 and person 2 are both mobile service engineers: 

Person 1: "So, how was your weekend?" 

Person 2: "Completely terrible!" 

Person 1: "Why?" 

Person 2: "I forgot to turn that damn thing [the mobile phone] off!" 

Person 1: "So what happened then?" 

Person 2: "What happened!? I left it at the table at home and then took off for skiing a few 
days in the mountains, and when I got back home I had automatically been given 23 tasks 
to handle." 

Person 1: "So the server didn’t know you where away?" 

Person 2: "No, …" 
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Person 1: "Well, next time you won’t forget to sign off in the system when you get off 
duty." 

Person 2: "No kidding!" 
 
 
This mistake resulted in extra work due to that the work tasks were not redirected 
by the system, and no one else knew that person 2 was away for the weekend. 
Consequently, there is a need for systems that handle emergency hours etc. in a 
proper way. Since the mobile workers rarely are in touch with the central station, it 
is important that the ICT-system in a clear way mediates information regarding 
responsibility between both stationary and mobile workers. 
 

Conflict Management 
Within the Knowledge Interacting Processes Conflict Management becomes important; 
introducing IT to support the mobile workers demands new work practice for both 
the mobile workers and the stationary workers. An example in practice: 
 
The technician: [He has just reached the node where an error was reported, and he searches for 
an error in the telephone network but he can not find anything wrong]: Is the problem already 
fixed or have they [he is talking to the observer about the people at the station] bypassed it from 
the station? [He picks up the cellular phone in the car and calls the station]. 

The station worker: "Yes, this is the station at Telia, can I help you?" 

The technician: "Have you error searched the network recently?" 

The station worker: "Yes… I was just going to call you, we have found the error and it was just 
a node needed to reboot so now it is up and running again." 

The technician: "Why did you do that? I am here now to fix it as ordered?" 

The station worker: "Well… [there is a short silence] I knew that it perhaps was possible to 
correct from here and I had some spare minutes, so I just thought, why not give it a try." 

The technician: "Maybe you should have thought about me having to go all the way here?" 

The station worker: "Yes, maybe…"  

 
When the mobile technicians are out searching for errors, which they have to 
analyze from the car they are not able to do so while driving. However, the 
stationary staff located at the central station can do this searching before the 
technician has reached the site thus causing conflicts. These conflicts involve the 
customers too, since misinformation easily leads to delays, etc. Prior to the 
reorganization this was not a problem since it was the duty of the staff at the 
central station to do these kinds of tasks. However, in this new ICT-system there is 
a need for mechanisms to distribute the tasks dynamically and then inform the 
stationary as well as the mobile workers on the current status of the work, e.g. who 
has done what, when, where and why. 
 



143 

In between Mobile Meetings Paper 5

Skill Management 
Within the Knowledge  Reviewing Processes Skill Management seems to be of great 
importance; decentralization of work tasks through mobile IT use demands for 
new ways of organizing disperse workers within the networking team. An example 
in practice: 
 
This conversation took place among the service technicians’ downtown in their lunchroom. 
Person 1 and person 2 are both mobile service engineers: 
Person 1: "So, what have you done today?" 
Person 2: "I have fixed the problem at Storgatan 12. Remember the breakdown we worked on 
yesterday?" 
Person 1: "So, how did it go?" 
Person 2: "It’s solved!" 
Person 1: "How?" 
Person 2: "I rebooted the network switch, Nemas problemas [sic]." 
Person 1: "Did you check the rest of the nodes before rebooting that one?" 
Person 2: "No, why would I?" 
Person 1: "Well, that is what I usually do. It saves me a lot of time". 
Person 2: "Thanks for the advice. I'll try that next time." 
 
On a daily basis the technicians learn news ways concerning how to handle 
problems that arise. These skills have to be transformed into new knowledge, 
which is then spread within the organization. Since the new ICT-system is not 
particularly designed to support such activities, the mobile workers have developed 
social incentive systems in order to encourage the exchange of knowledge, e.g. 
coffee breaks during the day where the workers discuss experiences and stories 
useful in work (see e.g. [55]). 
 
 
Discussion 
 
The three concepts derived from the empirical study show how KM happens in 
practice as well as supporting the assumptions made in the NIR-model. The idea of 
Knowledge  Networking Processes was possible to identify in actions, which are 
summarized as Responsibility Management. The theoretical argument concerning the 
Knowledge  Interacting Processes relates very closely to the everyday Conflict Management 
needed and executed at the research site. Finally, the arguing of the importance of 
the Knowledge Reviewing Processes could also be identified as the term everyday Skill 
Management. 
 
Since all three processes take place in practice in different but although graspable 
forms the three empirically derived concepts of Responsibility-, Conflict- and Skill 
Management require further research on how to support staff working in a semi-
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virtual organization. One such research question could be how to design CSCW 
systems for semi-virtual organizations, from the perspective of KM as it is 
presented by the NIR-model. According to the principles of the NIR-model and 
the empirical findings three concrete areas is worth mentioning; (1), Responsibility 
Management Systems, i.e. control systems dealing with monitoring work the workers 
are performing while avoiding monitoring the workers. This is a traditional 
question of how to monitor work without ruining the workers integrity or their 
trust (see e.g. [56]). (2), Conflict Management Systems, i.e. systems for planning and 
coordination of tasks, execution of tasks and dedication of tasks. (3), Skill 
Management Systems, i.e. simple systems to support reporting and managing of 
everyday problems as well as possible solutions. 
 
 
Conclusions 
 
This paper adds to the existing research body by introducing the NIR-model as a 
broader view of KM incorporating the internal knowledge work in the organization 
as well as the external environment.  
 
This paper has shown the impact of the NIR-model as an analytical tool, as well as 
it highlights important aspects of KM to consider when designing mobile CSCW 
systems for semi-virtual organizations.  
 
This paper has also shown that the three aspects of the NIR-model, i.e. the 
Knowledge  Networking Processes, Knowledge Interacting Processes and Knowledge Reviewing 
Processes are identified, in the case study, as three very practical aspects of KM, i.e. 
Responsibility-, Conflict- and Skill Management.  
 
Finally, it has been discussed that CSCW designers have not taken mobility 
seriously [18]. However, this paper has introduced some new areas for the design 
of mobile CSCW systems in semi-virtual organizations in general. 
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Abstract 
 

 
 
Session management models and technologies to support interaction are 
typically based on a narrow view of interaction. This view neglects that 
interaction is ongoing rather than strictly separated as well as it 
dynamically crosses physical and virtual arenas. In this paper we have 
theoretically explored the possibilities for and limitations of enabling 
seamless ongoing interaction across physical and virtual arenas for 
mobile groups by the use of interaction objects and connection objects. The 
exploration was guided by the UMEA approach that has its theoretical 
roots in Activity Theory. The paper derives some practical requirements 
for systems intended to support seamless ongoing interaction for mobile 
groups and discusses their implications for session management model 
for mobile CSCW systems. Prospects for future work include design and 
evaluation of RoamWare, a system to support seamless ongoing 
interaction for mobile groups.  
 

 
 
 
 
Introduction – From one-shot interaction to seamless 
ongoing interaction 
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The importance of "mobile meetings" (Bergqvist et al, 1999) to get the work done 
has recently been argued for in the CSCW (Computer Supported Cooperative 
Work) literature. Research has explored the nature of such meetings as multi 
threaded, work related, situated and opportunistic. Research on this topic has also 
explored how these meetings are initiated and reestablished (Bergqvist et al, 1999). 
It has also been shown that frequent informal interactions are key to the work of a 
collaborative organization for knowledge sharing, decision-making and 
coordination. Spontaneous interactions facilitate frequent exchanges of useful 
information, and awareness of ongoing activity creates shared knowledge and provides a 
key context for the interactions that occur (Bellotti & Bly,1996). However, so far 
no one has explored how interaction can be maintained in and between mobile 
meetings, despite the fact that earlier studies of lightweight interaction (e.g 
Whittaker et al, 1997) have concluded that current conversational theories so far 
have focused on one-shot interaction, having identifiable beginnings and ends, and 
that there is a need to extend these theories to also address new problems of 
connection, context regeneration and conversational tracking from a seamless ongoing 
interaction perspective.  
 
The issue of seamlessness is an important element within the CSCW research area. 
Ishii and Miyake (1991) defines it as unobtrusive integration of any noticeable system aspect 
into the surrounding context. Borghoff and Schlichter (2000, p. 127) distinguish 
between several types of seamlessness (i.e. communication media, working mode, 
phases of the group process, technology, and time).  
 
To illustrate the importance of seamless ongoing interaction, we will refer to our recent 
observational study of mobile service engineers at a Swedish telephone operator. 
During our study we observed that the technicians needed to invent workarounds 
related to lack of ongoing interaction (between them, their clients and the central station 
staff) (Lindgren & Wiberg, 2000). These problems all lead to disruptions or 
breakdowns of the work group’s interaction and the corresponding need for 
seamless support for shifting between co-located and dispersed settings. One thing 
that was clear from the study was that a person never knows if the interaction at a 
given moment is necessary to continue. This means that the user cannot be 
expected to maintain all threads of interaction. Instead, the CSCW system must 
seamlessly support the user when the need for interaction occurs.  
 
 
Problems with current session management models 
from an ongoing interaction perspective 
 
To really understand the underlying model of technology support for enabling 
seamless ongoing interaction there is a need to take a closer look at current session 
management models in relation to mobile meetings.  
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The term session management within CSCW (Computer Supported Cooperative 
Work) refers to the process of starting, stopping, joining, leaving, and browsing 
collaborative situations. Currently there are two types of session management 
models (implicit and explicit) and there are two different models of explicit session 
management as described below:  
 

(1) Initiator-based session management (i.e. through some sequence of dialogs 
the initiating user invites other users to the collaborative session. Initiator-
based session management systems fulfill two goals: to notify users of the 
existence of the collaboration, and to provide a means for rendezvous with 
the others in the session.),  

 
(2) Joiner-based session management (i.e. the initiating user creates a new 

session; users must find the session by browsing the list of currently active 
sessions (or know a priori that the session will be taking place). Once they 
know that they can attempt to join the session. Joiner-based systems 
typically only provide rendezvous facilities).  

 
However, the explicit models are awkward because they force someone to do a 
significant amount of overhead work setting up each new session (i.e. not seamless 
support). Explicit session management seems to be useful in situations where there 
is a high degree of formality (e.g. board meetings, etc). Explicit session 
management models do not seam to be the general solution to support mobile 
meetings.  
 
Edwards (1994) has suggested that a more implicit and direct approach would be to 
have the act of opening the object of the collaboration to provide the potential for 
collaborative activity itself (i.e. implicit session management). Thus, to collaborate 
in a meeting, (whether co-located or dispersed) the participants would simply enter 
the meeting session and automatically be assigned as participants by the meeting 
support system without any login procedure. Finally, there is a fundamental 
assumption made in these models that need to be taken care of, i.e. current session 
management models and technologies to support interaction are typically based on 
a narrow view of interaction. This view neglects that interaction is ongoing rather 
than strictly separated as well as it crosses physical (face-to-face) and virtual arenas.  
 
 
Towards seamless ongoing interaction - the UMEA 
approach  
 
To describe how higher-level user actions, such as participation in series of mobile 
meetings and computer-mediated interaction, could be supported in computer 
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supported environments Kaptelinin (1997) have developed the UMEA (User-
Monitoring Environments for Action) approach.  
 
The UMEA approach is theoretically heavily influenced by Activity Theory, and the 
underlying idea of the UMEA approach is that interactive environments are still 
application-oriented and that there is a need to support higher-level users actions. 
UMEA systems are intended to support the accomplishment of higher-level 
meaningful goals by facilitating reflection, resource integration, portability, and co-
operation by focusing on providing users with support for interaction histories and 
project contexts. Further, these higher-level user actions belong to tangled hierarchies of 
projects (i.e. activities, such as mobile meetings, performed within one project can 
have relations to other projects as well).  
 
However, since the UMEA approach was originally developed to explore how 
single user stationary systems should be designed, it is possible to formulate a 
number of challenges to this approach:  
 

(1) Mobile work involves a lot of critical actions outside the computer. Thus 
these actions must be covered by the UMEA approach.  

 
(2) Higher-level user actions and action chains in this case refer to series of 

connected meetings.  
 

(3) Each individual worker has his or her own interaction history containing 
both physical and virtual sessions of interaction. 

 
(4) The higher-level user action involves other persons. These persons past and 

future actions are important for the continuum of the individuals activities.  
 

(5) A project is no longer e.g. the editing of a document across several tools but 
threads of meetings across physical and virtual arenas. From the tangled 
hierarchies perspective this also implies that a meeting should be able to 
mark as belonging to different interaction histories and project contexts. 

 
Based on these challenges for the current formulation of the UMEA approach 
we now explore the possibilities for integrating physical and virtual meetings 
into seamless ongoing sessions of interaction. 
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Integrating physical and virtual meetings into sessions of 
seamless ongoing interaction 
 
The term object is used here to represent a mobile meeting (i.e. the interaction 
object). Each meeting can involve both co-located and dispersed group members. 
A connection object connects the co-located participants to the session and the line 
to the remote person indicates that a link is also established to include that 
particular person in the meeting. Further, each person has his or her own link to 
the shared connection object that is used for maintaining the session (See figure 1 
below): 
 

      

Figure 1. (left) Interaction object model of a mobile meeting and (right) a connection object link.  

The term ‘interaction object’ is used to acknowledge the social part of ongoing 
interaction (i.e. a focus on mobile meetings, face-to-face interaction and the 
possibilities for dispersed persons to participate in the interaction) whereas the 
term ‘Connection object’ is more technical and is used to establish connections to 
the participants of a meeting. Connection objects have been used before to 
establish new sessions (e.g. Kristoffersen, 1998). The circle and the line to the 
dispersed participant (figure 1 left) symbolizes establish links between participants 
in a meeting and the connection object. Each connection made by the connection 
object contains a configuration concerning interaction distribution, interaction access, and 
interaction filtering. This link or connection is described on a technical level of how 
ongoing interaction could be established and maintained. The interaction 
distribution channel includes definitions of how interaction at one node (i.e. a 
group or a person) is mediated through technology to another node. The 
interaction access channel works the other way around (i.e. how dispersed 
interaction can be accessed by another node). Finally, the interaction filter 
determines the flow through the interaction distribution and access channels (i.e. if 
and when interaction is made available) (see figure 1 right). In pseudo code this can 
be described as follows: 
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Interaction distribution 
 
While(mobile meeting 
exist) do Mediate 
interaction (through  
Interaction channels 
configured);   
 // e.g. chat, voice, video, 
email; 

Interaction access 
 
While (mobile meeting 
exist) do 
 Show available 
channels; 
 Allow selection of 
channels (e.g. chat, 
video, voice); 
Mediate (interaction); 

Interaction filtering 
 
While (mobile meeting exist) do 
 For all mobile meetings check 
mobilemeeting[nr].filter; //  
determine if access and/or  
 distribution is allowed for the 
particular meetings running; 

 
Of course there are also a lot of social aspects to consider for enabling ongoing 
interaction for mobile CSCW. Therefore we have developed the model below 
(figure 2) to illustrate a set of scenarios that allows us to theoretically explore the 
possibilities for and limitations of ongoing interaction on both a technical and 
social level of analysis.  
 

 

Figure 2. Possible combinations of mobile meetings with face-to-face and remote interaction 

The model above illustrates a set of mobile meetings (A, B, C, and D) that happens 
at different particular places over time. The inner circles represent individuals 
participating in these meetings.  
 
Along the time line a set of numbers and lines has been set to point out some 
critical phases (1-10) of mobility and ongoing interaction due to the larger work 
context (i.e action chains). In the model the things happening for a particular 
individual within a mobile meeting circle is viewed as that particular persons co-
located setting, whereas everything else happening is viewed as dispersed settings. 
According to this, remote colleagues who also might have their own mobile 
meeting are, from the individuals’ viewpoint, dispersed. In the model above the 
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previous presented model of a mobile meeting is complemented by the dimensions 
suggested by the UMEA approach.  More concrete, that is done by connecting the 
individual’s participation (physical and virtual) in several meetings over time 
(interaction history) depending on the higher-level goals of the user (project 
context). As figure 2 above illustrates a person enters a mobile meeting physically in 
phase 1. In phase 2 the person leaves the meeting. However, through the 
interaction object he/she can still follow the meeting remotely through an 
appropriate interaction channel (e.g. voice, video, etc). In phase 4 the person in 
focus enters a new meeting. Meanwhile the meeting continues a new remote 
meeting is established (phase 6). Of course, the person could remotely follow that 
meeting as well. However, on a social level that would imply that the interaction 
focus would be on the remote interaction instead of the surrounding face-to-face 
interaction. Thus, if that is not appropriate on a social level the interaction filter 
should be configured to not allow seamless establishment of remote collaboration 
with another meeting during a present meeting. Another alternative is of course, 
according to the idea presented by the UMEA approach about human actions as 
belonging to tangled hierarchies, to link these two meetings together through their 
interaction object to establish a larger meeting with remote participants for each 
physical setting. When leaving the current meeting (phase 7) the filter could be set 
to scan for remote meetings held within a specified work group as to allow for 
remote collaboration. Still, on a social level, face-to-face interaction is typically 
priorities so, if another face-to-face meeting starts (phase 8), the user should have 
the opportunity to leave the remote interaction and, by doing that also distribute a 
notification to the remote participants about the exit from the meeting. In this way, 
seamless interaction across physical and virtual meetings could be handled in the 
same ways as entering and leaving of chat rooms typically represented as: “Person 
X enters the room”, “Person X leaves the room”. This seamless integration of the 
physical meetings into the virtual interaction could also offer similar functionalities 
as chat rooms (e.g. the possibility the brows the groups interaction history). In this 
case this functionality could also include face-to-face interaction between some of 
the participants, remote colleagues, note takings of interest to the rest of the group, 
etc. 
 
 
Implications for current session management models 
and preliminary system requirements 
 
Looking at the structure, possibilities and limitations related to enabling seamless 
ongoing interaction across physical and virtual meetings we have to leave the idea 
and concept of ‘sessions’ and current models of session management. If ongoing 
interaction is to be realized we must first turn away from traditional views of 
sessions as clearly separated, initiated and finished. As the mobility model illustrates 
it is not clear when a person can no longer take part in a session or when a session 
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is finished. Further, from a technical viewpoint we have to raise questions 
concerning how CSCW applications should handle ongoing interaction in the 
future (if not by starting, stopping, joining, leaving sessions)?  
 
We have, from the above reasoning, derived 5 preliminary and basic requirements 
for technology to support ongoing interaction for mobile CSCW besides the 
pseudo code outlined above. These are: 
 

1. Implicit establishment of meetings (i.e. a spontaneous meeting should be 
initiated when it happens for both co-located and dispersed group 
members).  

 
2. Fluid maintenance (i.e. support easy shifting between co-located and 

dispersed modes of interaction. This requires mobile IT),  
 

3. Ad hoc meeting distribution (i.e. when a co-located meeting happens it 
should also distribute its content to dispersed participants,  

 
4. Easy access (i.e. let dispersed participants easily find the meeting and 

join it whenever they want to)  
 

5. Meeting priority support (i.e. support users with visualizations of different 
threads of meetings to let them easy get an overview of the current state 
and make it easy for them to make priorities about which meetings to 
participate in).  

 
Reviewing current support for seamless ongoing interaction across physical and 
virtual arenas we found no technology that meet these five requirements. There 
have been some attempts to theoretically inform meeting and interaction support 
(e.g. Bennett & Karat, 1996; Ljungberg, 1999). However, so far there has been no 
research attempts to support seamless ongoing interaction across physical and virtual arenas. 
DOLPHIN (Streitz et al, 1994) supports both co-located and dispersed group 
members during meetings. However, the system does not provide any mobile 
support, nor does it support seamless shifting between these two settings. 
 
 
Conclusion 
 
In this paper we have theoretically explored the possibilities for and limitations of 
enabling seamless ongoing interaction across physical and virtual arenas. We have 
formulated challenges to the UMEA approach to cover CSCW activities and then 
applied it to explore requirements for how ongoing interaction could be enabled 
for mobile CSCW. Further, we have discussed the implications of the model for 
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current session management models for CSCW systems. One general conclusion is 
that, to support mobile CSCW, current session management models need to be 
extended and move from one-shot interaction to seamless ongoing interaction 
across physical and virtual arenas.  
 
Future work includes the development of RoamWare, a mobile CSCW system that 
will meet the five requirements identified. Related to the interaction object model 
RoamWare will provide interaction distribution of interaction objects (mobile 
meetings), interaction access according to browsing of individuals’ interaction histories 
and support for dispersed workers, and finally, interaction filtering according to 
visibility/invisibility on the web, search and visualizations of meetings and their 
interrelations and multithreadedness according to the ordered and tangled structure 
of human activities as pointed out by the UMEA approach. In a second phase we 
plan to focus on filter based notifications of events, and integration with other 
interaction channels (e.g. voice and video).  
 
Finally, we hope that evaluations of RoamWare will give useful insights concerning 
limitations to ongoing interaction (both technical and social) and the role of face-
to-face meetings versus computer mediated remote participation. Further, we hope 
that the evaluation will provide valuable input to verify the usefulness of session 
management models for sustained mobile meetings. 
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Abstract 
 

 
 
This paper presents results of a research project that has aimed at 
developing novel meeting support for mobile work domains. The system 
developed, called RoamWare, supports seamless ongoing interaction 
across co-located mobile face-to-face meetings and dispersed work 
settings by use of Wireless Inter-PANs (Inter-Personal Area Networks). 
An Inter-PAN is the ad hoc set-up of several mobile devices belonging 
to different users. This paper describes the design requirements for 
RoamWare, and how these have been realized in a working prototype 
system. RoamWare contributes to the field of HCI (Human-Computer 
Interaction) and CSCW (Computer-Supported Cooperative Work) by 
illustrating how session management models can be modified to 
incorporate spontaneous mobile meetings into one ongoing session of 
interaction. 
 
Keywords: Interaction histories, Mobile CSCW, Ongoing interaction, 
Session management, UMEA approach.  

 
 
 
Introduction 
 
Session management within CSCW13 (Computer Supported Cooperative Work) 
refers to the process of starting, stopping, joining, leaving, and browsing 

                                                 
13 CSCW is label for "a shorthand way of referring to a set of concerns about supporting multiple individuals 
working together with computer systems" [1]. CSCW has generally been addressed in two distinct ways: CScw 
(Computer Support for cooperative work -- a technical perspective) and csCW -- the social/organizational 
perspective)[20].  
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collaborative situations [6]. Thus, session management models are critical to all 
CSCW systems. However, one assumption made in current implementations of 
session management models in CSCW systems is that sessions are clearly separated 
and established without previous interaction.  Kristoffersen and Ljungberg [12] 
have challenged this view, arguing that in real life "establishing interaction always involves 
interaction. Interaction often interrupts, or replaces interaction. This is done in an unproblematic, 
effortless and effective way". 
 
Further, CSCW designers have neglected that interaction, such as meetings, mostly 
take place outside formal meeting rooms. As a consequence today’s meeting 
support systems are designed to support stationary rather than mobile participants 
and prescheduled rather than spontaneous meetings. However, empirical studies of 
mobile CSCW cases suggest that mobile spontaneous face-to-face meetings, 
ongoing interaction, and coordination with colleagues at particular places at 
particular times are critical to their work (e.g., [23], [14], [2], [3]). In fact, mobile 
CSCW typically involves both physical (face-to-face) and virtual (i.e., computer 
mediated) interaction. According to this current meeting support systems fail to: 
 
(1) Support mobile interaction across physical and virtual meetings. There have been some 
systems developed to support both face-to-face and remote participants (e.g., the 
DOLPHIN system, [18]. However, existing systems assume that meetings always 
take place in dedicated meeting rooms. Thus, these systems are not very mobile but 
rather very stationary biased. 
 
(2) Support seamless ongoing sessions of interaction for networking individuals. Besides 
belonging to and working within very specified groups or projects, where mailing 
lists is frequently used to continue the interaction with colleagues after meetings, 
the modern organization is very often characterized by a high degree of networking 
individuals (i.e., talking to colleagues and clients, exchanging and sharing 
experiences and knowledge) across different project groups and other formal group 
constellations. As stated by Kristoffersen & Ljungberg, [12], real life sessions are 
ongoing rather than clearly separated from each other. However, existing 
implementations of session management models are not very well suited for this 
kind of support as they force someone to do a significant amount of overhead 
work to set up a new session [6].  
 
The issue of seamlessness is an important element within the CSCW research area. 
Ishii and Miyake [9] defines it as unobtrusive integration of any noticeable system aspect into 
the surrounding context and Borghoff and Schlichter [4] distinguish between several 
types of seamlessness (e.g., communication media, working mode, phases of the 
group process, technology, and time). 
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This paper presents RoamWare, a mobile CSCW system that illustrates how 
wireless Inter-PANs (Inter-Personal Area Networks) can be implemented to 
support seamless ongoing interaction across co-located mobile face-to- face 
meetings and dispersed work settings. 
 
A wireless PAN (Person Area Network) can be defined as general IP networking 
(including security) in an ad hoc connection environment. WPAN describes an 
application of wireless technology that is intended to address usage scenarios that 
are inherently personal in nature. The emphasis is on instant connectivity between 
devices that manage personal data. An example might be synchronizing data 
between a PDA and a desktop computer. In this paper the notion of Inter-PANs is 
introduced to denote that the content of the data transmitted is still personal. 
However, the data is transmitted between different persons in a group. Inter thus 
means that it utilizes the relationship between itself and other devices running 
RoamWare, Personal: It is personal, i.e. a RoamWare device is identified with its user, 
and carried or worn at all times when in use. Each time a group of people meet an 
Inter-PAN is established between the RoamWare devices present and data is 
enhanced between these devices. Thus, a RoamWare device does not do anything 
on its own. However, when co-present with other RoamWare devices it 
automatically establishes an Inter-PAN together with the other devices to provide 
the required services. 
 
The design of RoamWare has been verified through: (a) an empirical study of 
mobile service technicians at a Swedish telephone operator [23]; (b) the UMEA 
(User-Monitoring Environments for Action) approach [10]; and, (c) experience 
with early implementations of RoamWare, i.e., observation of the system in use 
situations. The RoamWare system in its current implementation is especially useful 
for work organizations where: 
 
1. The work typically involves face-to-face spontaneous meetings with different 
persons 
2. Group members are mobile and dispersed 
3. Topics are discussed over some period of time through both physical (i.e., face-
to-face) and virtual/computer-mediated interaction (e.g., e-mail). 
 
Typical work of this sort is, for example, office work and the work setting of field 
service engineers. 
 
In section 2, we present the research background followed by an outline of the 
design requirements for RoamWare in section 3. Section 4 presents the RoamWare 
system followed by a presentation of the three subsystems RoamList, RoamWeb, 
and RoamLines in section 5. In section 6 we present a use case illustrating how 
RoamWare could be used, followed by a discussion in section 7 of how RoamWare 
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meets the design requirements outlined in section 3. Section 8 discusses some 
related work and the contributions of RoamWare to that before concluding the 
paper in section 9. 
 
 
Research background 
 
The design of RoamWare has been verified by both theoretical and empirical work. 
Concerning the empirical part we refer to our recently conducted ethnographic 
study of mobile service technicians at a Swedish telephone operator [23]. During 
our study we observed that the service technicians needed to invent workarounds 
related to lack of ongoing interaction (between themselves, their clients and the central 
station staff) [14]. We also noticed that mobility hardly takes place "anytime, 
anywhere". Rather, there are time frames, places and traveling that are hard to 
eliminate [23]. These problems all lead to disruptions or breakdowns of the work 
group’s interaction and the corresponding need for seamless support for shifting 
between co-located and dispersed settings. One thing that was clear from the study 
was that a person never knows whether the interaction at a given moment will 
necessarily continue. This implies that a user cannot be expected to manually keep 
a record of all kinds of interaction, just in case it might be needed later for 
someone. Instead, the CSCW system must seamlessly support the user when the 
need for interaction occurs. For more detailed descriptions of the empirical 
findings see [23]. 
 
The design of RoamWare was also inspired by the UMEA approach [10] and the 
way in which it stresses the importance of project contexts and interaction histories when 
designing interactive system interfaces. The UMEA approach is theoretically 
heavily influenced by the activity theory. The underlying idea of the UMEA 
approach is that interactive environments are still application-oriented and that 
there is a need of supporting higher-level user actions (in this case to integrate 
mobile meetings into interaction processes across co-located and dispersed settings 
and also ease reestablishment of a previous face-to-face interaction via computers). 
 
 
Requirements 
 
This section describes the requirements derived from the empirical and theoretical 
work. According to the requirements analysis, systems aimed to support ongoing 
and mobile sessions of interaction must meet the following design requirements: 
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1. Implicit establishment of meetings: According to this requirement, a spontaneous 
meeting should be initiated when it happens for both co-located and dispersed 
group members. Mobile meetings happen spontaneously and there is never a 
predefined group of participants at such meetings [3]. This implies that ordinary 
mailing lists will not be a good solution to support further interaction from such a 
meeting since they are quite static. Since the work is mobile and thus involves many 
activities performed outside the computer, the system needs to generate interaction 
histories that are flexible according to who is physically present at a meeting. There 
is a need for a device to monitor the close vicinity of the user so that the ongoing 
interaction during a meeting can easily be used for re-establishing the interaction 
later on. The issue of user monitoring could raise questions concerning privacy. 
However, since each user only scans his/her close vicinity for other users, i.e. a 
scan for information about who is co-located in a face-to-face meeting, this is no 
bigger privacy problem than ordinary meeting records, which also contain 
information about who is present.  
 
2. Fluid maintenance of meetings: According to this requirement, the system should 
provide support for easy shifting between co-located and dispersed mode of 
interaction. People spend much of their time away from their desktops in meetings 
with colleagues, and clients, or because they need to use shared resources [2]. In 
fact, frequent informal interaction is key to the work of a collaborative organization 
[11]. Whittaker et al [21] and Bellotti & Bly [2] report that spontaneous interaction 
facilitates frequent exchanges of help and useful information, and that awareness of 
ongoing activity creates shared knowledge and provide a key context for the 
interactions that occur. As a consequence, a system designed to support ongoing 
interaction needs to be mobile and easy to carry around so that it can be used to 
support interaction across mobile and face-to-face interaction as well as virtual 
interaction. This also implies that the technology should provide a seamless support 
for the continuously shifting of interaction between co-located meetings and 
dispersed computer mediated interaction. Further, interaction histories must be 
automatically generated so that re-establishing of a meeting can be made easily. A 
system aimed at supporting ongoing interaction must also provide its users with 
functionality to browse both past and current interaction across the whole group as 
to support fluid joining and leaving of different meetings. 
 
3. Ad hoc meeting distribution: According to this requirement, when a co-located 
meeting happens it should also distribute its content to dispersed participants. Since 
topics can be discussed at different moments over some period of time with both 
co-located and dispersed members and people often have to leave meetings before 
they are concluded there is a need to be able to literary "stretch" out the meetings 
over time with some kind of history function, and also "stretch" it over different 
places so that a meeting can be both physical (with those that are co-located) and 
virtual (with participants that are remote). A requirement for systems intended to 
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support ongoing sessions of interaction across physical and virtual areas is thus to 
provide its users with the option to leave a physical meeting but still be able to 
follow it and participate virtually. This requirement can be formulated as support 
for dynamic and sustained meetings across co-located and dispersed settings. 
 
4. Easy access to spontaneous meetings: According to this requirement, the system 
should permit participants to easily find the meeting and join it whenever they want 
to). Similarly to face-to-face meetings, which quite often occur spontaneously and 
with no particular problems, the technology to support ongoing interaction for 
mobile CSCW must support dispersed participants with seamless access. A user 
should quite easily be able to choose a meeting, choose an appropriate channel for 
interaction (e.g. voice, chat, video, email, etc) and then join the collaboration even 
if the co-located meeting is on the move down the hallway or if someone has to 
leave. As a consequence of this requirement, the technology cannot establish the 
interaction based on a person (like a normal phone call) since it might be the case 
that this particular person might leave the meeting before it is concluded. 
Moreover, the interaction cannot be based on a place (e.g., a call to the conference 
room) since the meeting could take place anywhere. Rather, the ad hoc group 
constellation itself during a specific spontaneous meeting needs to be possible to 
addressed when accessing a meeting from a remote location. 
 
5. Meeting priority support: According to this requirement, the system should 
support users with visualizations of different threads of meetings to let them easily 
get an overview of the current state and make it easy for them to make priorities 
about which meetings to attend). Within a group the members participate in a large 
amount of different meetings. As a consequence, the large amount of interaction 
histories generated by the group must be possible to search and visualize to make 
them useful. So, since spontaneous meetings are quite frequent there is a need to 
visualize the data captured to make it usable as well as searchable in an easy way. 
 
From a seamless interaction perspective these requirements can be summarized 
according to the different types of seamlessness distinguished by Borghoff and 
Schlichter [4]: (a) communication media (i.e., available channels for interaction 
across physical and virtual sessions), (b) phases of the group process (i.e., 
continuous shifting between physical and virtual interaction and support for both 
co-located and dispersed part icipants), (c) technology (i.e., a unified interface for all 
interaction), and (d) time (i.e., browsing of different individuals interaction histories 
and the spontaneous joining and leaving of different physical and virtual ongoing 
sessions). 
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The RoamWare system 
 

Based on the above requirements, this section describes the general functionality of 
the RoamWare system. The RoamWare system, or simply RoamWare, consists of 
three subsystems: RoamList, RoamWeb, and RoamLines that all share the 
following architecture. 
 
Figure 1 illustrates the RoamWare infrastructure with three PCs (A, B, and C) 
running the system. As figure 1 illustrates, each computer runs a web server and is 
always connected to the Internet over wireless LAN (IEEE 802.11b). The figure 
also illustrates how the devices communicate across both co-located and 
distributed settings. Each machine has a group member list and an interaction 
history stored. The group member list holds a record of a person’s contacts of all 
the persons who belongs to his/her working group (including colleagues, business 
clients, friends, etc). As seen in figure 1, one device (A) can automatically identify 
another co-located device (B) by use of a ConnectionObject. The ConnectionObject is 
a data structure that serves as a basis for each client to establish a connection to the 
other machines in the ad hoc network.  The ConnectionObject is described in table 
1. 

Part Description 

Connection An object variable 
representing an existing 
ConnectionObject 

ConnectionString A String containing 
connection information. 

UserID A String containing a 
user name to use when 
establishing the 
connection. 

Password A String containing a 
password to use when 
establishing the 
connection. 

Source A String used to pass 
the interaction histories 
created to the web. 

ActiveConnection A String that evaluates 
to a valid 
ConnectionObject 
variable name 
containing a definition 
for a connection.  

 
Table 1. Description of the ConnectionObject. 
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The ConnectionObject works as follows. A new connection with a new co-located 
device within the ad hoc network is established through a ConnectionString, 
UserID, and a Password instantly send out by each device over an infrared link. 
When that happens, a handshaking string (i.e. the ActiveConection string) is sent 
back from each receiver to establish an ad hoc network connection with the new 
device i.e., an ad hoc set-up of an Inter-PAN (Inter-Personal Area Network). The 
new device is added to the interaction history, which is a list of all Recordsets,  for 
the clients as well as automatically reflect on the web servers running on each 
clients, which is the Source part of the Connection Object, see table 1. In this way, 
the server reflects the history of a clients’ ConnectionObjects that is used to 
identify and retrieve information about which devices are close to each other (e.g., 
who is having a co-located meeting), building up the individual interaction histories, 
and for the ad hoc establishment of the Inter-Personal Area Network. 

 
 
Figure 1. Overall infrastructure of RoamWare illustrating how Inter-PANs (Inter-Personal Area 
Networks) can be automatically established, by using multiple mobile devices together with web 
technology, across co-located and geographically dispersed work settings. In this figure an Inter-
PAN is established between three computers running RoamWare (A, B and C). A and  B are co-
located in a face-to-face meeting whereas the person who has computer C participates from a 
remote location. 
 
In the next section, the implementation of the RoamWare system is described 
followed by a full description of how the three subsystems (RoamList, RoamWeb 
and RoamLines) where implemented. 
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Implementation 
 
In the current implementation, RoamWare provides mobile support for personal 
computers and it is built on top of the TCP/IP suite of protocols. The PC client 
part of the system has been implemented on several notebook PCs and a 
subnotebook PC, all of which have built -in infrared ports and IEEE 802.11b 
wireless LAN PC-cards). The client application on the PC, (RoamList), runs on the 
Windows 98 operating system and uses the Windows own drivers for infrared (IR) 
communication and TCP/IP for Internet communication. However, just to be 
notified by the others during a physical face-to-face meeting almost any IR-
equipped device can be used. In this project, a wide variety of devices where used 
for this purpose (i.e., mobile phones with IR-ports, various kinds of PDAs, 
notebook PCs, and subnotebook PCs), see figure 2. 
 

 
 

Figure 2. The diverse set of devices used in this project. 
 
The RoamList client has been implemented in Object Pascal whereas RoamLines 
has been implemented in Java. 
 
The next section gives a more detailed description of the three subsystems 
RoamList, RoamWeb and RoamLines. 
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RoamList: private interaction histories 
The RoamWare system uses infrared communication (IrDA) to automatically 
detect the participants in proximity during a co-located meeting. For every 
identified device, the ID number (i.e., the UserID part of the ConnectionOject) is 
used to associate a handheld device (such as another notebook, a PDA, etc) with 
the name and e-mail address of its owner. If an unknown device is detected the 
system provides the user with the opportunity to add that device to the interaction 
history by typing in a name and his/her e-mail address. The system only adds 
people to the list when the list indicates that a meeting is in progress. This avoids 
having unwanted persons be added to the interaction history even if no interaction 
has taken place (like passing someone in the hallway, which also has the system 
running). The name is added to the interaction history list with a pointer to the 
correct e-mail address, see figure 3. 
 

 
 

Figure 3. A screenshot of the RoamList client. 
 

This button separates meetings by adding 
start/stop time to the interaction history. 
 
Interaction history showing three 
meetings with four selected receivers of a 
new message. 
 
Support for remote controlling a web 
presentation by another device. 
 
Comment selected meeting. 
 
Shortcut to this interaction history on the 
web. 
 
Click to write message to selected 
receivers. 
 
Editable complete list of all the group 
members. 
 
Presents a list of added devices, owner 
name and address. 
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As seen in figure 3 above a meeting can be selected to send a group message to all 
participants of a certain meeting. A meeting can also be inverted so that a message 
can be passed to everyone in the group that did not attend a certain meeting. Of 
course, participants can also be selected from different meetings as well as from the 
list of the whole group (See the 'Show all contacts' button in figure 3). RoamList 
also has some extra features to support meetings held in ordinary meeting rooms. 
In the PC version of RoamList, a participant can connect the notebook to a 
projector and then control a presentation with any device supporting the IrDA-
standard (such as a mobile phone, or a PDA). 
 

RoamWeb: public interaction histories 
Reynold [16] has stated that: "Perhaps users could be portrayed in a 
communication space as public (visible to others) and private selves. Users could 
browse another person's public appearance or 'introspect,' that is, view their own 
private and public representations".  
 
We believe that the implementation of RoamWeb is one way of doing this, as to 
support both physical and virtual appearance. How we did that is outlined below. 
For dispersed group members, the RoamWeb system provides mobile groups with 
meeting information by automatically reflecting interaction histories generated by 
the RoamWare system on the web. Figure 4 shows a web mirror of a personal 
interaction history as generated by a RoamList client. 
 

       
 

Figure 4. Public mirror of interaction history. 
 



171 

In between Mobile Meetings Paper 5

The interaction history published on the web is an exact HTML copy of each 
client's interaction history list. The web interaction history can provide 
synchronous as well as asynchronous information to other group members. As 
soon as a person takes a note and his/her client is set to “public” mode, which is 
easily implemented by adding a <PUBLIC> comment to the interaction history, 
then the RoamList client automatically reflects the content to the web. Private 
comments where implemented the same way, i.e., <PRIVATE>) A dispersed 
person can then easily follow the meeting over the web and see notes taken, issues 
discussed and persons joining the meeting.  
 
The content is automatically updated through a <meta http-equiv refresh> HTML 
tag that reloads the web page continuously. Further, RoamWare supports 
publishing of web interaction histories from persons, roles and places. For example, a 
PC running RoamWare can be placed in the ordinary meeting room. This way 
remote participants can browse the web and see who has currently joined a certain 
meeting and follow notes being taken. For example, by restricting the access to, say, 
board rooms, the board members can easily take part in meetings even if they are 
"away" or "on their way". 
 
As figure 4 illustrates, other group members can navigate another person's public 
interaction history over the web and contact the persons that are participants of a 
certain meeting. The names of the participants on the list are linked to an e-mail 
application, i.e., are “mailTo:” HTML links, so that contact can easily be 
established. Of course the publishing of the list is optional as not to conflict with 
integrity aspects of the work. In the same way roles can be customized for web 
publishing, e.g., group leaders, secretaries, etc. In this way, group members can 
virtually follow notes taken during physically face-to-face meetings and follow who 
has attended (or are currently attending) a certain meeting. At the RoamWeb web 
site, navigation of all interaction history lists (including persons, roles, and places) 
are provided on a single web page thus making it possible for the user to get an 
overview of all current and past activities of the group by just a glance at the site. 
See figure 5 below: 
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Figure 5. A groups public interaction histories 
 
In short, RoamWeb provides a collection of all clients interaction histories 
generated by the RoamList client as to provide an overview of the group’s current 
and past interaction. 
 

RoamLines: overview of threaded meetings 
Finally, the RoamWare system also contains the RoamLines subsystem. RoamLines 
provides the group members with visualizations of different threads of interaction 
among the members of the mobile group. RoamLines supports querying the system 
about topics such as "who has been to which meeting”, “who was absent,” “who 
has discussed a specific topic” (possible to see if notes about the meeting have been 
added in the RoamList system), etc. The queries are made of basic Boolean 
expressions such as "and", “or”, "not". The results of the queries are graphically 
visualized as threads of chronologically ordered meetings where each meeting has 
boxes with meeting attributes attached to it (such as participants, time, date, notes, 
etc). Figure 6 shows an example of such a thread. As seen in figure 6, a query has 
been made about meetings that “Erik” as participated in. The query is stated in the 
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Threads Navigator and the result is presented above as threads of meetings with 
associated participants. The meetings are chronologically ordered over time starting 
with the 'X' box, which represents the current time. 
 

 
 
Figure 6. Threads of meetings in RoamLines. 
 
As seen in the visualization above the group member "Erik" has been to three 
meetings. The most recent one in time was together with "Mikael" and the topic 
was about an "Axe Switch". RoamLines uses the rubber band technique [17] to 
graphically separate the items in space and connect the meeting objects and 
attributes chronologically. This technique gives the visualization the dynamic 
needed to represent different threads of interaction evolving through personal face-
to-face interaction over time. This technique also provides the user with support 
for arranging the threads in any way they want to very direct. 
 
In the next section a use case is outlined to describe the general use of the three 
subsystems of RoamWare (i.e. RoamList, RoamWeb and RoamLines). 
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Use case 
 
The use case below summarizes the functionality of RoamList, RoamWeb and 
RoamLines as presented in section 5 according to activities performed before, 
during, and after a meeting: 
 
1. During a face-to-face meeting every group member has an IrDA-equipped device. 
The devices recognize each other during the meeting and every device adds the 
current meeting and the participants recorded to a personal interaction history. The 
interaction history contains information about the meetings date, start/stop time, 
participants and notes taken during the meeting (RoamList). 
 
2. After a face-to-face meeting a participant can choose to continue a discussion 
virtually by just selecting the meeting from the interaction history. In the current 
implementation of RoamWare, the discussion continues over e-mail, but other 
solutions that have been considered includes group calls, chat rooms, and support 
for group video conference on small mobile devices (RoamList). 
 
3. During a face-to-face meeting remote participants can virtually follow a meeting 
over the web by the interaction histories and take part in the meeting by calling the 
group members or sending them e-mail notifications. A remote participant can also 
search or browse through other current or past meetings to find notes and related 
people of importance concerning an important topic (RoamWeb). 
 
4. Before, during, and after each meeting people have to plan and make priorities about 
where to be physically. RoamWare makes it possible for the mobile workers to 
better choose between taking part physically or virtually. That is done by making 
the personal interaction histories public to the group over the web. RoamWare 
makes the interaction histories searchable and easy to browse through graphical 
visualizations of the meetings. In future versions of RoamWare, we also plan to 
include a feature for announcements of new meetings.  
 
 
How RoamWare meets the requirements 

 
In this section we try to, given the current implementation (section 4-5) and the use 
case presented (section 6), summarize how RoamWare meets the requirements 
outlined in section 3. 
 
1. Implicit establishment of meetings 
RoamWare supports the implicit establishment of meetings (i.e. the automatically 
establishment of an Inter-PAN) to the extent that people can spontaneously join a 
meeting and automatically be recognized by use of infrared links. However, the 
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user must push the “start/stop meeting button” to separate different meetings and 
to avoid that meetings are generated even if there is no interaction taken place (for 
instance passing by someone in the hallway). So far RoamWare does not support 
identification of dispersed participants so that they are added to the interaction 
history. Rather, that is handled by additional applications for the collaboration (e.g., 
e-mail systems, ICQ (http://www.icq.com), shared workspaces, chat rooms, etc). 
 
2. Fluid maintenance of meetings 
Today, RoamWare only monitors that people are joining meetings (when the 
participants aim their devices towards each other) and not how long they are 
staying or when they are leaving. To really make this transparent, we have 
considered user monitoring using short-range radio technologies, e.g., using the 
Bluetooth wireless technology, as an alternative. Concerning the fluid maintenance 
of meetings, we believe that the interaction histories created are useful for the users 
so that they can “split the use” instead of their attention. For example, quick notes 
can be taken during meetings where the focus is on the interaction and the 
participants. Afterwards, these notes can be reformulated and distributed in an easy 
manner by just selecting the receivers from the interaction history. 
 
3. Ad hoc meeting distribution 
Due to RoamWeb and RoamLines, RoamWare provides its user with support for 
following a certain meeting from a remote location. Since a meeting can be traced 
based on a topic or constellation of people instead of just related to a person or a 
place, it makes it easy to maintain the interaction even if the situation changes, e.g., 
when someone has to leave. All of this is handled by each client’s 
ConnectionObject as described earlier. 
 
4. Easy access to spontaneous meetings 
Today all “incoming interaction” to a co-located meeting is handled through other 
technologies (e.g., e-mail systems, mobile phones, chat rooms, etc). However, in 
future versions of RoamWare we plan to include this into the interaction histories 
as well. Besides this, the meeting distribution mechanisms of RoamWare make it 
easy for dispersed persons to find out a good way of getting in contact. 
 
5. Meeting priority support 
Finally, RoamLines meets the requirement of creating an overview of all meetings, 
both current and past. This makes it easy for the user to easily get a quick overview 
of the group interaction, decisions made, questions raised, etc. 
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Related work 
 
There have been several attempts to support mobile collaboration at physical 
meetings with multiple PDAs. However, all of them are focusing on using the 
devices during a meeting instead of using the ad hoc setup of multiple co-located 
PDAs as a lightweight way to provide meeting support to co-located and dispersed 
group members both during and after meetings. Myers et al [15] for example, uses a 
set of multiple PDAs, using the Palm OS, connected to a PC. However, their 
research focuses on how to use these devices during meetings rather than as bridges 
between physical face-to-face and virtual meetings. Another attempt is the NotePals 
system [5]. NotePals is a collaboration tool that runs on several PDAs, using the 
Palm OS. However, this system supports sharing of notes on the Web taken on 
PDAs during a meeting rather than using the PDAs as bridging devices for later 
physical or virtual meetings.  
 
There have also been attempts to use small devices for user monitoring, e.g., Active 
Badges [19] that support location tracking and Hummingbirds [8] that support 
groups with presence awareness. However, none of these uses information 
collected by the devices as interaction histories, which can be used later for re-
establishing of interaction.  
 
Another prototype developed related to RoamWare is the “Forget-me-not” system 
[13]. "Forget-me-not" shares several requirements with RoamWare (e.g., sensing 
the user's environment and automatic data capture of location of events, people 
present during events and focus of the event). However, "Forget-me-not" was 
developed as a personal memory aid whereas RoamWare is developed for 
collaborative use.  
 
Concerning the RoamLines system there have been some attempts on using 
threads for information visualization. Gutwin & Greenberg [7] uses threads to 
provide workspace awareness and Whittaker, et al. [22] uses threads for visualizing 
lightweight interaction in the desktop. However, none of them has explored the use 
of threads for visualizing threads of ongoing, and mobile face-to-face interaction. 
 
 
Concluding remarks 
 
This paper contributes to the current body of research within HCI (Human-
Computer Interaction) and CSCW (Computer Supported Cooperative Work) by 
demonstrating RoamWare as a novel way of using a diverse set of wireless mobile 
devices as Inter-PANs (Inter-Personal Area Networks) to support ongoing interaction 
for mobile workers across physical and virtual arenas.  
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The RoamWare system in its current implementation is especially useful for work 
organizations where: 
 
1. The work typically involves face-to-face spontaneous meetings 
2. Group members are mobile and dispersed 
3. Topics are discussed over some period of time through both physical (i.e., face-
to-face) and virtual/computer-mediated interaction (e.g., e-mail). 
 
Typical work of this sort is, for example office work and the work setting of field 
service engineers. 
 
The contribution to support ongoing rather than separated sessions of interaction opens 
up new interesting areas of research concerning how to seamlessly integrate other 
communication and interaction technologies into ongoing sessions of interaction 
across physical and virtual arenas. Finally, this research contributes to research on 
session management models for CSCW systems by illustrating a way of 
implementing sustained and dynamic session management as an alternative to the 
commonly held view of managing sessions as an act of separating sessions in time 
and place through establishing, maintaining, and finishing sessions. This opens up 
for new interesting questions concerning how to help users to easily choose 
between, and negotiate their participation in different threads of ongoing 
interaction. 
 
We believe that RoamWare has several novel advantages compared to traditional e-
mail systems. Especially by: (1) showing how physical meetings can be used as 
'contact lists' (interaction histories) for reestablish interaction as a virtual meeting, 
(2) connecting a physical meeting to a virtual representation thus making it possible 
to follow from a remote location and virtually comment it and contact its 
participants., (3) providing a unifying overview of the group members interaction 
histories, thus helping a single user to get in contact with the right receivers of a 
specific message, (4) providing an overview of threads of interaction according to 
meetings held among group members. 
 
Future work includes the development of RoamWare as a commercial product, 
which may assure its relevance and usefulness. For this work, PDAs equipped with 
the Bluetooth wireless technology and the IEEE 802.11b WLAN technology 
running the Windows CE operating system will be used. The RoamList client will 
be implemented by using embedded C++ for Windows CE. Further research also 
includes user studies and evaluations of how RoamWare support and influences 
group collaboration. Especially, a focus will be directed towards the role of mobile 
meetings in work processes and how these informal meetings can be integrated in 
explicit decision and knowledge sharing processes. 
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Abstract 
 

 
 
We have developed and evaluated RoamWare, a mobile physical/virtual 
meeting support system intended to support knowledge management 
(KM) in mobile CSCW (Computer Supported Cooperative Work). The 
design of RoamWare was based on a previous empirical study of 
knowledge management and mobility at Telia Nära [12]. The evaluation 
of RoamWare was done in two ways: (1) by exercises and, focus groups 
and, (2) by demonstration and interviews. The main objective of this 
research was to explore two issues: 1) The use of the RoamWare system 
to support knowledge management 2) The way in which RoamWare 
could be integrated in everyday work. The paper ends by highlighting 
important aspects of knowledge management of particular concern when 
designing mobile CSCW systems, as well as summing up the impact of 
Activity Checklist as an analytical tool and the strengths of using the 
UMEA approach to guide design of knowledge management systems to 
support mobile CSCW.  

 
 
 
Introduction 
 
Informal face-to-face meetings are critical in today's organizations for knowledge-
sharing and coordination. They are often held outside regular meeting rooms in 
places like corridors and hallways without any prescheduled agenda, and are 
sometimes referred to as 'mobile meetings' [2]. Back at the office these meetings are 
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often followed up by email discussions, phone calls, etc. However, there are no 
systems developed to support this shift between physical mobile face-to-face 
meetings and the virtual dispersed and computer mediated communication. The 
systems are either developed to support physical meetings (e.g. electronic meeting 
rooms) or virtual meetings (e.g. chats and email clients). Despite this lack of 
support for mobile meetings, informal communication [20] and tacit knowledge 
shared in face-to-face conversations are still very important aspects when designing 
systems to support knowledge management (KM). 
 
 
Background 
 
Many systems developed to support knowledge management rely on a top-down 
approach to KM, in the sense that the users should report their work in a certain 
way to make their knowledge sharable for others (e.g. repositories, library models 
to KM, etc). In this view informal face-to-face meetings are not considered as 
valuable elements of knowledge processes. However, our previous empirical studies 
of mobile CSCW [12] indicated the nature of mobile CSCW as concerning both co-
located and dispersed work. We also noticed the importance of face-to-face 
meetings for knowledge creation, sharing and coordination within the group. 
 
In this project we argue for the need to combine the top-down approach with a 
bottom-up approach based on knowledge sharing through informal 
communication [20] to support the collaboration aspects of knowledge 
management. Let us explain this at some length.  
 
Heist et al [6] uses the term "bottom-up" learning to indicate the process where a 
worker (either on the management level or on the "work floor") learns something 
which might be useful and that this "lesson learned" is then distributed through the 
organization. Kühn & Abecker [11] also discuss these formal and informal aspects 
of work but from the perspective of process-centered vs. product-centered views 
of work. According to [11], the process-centered view mainly understands KM as a 
social communication process which can be improved by various forms of 
groupware support in contrast to the product-centered view which focuses on 
knowledge documents, their creation, storage, and reuse in computer-based 
corporate memories. In respect to this we are focusing on supporting both bottom-
up process-centered KM. According to this background our research has aimed at 
integrating the top-down and the bottom-up approach and minor the gap between 
process-centered and the product centered view of work. 
 
The importance of social processes has been recognized before in KM literature, 
for instance in the model of Nonaka & Takeuchi [16]. Their model of the 
knowledge life-cycle focuses on how tacit and explicit knowledge is interrelated (see 
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model below). However, this has been largely overlooked in the design of systems 
to support KM. In this work however we are trying to support the transformation 
from socialization to externalization so that informal meetings can be made explicit 
and used in knowledge processes. 
 

 
 

Figure 1: The knowledge life-cycle [16]. 
 
In this work we use the definition of knowledge as: "information converted 
through a social, human process of shared understanding and sense-making at both 
the personal level and the organizational level" [3]. Nonaka & Takeuchi [16] have 
argued that explicit knowledge is formal knowledge that can be packaged as 
information. It can be pictures, images, video, sound, software, etc. Tacit 
knowledge on the other hand, is personal knowledge embedded in individual 
experience and is shared and exchanged through direct, face-to-face contact. 
 
In this paper we use the four knowledge processes distinguished by Wiig [21], 
Nonaka & Takeuchi [16] and Van der Spek and Spijkervet [18] for relating our 
evaluation findings to the area of KM. These are: 

• Developing new knowledge 
Companies survive by the continuous development of new knowledge based on 
creative ideas, the analysis of failures, daily experiences and work in R&D 
departments. Corporate memories can support these processes by, for instance, 
recording failures and successes. 

• Securing new and existing knowledge 
Individual knowledge must be made accessible to others in the organization who 
need that knowledge. This knowledge must be made available at the right time and 
place. Knowledge stored in corporate memories becomes persistent and - if 
properly indexed - it can be retrieved easily. 

• Distributing knowledge 
Knowledge must be actively distributed to those who can make use of it. The turn-
around speed of knowledge is increasingly crucial for the competitiveness of 
companies. To support this process, corporate memories need a facility for 
deciding who should be informed about a particular new piece of knowledge.  
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• Combining available knowledge 
A company can only perform at its best if all available knowledge areas are 
combined in its new products. Products and services are increasingly being 
developed by multi-disciplinary teams. Corporate memories may facilitate this by 
making it easier to access knowledge developed in other parts of the organization. 
 
From these points of departure we have evaluated how RoamWare could support 
KM taking into account the following aspects of mobile CSCW: (1) both co-located 
and dispersed work, (2) meetings as an important part of knowledge processes, and 
(3) mobile phones as widely used to coordinate activities, communicate and 
maintain discussions held in face-to-face meetings, and maintain awareness of 
others. 
 
 
RoamWare: A mobile physical/virtual meeting support 
system 
 
Figure 2 below shows the platforms used by RoamWare. So far, the system is being 
run on laptop computers, subnote PCs, Palm IIIx and Psion handheld computers. 
However, by the end of this year a more wearable computer will be developed to 
make it easier to carry the system around in a more natural manner.  
 

 
 

Figure 2: The platforms used in the two evaluations. 
 

The RoamWare system is built around the concept of a "mobile physical/virtual 
meeting support system". This concept is explained in the following. 
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• Mobile 
The RoamWare system is designed to support people who are moving around and 
participates in different mobile meetings. The system is intended to be used in the 
background while walking around, collecting data about other co-located persons 
who also have the system running. The idea is that the collected information will be 
used in later settings when the users are geographically dispersed from each other. 
 

• Physical/virtual 
Sometimes people cannot physically participate in a meeting. They might for 
example be to far away. However, RoamWare supports participation in these 
meetings since the physical meetings are made "physical/virtual" through a 
synchronous mirroring of the physical meeting to the web. Koleva et al [10] defines 
the concept of physical/virtual as "joining together distinct virtual and physical 
spaces by creating a transparent boundary between them”. However, in this work 
our goal is not just to joint together these spaces but rather to seamlessly integrate 
them into a joint space for interaction. 
 
During a face-to-face meeting the meeting attributes are reflected to the web 
including time, participants, comments, etc. The idea is to create a seamless bridge 
between the physical meeting and the meeting on the web. By doing this it makes it 
possible to easily move between co-located and dispersed settings as well as brows 
the interaction histories created back and forth in time. To summarize, the idea is 
that a seamless meeting could be held including shifting between face-to-face 
discussions and computer-mediated ones with colleagues participating both in the 
same physical setting as well as remotely over the web. 
 

• Meeting support system 
The final part of the concept describes the purpose of the system. However, the 
RoamWare system differs from ordinary meeting support systems in that it does 
not only support co-located meetings or dispersed computer mediated meetings 
but both. If also differs from ordinary meeting support for co-located meetings in 
that it is mobile and thus supports  meetings taking place where much meetings are 
actually happening (e.g. while walking between buildings, in hallways, etc.). 
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Two different goals 
 
The goals of the system were to: (1) provide the group members with interaction 
history navigation support, and (2) provide dispersed group members with meeting 
awareness support.  
 
 
RoamWare: Three subsystems with specific functionality 
 
The RoamWare system consists of the three subsystems RoamList, RoamWeb and 
RoamLines. These three subsystems support three main activities. These are: 
 

4.1 RoamList: Recording meetings 
The key functionality of the RoamList system is the automatic generation of an 
interaction history of participants within proximity during face-to-face meetings. 
Figure 3 shows a screenshot of RoamList: 

 
 

Figure 3: A screenshot of RoamList 
 

4.2 RoamWeb: Sharing meetings 
The lists of meetings collected by the RoamList devices are automatically published 
on the web as personal interaction histories. The lists only show particular persons 
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interaction history. The RoamWeb system reflects the individual interaction 
histories built up through physical meetings onto the web as a virtual 
representation of the meetings held. In the figure below all the interaction histories 
generated for the participants are shown.  
 

 
 

Figure 4: A screenshot of RoamWeb 
 

As the figure above shows, it is hard to get an overview of all these lists. Because of 
this we have also developed the RoamLines subsystem. 
 

4.3 RoamLines: Searching meetings 
The RoamLines system provides the group members with visualizations of 
different threads of interaction among the members of the mobile group. 
RoamLines supports querying the system about topics such as "who has been to 
which meeting? who was absent? who have discussed a specific topic? (possible to 
see if comments about the meeting have been added in the RoamList system) etc. 
The queries are made of basic Boolean expressions such as "and", "not". The 
results of the queries are graphically visualized as threads of meetings 
chronologically ordered where each meeting has boxes with meeting attributes 
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attached to it (such as participants, time, date, comments). The figure below shows 
an example of such a thread. 

 

 
 

Figure 5: A screenshot of RoamLines 
 

As seen in figure 5 a query has been made about which meetings "Erik" as 
participated in. The query is stated in the Threads Navigator and the result is 
presented above. As can be seen in the visualization, Erik has participated in three 
meetings. The meetings are chronologically ordered over time starting at the box 
'X' which is the current time. Of the three meetings Erik attended, the nearest one 
in time was together with Mikael and the topic was an Axe Switch. Figure 6 below 
presents an overview of the whole system with the following information flow: 
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Figure 6: An overview of RoamWare 
 

 
1.  A mobile informal face-to-face meeting  
2.  Automatic generation of interaction histories 
3.  The interaction continues virtually (email)  
4.  Web mirror of the personal interaction history 
5.  Visualization of different threads of interaction 
 
 
Design rationale: The UMEA approach 
 

The design of RoamWare was inspired by the UMEA (User-Monitoring 
Environments for Action) approach [8] and the way in which it stresses the 
importance of project contexts and interaction histories when designing interactive system 
interfaces. The UMEA approach is theoretically heavily influenced by Activity 
Theory, and the underlying idea of the UMEA approach is that interactive 

1.
2.
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environments are still application-oriented and that there is a need to support 
higher-level users actions. UMEA systems are intended to support the 
accomplishment of higher-level meaningful goals by facilitating reflection, resource 
integration, portability, and co-operation.  
 
According to the UMEA approach RoamWare should provide users with 
interaction histories as well as monitor the overall activity of the group, the project 
context, thus including both co-located and dispersed work activities. 
 
 
Related Work 
 
Knowledge Management (KM) has recently been introduced into the field of 
CSCW (cf. [5]). Within CSCW organizational memory (OM) is an established 
theme, and it appears to have much in common with KM. Both OM and KM have 
inspired significant discussions within the CSCW field concerning information 
repositories, information retrieval and artificial intelligence techniques. However, 
organizational memory and KM have mainly focused on local knowledge 
conceived as specific to place and procedures. Recently, Luff & Heath [14] have 
argued that there is a need to explore how mobility takes place in collaboration, and 
"walking away from the desktop" involves new problems and possibilities [1]. For 
this reason Fagrell et al [4] have examined the suitability of the concept of KM on 
the day-to-day work of mobile service engineers.  
 
There has also been some research attempts to provide groups of users with mobile 
support, e.g Active Badges [19] supports location tracking and Hummingbird [7] 
provides groups with presence awareness of people within the close vicinity. 
However, none of these systems supports the nature of mobile CSCW as the 
dynamic switching between mobile co-located meetings and dispersed computer 
mediated interaction. 
 
 
Two evaluations of RoamWare  
 
We have conducted two evaluations of RoamWare. The first evaluation aimed at 
exploring the use of the RoamWare system in detail. The goal of this evaluation 
was to test the different functions of the system and look for problems in the 
design. We also wanted to see how members of a group would go about using the 
different functions on the system and how they would use it to support their work 
while being both co-located and dispersed from each other. The second evaluation 
aimed at getting more contextual feedback concerning how and to what extent the 
system could support their work. For this reason we conducted an evaluation in the 
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same setting as the one investigated which later gave rise to the idea which led to 
the design of the RoamWare system.  
 
To frame and organize the empirical data collected in the two evaluations made, we 
used the Activity Checklist. 
 
 
Evaluation model: Activity Checklist 
 
The Activity Checklist  is an artifact developed by Kaptelinin, Nardi and Macaulay 
[9] intended for use in the early phases of design or evaluation of existing systems. 
Kaptelinin, Nardi and Macaulay [9] present both evaluation and design versions of 
the checklist. The checklists are constructed on the basis of main concepts and 
principles underlying Activity Theory, each offering a list of think-about-items for 
design and evaluation. Table 1 below shows the evaluation part of the checklist: 
 
Means/ends  Environment Learning/cognition/articula

tion 
Development 

People who use the 
technology. 
Goals and subgoals of the 
target actions (target goals). 
Criteria for success or failure 
of achieving target goals. 
Decomposition of target goals 
into subgoals. 
Potential conflicts between 
target goals and subgoals. 
Potential conflicts between 
target goals. 
Potential conflicts between 
target goals and goals 
associated with with other 
technologies and activities. 
Resolution of conflicts 
between various goals. 
Integration of individual 
target actions and other 
actions into higher-level 
actions. 
Constraints imposed by 
higher-level goals on the 
choice and use of target 
technology. 
Alternative ways to attain 
target goals through lower 
level goals  
Support for mutual 
transformations between 
actions and operations. 

Role of target 
technology in producing 
the outcomes of target 
actions. 
Tools, other than target 
technology, available to 
users. 
Integration of target 
technology with other 
tools. 
Access to tools and 
materials necessary to 
perform target actions. 
Tools and materials 
shared between several 
users. 
Spatial layout and 
temporal organization of 
the working 
environment. 
Division of labor, 
including synchronous 
and asynchronous 
distribution of work 
between different 
locations. 
Rules, norms, and 
procedures regulating 
social interactions and 
coordination related to 
the use of target 
technology. 

Components of target actions 
that are to be internalized. 
Knowledge about target 
technology that resides in the 
environment and the way this 
knowledge is distributed and 
accessed. 
Time and effort necessary to 
master new operations. 
Self-monitoring and 
reflection through 
externalization. 
Use of target technology for 
simulating target actions 
before their actual 
implementation. 
Support for problem 
articulation and help request 
in case of breakdowns. 
Strategies and procedures of 
providing help to other users 
of target technology. 
Coordination of individual 
and group activities through 
externalization. 
Use of shared representation 
to support collaborative 
work. 
Individual contributions to 
shared resources of group or 
organization.  

Use of target 
technology at various 
stages of target action 
“life cycles” – from 
goal setting to 
outcomes. 
Effects of 
implementation of 
target technology on 
the structure of target 
actions. 
New higher-level 
goals that became 
attainable after the 
technology had been 
implemented. 
Users’ attitudes 
toward target 
technology (e.g. 
resistance) and 
changes over time. 
Dynamics of potential 
conflicts between 
target actions and 
higher-level goals. 
Anticipated changes 
in the environment 
and the level of 
activity they directly 
influence (operations, 
actions, or activities). 

 
Table 1: The evaluation part of Activity Checklist [9]. 
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The four perspectives of the checklist are: (1) means and ends, (2) social and 
physical aspects of the environment, (3) learning, cognition and articulation and (4) 
development. 
 
The main purpose of the checklist is to help identify the most critical issues 
involved in evaluation and design. The Activity Checklist  provides the questions to 
raise in order to capture and structure a complex context.  
 
From this checklist we have extracted to this paper the most interesting findings 
concerning the use and suggested integrations of the RoamWare system. 
 
 
Evaluation 1: Exercises and focus groups 
 
For the first evaluation we assembled a group of five persons from the Department 
of Informatics, Umeå University. All five are researchers working together on an 
everyday basis so they are used to collaborating around different topics. They are 
also involved in the teaching of undergraduate courses. 
 
As an introduction the group was presented with the purpose of the RoamWare 
systems, a use scenarios, a tour of the user interface and a test drive of the system. 
After the introduction to the system the group was assigned 10 collaborative 
exercises which involved a great deal of spatial shifting between co-located 
meetings and dispersed work activities. They also involved a lot of interaction with 
the system. The system was prepared with a large number of fictive meetings so 
that the group had to start by looking up information from past meetings. The 
underlying idea was to simulate the dynamics of a mobile group over a long period 
of time but still be able to tape and follow every participant closely. All exercises 
had to do with meetings held concerning cars and colors. This was to give the 
participants a specific topic for the whole exercise without forcing them to have 
any background knowledge for carrying out the tasks. 
 
The evaluation session lasted for two hours. During the evaluation all the 
participants where videotaped all the time. The first 9 exercises aimed at exploring 
the use of previous meetings stored in the system (multiple interaction histories). 
The last exercise was about collaborating when both co-located and dispersed, with 
the aim of exploring the use of distribution of meeting awareness in problem 
solving across different places. Since the department has started to give courses in 
places quite far from the university of Umeå a lot of travelling is involved (for some 
teachers this means 3 hours in the car every day). Currently the department rents 
cars to facilitate this travelling. Since this is a well-known problem for the 
participants in the exercise they were given the task of making a decision about 
which car  would be appropriate to buy for the department. The only restriction set 
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for the exercise was the budget, which should not exceed $38.000 all included.  In 
this last exercise the group were set the task of finding the information they needed 
on the internet. They were allowed to go from the meeting to their offices  to 
search the web and meet whenever they wanted to. However, they were told to 
continually keep each other updated about new events (decisions made, call for 
meetings, interesting web sites, etc).  
 
After the use exercises we applied the “focus group” technique [15] and asked 
them questions concerning the use of the RoamWare system compared to using a 
ordinary email client.  
 
The figures below show a few snapshots from the settings used during the 
evaluation. The first figure shows the co-located setting. The second and the third 
figures shows examples of two dispersed settings in relation to the meeting held.  

 

 
 

Figure 7: A co-located setting 
 

  
 

Figure 8, 9: Two dispersed settings 
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Results 
 
We outline below the most interesting findings from the evaluation according to 
the categories of the Activity Checklist. 
 

10.1. Means/ends 
 
Potential conflicts between target goals  
In the final exercise there were a lot of conflicts between different target goals. On 
the one hand participants wanted to be alone, dispersed from the others to search 
for new information on the web to bring arguments to the others. On the other 
hand they wanted to be physically present at the meetings arguing their case. 
 
At the meetings another conflict of goals was identified. Those searching for 
information while being at a meeting hardly talked to each other, they were just to 
busy searching the net. Another interesting observation was that when they were 
arguing and were told to keep the dispersed group members informed about what 
they talked about and what they decided, the spoken communication stopped and 
they acted more like ‘co-located teleworkers’, i.e. sitting together but only 
communicating with the dispersed group members via email. 
 

10.2. Environment 
 
10.2.1 Integration of target technology with other tools  
The group felt that they needed a smaller device (such as the 3com Palm IIIx) so 
that they could have it with them all the time. They also said that this smaller device 
should be integrated with the stationary computer so that when they were within 
reach of the PC they could use it instead since it is much easier to operate if writing 
long emails, etc.  
 
10.2.2. Division of labor, including synchronous and asynchronous 
distribution of work between different locations  
During the last exercise a new role emerged in the co-located setting. One of the 
participants became a coordinator for the whole group. This person became more 
or less totally occupied by having to distribute the decisions made during the 
meeting and by answering the incoming emails from the dispersed participants. 
During this exercise alone, 79 email were sent between the participants. However, 
the huge amount of email sent as well as the content of the messages also indicates 
the effectiveness of RoamWare to involve dispersed group members into the 
collaboration. 
 
Another interesting observation made was that, as a consequence of the great 
amount of moving between the co-located and the dispersed setting a division of 
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labor evolved out of the exercise. The dispersed setting was mostly just for 
information searches, briefings to the group and for sharing of opinions. On the 
other hand mostly the co-located meetings took on the role of an arena for 
decision-making and coordination. 
 

10.3. Learning/cognition/articulation 
 
10.3.1. Coordination of individual and group activities through 
externalization  
One aspect observed during this first evaluation was that there was a strong need 
for a common area for notes (like an ordinary chat room) to enable interaction with 
and between several dispersed members at ones during the co-located meetings.  
 

10.4. Development 
Although the group used only the RoamWare system during the two-hour exercise 
some development could be observed. After one hour the participants were quite 
used to the system and started to suggest other features needed to keep each other 
more efficiently informed about different events. One need was for a searchable 
overview of all histories created by the different devices. In particular to be able to 
follow different threads of interaction according to different topics, different 
persons, different places (e.g. the meeting room) and finally to be able to get 
notification, when a certain person has made contact with another or entered a 
specific place. Visualizations of threads of meetings was also claimed to be needed 
for the purpose of broadcasting messages to the right persons. Further, the 
participants in the exercise all complained about having to reload the web pages in  
order to be updated about new information. One said that it would be useful if 
some kind of parameter could be set to send a notification or alert when something 
particular happened in the system (for instance someone arriving at a meeting). 
 
To summarize, the first evaluation showed that RoamWare was effective for 
keeping the mobile group updated about current activities in the group as well as 
proving useful for individual backtracking of earlier events and meetings. One 
might easily think that this system would lead to elimination of face-to-face 
meetings since briefings can be made synchronous or asynchronous regardless of 
particular location, and email is sometimes reported as being very efficient 
compared to face-to-face conversations in briefings of knowledge [17]. However, 
the evaluation showed that the group had to get together for decision-making and 
coordination. On the other hand, they use their dispersed setting mostly for 
information seeking and briefings to the others which lead to new needs for face-
to-face meetings. 
Evaluation 2: Demonstration and interviews 
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The second evaluation was done at Telia Nära, the site where this research project 
started.  Telia Nära is part of Telia, the state-owned telecommunications operator 
in Sweden. Telia Nära is divided into 35 market companies each containing the 
three divisions; (1), Service, Service technicians serving the telephone network, (2) 
Support, a call center and, (3) the Store. This project has focused on the part of Telia 
Nära in Umeå, Sweden, providing service to Telia’s customers, i.e. part one (1). The 
service technicians fix problems like cable breakdowns, overhearing others on the 
lines, etc. Since the RoamWare system is one concrete result from the previous 
empirical study of knowledge management and mobility at Telia Nära [12] we also 
wanted to evaluate the system in that particular setting. 
 
The second evaluation aimed at getting more contextual feedback on how and to 
what extent the system could support their work. To capture this we first planned 
to have a seminar with the technicians and their manager, and a discussion around 
a demonstration of the system. This form of open-ended evaluation has been 
successfully used before (e.g. [13]). However, as noticed during our previous studies 
of mobile work, one particular aspect of the work is that it involves a lot of 
travelling, a lot of meetings and it is almost never the case that the whole group can 
get together to meet face-to-face.  
 
Figure 9, 10 and 11 below shows the research setting. Figure 9 below shows the co-
located setting (i.e. the morning meeting room also used for lunch breaks, etc). 
Figure 10 and 11 show the cars used by the service technicians when travelling 
around the town dispersed from each other. In the last figure the laptop on the 
passenger seat is visible. 
 

 
 

Figure 9: A co-located setting at Telia Nära 
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Figure 10, 11: Two dispersed settings 
 

From the checklist we have focused on some critical aspects concerning the 
RoamWare system found during the demonstration and the interviews. The results 
are presented below. 
 
 
Results 
 
We outline below the most interesting findings from the evaluation made according 
to the categories of the Activity Checklist . 
 

12.1. Means/ends 
 
12.1.1. Potential conflicts between target goals  
When dispersed from each other the service technicians perform the concrete 
elements of their jobs (fixing cable breakdowns, repairing the network, etc). 
However, at the same time as they want to do their work they need information 
from their colleagues who also might be out working at some site. This problem 
conflicts with their target goal in two ways. They cannot spend their time at the 
computer reporting things to their colleagues, and they cannot concentrate on the 
computer waiting for their colleagues to report on important things. From the 
evaluation it was clear that alerts might be good for attracting the technicians' 
attention and that a 'voice-to-text' input interface might be good for making 
comments on new knowledge in the system. 
 

12.2. Environment 
 
12.2.1. Role of target technology in producing the outcomes of target actions 
It is important that the system does not interfere with the main work (done outside 
the computer) and important to have it running in the background (as it were 
"invisible" so as not to disturb the user with a lot of interaction). Ease of use was 
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also found to be a very important factor. To facilitate this it was suggested that the 
number of steps for performing activities with the system should always be limited 
as much as possible according to the nature of their work. Otherwise hard to 
operate while driving the car. 
 
12.2.2. Tools, other than target technology, available to users  
The system used by the technicians in their cars is mainly used for distributing, 
scheduling and reporting tasks. The information stored in the system is just about 
what has been done according to the list of tasks. As such the evaluation of 
RoamWare pointed out the need for the users to have support for more informal 
interaction to facilitate their sharing of experiences and briefing of each other about 
different topics. Today this is done via their mobile phones. The problem with this 
technology however is that it is most suitable for one-to-one communication 
making it hard to contact the right persons immediately. The result of this is that a 
lot of phone calls are made between the technicians just to get in contact with the 
right persons and keep each other updated about what is going on.  
 
12.2.3. Integration of target technology with other tools  
It was very clear from the interviews that it is important that RoamWare is highly 
integrated with the other technologies used (the laptop in the car and the mobile 
phone). For example having the same information on the phone, the PDA and the 
laptop computer installed in the car. 
 
12.2.4. Spatial layout and temporal organization of the working environment 
The work the technicians carry out is highly dependent on place and time. In order 
to be efficient they need timely information at or about specific places and 
activities. To support this they suggested some implementation of alerts about each 
others' activities so that it would be possible to ask the system to send an alert 
when e.g. a specific person arrived at a certain place, if a specific topic was brought 
up, etc. During the interviews the technicians also talked about the importance of 
having the system installed at various places often visited so that coordination and 
briefings could be sorted to specific spatial contexts (e.g. leaving messages for 
others to come, etc). This was also of importance for being able to leave virtual 
comments as reminders at certain places but also to be sent later as alerts to 
specific persons. 
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12.3. Learning/cognition/articulation 
 
12.3.1. Time and effort necessary to master new operations  
Important that the collecting of participants at meetings is automatic as well as the 
association of email addresses to these persons. 
 
12.3.2. Self-monitoring and reflection through externalization  
During their meetings they brief each other about where they have been, where 
they are going, and experiences from different sites from this, it is important not 
having to make a lot of comments in the system. One technician suggested a 
"speech-to-text" interface as one important feature for not having to do that much 
typing into the system but still having the possibility to "scroll through" comments 
being made. They did not want all comments to be in audio either since that makes 
it hard to find the important comments quickly. 
 
12.3.3. Support of problem articulation and help request in case of 
breakdowns  
The technicians pointed out that if would be good to be able to make group calls 
and ask for help depending on factors such as: who's available at the moment, who 
is nearby, who has been involved in similar tasks, who has worked before with this 
specific problem, etc. 
 
12.3.4. Coordination of individual and group activities through 
externalization  
Concerning the spatial and temporal aspects of their work they found it useful to 
be able to see what was going on at other sites, and to be able to see who was co-
located to easily get in contact with them. This was important because, as one of 
them pointed out during the interview, "its impossible to be at several locations at 
once, you need to make priorities and to have a flexible plan". Further, the 
technicians said that the feature of seeing who meets whom is important for 
maintaining the team and keep each other updated and also important for 
coordination when people are working on the same task or within the same 
projects. 
 
12.3.5. Use of shared representations to support collaborative work  
They said that it was important to have an overview. Sometimes everybody has a 
common problem but does not know that the others have it as well. By making a 
lot of phone calls they try to work around this today. They also said that it was 
important to be able to make group calls to people currently not involved in an 
activity (notifications on the phone) "Who can help me?". 
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12.4. Development 
 
Since RoamWare  has not been implemented in this particular work setting but 
only demonstrated to the service technicians at Telia Nära as a new way of 
communicating and maintaining the sharing of experiences etc. when on the move, 
we have not had the chance to capture any empirical data concerning how the use 
of the RoamWare system could have evolved or coagulated over time. However, 
we are right now preparing a more long term evaluation of the system. 
 
To summarize, the second evaluation indicated that the RoamWare system could 
be a fruitful way of supporting informal interaction within the mobile group of 
service technicians at Telia Nära. However, to  really be effective it needs to be 
adjusted to their specific context. To summarize, some examples of these 
requirements were: 
- Speech-to-text input to the system for making comments 
- Integration of the system with the mobile phone 
- Support for making group calls from the mobile phone based on previous 
meetings 
- Event-triggered alerts (e.g. SMS-messages) sent to the mobile phones about 
important things (for instance information that a particular person has reached a 
particular site). This topic was discussed as "attention management" during a KM 
track at the IRMA2000 conference. 
 
 
Important aspects of KM in design of mobile CSCW 

systems  
 
The results from the two conducted evaluations points at some important aspects 
concerning design of mobile CSCW systems to support KM. In particular we 
observed the importance of meetings for knowledge-sharing, coordination and 
decision-making.  
 
Below we will use the four basic knowledge processes as distinguished by Wiig [21], 
Nonaka & Takeuchi [16] and Van der Spek and Spijkervet [18] to relate these 
findings concerning the use of RoamWare and the revealed importance of meetings 
to the larger context of KM. From the perspective of these four basic knowledge 
processes the RoamWare system has shown how meetings can become an 
integrated part of knowledge processes by: 
 
 

• Developing new knowledge 
Our evaluation of RoamWare has illustrated how meetings can be integrated as a 
valuable part of the knowledge processes. It has shown how meetings are 
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important for sharing experiences and how that can be made more explicit, and 
that new ideas sometimes evolve in these meetings when individual ideas are 
confronted with others. The evaluation has also successfully shown how 
'comments on specific topics that might be of interest for the whole group can 
easily be made accessible as corporate memories. 
 

• Securing new and existing knowledge 
Our evaluation of RoamWare indicates that meetings can be integrated as a natural 
part of the process of securing new and existing knowledge. In the evaluations 
previously described it was clear that the RoamWare system could easily be used 
for briefing co-located as well as dispersed group members about new events and 
new information. Especially the web mirror of the personal interaction history was 
shown to be useful for sharing individual comments in an asynchronous searchable 
mode to the rest of the group. Our evaluation also indicated the usefulness of the 
system for timely information based on particular places or particular meetings.  
 

• Distributing knowledge 
The evaluation showed that an overview is of crucial importance to make the 
system effective in use. However, our evaluation of RoamWare confirmed the 
importance of support for distribution of information when being dispersed from 
each other, as well as the need for supporting the backtracking on different group 
members' individual interaction histories. 
 

• Combining available knowledge 
RoamWare was successful for supporting decision-making at co-located meetings 
based on timely information provided by the dispersed ones. Further, RoamWare 
proved to be an efficient tool for sharing of decisions made by the group valuable 
to dispersed group members. 
 
To summarize this into some implications for design of mobile CSCW systems to 
support KM we argue that: 
 

• Informal face-to-face meetings are not unusual in organizations. Rather they 
are common and crucial for knowledge-sharing, coordination and decision-
making. As such they must be considered in the design of mobile CSCW to 
support KM. 

• Meetings happen in other places besides regular meeting rooms (e.g. in 
hallways, etc). As such the IT support needs to be lightweight and mobile. 

 
• Informal meetings are crucial parts of knowledge processes. As such they 

should be considered important and valuable to support rather than time 
consuming and work-interrupting. 
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Conclusion 
 
We have developed and evaluated RoamWare, a physical/virtual meeting support 
system which takes into account the situated nature of meetings taking place at 
several different locations apart from ordinary meeting rooms. Further, we have 
showed how information about these meetings can be automatically captured for 
later use. By doing this we have illustrated how socialization and tacit knowledge 
sharing at meetings can be made explicit to working groups. We have also 
demonstrated how knowledge sharing can be supported across co-located and 
dispersed meetings taking place virtually anywhere. Our evaluation indicates that 
these meetings are crucial aspects of knowledge processes for knowledge-sharing, 
coordination and decision-making. 
 
Our evaluation made according to the Activity Checklist  indicates the impact of 
Activity Checklist  as an analytical tool and the strengths of using the UMEA 
approach to guide the design of knowledge management systems to support mobile 
CSCW. That is, due to the recognized importance of face-to-face meetings as 
valuable aspects of knowledge processes the UMEA approach has shown its 
strength in suggesting to put the technology into the background to monitor the 
activities going on but at the same time providing the users with support for 
backtracking of interaction histories as well as visualizations of information 
according to specific projects (e.g. group members, topics, etc).  
 
Concerning IT support for KM our contribution is that 'mobile meetings' [2] can 
and should be taken into account when designing systems to support KM.  
Future work includes the development of RoamWare as a commercial product as 
well as integrating it with other communication technologies such as the mobile 
phone. Further, a smaller and more wearable computer will be developed to make 
it easier to carry around in a more natural manner. 
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Abstract 
 

 
 
This paper reports the final step of a research project that has aimed at 
developing novel meeting support for mobile CSCW (Computer 
Supported Cooperative Work). The underlying idea was to integrate 
spontaneous mobile meetings with in between meeting support, and 
divide the use between different situations rather than users attention. 
We propose a novel integrated architecture called RoamWare that 
illustrates the concepts of divided use, invisible computer support, and 
seamless ongoing interaction across physical and virtual meetings. We 
then report on some initial use results and relate it to other research 
attempts near us before concluding the paper.  
 
Keywords: Integrated architecture, Invisible computer support, Mobile 
CSCW, PDA use, Interaction across physical and virtual meetings, 
ubiquitous computing. 
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Introduction 
 
Informal face-to-face meetings are critical in today's organizations for knowledge 
sharing and coordination. They are often held outside regular meeting rooms in 
places like corridors and hallways without any prescheduled agenda, and are 
sometimes referred to as 'mobile meetings' [1]. During these meetings notes need 
to be taken about decisions made, issues discussed etc and then later shared to a 
group. However, when using computers to support meetings two problems must 
be handled:  
 
First, The divided attention problem: From previous design efforts made and 
evaluations conducted (e.g. [14]) we have noticed that computer support during 
meetings draw too much attention from the participants. In fact, as soon as the 
participants started to interact with the computers they stopped interacting with 
each other.  Their attention is divided between the use of the meeting support 
system and the collaboration itself. Figure 1 below gives an illustrate example of 
this. As the picture shows the participants have their attention directed mostly 
towards the computers instead of the face-to-face communication. 
 

 
 
Figure 1. Typical “divided attention” view during an evaluation session with meeting support.  
 
Second, Networking individuals and the ongoing physical/virtual interaction problem: Besides 
belonging to and working within very specified groups or projects, where mailing 
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lists are frequently used to continue the interaction with colleagues after meetings, 
the modern organization is very often characterized by a high degree of networking 
individuals (i.e. talking to colleagues and clients, sharing experiences and 
knowledge) across different project groups and other formal group constellations. 
However, there are no good techniques developed to continue this kind of 
informal group interaction on a computer  (e.g. sending an email to the 13 
participants at the nice lunch break takes a lot of effort for the user just typing in all 
the addresses and, sending an email to everybody at a work place about something 
that only concerns a couple of persons is not appropriate). 
 
Research objective 
 
The objective of this research has been to explore seamless in between mobile meeting 
support with these two problems in mind. The issue of seamlessness is an important 
element within the CSCW research area. Ishii and Miyake [6] define it as unobtrusive 
integration of any noticeable system aspect into the surrounding context. [2] distinguish 
between several types of seamlessness (i.e. communication media, working mode, 
phases of the group process, technology, and time). According to these categories 
we focus on seamlessness concerning: (a) communication media (i.e. available 
channels for interaction across physical and virtual sessions), (b) phases of the 
group process (i.e. continuous shifting between physical and virtual interaction), (c) 
technology (i.e. a unified interface for all interaction), and (d) time (i.e. browsing of 
different individuals interaction histories and the spontaneous joining and leaving 
of different physical and virtual sessions). 
 
A concrete result of the exploration was the design of RoamWare, an integrated 
architecture for ubiquitous PDA use and seamless ongoing interaction. A central 
idea guiding the design of RoamWare was to divide the use rather then the users 
attention by providing PDA support for quick notes and desktop support for 
refinement, completion and distribution of these notes.  
 
Distribution of notes concerns issues of addressing group members. According to 
[2] there are mainly three types of group addressing:  
 
1.  A unique group address  
If a message is sent to a unique group address, the underlying runtime system will 
automatically propagate this message to all members of the group. For analogy 
compare with an email system where aliases (i.e. mailing lists) are provided. Sending 
an email message to a mailing list is as simple as sending it to an individual user. 
The email system transparently multicasts this message to all listed users. 
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2. A comprehensive list of addresses  
If a sender explicitly knows all addresses of the group members, it could directly 
multicast a message to all group members. However, this technique demands quite 
much work if there is many different receivers each time a message needs to be 
sent. 
 
3. Predicate addressing 
The so-called predicate addressing provides a more elegant way of group 
addressing. Here, the message contains a predicate parameter that is evaluated at 
the receiving sites (e.g. ‘board meeting’). If the predicate is true (that is if the 
receiver has set their filter to ‘board meeting’=OK in this case), the receiver accepts 
the message, or otherwise it deletes the message. Borghoff and Schlichter [2, p.61] 
points out that broadcast could be the basis for this type of communication. 
However, none of these methods are appropriate for addressing participants of a 
previous spontaneous mobile meeting for the following reasons. Since mobile 
meetings happen spontaneously and situated when people come together none of 
the above group addressing techniques is appropriate. A unique group address will 
not work since it is not possible to pre-formulate an email list or similar solution 
due to the spontaneous nature of mobile meetings. A comprehensive list of 
addresses to the group members will not work because of either of two reasons. 
First, it demands too much overhead work of a person to initiate the virtual session 
by remembering (or find out) and then type down all addresses in an email. 
Secondly, if a larger group have had a meeting it is hard for the participants to 
remember all the participants of that meeting over time. The final addressing 
technique, predicate addressing is inappropriate too, since a mobile meeting does 
not have any clear label. ‘Mobile meetings’ differs from board meetings or other 
forms of formal meetings because of their multithreaded, and situated nature [1]. 
Therefore it is hard to use general labels (such as ‘board meeting’) to filter 
broadcasting of messages to the right persons. Clearly there is a need for a new 
addressing technique to capture participants of mobile meetings to enable ongoing 
interaction for mobile CSCW. Thus, a second central idea was to make a mobile 
invisible computer (compare Norman [10]) (i.e. a computer that required almost no 
attention. A computer that could sense the close vicinity of the user as to support 
dynamic generation of contact lists as to use previous interaction to reestablishment the 
interaction later on). As such we implement a fourth type of group addressing, i.e. 
dynamic addressing by using previous physical presence at a meeting to reestablish that 
interaction virtually. 
 
 
Underlying model 
 
The design of RoamWare was also inspired by the UMEA (User-Monitoring 
Environments for Action) approach [7] and the way in which it stresses the 
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importance of project contexts and interaction histories when designing interactive system 
interfaces. The UMEA approach, based on converting project-specific interaction 
histories into project contexts, is proposed as a way to minimize overhead, 
integrate personal information management, communication, management of tools 
and resources, and capitalize upon actual work practices of users. The UMEA 
approach is theoretically heavy influenced by activity theory and the underlying idea 
of the UMEA approach is that interactive environments are still application-
oriented and that there is a need of supporting higher-level users actions. 
According to the UMEA approach a higher-level user action, such as a work within 
a project can be decomposed into sub activities happening over some period of 
time. Typical sub activities include face-to-face meetings, note takings, briefings, 
text editing, etc. When this is modeled as trees containing hierarchies of activities 
the use of different devices and different computer support can be successfully 
integrated across the sub activities to support the higher-level user action. The 
model below (figure 2) illustrates a typical sequence of activities modeled as such a 
hierarchical tree over time including spontaneous project meetings, note takings, 
briefings, etc. Of course, which activities that should be modeled depend on the 
higher-level goal of the user. 

 
Figure 2. Example modeling of integration of hierarchies of sub activities into projects. 

 
The next section introduces the overall architecture of RoamWare before we 
present the system in detail. 
 

 
 

Figure 3. The RoamWare architecture 

1
2 

3 

4 
5 



210 

In between Mobile Meetings 

 
Towards an integrated architecture 
 
This section describes the overall architecture of RoamWare and a use case 
illustrating how the different parts of the architecture are used and interconnected. 
Since we wanted to be able to provide support for meetings happening 
spontaneously and everywhere we needed to develop an architecture that would be 
lightweight, ad hoc, and independent of the constellation of devices present during 
a meeting, independent of a stationary installed infrastructure (e.g. WLAN 
accesspoints), and of course mobile. Thus, support for “mobile meetings” became 
a central concept and point of departure for the design work.  
 
Basically, as illustrated in figure 2 above, the RoamWare architecture consists of five 
main parts. These are: (1) The scanning of co-located devices during a mobile 
meeting, (2) The mobile device (Later implemented as two physically separate 
devices), (3) The stationary computer, (4) Internet connection to user data base 
server and email server, and (5) Reestablishment of interaction. Either, through a 
new face-to-face meeting or by email correspondence.  
 
The following listing describes a use case that illustrates how large parts of the 
architecture work. (The listing is associated with the numbers in Figure 3 above). 
 
1. During a mobile meeting the participants wear mobile devices that send out its 
ID number to the near vicinity and automatically scan the close vicinity (i.e. 
approximately a range of 30 feets) to collect ID numbers from other devices within 
reach. The ID numbers sent out by other co-located devices are collected and 
stored in the wearable device together with notes being taken during the meeting 
and time stamps. If the ID numbers collected are recognized as familiar, i.e. if they 
already exists in the contact list on the PDA, the meeting participants names and 
email addresses are automatically associated with the meeting and added to a 
meeting interaction history. 
 
2. Back at the office, the user synchronizes the mobile device with his/her 
stationary computer. The meeting history is then compared with an internal record 
(i.e. a database table) and updated. ID numbers collected but not associated with 
names are looked up automatically by a request to an Internet server containing 
user preferences of all RoamWare users. (3). After the synchronization the history 
containing all meetings is updated. Meeting notes taken can then be complemented, 
edited and refined by the user before distributed to the colleagues by email. On the 
PDA the contact list is updated with new contacts (containing ID number, First 
name, Last name, and email adress). 
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3. A user preferences server is connected to the Internet so that it can be easily 
updated with new user IDs and personal information (i.e. Full name and email 
address). When the user wants to reestablish interaction after a meeting that can be 
made by just selecting receivers from the generated interaction history containing 
all meetings sorted according to different projects or just chronologically sorted. 
Individual receivers can be selected or a whole meeting thus including all 
participants at that meeting.  
 
4. When the appropriate receivers have been selected an email server sends back 
the message to the group (a). Of course, a user can also easily choose to contact 
everybody who has not attended that particular meeting (b). This function proved 
to be valuable for briefings to the group when the sender wanted to avoid 
communication overload by sending messages to group members who already 
knows about issues discussed, decisions made, etc. 
 
5. Another way of continuing the interaction with the group is of course to meet 
them face-to-face again. The synchronization with the stationary computer updates 
the PDA with all of the latest information such as edited texts and messages sent. 
With this information the user is fully prepared for a new interesting meeting 
whenever or wherever it takes place.  
 

        
 
Figure 4. (1) Note taking, (2) Interaction history with participants automatically added through 
synchronization with RoamWare::Radio and then chronologically ordered into meetings 
associated with date, time and notes taken, (3) email window illustrating how an email can be 
composed and sent to selected participants from the interaction history. 
 
 

1 2 3 
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A RoamWare implementation 
 
RoamWare in its current version consists of three integrated systems: 
RoamWare::PDA, RoamWare::Radio, and RoamWare :: Desktop. 
 

RoamWare :: PDA   
During a meeting the participants can easily take quick notes related to the meeting 
on their PDA which then can be easily refined and shared by using RoamWare :: 
Desktop or associated with meetings and participant by using RoamWare::Radio. 
RoamWare::PDA supports note taking and storage during meetings, meeting 
history support and association of notes and participants collected by 
RoamWare::Radio to an interaction history. The interaction history can then be 
used for sending email messages directly from the PDA by using a mobile phone to 
the participant of a certain meeting automatically collected by the 
RoamWare::Radio device. The three screenshots below (figure 4) illustrates the 
RoamWare::PDA application. 
 
Due to the limited screen size of the PDA a careful design of the GUI was 
necessary to make the interface easy to use with a clear navigation between the 
three modes. We found a tab navigation technique between these three modes to 
be quite useful as illustrated in figure 4 above.  
 
The RoamWare::PDA application was developed by using Microsoft Embedded 
visual tools (Visual basic for Windows CE and C++). 
 

RoamWare :: Radio   
RoamWare :: Radio is a wearable device which basically scans the close proximity 
(i.e. approximately 30 feet) of the user and then collects IDs from other RoamWare 
:: Radio devices within proximity. The IDs are stored in the RoamWare :: Radio 
device.  
 
The hardware as well as the software running on the RoamWare:Radio device had 
to be specifically developed for this project to enable easy radio communication 
since there were no bluetooth (i.e. a chip for short range radio communication) 
enabled PDAs developed on the market. Otherwise, RoamWare::PDA and 
RoamWare:: Radio could have been integrated into one device. RoamWare::Radio 
uses a Nordic nRF0433²n radio module which operates at 433 MHz on the ISM 
band. This module covers a larger range then bluetooth that operates on 2,4 GHz. 
As a consequence we needed to limit the effect of the antenna to make sure that 
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the module only covered the near vicinity of the user, i.e. a proximity of 
approximately 30 feet. 
 
Figure 5 below shows three pictures of the RoamWare :: Radio hardware. (1) 
illustrates the technical platform basically containing a radio transmitter and 
receiver, a EEPROM memory, and a micro processor running a program which 
stores IDs of devices that are within the near vicinity. (2) On the device there are 
two buttons: One is a power switch for complete shut down of the device (the red 
button) and the other one is used for separating meetings (i.e. when the black 
button is turned on a timestamp is made together with a ‘/’ sign to indicate a new 
meeting, and when the black button is turned off the device sends out but does not 
receive any IDs. This allows the user to choose which meetings to store and, at the 
same time it allows other co-located users to choose whether or not they should 
store the meeting in the interaction history for later use). (3) shows the RS232 
synchronization cable used to update the interaction history in RoamWare :: 
Desktop and Roamware::PDA. RoamWare :: Radio fits into a mobile phone case 
which makes the device easy to wear. 

       
 
Figure 5.  (1) Technical platform (2) Two buttons and the RS232 COM port (3) Carrying case 
and the RS232 synchronization cable. 
 
When the device is synchronized with a PC or the RoamWare::PDA application the 
IDs stored are used to add participants of spontaneous mobile meetings to an 
interaction history, relate it to a calendar and associate meeting notes with the 
meeting for further refinements.  
 
The source code below illustrates how the RoamWare::Desktop application 
receives its data from the RoamWare::Radio device. The only data received are ID 
numbers collected by the RoamWare::Radio device. These numbers are then 
associated with other meeting information added by the user (e.g. location of the 
meeting, date, duration, decisions made, etc): 
 
 
 
 

1 2 3 
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void read_data() 

 { int number, i=0, j=0; 

 character_out(0x21); 

 character_out(0x3F);  

 character_out(0x3F); 

 character_out(0x04); 

 printf("Recieving data from EEPROM"); 

  while (1) 

  { number=character_in(); 

    if(number==0xCCCCCCA8) 

 { fprintf(fp,"%c\n",0x5C); } 

 else if(number==0xCCCCCC3F) 

 break; else 

  { fprintf(fp,"%c\n",number); 

   }}  

 printf("Done\n");} 
 
After the IDs have been received the EEPROM memory is emptied to allow new 
IDs to be stored. In the current version the EEPROM can hold 200 IDs stored 
before it needs to be transferred either to RoamWare::PDA or 
RoamWare::Desktop. 
 
RoamWare::PDA was implemented as a PocketPC application running on Casio 
Cassiopeia E-125 computers equipped with Socket CF+ cards for COM port 
communication (RS232) with the RoamWare::Radio device. Since the cable is 
optional and only required for transferring IDs to the PDA or the desktop 
application for associating participants to meetings the RoamWare::Radio device 
can be worn by the user at all time and used anywhere since it does not require any 
attention from the user, nor does it require any wireless connection to a network 
access point.  
 
Figure 6 below illustrates the use of RoamWare during a mobile meeting. As seen 
in the picture the two persons participating in a conversation are holding their 
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PDAs in one hand for note taking and have their RoamWare::Radio device 
attached by cable to instantly and automatically store this as a meeting in the 
interaction history on their PDAs. 
 

 
 

Figure 6. A mobile meeting with RoamWare support. 

 
RoamWare :: Desktop  

RoamWare :: Desktop is a PC application. RoamWare :: Desktop in its current 
version supports editing, writing and distribution of notes, integrating notes with 
other work, and support for continuing face-to-face interaction virtually. 
 
According to the screenshot below (i.e. Figure 7) RoamWare::Desktop supports the 
following activities:  
1. Arranging, handling, and storing meeting notes, documents, to-do lists, meeting 
histories, etc.  
2. Displaying and editing of selected notes, documents, and to-do lists. 
3. Chat support with other group members.  
4. Interaction history displaying participants met at previous physical face-to-face 
meetings who also wear RoamWare :: Radio devices.  
5. Email support. When a previous face-to-face meeting has been selected from the 
interaction history (4) the email message (5) is automatically addressed to the right 
receivers. In this way the user does not need to remember email addresses of 
different people, nor type them down.  
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Of course, cut and paste and drag and drop functionality were implemented across 
all these functions to enable quick and simple rearrangements of notes, distribution 
of material to other group members, etc. 
 

 
 

Figure 7. Screenshot of RoamWare :: Desktop 
 
RoamWare :: Desktop is intended to be used together with ICQ so that the user 
can easily be aware of if the group members are available for chat, if they are busy, 
or are at a meeting, so that an appropriate interaction channel can be selected. 
 
Use experiences 
 
Since mobile IT use is very much dependent on moving around we came up with 
the idea of letting the users do a “cognitive walk about“ evaluation (i.e. to walk 
around, collaborate and think aloud while using the technology). Simply speaking 
we borrowed and applied some idea from think aloud evaluation techniques and 
cognitive walkthrough (i.e. collecting the evaluators critic of the system when trying 
to accomplish tasks by following a description of the system, a description of the 
task they should perform, and a written list of actions needed to complete a task. 
Besides the descriptions of how to work with the system the evaluation context 
were arranged to be very free to allow for almost anything to happen (e.g. for 
instance spontaneous face-to-face meetings, etc). However, the goal of the 

1 

2 

3 
5 

4 



217 

In between Mobile Meetings 

evaluation was stated clearly to the participants. Below we give a brief overview of 
the evaluation set up followed by some initial observations we made during the 
evaluation.  
 
Five persons participated in the evaluation during three weeks. Their task was to 
write a short project proposal together which thus involved a lot of physical and 
virtual interaction, note taking, collaborative networking, and coordination between 
them. The participants were undergraduate students from TFE and the Computing 
Science department at Umeå University. The evaluation included the cognitive walk 
about, interviews, observations, note taking on special situations occurring, and 
follow up questions on how they planned their work and made their priorities. The 
evaluation took place in an office environment with workstations in several offices 
along two hallways. After the evaluation a workshop was arranged with all of the 
participants to get as many comments as possible concerning the use of the 
architecture.  
 
Figure 8 below (left) shows a picture of a typical “mobile meeting” and (right) a picture of a 
typical office setting while using RoamWare::Desktop during the evaluation. The persons on 
the picture are not the persons that participated in the evaluation. 
 

      
 
Figure 8. Two typical use situations with RoamWare support. In the left picture four persons 
participa te in a mobile meeting. To the right, one of the participants is editing and refining some 
notes taken during that meeting in front of a stationary computer in an office setting. 
 
 
Results 
 
Even though no formal evaluation has been made we have some preliminary 
observations made and stated agreements among the users worth reporting. After 
the evaluation we have tried to label and summarize our collected data into a few 
categorize related to the use of RoamWare. Basically we identified three important 
issues related to the use of the RoamWare architecture:  
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7.1 Proximity problems  

Even if the range of the radio receivers of is just a couple of meters it is hard not to 
monitor persons who do not belong to the meeting but are wearing 
RoamWare::Radio devices.  Figure 8 (left) illustrates this typical problem. In the 
front four persons are having a discussion. However, only a bit further down the 
hallway there is another discussion taking place. In the current implementation the 
RoamWare::Radio devices are unable to separate these two mobile meetings.  
 
In previous versions of the RoamWare architecture we have explored the use of 
Infrared (IrDA) communication to establish ad hoc networking among several 
mobile devices. However, a big disadvantage of using infrared is that the devices 
have to be continuously aimed towards each other to work properly. Thus, that 
technology will not support the idea of invisible computer support, since it will 
draw much attention from the spontaneous meeting. Another alternative could 
have been to use GPS positioning to determine if several devices were close 
enough to each other to store that as a mobile meeting in the interaction history. 
However, GPS positioning is not working indoors. 
 
To handle the proximity problem some kind of filtering is necessary. The problem 
could be more generally formulated as a problem of finding the right intersection 
between several sets (as described by set theory), i.e. the right set of persons 
(elements) within a specific proximity (geographic set). Some possible filters (or 
sets) could be to use: (1) different distances, (2) predefined subgroups, (3) angles, 
and (4) time frames. Below these filters are further described.  
 
Scenario: The gray-headed person in the middle of figure 9 is having an informal 
meeting with person B and D. That meeting could then be technically framed as 
follows: 
 
1. Different distances (Area 1, 2, and 3 in figure 9):  
The theory of proxemics [4] tells us that the different distances between people 
interacting is socially constructed and can be roughly separated into: intimate distance 
(6-18 inches), personal distance (1.5-2.5 feet), social distance  (4-7 feet), and public distance 
(12-25 feet). By altering the covering range of the radio receiver different distances 
or, proximity areas could be covered accordingly. The Bluetooth wireless 
technology might be a possible solution for implementing this. WLAN (IEEE 
802.11b) on the other hand covers a radio of up to 400meters in open terrain, 
which might be good for covering the public distance, e.g. giving a talk at a 
conference. According to figure 9 a short radio range, e.g. a personal distance, (i.e. 
range 1 in figure 9) would then include 6 participants.  
 
2. Predefined subgroups (Person A, B, C, D, E in fig. 9):  
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This could be predefined subgroups of contacts, e.g. colleagues, different project 
groups, friends, family, shared interests, etc. When applying this filter together with 
the distance filter then person A, B, D, and E would be included (4 persons). 
 
3. Angles and orientation (The gray area in fig. 9):  
Usually persons are facing each other when having a face-to-face conversation. If 
the radio receiver could be framed to a certain spectrum it could work as an 
orientation filter. In combination with filter 1 and 2 this would then include person 
A, B, and D (3 persons). 
 
4. Time (Not include persons who are just passing by):  
It is hard to have any meaningful meeting that is shorter then 30 seconds. Person A 
belongs to the right subgroup (see filter 2 above) and passes through distance 1 
(filter 1) within the right angle (filter 3) (e.g. quickly passes by in the hallway). 
However, since the passing by time is shorter then the predefined time frame the 
person will not be included in the meeting.  This filter, in combination with filter 1, 
2, and 3, would then only include person B and D. 

    
 

Figure 9. Different ways of framing a mobile meeting. 
 
Using the mathematical notion from set theory the above filtering could also be 
expressed as the intersection of four sets: 
 

Distance ?  Subgroup ?  Angle ?  Time = B, D 
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However, what the appropriate configurations, and combinations are of filter 1-4 
above for framing the ad hoc spontaneous interaction that takes place in mobile 
meetings is still an important issue for further research. Redström, et al [12] stresses 
the problem of proximity related to social interaction and suggests that it might be 
more suitable to combine both space (i.e. ranges as spatial measures) and place (i.e. 
the understood reality, e.g. a room) to support local interaction. However, a 
problem with places, when it comes to spontaneous mobile meetings, is still that 
each place where a mobile meeting takes place needs to be defined and labeled to 
work as an appropriate filter to frame interaction.  
 
Probably there will always be some noise when trying to automatically capture 
social interaction. However, RoamWare also leaves the ability to the user to select 
from the raw log of co-located users who to contact again. Thus, some noise can 
be filtered out by the user himself. 
 

7.2 Easy reestablishment of meetings 
RoamWare::Desktop seemed to be an effective tool for refining notes, integrating 
notes into a larger text and distributing them to correct participants of different 
meetings. The participants felt  comfortable to be able to take only quick notes 
during meetings and concentrate upon the face-to-face interaction and then use 
RoamWare::Desktop for later refinement and distribution.  
 
The implementation of dynamic addressing (i.e. automatically created interaction 
histories from previous face-to-face interaction) seemed to be very useful. The 
participants in the evaluation said that since they just had to select a meeting or a 
couple of participants from a meeting there were no technical barrier for easily 
reestablish the face-to-face interaction virtually and share notes, etc. 
 

7.3 Priorities between physical and virtual meetings  
During the cognitive walk about we noticed that the group members needed to 
make a lot of priorities about which meetings to attend physically (i.e. face-to-face) 
and virtually (e.g. via chat, ICQ and email). Typically, the reason for having a face-
to-face meeting was related to networking, decision-making or longer discussions 
whereas virtual meetings (i.e. computer-mediated meetings) were used for briefings, 
reflections, broadcasts and questions. This observation led to another interesting 
observation. One hypothesis we had before the evaluation was that computer 
support for spontaneous meetings might reduce or completely ruin the planning 
activities of the group since it will be so easy to just meet on the fly and, if 
necessary meet again and continue the discussion or brief each other whenever a 
though strikes their mind. However, contradictory to our hypothesis, the users 
tended to plan more focused their own work and checked with their colleagues 
about when they should meet again and when they would be available. There might 
be several factors influencing this and more research is needed on how this 
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integrated combination of stationary, wearable, and handheld computer support 
influences group collaboration and networking. 
 
 
Discussion 
 
Even though only minor use experiences with the RoamWare architecture have 
been observed we believe that the RoamWare architecture in its current 
implementation is especially useful for work organizations where: 
 

• The work involves a lot of face-to-face spontaneous meetings and individual 
networking with colleagues across formal groups  

• Group members are mobile and dispersed 
• Topics are discussed over some period of time with a lot of shifting between 

physical (face-to-face) and virtual (e.g. email or chat) interaction. 
Typical work of this sort is, for example office work and the work setting of field 
service engineers.  
 
One can easily imagine that computer support for spontaneous unplanned 
interaction such as mobile meetings could ruin the planning routines for a mobile 
working group or a highly mobile and dispersed networking organization. 
However, as stated above, and according to the first evaluation of the architecture 
it seams like there are actually a lot of planning activities taking place. One reason 
for this might be, as we observed during the evaluation, that these mobile informal 
meetings play an important role for discussions and decision-making. Thus, it is 
important to at least be aware of if the colleagues are around and available for 
collaboration. (Compare this with the public distance mentioned above). 
 
According to this background we are planning to explore the use of different user 
defined radio ranges to provide support for such awareness information. For 
example, a proximity definition set to 400 meters or more could be useful for 
providing information about which colleagues are in the office area (but not where 
they are which could intrude their privacy) (of course depending on the size of the 
office area and other factors such as walls and other object that might disturb the 
radio signals). Such information, in combination with availability information similar 
to the modes implemented in ICQ (http://www.icq.com) (i.e. online, busy, do not 
disturb) might be useful in a modern office environment.  
 
The question of different distances of proximity and monitoring of co-located 
devices during meetings raises questions concerning privacy and potential 
breakdowns. However, there are several reasons why this would not be a major 
problem. Below these reasons are outlined: 
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First, the IDs collected are only for personal use in, and after a users own meetings, 
and since there is a mutual understanding between the participants about who were 
present and who was not (since it was face-to-face), the individual privacy of the 
user is not in danger. This is also related to the potential breakdowns that might 
occur. It is important that the users can rely on the system and that it will not ruin 
their privacy. Otherwise they will not wear the RoamWare::Radio devices which is 
crucial in order to generate the interaction histories.  
 
Second, RoamWare relies on relative positioning (i.e. who is in the close vicinity) 
instead of absolute positioning (e.g. comparing GPS-information to determine if two 
devices are co-located). This means that one device can collect IDs from other co-
located devices. However, this collected record tells nothing about the geographic 
location of the meeting. With this implementation RoamWare differs from Active 
Badges [13] in two important ways. First, the IDs distributed are for the co-located 
participates only. No remote location tracking of different users or meetings are 
supported as in the case of Active Badges. Second, Active Badges requires an 
installed infrastructure. RoamWare on the other hand works almost everywhere 
(e.g. on the bus, on the sub way, downtown, etc). 
 
One might think that if would be quite easy to write a program that collected and 
processed all the IDs collected of all devices or arrange radio antennas to collect 
and track who meets who and when. However, that would be hard for two reasons. 
First, since relative positioning does not reveal any information about geographic 
location it is almost impossible to analyze who met whom. Second, to process the 
information collected by each device implies a need to get hold of all of the radio 
devices, or hack into the desktop computers.  With this in mind It would probably 
be a lot easier for a person interested in such information to just sneak after 
persons to see who they meet in hallways, corridors, on the bus, downtown, and 
other places.  
 
Third, since the RoamWare::Radio has a power switch (i.e. the red button) it is easy 
to turn the device completely off if it is a really sensitive/secret meeting. And, if it is that 
sensitive the issues discussed would probably not be further discussed by using an 
insecure medium such as email anyway. And, since it will not be discussed over 
email, there is no use of adding the meeting to the interaction history. 
 
To summarize: Since there is a great benefit to seamlessly be able to move from 
spontaneous mobile meetings to virtual interaction, as indicated by our initial user 
studies, and since the IDs are collected for personal use only, it is reasonable to think 
that users should accept the system. However, this is of course something that 
needs to be studied in a more formal longitudinal evaluation. 
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Related work 
 
There have been several attempts to support mobile collaboration at physical 
meetings with multiple PDAs. However, all of them are focusing on using the 
devices during a meeting instead of using the ad hoc setup of multiple co-located 
PDAs as a lightweight way to provide meeting support to co-located and dispersed 
group members both during and after meetings. Myers et al [9] for example, use a 
set of multiple PDAs (3com Palm pilots) connected to a PC. However, their 
research focuses on how to use these devices during meetings rather then as bridges 
between physical face-to-face and virtual meetings. Another attempt is the NotePals 
system [3]. NotePals is a collaboration tool that runs on several PDAs (3com Palm 
Pilots). However, this system supports sharing notes on the Web taken on PDAs 
during meetings rather then using the PDAs as bridging devices for later virtual 
interaction.  
 
There have also been attempts to use small devices for user monitoring, e.g., Active 
Badges (Want et al, [13]) that support location tracking and Hummingbirds 
(Holmqvist et al, [5]) that support groups with presence awareness. However, none 
of these uses information collected by the devices as interaction histories, which can be 
used later for re-establishing the interaction.  
 
Another relevant prototype related to RoamWare is the “Forget-me-not” system 
(Lamming et al, [8]). "Forget-me-not" shares several requirements with RoamWare 
(e.g. sensing the user's environment and automatic data capture of location of 
events, people present during events and focus of the event). However, "Forget-
me-not" was developed primary as a personal memory aid whereas RoamWare is 
developed as an integrated architecture for ubiquitous PDA use and seamless 
ongoing interaction across face-to-face and computer mediated interaction (e.g. 
email). Thus, the focus is more on collaboration and individual networking. 
 
Concerning the technical infrastructure of RoamWare there has been a lot of 
research made on how to implement mobile ad hoc networks (MANETs) with 
several mobile devices. However, the work reported so far concerns only technical 
issues such as: admission control, asymmetry on TCP performance, or broadcast 
deliveries (e.g. [11]) without discussing or exploring new computer enabled use 
situations or new application domains, which is the preliminary objective of the 
research effort reported in this paper. 
 
Finally, we have not found any research efforts made so far on how to combine 
user monitoring and meeting support to explore support for seamless ongoing 
interaction across face-to-face mobile meetings and virtual (computer-mediated) 
interaction. 
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Conclusion 
 
We have identified two problems related to ongoing interaction and PDA use 
during meetings. Taking these problems into account we have, as our main 
contribution, developed and evaluated a novel integrated architecture for 
ubiquitous PDA use and seamless ongoing interaction not reported in the literature 
before. The implementation of the RoamWare architecture illustrates and 
implements a new way of addressing groups not reported before (i.e. dynamic 
addressing by using previous the physical presence at meetings as data to 
automatically generate interaction histories that can be used later by the user as 
contact lists).  Besides this, the RoamWare architecture contributes to research on 
MANETs (Mobile ad hoc networks) by illustrating a new application domain (e.g. 
mobile meetings) and how MANET technology can be successfully used in such 
situations. 
We have also conducted some initial user studies and have identified three 
important issues related to the use of RoamWare (i.e. proximity problems, together 
with some ideas of how these problems can be addressed, issues related to easy 
reestablishment of meetings, and problems related to making priorities between 
physical (i.e. face-to-face) and virtual (e.g. email, chat) interaction. Finally, this work 
adds to the current body of research within HCI and CSCW by illustrating the use 
of the UMEA (User-Monitoring Environment for Action) approach for modeling 
how to design integrated architectures to support higher-level activities that crosses 
over several collaborative and individual sub activities over time. 
 
 
Future work 
 
Future work includes the development of Roamware as a commercial product by 
porting the system to Bluetooth enabled PDAs followed by long-term studies of 
RoamWare in real use settings.  In future work we will also explore how the 
suggested filters (i.e. different proximity ranges, predefined subgroups, angles, and 
time frames) should be configured and combined to enable dynamic and accurate 
addressing of the participants in different kinds of interaction (e.g. conference 
mingling, conference talks, hallway discussions while walking along together, etc). 
 
In this version of the RoamWare architecture the only interaction channels 
available are chat and email. However, this was only chosen to illustrate the 
concept of the integrated architecture and support for seamless ongoing 
interaction. Future versions will include integration with other interaction channels 
as well, including voice and video support as well as shared documents and work 
spaces.  
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Concerning the evaluation of RoamWare we believe that there is a strong need for 
new methods to capture and evaluate the mobile use context. Since the mobile use 
context per se implies that the users observed are moving around, (sometimes 
together and sometimes not) across different locations while collaborating 
evaluators will need to handle questions such as: comparison of field notes of user 
behavior, match user behavior across different sites and capture special 
characteristics of new situations that the users walk into which might influence 
their use of computer support. In this paper we have only briefly explored this 
issue, and clearly more formal evaluations will be needed to establish the potential 
usefulness of the RoamWare architecture and similar attempts to support seamless 
and sustained interaction across mobile meetings and computer-mediated 
interaction. Some kind of ethnographic method might be suitable for observing 
users in these settings, complemented with interviews to gauge their subjective 
reactions. 
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