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ABSTRACT 
As computer devices go embedded into the environment people will be surrounded by 
ubiquitous computers in their everyday life. These devices can serve as a base in services where 
data are collected and analyzed to serve the customers. Ubiquitous services are to a great extent 
invisible as people can neither see the computers nor have to be involved in the data collection 
or the data analysis. The service provider can be located at a distance and is thus also invisible 
to the customers. A challenge for the parties involved in the service production is to deal with 
the invisibility and the distance that emerge in ubiquitous services. The aim of this paper is to 
address the issues of invisibility and distance in ubiquitous services by exploring the 
implications of using ubiquitous computing to produce services. To address this question, the 
paper adopts a practice perspective to analyze data from an empirical case study of a remote 
diagnostics service provider and one of its customers in the mining industry. The study shows 
that both human enactment and the technology have implications for the service. They do 
however, reveal a paradox: the technology is designed to enable invisible services while 
people’s enactment of the service strives towards making them more visible. For ubiquitous 
service providers it is important to cope with this paradox, otherwise it might cause unfulfilled 
expectations and an unsuccessful service delivery.    
 
INTRODUCTION 
Ubiquitous computing changes the way we use and interact with technology. As Weiser (1991, 
p 66) stated “The most profound technologies are those that disappear. They weave themselves 
into the fabric of everyday life until they are indistinguishable from it”. Information technology 
(IT) that disappears into the environment will not only influence our relation with the 
technology, it will also have a great impact on the way we access and use services, enabling 
new services that only make sense by virtue of being embedded in the environment (Fano & 
Gershman, 2002). Research on the impact of ubiquitous computing on services emphasizes the 
new conditions for service production that are enabled by the technology. For instance, as a lot 
of the interaction can take place automatically ubiquitous services can be provided that do not 
imply any particular interaction or attention from the user (Langheinrich, 2005). Weiser’s 
(1991) vision of the invisible computer will thus enable invisible or calm services (Ohbyung, 
2004) embedded in the environment ready to serve their customers.  
 
In the consumer market Fano and Gershman (2002) expect ubiquitous computing to transform 
aspects of services such as the role of their location, the scope of the service, and its duration 
and frequency. Service providers will be able to make the location of the customers the location 
of their business, which will foster new remote service providers offering services to their 
remote customers. Technical devices will then become the eyes and ears of the remote service 
providers (Gershman & Fano, 2006). While these studies of ubiquitous services have yielded 
important insights, most have tended to focus on the technical possibilities and their potential 
impact on service production for the consumer market (Fleisch & Tellkamp, 2006). Previous 
studies have not addressed how, in practice, ubiquitous computing is used for business-to-
business services in organizational settings.   
 



A specific type of services based on ubiquitous computing can be found in the processing 
industry, where remote diagnostics systems are being increasingly used to monitor the machines 
used in the process line (Hibbert, 2000). Previously the maintenance teams relied on their staff’s 
personal skills and use of senses to monitor the machine’s condition (Westergren, 2007). 
Nowadays, they are more likely to be monitored through IT-applications such as remote 
diagnostics systems that can automatically monitor performance, diagnose problems and 
request attention from service technicians for detected problems (Biehl, et al., 2004). The 
monitoring is increasingly being outsourced to remote service providers where experts use the 
IT-infrastructure to access data from the customers and perform analysis (Jonsson, et al., 2008). 
With remote diagnostics systems no direct user involvement is required in the data collection as 
sensors are embedded into the machines to log their condition and the subsequent data analysis 
often takes place at the remote service centers by distant experts. The services based on remote 
diagnostics systems are thus to a great extent invisible to the customers as they can neither see 
the systems nor have to be involved in the data collection or the data analysis. A key issue for 
the parties in the service production is thus how to deal with the invisibility and the distance 
that emerge in remote diagnostics services. The aim of this paper is to address the issues of 
invisibility and distance in ubiquitous computing services by exploring the following research 
question: What are the implications of using ubiquitous computing to produce services in 
practice? To address this question, the paper adopts a practice perspective (Orlikowski, 2000), 
to analyze data from an empirical case study of a remote diagnostics service provider and one of 
their customers in the mining industry. The paper is organized as follows: section two gives an 
overview of related research on ubiquitous services and the relation between IT and 
organizational behavior. Section three describes the research methodology. The case study is 
presented in section four and analyzed in section five. The paper ends with conclusions in 
section six. 
 
CONCEPTS FOR ANALYZING UBIQUITOUS SERVICES 
The development of IT has enabled computing devices to be embedded into objects in our 
environment, which supports the collection and mobile use of data. With computers operating 
in the background the objects can be transformed with sensory, perception, computation and 
communication abilities (Gellersen, 2005). Ubiquitous and pervasive computing are common 
terms used to describe this type of computing that weave itself into people’s everyday life 
where it becomes invisible (Buderi, 2001; Lyytinen & Yoo, 2002; Streitz & Nixon, 2005). 
Besides technical challenges the development towards ubiquitous computing poses new social 
and organizational challenges (Davies & Gellersen, 2002; Jessup & Robey, 2002). Challenges 
will for instance emerge in terms of how ubiquitous services should be designed and developed 
(Lyytinen & Yoo, 2002). 
 
Remote diagnostics systems are a specific type of ubiquitous computing, embedded into a 
product to capture data (Jonsson & Holmström, 2005). The embedded sensors enable automatic 
data collection and remote monitoring of the product’s status and how it changes over time. 
Distant technicians monitor variances in the collected data to determine the need for product 
maintenance. With sensors embedded in objects it becomes possible to go beyond object 
identification and measure the status or condition of products (Braax & Jonsson, 2009; 
Hackenbroich, et al., 2006). Object location, temperature and acceleration are examples of 
parameters that can be measured. Implemented in networked embedded systems, these sensors 
will provide additional functionality to devices like cars and manufacturing equipment as they 
for example can report their status to control systems (Hansmann, et al., 2003). 
 
Ubiquitous services are in this paper viewed as a service enabled by ubiquitous computing. 
Grönroos (2000) summarizes three characteristics common for most services; the process 
consists of activities rather than things, services are to some extent produced and consumed 
simultaneously, and finally, customers are to some degree participants in the production 
process. Most research on ubiquitous services has so far been focused on the possibilities 
provided by ubiquitous computing. A majority of the studies are based on the design of a 



prototype (see for instance Fleisch & Tellkamp, 2006; Gershman & Fano, 2006; Hackenbroich, 
et al., 2006; Lampe, et al., 2006) or conceptual discussions of the technical features and what 
possibilities they enable (see for instance Avital & Germonprez, 2003; Fano & Gershman, 
2002; Ohbyung, 2004; Roussos, 2006).  
 
Previous research has forecast that people will act in an environment surrounded by ubiquitous 
computers recognizing and respond to the presence of individuals in an invisible way 
(Langheinrich, 2005). The invisible or calm services will support people’s everyday life without 
requiring their attention (Dritsas, et al., 2006). The capabilities of ubiquitous computing to 
provide a continuous present service channel for a remote service provider, to inform these 
services about the local context through a number of sensors and to enable these services to 
affect things in the user environment through actuators and communication links will result in 
new types of services (Gershman & Fano, 2005). Moreover, the abilities of the technology can 
for instance enable the service provider to find potential demand from customers all over the 
world and to distribute functions remotely (Ohbyung, 2004). With sensors embedded into 
objects, service providers are no longer dependent upon users to enter all the necessary 
information. Access to customers will thus no longer be a constraint for businesses and the 
service provider will be able to access real time data and offer services to the customers 
anywhere and anytime (Gershman & Fano, 2006). The location of the customer will then 
become the place of business and not the website or the place of the store. The relation with the 
service provider can also change from few and intense to more frequent and brief interactions 
(Fano & Gershman, 2002).  
 
Ubiquitous services are, however, not just about personal services. Objects in our environment 
will also be teamed up with embedded computers enabling services. These objects will become 
the eyes and ears of remote service providers (Fano & Gershman, 2002). The remote service 
provider will have to use data analysis to determine the needs of their customers and the best 
ways for interaction (Gershman & Fano, 2006). However, the lack of staff at the customer site 
limits the service that the remote service provider can offer, so to overcome this they can 
choose to collaborate with local companies present in the vicinity of the customers (Fano & 
Gershman, 2002).  
 
Services have gained increased attention from industrial organizations as substantial revenue 
can be generated, customers are demanding more services and they can become a sustainable 
source of competitive advantage (Oliva & Kallenberg, 2003). IT is one of the most important 
infrastructural elements in service production as it can enable information transfer, improved 
interaction within and between companies and organizational transformation (Edvardsson, et 
al., 2000). The relationship between IT and organizational behaviour has been an object of 
interest for a long-standing debate in the Information Systems field (Rose & Jones, 2005; Rose, 
et al., 2005). On the one hand the impact of IT on organizational behaviour is viewed as an 
outcome of situated enactment. Situated enactment, which refers to the practices of people as 
they appropriate the IT features and produce structured patterns of use through their behaviour. 
In this perspective, technological impacts are enacted by the users and not determined by 
features of the technology. The use of IT in practice is mediated through facilities, norms and 
interpretive schemes that guide users in their actions (Orlikowski, 2000). 
 
The view of IT use as something solely created by human enactment, is however criticized for 
not paying enough attention to the technology and its features (Rose & Jones, 2005). Attention 
to the technology will show that IT is complex and exhibits a great diversity in the extent to 
which it allows for local reshaping by users as it might not be totally malleable (Kallinikos, 
2002). Kallinikos (2004) regards procedural enactment as a type of action where the technology 
can form the behaviour of the organization. For example enterprise resource planning systems 
codify routine operations and stipulate steps though which actions must take place. Thereby 
these systems force a certain and standardized action and behaviour throughout the 
organization. Situated enactment is on the other hand not standardized or codified in terms of 



rules, rather it is constructed each time out of people’s interpretations of norms, knowledge and 
rules (Orlikowski, 2000). Situated enactment is thus less predictable than procedural enactment 
(Kallinikos, 2004). 
 
Focusing on enactment implies that technologies have to be put in use before they can lead to 
organizational consequences (Orlikowski, 2000). Such a practice perspective on IT has been 
adopted in the study of self-serve technologies (Orlikowski & Schultze, 2004) and is in this 
paper adopted to study ubiquitous services. 
 
RESEARCH SITE AND METHODOLOGY 
The research on ubiquitous services may be viewed to be in an exploratory phase as researchers 
have only just started to explore the business use of ubiquitous computing (Roussos, 2006). To 
study what it means to produce services in a ubiquitous computing environment this paper uses 
a qualitative case study methodology (Klein & Myers, 1999; Walsham, 1993). Case studies are 
well suited for exploratory research due to their flexibility; the research scope can be broadened 
if interesting insights are found, alternative sources can be acquired if the planned material is 
not evaluated comprehensively enough and the case method can be adapted to serve several 
types of objectives in research (Beach, et al., 2001). 
 
As services to some extent always involve customers, and their opinions of the service process 
contribute to the service (Grönroos, 2000), both the service provider and the customer were 
included in the case study. The study involves one service provider, Monitoring Control Centre 
(MCC) and one of their customers, Alpha (a fictitious name). MCC is a provider of services in 
the mining and minerals market and Alpha is a mining industry company. The rationale behind 
selecting the research sites was their willingness to cooperate, the availability of multiple 
sources and the possibility of purposeful sampling (Peppard, 2001; Yin, 1989). 
 
The studied organizations 
The services that MCC provides consist of various elements such as operations analysis, 
implementation of infrastructure for condition monitoring, collection and analysis of 
measurement data, and in the long term, even functional responsibility on a contract basis for 
certain objects. In this study the remote diagnostics services are in focus. At the time of the 
study MCC had ten technicians performing measurements and analyses, three people in 
management/administration and three developers. 
 
Alpha has a number of different plants where MCC has conducted condition monitoring since 
2003. Unplanned production breaks are very expensive for Alpha so with the diagnostics 
service they can prevent unplanned breaks and instead perform maintenance on planned stops. 
The maintenance is organized in a hierarchy with a maintenance/production manager at the top 
who is responsible for the whole production of the company. The company also has a person 
responsible for development of the maintenance organization. Six different maintenance 
managers are responsible for the maintenance in different parts of the organization. Below them 
sixteen different maintenance planners are organized to take care of the daily planning of the 
maintenance. The maintenance planners are those who have direct contact with the MCC 
technicians. 
 
This study employed a qualitative data collection technique of semi-structured interviews. 
There were two rounds of interviews carried out by the author and a co-researcher. The first 
round occurred in 2003-2004, during which we followed the initial discussions in designing and 
producing the remote diagnostics service. The second phase of the study was conducted in 
2006, where we revisited the organizations and followed up on their insights from producing 
these services in practice. In all, the study included 31 interviews with people from Alpha and 
MCC. Seven interviews were held at MCC and twenty-four at Alpha. The interviews lasted 
between 45 minutes and 2 hours, with an average of about 60 minutes. Each interview was 



recorded1

 

, which allowed the researchers to focus upon the respondent and formulate follow-up 
questions. The interviews were then transcribed to enhance the analysis. Twenty-eight of the 
interviews were conducted on site at the respondents’ workplace, which enabled the researchers 
to gain some insight into the work. Three of the interviews were conducted via telephone, as 
meetings could not be arranged with them at the times when the researchers visited the 
company.  

When choosing participants at MCC we wished to include persons in management, one 
technician from each location were MCC provides services to Alpha and one developer. At 
Alpha we wished to interview the two persons in management, all six maintenance managers 
and a number of the maintenance planners. Among the sixteen planners we wanted to include 
persons from all kinds of plants and someone from every location where Alpha is organized. To 
cover this eleven of the planners were chosen for interview. In table 1 the respondents from the 
different organizations are listed.   
 
MCC staff Date Alpha staff Date 
Manager  2004-04-27 Technician 2003-10-09 
Manager 2006-01-31 Maintenance/production manager 2003-10-10 
Team leader 2006-01-31 Maintenance manager 6 2004-04-27 
Technician A 2006-01-31 Maintenance technician 2004-04-27 
Technician B 2006-02-01 Maintenance technology manager 2004-04-28 
Technician C 2006-02-01 Maintenance/production manager 2006-01-31 
Developer 2006-02-01 Maintenance developer 2006-03-21 
  Maintenance planner 1 2006-03-21 
  Maintenance planner 2 2006-03-21 
  Maintenance planner 3 2006-03-21 
  Maintenance planner 4  2006-03-21 
  Maintenance planner 5 2006-03-21 
  Maintenance manager 1 2006-03-21 
  Maintenance manager 2 2006-03-21 
  Maintenance manager 3 2006-03-21 
  Maintenance manager 4 2006-03-22 
  Maintenance manager 5 2006-03-23 
  Maintenance planner 6 2006-03-23 
  Maintenance planner 7 2006-03-23 
  Maintenance planner 8 2006-03-23 
  Maintenance planner 9 2006-03-23 
  Maintenance planner 10* 2006-04-06 
  Maintenance planner 11* 2006-04-10 
  Maintenance manager 6* 2006-04-28 
 
Table 1: Interviews conducted in the study. (Interviews marked with * were conducted via telephone) 
 
The focus in the interviews at MCC and the following data analysis were intended to shed light 
on the service production and the use of the remote diagnostics system. At Alpha the aim was to 
understand their view on the service production and how they enacted the service in practice. 
The data analysis contained an interpretive reading of the data material. In the analysis five 
different implications of the enactment of remote diagnostics services were identified. In the 
following section they are presented, some specific quotations from the interviews are used to 
highlight certain discussions, but for the most part, the material constitutes the overall findings 
from the empirical base. As recommended by Miles and Huberman (1994, p 278), a preliminary 
copy of the results was presented to and circulated among the interview respondents to ensure 
credibility and authenticity of the research.  
 

                                                      
1 The interview with maintenance manager 4 was not recorded. Instead notes were taken. 



SERVICE PRODUCTION IN PRACTICE 
This study identifies five primary implications of enacting remote diagnostics services in 
practice: (i) invisible monitoring of the products is enabled by the technology, (ii) human 
qualities are important to customers, (iii) the human-to-human relationship is crucial for the 
service, (iv) the customers need to have knowledge of the technology and trust the monitoring, 
and (v) human local presence is important for the service production.  
 
Invisible monitoring 
The collection of data from the different machines that are monitored is either performed via 
online systems or via handheld measurements. The online remote diagnostics systems enable 
real-time access to condition data from customers’ equipment. Sensors installed in the 
equipment measure vibrations in bearings, which are transferred to MCC for further analysis by 
their technicians. Besides the online systems handheld measurements are also used for data 
collection. For instance, they are used in the mine where it is difficult to implement online 
systems. They are also used in plants where the customers have not yet upgraded to online 
systems. To perform handheld measurements the technician brings with him a handheld 
instrument that is connected to the equipment to measure the vibrations. This data is then 
analyzed in the same ways as those collected in the online systems.  
 
With the remote diagnostics systems the technicians can spend a lot of time at their offices far 
from the machines they are monitoring. This part of the service production is thus invisible to 
the customer. Once a month the technicians at MCC write a report summarizing the condition 
of the monitored equipment. This report is sent to the maintenance planner and the maintenance 
manager at Alpha. The reports are followed by a meeting where the findings are discussed and 
where they predict the remaining lifetime of the components. Besides summarizing the 
machines’ condition the reports seem to serve as a sign that measurements actually are 
performed.  
 

I don’t know how we get verifications that measurements actually are performed […] 
besides the monthly reports (Maintenance manager 3)     

 
I don’t know if they did any measurements this autumn, we haven’t received any report. 
Sometimes I never see them [the MCC technicians]. Do they see if something is breaking 
down or what? (Maintenance planner 6)  
 

In the last case there had been some problems with filling the post after a technician had left the 
company so the measurements were temporarily cancelled. The maintenance manager and the 
planner had for some reason not received or missed this information. However, to these persons 
the monthly report seems to serve as a sign that the monitoring actually is performed. As a lot 
of the technicians’ work is conducted remotely some of the respondents at Alpha stress the 
importance of information from MCC.  
 

It’s important that MCC informs us about their work so that people know what they are 
doing. Otherwise there is a risk that people start to talk. (Maintenance planner 2) 

 
Remote diagnostics services seem to create invisibility in different ways. First, parts of the 
service production are invisible to the customers due to the distance. This can make it difficult 
for the customers to know whether or not the monitoring is actually performed if they do not 
receive regular feedback. Moreover, the service provider’s whole organization and work 
routines are invisible, which sometimes seem to create uncertainty among the customer staff 
about who they are and what they actually perform. 
 
Human qualities 
Despite the technology-enabled service production all respondents at Alpha view human 
qualities as important in the service delivery. The technicians’ importance for the services is 



expressed in different ways by many of the maintenance planners at Alpha. Of course they think 
it is important to have a technician who is competent but almost every planner also stresses 
issues of having a technician who is sociable, trustworthy, easy to talk to and visible.  
 

Our guy [the MCC technicians] is part of the team. Everyone knows who he is. It is 
important that he knows our guys. He must know who is working with what. It’s all about 
personal chemistry. He must be visible. It’s important that these things work because 
sometimes when he calls me I may be busy. Then it is better that he talks to the guys who 
are directly involved in the maintenance. Those things are important. (Maintenance planner 
9)  

 
Moreover, the maintenance planners emphasize active interest and ambition as important 
qualities for the technicians.    
 

Our guy [the MCC technician] is very ambitious and learns things all the time and he takes 
an active interest. It would be another thing if we just received a monthly report, but we 
have a continuous dialog, that’s good. Actually, it works well. (Maintenance planner 9) 

 
The maintenance managers do not have any regular, direct contact with the technicians from 
MCC but they emphasize the same issues as the maintenance planners and think it is important 
that the dialog between the maintenance planners and the technicians is continuous and fruitful. 
With the remote diagnostics systems the technicians at MCC can collect data for the customer 
calmly and out of sight. One of the planners at Alpha expresses some thought he had about 
doing the measurements online. 
 

I had some thoughts and hesitations when they [MCC] got access from their office and 
could see the results there. How would it be then, do we lose a lot? But it has worked better 
than I thought […] our technician [at MCC] is great. I think we have the best guy working 
with our plant. (Maintenance planner 1)  

 
The qualities of the technicians seem to be important for the staff at Alpha and help them to 
overcome the disadvantages they perceived when a remote service provider performs the 
monitoring.    
 
Human-to-human relationship 
In-between the monthly meetings where the report is discussed many of the technicians have 
contact with the maintenance planners to report what they have seen. This continuous contact 
seems to be important to the customer. 
 

It’s important that we get quick feedback from the measurements regarding the product’s 
status. At the monthly meetings we can discuss the machines in detail. (Maintenance 
planner 2) 

 
In remote diagnostics services the customers are not directly involved in the data collection or 
analyses. The aim of the monitoring is however to decrease the number of operational 
breakdowns and to reach that aim the maintenance unit at Alpha has to be involved in the 
service as they are doing the repairs. Moreover, this unit can give the technicians at MCC 
additional information about the machines that the sensors cannot capture. If they are not 
involved and ignore the information from MCC the service will not result in fewer breakdowns. 
The maintenance managers are aware of this and agree upon the importance of customer 
interest in the service delivery. The interest must permeate all persons directly and indirectly 
involved in the service, from top management to the persons on the floor. Some of the 
maintenance planners also emphasize customer interest as important in the service delivery.  
  



If this is to work we can’t ignore their reports. We must take it seriously. I always discuss 
my decisions with our MCC technician. We must consider their findings. (Maintenance 
planner 3) 

 
To take an active interest and maintain the relationship with the service provider includes 
different things. In addition to the social side that was presented in the previous section there is 
the importance of feedback from the customer and mutual understanding and respect of each 
other’s work.  
 

Our guys have a good collaboration with MCC. It’s important to know what happens, they 
[MCC] do measurements, but MCC must also get feedback, what has happened before and 
so on. (Maintenance manager 3) 
 
The online system contains both a technological part and to get people to think in new 
ways. Actually it is a new way of working, earlier they [the customer] did this in their own 
plants but now they have to release it and trust this group [the remote group]. You have to 
understand the borders, what are the remote group and the local group doing? It should not 
become two different camps; the groups should complement each other. (Technician A, 
MCC) 

 
Collaboration between the service provider and the customer is important for remote services as 
the local on-site person can give additional information to the distant technician. Information 
sharing is thus of crucial concern for both parties and the information has to flow in both 
directions. To some extent all respondents at Alpha realize their own importance and role in the 
service delivery, but some of them also admit that it is not always easy to create an active 
interest among the employees. The maintenance managers are however hopeful and believe 
these things will become better over time. 
 
Technical knowledge and trust 
If the collaboration between the customer and the service provider is to work it is important that 
the customer has knowledge of what they can expect from the remote service deliverer. If not, 
there is a risk that they will not be satisfied with the service outcome. As the technology is 
invisible to the customer in remote diagnostics services it is difficult for them to know how the 
measurements actually are performed and what data is collected. MCC thus offers training for 
the maintenance planners where they can learn about the technology and its limitations and 
benefits. 
 

Some breakdowns are impossible to predict even if you measure. But the customer 
understands that. My contact persons have the training and know what it’s all about […] but 
some others don’t have that knowledge. If I put a sensor on a bearing they believe that 
vibrations far away will affect the measurement. They don’t understand that I get a value 
for a certain bearing. (Technician B, MCC)  
 

Besides the systems used in the service it is also important to have knowledge about the 
monitored equipment. The technicians at MCC are specialists in the technology, but many of 
them also have long experience of the equipment they are monitoring. The maintenance 
managers and planners have knowledge of the equipment in their plant, but the technology is 
new to many of them.    
 

Sometimes our technician tries to explain the technology to me. I know how it works in 
general, but I’m going to attend a course in vibration monitoring at MCC. [Maintenance 
planner 3]  

 
MCC has explained that if they just do measurements once a month we can’t expect them to 
know what happens every day. But when they have online measurements they should be 
able to see problems before they lead to a breakdown. (Maintenance planner 2) 

 



All respondents trust the technology but they also think that the technicians play an important 
role in the service production as they are doing the analyses. Experienced technicians can give 
better advice about the remaining lifetime of the equipment as they have often seen similar 
problems before. For some of the respondents it has taken some time to trust the technology, but 
visual inspections of replaced parts have convinced them. 
 

The measurements indicated a problem in the motor, it was replaced, but then the 
measurements indicated problems in the new motor as well. That motor was also replaced 
and sent for inspection. There they found that there actually were problems in the new 
motor. So the measurements were correct, then I started to believe that they actually work. 
(Maintenance planner 8)  

 
Sometimes the technicians at MCC try to help the customers in trusting the technology and 
teach them its benefits and limitations. 
 

Sometimes they [the customers] have questions about trusting the measurements. I used to 
invite them to come and look at my measurements and sometimes I bring the computer with 
me and show them. (Technician C, MCC) 

 
Knowledge of the technology and its benefits and limitations seem to be crucial for a successful 
service production. Knowledge creates realistic expectations on the service and helps define the 
borders of what each party can and should perform. Moreover it also helps the customer to trust 
the service. If the result of the monitoring is not seriously considered due to a lack of trust in the 
technology that might lead to unimproved machine availability.  
 
Human local presence 
Even though the remote diagnostics systems can collect detailed information about a product, 
additional information is often needed. Sometimes information about the product’s environment 
is needed as it can cause temporary shifts in the monitored values. For instance, if the 
temperature is increasing in a machine’s environment it may also affect the oil temperature in 
the machine. Only the staff continuously present in the environment can deliver such 
information. 
 

We must have contact with the customer staff present on the floor. They should be our eyes 
and ears. If a mill sounds abnormal, did it begin this week or has the oil temperature 
suddenly increased? Yes, he [customer staff] might say, it is very hot in the plant and the oil 
temperature has increased 20 degrees, maybe that has caused the sound. When we get an 
alarm we always want additional information to be able to refine the data so we can tell 
what has caused the alarm. We can sit at our office and remotely tell them to change a 
bearing year after year, but nothing is improved to avoid the problem so it keeps coming 
back. Those who are present in the plant can see if there is a problem with the lubrication 
for instance and if that’s why the problem keeps coming back. To refine the information is 
the difficult part at a distance. (Developer, MCC)  

 
However, some of the respondents think it is important that MCC are also sometimes present in 
the plants.  
 

They should be connected online but also present in the plants. Otherwise there is a risk that 
the closeness to the machines will disappear […] it’s important that MCC is visible. 
(Maintenance manager 4)  

 
MCC is planning to offer their condition monitoring service to customers all around the world, 
which will make it impossible to visit the customers’ plants. New ways of organizing the work 
will then be required. 
 

We are planning to take this concept abroad, but then it has to be in cooperation with other 
local companies. (Manager, MCC) 



At the time of this study MCC did not have any customers abroad but they had discussed 
different solutions with potential partners. 
 
DISCUSSION 
The aim of this paper is to explore the implications of using ubiquitous computing to produce 
services in practice. This study contributes with an understanding of remote services for the 
industry where products are in focus, in contrast to the focus on personal services in many 
previous ubiquitous service studies (see for instance Abowd & Mynatt, 2000; Cousins & 
Robey, 2005; Fleisch & Tellkamp, 2006; Jessup & Robey, 2002) 
 
With remote diagnostics systems the technology is embedded into the environment, thereby 
disappearing from the customer’s view. Services based on this technology can thus take place 
unobtrusively with technicians doing the main part of their work at a distance. These 
possibilities are optimistically forecasted in the literature as people’s environment can be 
teamed up with different services supporting their everyday life (see for instance Avital & 
Germonprez, 2003; Gershman & Fano, 2006; Lampe, et al., 2006; Ohbyung, 2004). Most of 
these studies are however based on prototype design or conceptual discussions of the 
technological features and their implications. This paper contributes with an understanding of 
business-to-business services enacted in practice in an organizational setting.  
 
In remote diagnostics systems embedded sensors define standardized ways of collecting data, 
resulting in a stable and continuous monitoring of the machines. The vibrations are always 
monitored in the same way in specified time-sets. Predictability, which is the base in condition-
based maintenance, is thus enabled by the codified routines in the monitoring system. These 
routines enable an invisible monitoring of equipment that can take place in real time without 
human involvement. This is a type of procedural enactment where the monitoring is codified, 
clearly defined and predictable.  
 
However, this study shows that when services are enacted in practice it is not just the 
technological features that have implications for the service production. The invisible 
monitoring is combined with people doing analyses, making decisions and performing 
maintenance based upon the information received from the monitoring. In this study human 
qualities, relationships, technical knowledge and trust and human presence were implications of 
situated enactment. Both the technology’s procedural enactment and people’s situated 
enactment thus have implications for ubiquitous services in the case of remote diagnostics 
systems. The double dance of technical and human impact on organizational behavior has 
earlier been observed by Rose and Jones (2005). 
 
In previous research ubiquitous computing enabled services have been characterized by 
invisibility (see for example Langheinrich, 2005; Ohbyung, 2004). This study confirms that 
ubiquitous computing does enable calm or invisible services, but when enacted in practice other 
patterns of use, striving towards visibility, evolve. The people involved in the service 
production at MCC and Alpha sent different signals about how they strove towards making the 
service production more visible. For instance, many of the respondents asked for clear 
information about the service; technicians brought computers with them to show the customer 
the monitoring features; both the customer and the service provider found human presence in 
the plants necessary; some of the respondents requested clear signals about whether or not 
monitoring was performed and quick and constant feedback from the technicians was 
appreciated. Taken together these are examples where the respondents in different ways ask for 
or try to make the service more visible, in contrast to the technical features that enable the 
production of invisible services. This situation leads to a paradox where people’s situated 
enactment goes in a different direction than the procedural enactment forced by the 
technological features.   
  



CONCLUSIONS 
This paper provides insights into product related service production with ubiquitous computing 
in the industry. The aim of the study was to explore the implications of using ubiquitous 
computing in the production of services. Based on the above discussion, I conclude: 
 

• Both procedural enactment and situated enactment implicate the production of services 
based on ubiquitous computing. 

• These enactments can strive in opposite directions, which creates a paradox in remote 
diagnostics service production; the procedural enactment creates invisibility while 
human situated enactment seeks visibility. 

• In the service production it is important to cope with this paradox, otherwise it may lead 
to unrealistic expectations on the service. 

  
The results of this study have been observed in product related services in the industry. Future 
research should therefore be concentrated on exploring these issues of ubiquitous services in 
other settings and different technological solutions to better understand this type of services. 
The relationship between human and procedural enactment in ubiquitous services would also 
benefit from further research, as would the characteristics of ubiquitous services, as they are 
important factors in providing a richer picture of this phenomenon. 
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