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Abstract 
When discussing the value of an information technology (IT) system, the most common ap-
proach is to take on the perspective of either the organization introducing the IT system or the 
end users. The purpose of this thesis has been to study the values of both stakeholder groups in 
order to define what system characteristics are the most desirable from a dual-stakeholder point 
of view. 

Through a series of contextual inquiries, interviews and questionnaires, the value perceptions of 
end users and IT managers at a large European rail operator were investigated. The results of the 
study point to a high degree of similarity in the value perceptions of end users and IT managers, 
although the former were generally focused on short-term value while the latter also were con-
cerned about long-term, sustaining value.  

The findings are applicable to practitioners wishing to take a dual perspective on IT value as well 
as academics looking to find touch points between usability and business strategy. In the context 
of end users and IT managers, the most important system characteristics that maximize value for 
both stakeholder groups were found to be Availability, Recoverability, Efficiency, Reliability and Future 
Proofness. 
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1 Introduction 
In this introductory chapter the purpose and scope of the thesis are defined and the structure of 
the thesis is presented. The authors also give a brief description of their sponsor. 

1.1 Purpose 
When discussing the value of an information technology (IT) system, the most common ap-
proach is to take on the perspective of either the organization introducing the IT system or the 
end users. The purpose of this thesis is instead to study the value perceptions of both stakeholder 
groups concerning the same system. This leads up to the research questions: 

1. How do two stakeholders perceive value in an IT system product? 

2. What system characteristics bring the most value to both stakeholders? 

The questions are addressed through a case study where the values of enterprise end users are 
defined on one hand and the values of the enterprise IT management on the other. Values are 
then analyzed and connected into product characteristics that describe a desirable solution from a 
dual-stakeholder point of view. 

1.2 Scope 
The scope of the study is to analyze an Information System (IS) within a privately held govern-
mental organization. The two stakeholders investigated are end users and IT managers, both em-
ployed within the organization. The IS product in focus of the study is a handheld computer used 
by the end users as an everyday workplace tool. The system has been in use since 1995 and is 
currently in its third generation. This study will. to some extent, compare the current system with 
its predecessors, but the focus will be on the user and business values pertaining to the device 
and its environment as of today. 

1.3 Structure 
• In part 1, “Background”, the authors present a review of related research and the theo-

retical framework for the thesis, as well as background information on the organization 
studied. 

• Part 2, “Defining User and Business Values”, addresses the first phase of the empirical 
case study, where the authors studied what user and business values were involved in this 
particular case, and how these can be translated into desirable system characteristics for 
the Information System studied. 

• Finally, in part 3, “Measuring User and Business Values”, the authors compare the end 
users’ and IT management representatives’ opinions of the importance and fulfillment of 
the various values. This part of the thesis also contains a concluding discussion on the re-
sults of this work. 

• The additional part, “Appendices”, contains interview guides, questionnaires and various 
empirical data. 

1.4 Sponsor 
The thesis work has been sponsored by Appear Networks, a provider of wireless communication 
platforms for enterprise mobility solutions. Their Appear IQ product suite makes it possible to 
use standard Wi-Fi networks for proactive delivery of context-sensitive, real-time information 
(data, VoIP and video) to mobile employees. 
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As Appear IQ is used for data synchronization in the system being analyzed in this thesis, Appear 
Networks generously agreed to reserve office space for the authors during February–June 2006, 
as well as sponsor the trips needed for the on-site empirical studies. However, Appear Networks 
has had no influence on the results or conclusions presented in this thesis. 



BUSINESS VALUE IN INFORMATION TECHNOLOGY 

12 

2 Business Value in Information Technology 
This chapter gives the reader an introduction on the definition of information technology (IT), 
followed by an explanation on what constitutes an investment within the field of IT. The next 
sections first provide background on what IT value is and if there is any value in IT at all. The 
chapter then investigates where value can be found and how it is usually measured from a busi-
ness point of view. 

2.1 Information Technology Defined 
Though the term Information Technology, commonly abbreviated IT, is now widely adopted 
with the advent of personal computers, mobile phones and Internet services, it needs to be de-
fined in order to explore the vast spectrum of technologies referred to as “IT”. 

As a starting point, the Cambridge University Press’ (2006) Advanced Learner’s Dictionary On-
line offers a concise but wide explanation: 

“[T]he science and activity of using computers and other electronic equipment to 
store and send information.” 

Wikipedia (2006a) provides a more verbose definition: 

“Information technology … is a broad subject concerned with technology and 
other aspects of managing and processing information, especially in large 
organizations. In particular, IT deals with the use of electronic computers and 
computer software to convert, store, protect, process, transmit, and retrieve 
information.” 

Wikipedia’s (2006a) view on IT clearly focuses on more processes than Cambridge University 
Press’ (2006) Advanced Learner’s Dictionary Online although Wikipedia (2006a) also concerns 
computer applications.  

Lucas (1999) also focuses on the computing part, describing IT as having three components: 
“computers, databases, and communications networks” (ibid., p. 5). He then elaborates on this 
brief description and explains that: 

“Information technology includes [computers, databases, and communications 
networks] along with other devices like voice mail systems, fax machines, 
personal digital assistants … and similar electronic devices that promote 
computation, storage, and the communication of data.” 

It is evident that even though IT mainly concerns computer hardware and software, the term also 
entails a fuzzy domain of phones and other electronic devices that in one way or another facili-
tate communication. 

For the purpose of this thesis, the authors will use “IT” as defined by Lucas (1999) above. 

2.2 IT Investments Defined 
To continue the discussion on what constitutes value from a business point of view, “invest-
ment” in relation to IT needs to be defined. In accounting, there are two types of assets that may 
be acquired by an investment – operating and capital assets. Accounting principles may differ 
from country to country though in Sweden law regulates the difference between an operating and 
a capital asset. The difference is expressed in SFS 2000:605, chapter 5, §1: 

“Capital asset refers to an asset that is designated for long-term use or 
ownership. Operating asset refers to other asset.” (Notisum, 2006, our 
translation) 
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A complete overview of the accounting principles on IT investments is out of scope for this the-
sis. There is however no uniform definition of such an investment according to Bacon (1992). 
Not all IT investments are meant for long-term use: the cost of operating an IT system is by 
definition not an capital investment (but an operating) while expensive infrastructure such as 
fiber Internet connections or servers are usually meant to be used for longer periods of time. 

When discussing IT investments in this thesis, the following definition by Bacon (1992) will be 
referred to: 

“Any acquisition of computer hardware, network facilities, or pre-developed 
software, or any “in-house” systems development project, that is expected to add 
or enhance an organization’s information systems capabilities and produce 
benefits beyond the short term” (Bacon, 1992, p. 335-336) 

2.3 IT Value Is Nowhere To Be Found? 
The question of value in, or by, information technology is controversial. Though IT investments 
have increased enormously for the past three decades, the growth of productivity attributable to 
the investments is under much debate. Carr (2003) cites a study by the U.S. Department of 
Commerce’s Bureau of Economic Analysis stating that in 1965 IT accounted for less than 5 % of 
capital expenditure in American companies. In the 1980s, after the introduction of the personal 
computer, IT spending had risen to 15 % whereas by the end of the 1990s the figure was almost 
50 %. According to Carr (ibid.), global enterprise IT spending is now more than $2 trillion every 
year. 

Carr (2003) argues that even though organizations and executives have now realized the strategic 
potential of IT investments, meaning that a competitive advantage can be gained over competi-
tors through means of IT, the strategic value is actually not as high as it was in the dawn of in-
formation technology. He bases this claim on the notion that something with strategic value is by 
definition something that the competition does not have access to. IT, on the other hand, is widely 
available for any organization willing to make the investment. Furthermore, Carr (ibid.) points to 
the fact that IT has become an unavoidable cost for the business though it needs not provide any 
distinct returns. Value is seen as strategic: having an IT infrastructure at all is, perhaps mistakenly, 
thought to have a value in its own respect. Carr’s opinion of uncertain returns on IT investments 
is backed by other research (e.g. Strassman, 1997) showing that organizations seldom perform 
post-evaluation studies of their IT investments. Thus, most businesses do not know whether 
their IT investments have paid off – neither in terms of money nor by other means. 

Comparing IT with earlier technologies that made a great impact on the industry and society in 
the 19th century onwards such as the steam engine, the railroad, the telephone and the electric 
generator, Carr (2003) presents his argument. At first, each of these technologies provided huge 
advantages for those who made use of them but eventually became ubiquitous and did not matter 
strategically. The same thing has happened to IT, Carr (ibid.) concludes.  

To back his line of reasoning, Carr (2003) makes a distinction between proprietary technologies and 
infrastructural technologies. The former has the characteristics of being exclusive to the company 
putting it in use – a patented technology for instance. The strategic advantage of the technology 
remains as long as it is protected from the use of others. Infrastructural technologies on the other 
hand become more valuable as their usage is increased. Here, Carr (ibid.) makes a comparison 
with railways: an individual company might benefit some from having its private railroads to sup-
pliers and customers but for the economy as a whole, an open rail network available for all would 
increase total value. 

The same goes for companies investing in IT, Carr (2003) claims and identifies three characteris-
tics of IT that makes it an infrastructural technology rather than a proprietary one. The first is 
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that IT is a transport mechanism and thus more valuable when it is shared. Business IT has evolved 
from isolated mainframe computing to personal computing and from local area networks to the 
Internet. As interconnectivity and interoperability improved, the costs of building proprietary and 
isolated applications and infrastructure exceeded the benefits of using open networks and stan-
dards (Carr, ibid.). The second characteristic is that IT is highly replicable, both in terms of software 
applications and the business processes around it. As processes become standardized in software 
rather than created by the company itself, the full business advantage provided by IT can also be 
replicated by other organizations. As a consequence, no value is to be found within the process 
advantages that IT provides. 

2.4 Applied Right, IT Value Is To Be Found  
There are alternatives to Carr’s (2003) point of view though. Brown & Hagel (2003) answer Carr 
that while it may be true that the strategic value of IT is overestimated it is not a mere commodity 
(ibid.). They write that even though IT does not by itself provide strategic differentiation, it pro-
vides previously unavailable possibilities. Brown & Hagel (ibid.) also points to three broad les-
sons to be learned by IT investments so far. 

The first lesson to be learned is that “extracting value from IT requires innovations in business practices” 
(Brown & Hagel, 2003, p. 110). Brown & Hagel (ibid.) points to the fact that businesses cannot 
implement IT solutions without changing their practices for exploiting the capabilities that IT 
provides. Not changing practices will destroy IT’s economic value and this happens all too often. 
Opportunities provided by IT must be actively explored and companies without such exploration 
processes will not benefit from IT investments as much as those who do. 

Brown & Hagel (2003) concludes that companies generally do not see the full possibilities of IT. 
The companies believe that information technology can reduce transaction costs but then view 
the transactions costs themselves merely as the transfer of data. This is a flawed assumption 
Brown & Hagel (ibid.) points out, as there is also a need to create trust for the technology and 
build knowledge around it among other things – all which are part of the transaction costs. Not 
understanding this will likely create problems in terms of low acceptance of the technology and 
lower returns for the business. In total: low value. 

The second lesson to be learned is that “IT’s economic impact comes from incremental innovations rather 
than ‘big bang’ initiatives” (Brown & Hagel, 2003, p. 110). A “big bang” is a large effort to transform 
the company quickly and in a profound way. This, writes Brown and Hagel (ibid.), does seldom 
create any returns at all; such initiatives destroy value rather than create it. Instead, companies 
should aim for 6- to 12-month projects to innovate in specific business processes rather than try 
to transform everything at once. Managing a smaller project will also facilitate measurement of 
performance. Moreover, Brown and Hagel (ibid.) also argues for the fact that an incremental, 
focused approach provides near-term rather than long-term returns and thus helps get organiza-
tional support from management. 

Lesson number three is that “the strategic impact of IT investments comes from the cumulative effect of sus-
tained initiatives to innovate business practices in the near term” (Brown & Hagel, 2003, p. 110). Brown’s 
and Hagel’s (ibid.) opinion is that strategic differentiation emerges over time around the evolving 
capabilities of IT rather than from a specific business practice innovation. They refute Carr’s 
(2003) comparison of IT infrastructure with railways, electricity, steam engines and telephones by 
saying that the older technologies were developed in a one-shot fashion thus relatively quickly 
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providing diminishing returns. A dominant design1 also emerged in all of these technologies giv-
ing birth to standards within the different fields. 

In contrast, IT is constantly evolving in all areas. A generally dominant design has not appeared; 
IT has rather gone through several architectural generations and are continuing to do so. The on-
going evolution of IT gives new opportunities for innovation. Also, even though the components 
that make up the technology are becoming widespread commodities, knowledge of how to trans-
form the components into value-creating systems is still in short supply. There is still a gap be-
tween the opportunities that IT offers and the businesses’ ability to realize that potential. Brown 
& Hagel (2003) summarize their argument by stating that IT has never mattered isolated. Value is 
provided through innovation in the new possibilities that the technology brings. 

2.5 So If There Is Value, What Kind? 
Even though “value” in the context of business might imply monetary benefits from invest-
ments, IT management literature does not make the two synonymous. Lucas (1999) writes that: 

“[v]alue is not synonymous with [return on investment, ROI]; there are more 
kinds of value than a measurable financial return on investment.” (Lucas, 
1999, p. vii). 

He also states two key aspects in his book, first that: 

“not all investments in IT should be expected to show a measurable return” 
(Lucas, 1999, p. 9) 

And secondly: 

“investments can have value to an organization even without demonstrable 
financial return” (Lucas, 1999, p. 9) 

Citing a personal experience anecdote to make his argument stronger, Lucas (ibid.) mentions that 
when asking an IT manager what he would do when he felt strongly about a solution but could 
not show enough benefits, the manager had replied that he just would go on adding intangible 
benefits until the investment was justified. 

A class in IT management that Lucas (1999) had taught once featured a panel of IT professionals 
where one of the panel members explained why a pure financial analysis was not sufficient. The 
member, a consultant, had been involved in a very successful telephone company product tar-
geted at consumers. When he asked his manager what the IT component in the project was 
worth, he was told that it was worth nothing. The manager also told the consultant that the ad-
vertising on its own was worth nothing at all. Instead, it was the combination of the information 
technology component and the marketing that had made the investment pay off. Thus, Lucas 
(ibid.) concludes, value in IT can be very hard do discern as it is today integrated with other ef-
forts and processes and does not show much or any value by itself. This view is in line with 
Brown’s & Hagel’s (2003): IT is merely a platform where new value can be created and used in-
novatively that value is a fact. 

2.6 Finding and Measuring the Business Value of IT 
Seddon et al. (2002) studied 80 senior managers and asked how they evaluated the benefits from 
IT in their organizations. Within the study, Seddon et al. (ibid.) reviewed IT managers’ approach 
to measuring value in the overall IT portfolio, individual IT projects and the IT function itself. 

                                                
1 A dominant design is, among similar competing technologies or methods, the design that emerges as the preferred 
one by its users. Within home video entertainment, VHS became the dominant design over e.g. Betamax. See e.g. 
Tidd et al. (2001) for a thorough discussion on innovation and dominant designs. 
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The study focused on a management stakeholder perspective and concluded the most important 
criteria to value the benefit from an IT system: 

1. Support of explicit business objectives 

2. Internal Rate of Return 

3. Support of implicit business objectives 

4. Net Present Value 

The first criterion, support of explicit business objectives, means that value stems from how well 
a certain system fits into specific goals set for the organization or business unit. 

The second most used criterion, Internal Rate of Return (IRR), is a measure to show the highest 
possible interest rate an investment can take before becoming unprofitable from a financial point 
of view. The IRR calculated is the Net Present Value (NPV, see below) that makes all future cash 
flows equal zero. Because there is a large body of investment literature that describes the pros 
and cons of IRR and other measures (see e.g. Ekdal, 2005), the authors of this thesis will not 
elaborate further on the subject. 

Support of implicit business objectives is fulfillment of goals that are not explicitly in writing but 
perhaps instead in the “company spirit” or minds of senior executives. Measuring something 
implicit may sound impossible, but if an implicit objective is a quantifiable one – e.g. a certain 
yield on invested capital – it may very well be easier to measure than an explicit and possibly in-
tangible objective.  

The fourth criterion was another financial measure: Net Present Value (NPV). NPV is the sum of 
all future cash flows from an investment calculated with a given interest rate. Formally, NPV is 
defined as: 

!
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NPV

1

0
)1(

 

Equation 2.1 
 

In Equation 2.1 above, N is the lifetime of the investment object in years, r is the cost of capital 
(interest rate), Ct the cash flow at a given point in time and C0 the initial cash investment. A posi-
tive NPV equals a profitable investment from a financial point of view because it will over N 
years generate a higher cash flow of revenues in than of payments out. (Wikipedia, 2006c) 

In summary, management stakeholders valued IT benefits from a mix of “hard” financial meas-
ures and “softer” organizational specific objectives. It is worth noting that long-term value – 
match with explicit business objectives – was ranked higher than financial strength of the project.  

2.6.1 Effectiveness as Value 
Value is defined as effectiveness by certain authors, e.g. Seddon et al. (2002). Effectiveness means 
“having a definite or desired effect” according to The Oxford American Dictionary of Current 
English (2006a). Effectiveness has proven very difficult for organizations to measure as pointed 
out by Seddon et al. (ibid.) as well Lucas (1999). In addition, Seddon et al. (ibid.) found that about 
40 % of the companies in the study did not perform a post-implementation evaluation at all. Bal-
lantine et al. (1999, cited in Seddon et al. 2002) studied why IT projects were not evaluated from 
a feasibility perspective. They found that the single most common problem was to quantify rele-
vant benefits, something encountered in 81 % of the evaluations. The second most common 
problem found in 65 % of the projects was to at all identify the relevant benefits (ibid.). Clearly, 
effectiveness from a business perspective is not easily determined, much less measured.  
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When asking IT managers what slowed or halted evaluations of IT value, Seddon et al. (2002) 
found that the five largest inhibitors were: 

1. Inability to identify intangible benefits 

2. Inappropriate measures 

3. No satisfactory metrics available 

4. Financial focus of organization 

5. Poorly defined IT deliverables 

The top three have clear connections to measurement and are consistent with the findings of 
Ballantine et al. (1999): organizations do have difficulties measuring the value of their IT invest-
ments. 

2.6.2 Assessing the Potential Value of IT 
The IT manager views on what criteria make sense for evaluating IT project feasibility that Sed-
don et al. (2002) found were ranked from most to least important: 

1. Strategic Match with the Business 

2. Satisfaction of Customer Needs 

3. Productivity Improvements 

4. Traditional Cost Benefit 

5. Return on Investment (ROI) 

The criterion of strategic match with the business means that the outcome of the project should 
match business goals in one way or another. This may very well be an intangible and subjective 
measure but nonetheless important as the study showed.  

Satisfaction of customer needs is straightforward: there must be clear need from a customer – 
internal to the company as well as external outside the company. If nobody has a need of the 
proposed solution, there is no point in implementing it according to this criterion. 

Productivity improvement benefits are a quantifiable criterion contrary to the first two, usually 
expressed as rate of output per unit of input needed (Oxford University Press, 2006b). Improving 
productivity is beneficial for a company because it over time lowers cost and improves ability to 
compete. 

Cost-benefit analyses try to capture and measure both tangible and intangible benefits and costs. 
In its most basic version, the net sum of benefits less the costs will show if the investment will 
yield a positive return or not. Quantifying benefits and costs, intangible in particular, might be 
very difficult and thus it might be worthwhile pursuing various techniques such as surveys and 
market indicators to pin down values. (Wikipedia, 2006b)  

Return on Investment (ROI) is a percentage describing the benefits less costs in relation to the 
investment. The formula in its most basic form is (adapted from Robb & Pfefer, 2003): 

! 

ROI =
B "C

I
 

Equation 2.2 
Where, in Equation 2.2, B is the total benefits of the investment, C is the total costs and I is the 
original investment. 

The results from Seddon et al. (2002) are in line with the results that Bacon (1992) found in a 
survey ten years earlier, though the IRR measure was ranked number two in Bacon’s study. Also, 
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Net Present Value and the Payback Method2 were ranked as number four and five, making three 
out of five project selection criteria financial. Number one and three in the ranking were that the 
project must support explicit and implicit business objectives correspondingly.  

In addition to the measurements mentioned in the study by Seddon et al. (2002) and Bacon 
(1992), a common IT value measure is Total Cost of Ownership (TCO). TCO was developed in 
1987 by the consultant firm Gartner Group and defined as: 

“… a holistic assessment of IT costs over time. The term holistic 
assessment implies an all-encompassing collection of the costs associated with 
IT investments, including capital investments, license fees, leasing costs and 
services fees, as well as directed (budgeted) and indirect (unbudgeted) labor 
expenses.” (Gartner, 2006, their emphasis) 

If choosing between two or more investments the investment with the lowest TCO, ceteris paribus, 
is the most favorable from a financial point of view. The foundation of the TCO measure is two 
types of costs: direct and indirect. Direct costs are usually labor and capital costs, i.e. salaries and 
the cost of investing in a certain technology. Indirect costs are costs that are hard to pin down 
and therefore harder to quantify. Their nature may be “soft” rather than “hard” and thus found 
in employee satisfaction rather than e.g. employee productivity when looking for costs pertaining 
to lack of either (Gartner, 2006). Indirect costs are far from dismissible though, Gartner (ibid.) 
estimates that they represent as much as 60 % of total costs for management and ownership of 
IT. In terms of TCO, Gartner (ibid.) further identifies indirect costs as costs that are an effect of 
direct costs decisions or misguided decisions that causes indirect costs. A relevant example of the 
latter would be a management function trying to lower the direct cost of training in a software 
package by cutting the number of training hours each employee gets. As a consequence, users 
might become less competent and familiar with the software package and are less productive and 
satisfied with their work environment. The key, according to Gartner (ibid.), is to make sure that 
direct costs does not get cut at the expense of increasing indirect costs – the latter might emerge 
at another part of the organization who suffers from the attempt to save money. 

Lucas (1999) makes the distinction between direct and indirect in IT investments as well, but he 
focuses on benefits rather than costs. Indirect benefits are defined “a second-order effect of the 
technology, and often these benefits are unanticipated when the original investment is made” 
(ibid, p. 81). As the benefits are unanticipated, they might by nature be hard or impossible to cap-
ture in a cost-benefit analysis. This is not a problem when measuring effectiveness using TCO as 
the TCO measure concerns costs alone rather than a comparison between benefits and costs. 

                                                
2 A method where the sum of all revenues over the total economic lifespan of the investment is divided by the origi-
nal investment, thus representing the time needed before the investment pays off. (Ekdal, 2005) 
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3 Value from a Usability Perspective 
In this chapter, the evolution of the human-computer interaction field with respect to the in-
tended value and goals of usability work is described. 

3.1 Classical Views 
In the late 1970s and early 1980s, computers turned into tools, which were supposed to be used 
by ordinary office workers, whereas in the early days of computing they were used exclusively by 
engineers (Preece et al., 2002). A new research area, software psychology, was born. Its goal was 
to adopt the technology to new user groups, using scientific methods from experimental psy-
chology. Practitioners studied people interacting with computers in carefully controlled labora-
tory experiments and tried to develop general theories of human cognition and action, that ideally 
could be used to predict people’s behavior in front of the screen. 

The value of this would in turn be the ability to create interfaces that are simple, efficient, and 
error-free. (Löwgren & Stolterman, 2004.)  

3.1.1 Usability Engineering 
After a while it became clear that the software psychology approach turned out to have very little, 
if any, practical impact on the growing software development industry with its demands on cost-
efficiency. Thus, software psychology was soon replaced by another approach: usability engineer-
ing. This approach was inspired by the methods of software psychology, but its ultimate goal was 
“good enough” information rather than confirmed statistically significant results from laboratory 
experiments. (Löwgren & Stolterman, 2004.) 

However, usability engineering is still very concerned with similar values: quantifiable and very 
specific measures, such as how many times per hour of use the user presses the wrong button or 
how long it takes a novice user to delete an entry from a specific date in a calendar application. 
(Preece et al., 2002). 

Due to this, critics point out the risks of projects focusing on evaluating superficial parameters 
that can easily be measured in a laboratory environment, but might have little relevance in the real 
world. This could lead to more important matters being ignored. (Löwgren & Stolterman, 2004.) 

3.1.2 Heuristics and Guidelines 
Another approach that has been, and still is, popular due to the costs of performing usability 
work is different types of guidelines. The aim of these is to provide assistance in evaluating or 
designing a system to make sure it is usable. Two of the most widespread sets of guidelines are 
Donald Norman’s design principles (Norman, 1988) and Jakob Nielsen’s usability heuristics 
(Nielsen, 1994). 

Norman’s (1988) design principles include e.g. the following: 

• Visibility – If functions are clearly visible, users are more likely to find and understand 
how to use them. 

• Feedback – Related to visibility, feedback tells a user what has happened after performing 
an action such as pressing a button. This in turn simplifies both understanding and per-
formance. 

• Constraints – By restricting what actions can be performed with a system, the user is less 
likely to make a mistake by making the wrong choice. 
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• Mapping – Mapping refers to the relationship between controls and their effects in the 
world. If the controls for burners on a stove are arranged in the same patterns as the 
burners they are controlling, this is an example of good (or natural) mapping. 

Some examples from Nielsen’s (1994) usability heuristics are: 

• Visibility of system status – Users should always be able to tell what is going on. 

• Consistency and standards – Platform conventions regarding wordings, actions et cetera 
should be followed. 

• Error prevention – Designers should strive for preventing problems from occurring. 

• Flexibility and efficiency of use – Expert users should be provided with accelerators and 
ways to tailor frequent actions. 

• Aesthetic and minimalist design – Dialogues should not contain more information than 
necessary as the relative visibility of important information diminishes when extra infor-
mation units are added. 

Although Nielsen (1994) mentions aesthetics, both his and Norman’s (1988) guidelines in essence 
boil down to the same kind of good old usability values that we have seen before: basically im-
proving efficiency and minimizing errors. 

3.2 Towards More Context 
One common aspect of all the abovementioned approaches is that they are concerned with a 
single computer (or other artifact) being operated by one single user. As we will see in the follow-
ing section, this has drawn a lot of criticism in the last 10–15 years (Holmlid, 2002). 

Another criticism that has been directed towards the traditional views on usability is that they are 
too concerned about the product itself and general usability criteria. They don’t take the individ-
ual usage situation into account. They are also too focused on the user interface, and ignore the 
effects and utility of the system as a whole. (Löwgren & Stolterman, 2004.) 

3.2.1 Quality-In-Use and ISO Definitions 
The importance of usability has also been recognized by the International Organization for Stan-
dardization, ISO, and this is primarily reflected in the ISO definitions that concern the quality of 
information systems. Bevan & Azuma (1997) contrasts some of them. In ISO 8402 quality is 
simply seen as the presence of specified features. ISO/IEC 9126 categorizes the attributes of 
software quality as functionality, efficiency, usability, reliability, maintainability and portability. 

However, these standards are very product centric and there has been a growing understanding 
of the fact that assessment of quality is dependent on the perception of the user. Different users 
have different needs and consequently the ISO standards should reflect this as well in order to be 
useful. (Bevan & Azuma, 1997.) 

To solve this, the ISO/EIC DIS 14598-1 standard introduces the notion of Quality in use, which is 
defined as “the effectiveness, efficiency and satisfaction with which specified users can achieve 
specified goals in specified environments” (Bevan & Azuma, 1997, p. 170). A similar approach is 
taken in ISO 9241-11. Examples of effectiveness measures are the accuracy and completeness 
with which the specified goals can be achieved, measured as e.g. the number of spelling mistakes 
made when transcribing a document. Efficiency is seen as the effectiveness divided by the task 
completion time. Satisfaction is seen as harder to measure, but Bevan & Azuma (1997) suggest 
using an attitude rating scale such as SUMI (Software Usability Measurement Inventory), a stan-
dardized questionnaire consisting of 50 statements like “This software responds too slowly to 
inputs”. 
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When discussing possible applications of the standards, Bevan & Azuma (1997) point out that 
they can be used to evaluate how different components of the working environment might affect 
the quality of the product in use. They name a few examples that could be considered, among 
them the amount of user training and possible re-organization of tasks.  

Looking at the values, the later ISO definitions in other words take a step away from the product, 
requirements and functional centric view of quality and take context and organizational issues 
into account at a much higher degree, but still resemble the usability engineering approach dis-
cussed earlier. The important addition is that “user satisfaction” now is seen as a value in itself. 

3.3 Looking Beyond End Users 
After decades of research and a growing body of evidence that points to the fact that usability 
work indeed is needed, practitioners still have a hard time convincing companies to allocate time 
and budget for persona creation, prototyping, user testing and other activities. (See e.g. Bloomer 
& Croft, 1997; Markensten, 2005; Rosenberg, 2004.) How could this be? 

One explanation is that usability work traditionally has been very focused on the end users’ wants 
and needs; probably even too focused. Markensten (2005) points out that “...in commercial set-
tings, it is not only the user who judges what qualities are important, but also the purchasing or-
ganization” (p. 12). 

Löwgren & Stolterman (2004) recognize that there are situations in which it is hard to identify the 
user. When designing a car sales system, is the “real” user the sales person or the customer who is 
looking for a car? Should the designer focus on supporting the sales staff, or is it more important 
for the company to keep customers happy at the cost of perhaps more work for the staff? 

Holmlid (2002, p. 12) points out other limitations of usability work: 

Usability presumes that the single system is used by one uninterrupted user 
knowing her task, utilizing the system to fully or partially solve it in an as 
efficient and effective manner as possible. 

Usability focuses on the features of the system, not on the behavior of the user, 
nor on the interaction of the artifact with the user’s formal and informal 
organisation.  

[---] 

Thus, usability runs into problems where  has become an integral part of the 
business process. Several consecutive or simultaneous users, several 
simultaneous applications, as well as deliberately choosing an ineffective manner 
of solving the task, are all part of what usability can’t handle. 

Due to this, it might be necessary for the HCI practitioners to take a step further and look be-
yond the end users and instead focus on the use. Arvola (2004, p. 24), discussing the difference 
between user-centered design and use-oriented design, explains: 

[User-centered design] focuses on users, while [use-oriented design] includes the 
change of practices and business, and the perspective of the procurer of the 
interactive system is as important as that of the user (see for example Artman, 
2002). 

3.3.1 A Broader Perspective: Use Qualities 
How can the limitations of usability work be overcome, and how can use rather than end users 
be put in focus? A theoretical concept that is gaining popularity in the HCI community is use 
qualities. It emphasizes that the properties of an interactive system are emergent: they don’t show 
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until the system interacts with its environment, i.e. until the system is really being used by some-
body (Arvola, 2004). 

Therefore, the focus of the design should be on the actual use of the system, not on the system 
itself and its features. Thus, lists of general heuristics and guidelines, intended to be universally 
applicable (see section 3.1.2), are of less value. One example is Grudin (as cited in Kaptelinin, 
1996a), who has studied how designers violate principles of logical consistency to make systems 
more usable. The fact that a task requires lots of time to solve can also be a quality in itself, for 
instance in a game. (Löwgren & Stolterman, 2004.) 

In this sense, even the ISO definitions and the concept of quality-in-use adopted in them seem 
too limited to capture the whole essence of systems that are valuable to the user. Value is not 
simply the sum of effectiveness, efficiency and satisfaction. 

Also, with the development of the views on usability, the number of items on lists of heuristics or 
guidelines has grown very fast – now HCI practitioners have to consider not only efficiency, 
learnability and other traditional usability goals, but things like entertainment, aesthetical pleasure 
and motivation as well. It goes without saying that this is a daunting task to handle for the poor 
designer. Therefore, another point with the use qualities concept is that not all of those goals are 
equally relevant for every system, and to meet them all in one single system is virtually impossi-
ble. (Arvola, 2004) 

What, then, are use qualities and what makes them different from the traditional usability goals? 
Firstly, we would like to stress that many of the traditional usability concepts still hold true and 
are important to consider in a lot of cases. The problem is they are not enough. Arvola (2004) 
states that “they help in making different qualities of systems-in-use visible and they allow us to 
compare products by discussing their properties, but other aspects of systems-in-use are also 
important and need to be highlighted.” (p. 10). 

Löwgren & Stolterman (2004) give some examples of what these other aspects – the use qualities 
– might be: 

• Plasticity could be important when working with a large data set. If the system allows the 
user to manipulate the data and get immediate, almost tactile, responses, this accelerates 
the perceive-think-react loop and encourages discovery. 

• Control and independency are two extremes on the same scale. A system that is characterized 
by a strong feeling of control is little more than a tool; an extension of the hands or the 
eyes of the user. An agent, like the animated Office assistant in the Microsoft Office 
package, on the other hand, is characterized by a large degree of independency; the user 
does not have to actively bring it up. Rather, the agent sits in the background and tries to 
make intelligent assumptions about what the user wants to do. 

• Flow is a use quality that tries to capture the fact that digital artifacts, especially mobile de-
vices, today often are used in situations where one cannot focus solely on the artifact and 
the interaction with it. Rather, people tend to shift focus between the artifact and the en-
vironment. These focus shifts should ideally proceed as smooth as possible, without dis-
turbing the “flow”. 

• Personal contact deals with communication, with getting contact and staying in contact in a 
way that is meaningful to the user. This is contrasted with the more technical term con-
nectivity, that focuses on the connection as such instead of on the reasons for the con-
nection or whom a person is connected to. 

• Efficiency is one of the most classical usability goals, and concerns the ability of supporting 
fast and error-free task completion. This could be an important use quality as well, typi-
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cally when a user is driven by external motivation (such as when an office worker is given 
a task by his or her superiors).  

• Elegance could be seen as a quality of artifacts that are simple yet powerful. This is con-
nected to the idea of functional minimalism, which implies that an artifact should offer a 
relevant set of core functions but nothing more. A counterexample is a web browser that 
also offers (poor) tools for HTML editing and maybe (even worse) tools for photo edit-
ing. 

Holmlid (2002) has derived a number of other use qualities from empirical studies in a bank envi-
ronment, e.g.: 

• Surprise and confusion are traditionally regarded as undesirable, but in learning situations 
they can create opportunities for reflection and learning and thus be highly valuable. 

• Ante-use is about what precedes the actual use of an artifact. This quality deals with as-
pects such as planning; if the user knows (or expects) that a certain task will take a long 
time to complete in a certain application, she might choose to e.g. take a note on paper 
instead. 

3.3.2 Value-Centered HCI 
An interesting, but still underdeveloped, framework that also takes on this wide perspective on 
HCI and usability is Cockton’s (2004a; 2004b; 2005) Value-Centered HCI. Cockton argues that the 
focus of HCI work must be to deliver value in the world. Intended product value is more impor-
tant than quality in use or fit to context. 

Cockton recognizes the benefits of the context-centered approaches that have developed since 
the 1990s, but claims that we need to look beyond them. For instance, like their predecessors 
they lack a “noise filter”. It is fairly easy to expose user difficulties, but “user testing runs the risk 
of drowning development teams in fat reports of irrelevant and/or trivial user difficulties” 
(2004b, p. 152). Also, he claims that current HCI methods are restricted to user experience with a 
system’s implemented functionality and cannot tell us anything about what is missing. 

This, however, might not be really fair to the HCI community. See for instance the discussions 
on prioritizing usability problems in Lindgaard (2003). We also do not see the validity of the ar-
gument that HCI cannot investigate what is not there. To us, seeing in what ways a system does 
not support a user due to missing functionality has been an important goal of HCI work for a 
long time. 

Although both Cockton’s arguments can be questioned, his proposed focus on value seems 
promising. But what does he mean by “value”? 

Value can take many forms. It is not solely a question of capitalist profits and 
sales. It can be political, personal, organisational, cultural, experiential or 
spiritual. Our role should be to understand what is valued by a system’s 
stakeholders and support them in delivering this value. (Cockton, 2004b, p. 
155) 

As an example, Cockton uses a van hire web site. It has to deliver value to three groups of 
stakeholders: site/company managers and investors, customers and operational staff at the de-
pots. Different things constitute value to the different stakeholders. 

For management, the main source of value could be return on investment, 
brand image and market share. For customers, value comes from the ability to 
hire an appropriate van for a suitable period for an acceptable cost (money, 
time, convenience). For operational staff, collection and return of vans need to 
proceed smoothly. (Cockton, 2004b, p. 158.) 
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Cockton stresses that a single artifact, in this case the web site, seldom can deliver all kinds of 
desired value. For instance, some factors beyond the web site are what kinds of vans the com-
pany offers, the cost of hiring them and when the pickup depots are open. HCI work should 
concentrate on making sure that the web site protects existing value, and if possible also adds 
value through site features. 

For the customers, this could mean focusing on obstacles to purchase. The web site should make 
sure that customers can find a car that meets their needs, that they understand how to get to the 
depot where they can pick it up and that they can see what the total price will be. 

For the staff at the depots, the site should ensure that customers turn up when and where they 
should and also bring all the required documents, such as ID etc. 

For the managers, the site should generate at least the expected amount of sales but preferably 
also exceed it. 

With this in mind, it is easy to see how value-centered HCI requires a very broad view of system 
design and evaluation. Another example of Cockton’s (2004a) is central heating controllers. 
These are used to program heating boilers to activate only during specific periods (to save 
money). The key issue is that nobody has any intrinsic desire to program such controllers. If en-
ergy resources were unlimited and available for free no one would use them. 

In other words, even if such a controller is easy to learn and use it might miss the point. The real 
value of a central heating controller, and what one is interested in, is to see how much money and 
fuel one has saved by setting a particular program, and Cockton points out that he has still not 
seen a single controller that tells him this. 

3.4 Financial Value of Usability 
Since the 1990s, there have been several attempts within the HCI community to investigate the 
relationship between user and business values and to quantify the financial benefits of usability 
work, spurred by the difficulties HCI practitioners are facing (see section 3.3). 

Often, the outcome has been general and rather vague claims of the business benefits of usability. 
Some frequently noted benefits (e.g. Bloomer & Croft, 1997; Dray, 1995; Lund, 1997) are higher 
employee productivity, reduced number of errors, lower costs for support and training and re-
duced development costs (since developers will “get it right” from the start). 

A more ambitious effort has been undertaken by Bias & Mayhew, who in 1994 published the first 
edition of Cost-Justifying Usability, now considered a “landmark book” within its field (Rosenberg, 
2004). Last year, the second edition, Cost-Justifying Usability – An Update for the Internet Age (Bias & 
Mayhew, 2005), was published. 
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Both editions are full of figures, statistics and claims, most of them backed up by references to 
various articles or case studies. Some typical examples are (Bias & Mayhew, 2005, pp. 20–21): 

“Sun Microsystems has shown how spending about $20,000 could yield a 
savings of $152 million. Each and every dollar invested could return $7,500 
in savings” (Rhodes, 2000). 

[---] 

“You can increase sales on your site as much as 225 % by providing sufficient 
product information to your customers at the right time” (User Interface 
Engineering, 2001). 

[---] 

“Inadequate use of usability engineering methods in software development 
projects have been estimated to cost the US economy about $30 billion per year 
in lost productivity” (Landauer, 1995). 

The general approach suggested by Bias & Mayhew (2005) to prove the business value of usabil-
ity is to lay out a usability engineering plan for the work to be performed and estimate the costs 
for executing it (mainly by multiplying the hourly rates of the people involved – usability experts, 
developers, managers etc. – with the estimated time required). 

Then the benefits are estimated. Benefits related to productivity improvements are typically cal-
culated by estimating a time saving (e.g. 5 seconds) for a typical task (e.g. performing a database 
query). Then this time saving is multiplied by the number of times the task is performed each 
day, the number of working days per year, the number of users and the users’ hourly rate. This 
way, the monetary savings related to productivity improvement can be estimated. Benefits due to 
other factors, such as decreased errors and decreased training, are calculated in a similar fashion. 

Finally, the estimated costs and benefits of the intended usability work are compared for the first 
year and for the expected application lifetime (typically 3–5 years). Thus the ROI (return on in-
vestment; see section 2.6.2) of the usability work can be calculated. 

ROI is also clearly the most favored metric for the business benefits of usability (Rosenberg, 
2004). A quick look in the index of Cost-Justifying Usability – An Update for the Internet Age (Bias & 
Mayhew, 2005) reveals 37 occurrences of ROI, several of which span ten pages or more. This 
could be compared to a meager 2 occurrences for e.g. TCO (total cost of ownership; see section 
2.6.2), which is only mentioned very briefly in the introductory chapter of the book. 

3.4.1 Is Usability ROI Enough to Convince Management? 
So ROI is the most popular economical metric of usability work, but is it necessarily the best 
metric for convincing other stakeholders of the virtues of usability and catering to the needs and 
values of end users? Rosenberg (2004) argues that this is not the case. He acknowledges that clas-
sic ROI arguments “may carry weight in some areas of the [software] industry” (Rosenberg, 2004, 
p. 24) but claims that the HCI practitioners seem to be overly focused on measuring ROI. 

His main objections against ROI are the following: 

• Contrary to what HCI practitioners tend to believe, there are not a lot of empirical case 
studies with detailed financial data supporting usability from an ROI perspective. Rather, 
the same old studies are cited over and over again. 
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• Often, ROI claims are very dubious and Rosenberg (2004) points out that many of them 
can’t be taken seriously. Consider the following example, which is a parody by Rosenberg 
(ibid., p. 27), but still not too far from what Rosenberg found when searching for “usabil-
ity ROI” on the Internet: 

Consider that there are one billion users on the Internet. Assume that only half 
of them come to your site, but, of these, 80 percent leave without buying. If the 
average cost of an abandoned shopping cart is $20 you will lose $8 billion a 
year in sales. With a $5,000 heuristic review, you could reduce abandoned 
shopping carts with at least 50 percent, thus increasing annual revenues by $4 
billion, an ROI of 80,000,000 percent. 

• The usability ROI literature does not take into account the opportunity costs of investing 
in usability as opposed to other things, which might have even more impact. As an exam-
ple, Rosenberg (2004) mentions the DHCP protocol. When it was introduced, it suddenly 
became possible for people without networking skills to install a computer on an existing 
network without manually configuring things like IP addresses and domain name server 
locations. 

• In addition to this, the ROI arguments are “at best tactical in nature, while the business 
challenges the upper management focuses on are inherently strategic” (Rosenberg, 2004, 
p. 28). As discussed in section 2.6, this is indeed backed by the findings of Seddon et al. 
(2002), who found that “Strategic match with the business” was the most important crite-
rion when IT managers evaluate IT project feasibility. 

Instead of ROI, Rosenberg (2004) proposes that TCO be used as a metric for the business im-
pact of usability work. As many vendors in the software business rely on a long-term relationship 
with their customers, product lifecycles (including field-testing, production deployment and up-
grades) can last as long as ten years. This means that the operational costs can easily outweigh the 
cost of the original purchase. Due to this, Rosenberg (ibid.) claims that customer TCO is one of 
the most accurate measures of both success and competitiveness. It is also a measure that tech-
nology executives understand, and that has been thoroughly studied by Gartner and other analyst 
firms that executives trust. Additionally, it measures the global end result of an IT system rather 
than an “isolate intermediate step in the product lifecycle process” (ibid., p. 29), i.e. an investment 
in usability improvements. 

3.4.2 Other Business Benefits from Usability Work 
Lindgaard (2003) claims that most of the work done in the HCI community with regard to finan-
cial justification of usability has focused on estimating costs and projecting benefits from discov-
ery of usability problems. Practitioners seem to miss the importance of business related data that 
is not directly related to e.g. the user interface of a product, but can be uncovered using investiga-
tive HCI methods such as field studies and interviews with users. 

In another paper, Lindgaard (2004) gives an example of how serious bottlenecks were found in a 
grocery distribution centre when a researcher performed a field study instead of just reviewing 
the user interfaces of two competing hands-free speech devices, which the management intended 
to introduce to improve staff productivity. 

It turned out that the problems at the distribution centre had very little to do with the usability of 
the devices the warehouse staff was using. Instead, the problems were related to the organization 
of the work as well as to flawed assumptions in the back-end Warehouse Management System 
that calculated scheduling and truck routes. 
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4 Studying the Use of Information Technology 
As we have seen, there is a need for taking context and actual use into account when designing or 
evaluating information systems. But context is a vast notion, so exactly what should be studied 
and how can this be done? A framework for studying context and work practices that has gained 
increasing interest since the 1990s (see e.g. Kaptelinin, 1996b) is activity theory. In this section, 
we describe this framework and explain how it could be combined with approaches from Con-
textual Design to get a good understanding of the context in which work practices take place. 

4.1 Activity Theory 
Activity theory is a framework for studying various forms of human practices. It has its roots in 
the classical German philosophy, which emphasized the active and constructive role for humans, 
but the term originated within Soviet cultural-historical psychology, founded by Vygotsky, Leon-
tiev and Luria. (Kuutti, 1996). 

Many psychological theories concentrate on studying human action, which makes it easy to set up 
laboratory experiments. However, the activity theorists argue that actions are always situated into 
a context and can not be understood in isolation. Therefore actions are not enough for analyzing 
real-life situations. 

In activity theory, the basic unit of analysis of human behavior is instead activity. Kuutti (ibid. p. 
27) defines activity as “a form of doing directed to an object”, whereas Bødker (1993, p. 2) de-
fines it as “what a group of people engage in to achieve a certain purpose”. 

Activities can be broken down into actions, which in turn, are performed as a serious of operations 
triggered by the situation at hand. Bødker (1993) claims that activity, action and operation can be 
separated by asking why something takes place (activity), what takes place (action) and how it is 
carried out (operation). 

Another important point is that actions are conscious and have a focus – they are often directed 
towards an object, and different actions may be undertaken to meet the same goal (Nardi, 1996). 
Operations, on the other hand, are automated and can be performed without thinking (Bødker, 
1993). 

A sample activity from Bødker’s (1993) case study of the Danish National Labor Inspection Serv-
ice is distributing cases between the inspectors. For this, work planners need to perform the goal-
directed action of accessing relevant statistics, which in turn implies that they perform the operations 
of using a database to look up how many cases the individual inspectors are assigned to. 

A central tenet of activity theory is the concept of artifacts. Artifacts are tangible (like tools) or 
intangible (like norms or division of work) things that are created by humans, and mediate the 
relations between people and objects or other people (Bødker 1993). 

A classical example of mediation is a carpenter driving a nail with a hammer (see e.g. Polanyi, as 
cited in Ehn, 1988). The hammer is not an object of the carpenter’s attention, but an instrument 
of it. Although he is aware of the hammer, his focus is on the nail he is driving. The driving of 
the nail is thus mediated by the hammer. According to Bødker (1996), this is an example of an 
artifact that works well in our activity. However, if the hammer would break or behave in an un-
expected way, the tool as such would become the object of our actions. We would have to reflect 
over it consciously. This is called a breakdown. Arvola (2004) points out that such breakdowns are 
vital to be able to question what we otherwise take for granted. 

A related concept is that of focus shifts. According to Bødker (ibid., p. 150), a focus shift is “a 
change of focus or object of the actions or activity that is more deliberate than those caused by 
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breakdowns”. An example is a when a person is explaining to somebody how to use a certain 
artifact. The operations she normally performs now become conscious actions to her. 

4.1.1 Activity Theory and Information Technology 
Discussing the relationship between activities and information technology, Kuutti (1996) states 
that information technology can support activities at all levels. Starting at the bottom level, opera-
tions, an important driving force behind the computerization has been automation of human data 
manipulation operations. 

At the action level, information technology can be used to support transformative actions di-
rected to an object or part of it. One example is editing of a text document such as this thesis; 
moving paragraphs around etc. But information technology can also be used to support sense 
making actions, where it can help the user to understand an object of work better. A third kind of 
actions that can be supported are communicative actions, such as coordinating or negotiation, 
which are directed towards making the activity run smoothly rather than at a specific object. 

On the highest level, the activity level, Kuutti claims that information technology can be used in 
at least two ways. One possibility is that it can be used to make an activity possible or feasible 
(e.g. by making participants able to communicate with each other). Another possibility is that it 
could be used to “enable an activity to have an object that would otherwise have been impossible 
to grasp” (Kuuti, ibid., p. 35). One example of the second possibility that is presented is a case 
with health inspectors. A computerized “organization memory” was required to solve the 
broader problems the inspectors were facing after their work requirements had been changed. 

An important point is made by Kaptelinin (1996a; 1996b), who states that activity theory is inter-
ested not only in the relationship between the user and the piece of information technology, but 
also in what other tools are available to her, computerized as well as non-computerized. People 
using computers are not doing that because they want to interact with them per se, but to reach 
goals that are “beyond the situation of the ‘dialogue’ with the computer” (1996a, p. 49). 

4.1.2 Methodological Implications 
Summarizing the practical application of activity theory in HCI studies, Nardi (1996) mentions 
four methodological implications: 

1. A research time frame long enough to understand users’ objects. Objects and activi-
ties change over time, so the researcher has to take this into account. 

2. Attention to broad patterns of activity. Episodic fragments often fail to reveal the 
overall direction of activities. 

3. The use of a varied set of data collection techniques. Preferable the researchers 
should use different techniques in parallel. Interviews, observations, video and other ma-
terials all reveal certain aspects of an activity and a single technique is not enough. 

4. A commitment to understanding things from users’ points of view. Formal and ide-
alistic models of how activities should be performed do not suffice if we are to under-
stand what a situation really is like. Researchers need to get to know the users’ own per-
spective. 

4.2 Contextual Design 
One popular framework for gathering and interpreting fieldwork data to be used in the design of 
interactive systems is Contextual Design, suggested by Beyer & Holtzblatt (1998). It goes well 
with the concepts of activity theory. The main idea is that designers must understand the users 
and their work practices to be able to design a product that meets their real needs. 
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The problem is twofold: on the one hand, designers are generally not familiar with the work they 
are supposed to support, and on the other hand, users are neither aware of what they are really 
doing nor of what technology is capable of. (Holtzblatt et al., 2005.) 

4.2.1 Contextual Inquiries 
The proposed solution to the problem of getting access to tacit data about the work practices are 
so called contextual inquiries. The basic idea is that researchers go out to the users’ workplace to 
perform a combination of interview, observation and reconstruction of past events. Contextual 
inquiry was initially developed as a technique to inform design of system, but can also be used for 
evaluation. (Löwgren & Stolterman, 2004.) 

The four key principles of the technique are: 

• Context – it is necessary to go to the real workplace to collect data from real users doing 
real tasks. 

• Partnership – the understanding of the explicit and implicit aspects of the work should 
be developed through cooperation between the user and the interviewer, i.e. the inter-
viewer should be seen as in less control than in a traditional interviewing or workshop 
situation. 

• Interpretation – the interviewer should actively discuss her hypotheses of what the user 
is doing and why with the user during the course of the contextual inquiry to create a 
shared understanding of the work. 

• Focus – clearly, not all aspects of the work and what is going on can possibly be re-
corded and interpreted by the interviewer, so the contextual inquiries should be guided by 
a focus which determines what aspects of the work that are the most interesting ones. 
The interviewer should steer the discussions towards the focus, while taking care in chal-
lenging her initial assumptions. 
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5 Case Background – Nederlandse Spoorwegen 
To gather empirical data for this thesis, Nederlandse Spoorwegen (NS), was chosen as a case 
study. NS is the largest train operator in the Netherlands, serving 5,000 journeys every day. The 
company employs about 25,000 people on 388 stations all over the country (Nederlandse Spoor-
wegen, 2005). NS was formerly owned by the Dutch government, but was transformed into an 
independent private company in 1995. Since then, NS has been working hard on improving the 
Quality of Service and is striving to be seen as one of the most innovative operators on the 
European market. 

Our ambition is to become Europe’s best railway company, providing 
reliable and customer-friendly passenger train services. And that is why we are 
concentrating all our efforts towards one goal: transporting more 
passengers safely, comfortably and punctually to and from attractive stations. 
(Nederlandse Spoorwegen, 2005, p. ii) 

5.1 NS Frontline Employees 
NS employs approximately 10,000 “frontline” employees: conductors, train drivers and mainte-
nance workers. In this thesis, the focus is on the conductors, whose work is described in the fol-
lowing section. 

5.1.1 Typical Working Day for a Conductor 
Every conductor belongs to a certain station. When conductors arrive at the home station when 
beginning a shift, they need to get information about their schedule; what trains they will be rid-
ing on, when and where they will have their lunch break, whether there is any maintenance work 
being performed somewhere on the rail network etc. They also need to read any important mes-
sages from their managers. 

Typically, frontline employees go to the standplaats, which are premises inside or near the main 
hall of the station. At the standplaats, all drivers and conductors have lockers where they can 
store their uniforms and personal belongings. There is also typically a restaurant or small cafete-
ria, where they can have a meal or a cup of coffee, chatting with their colleagues. 

Then the shift starts and the conductor walks out to the train and updates the train number in her 
walkie-talkie (called portaphone) to be able to communicate with the train driver and other conduc-
tors on the train. Then she tries to find the colleagues that will be on the same train, if there are 
any. 

She has a constant eye on the timetable and the watch, and when the train is due for departure, 
the conductor checks that the automatic traffic control system shows that the tracks are clear and 
that no one is entering or exiting the train. Then she blows a whistle and closes all doors except 
the one she will get on board through herself. She then performs a final check to see if everything 
seems safe. Finally, she boards the train and closes her own door. The driver automatically gets a 
signal that all doors are closed and starts the train. 

This procedure is repeated at every stop. In between stops, the conductor walks through the 
train, partly to check tickets, but also to be available to answer questions from passengers. When 
the train has reached its final destination, the conductor typically has a short break. 

For each train, the conductor has to fill in a train report in his PDA. The report comprises date, 
time and route of the train as well as the conductor’s role. Sometimes additional information has 
to be entered, such as an estimated number of passengers and what duties the conductor has 
performed on the train (checked tickets, did “service rounds” to answer passenger questions etc.). 
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If disturbances on the rail network occur, the conductor receives a text message in her cell phone 
with brief information about them and a request to check the PDA for more information. 
Through Bluetooth, this message is also passed on to the PDA and through GPRS more detailed 
information including exact location of disturbances can be obtained with the press of a button. 

5.2 Railpocket 
Since 1995, all conductors and other frontliners at NS have been equipped with a PDA for hav-
ing access to their schedules, train timetables and other information. Railpocket is the name NS 
uses both for the PDA device and the main application in it. The current, third-generation, device 
is a touch-screen PDA from Hewlett Packard, iPAQ 4350, running the Windows Mobile operat-
ing system. The device is connected to the end users’ mobile phones via Bluetooth. 

The Railpocket application is the main application and the only one the end users need to run 
during the shift. These are the main functions: 

• Briefing screen, with important messages from management etc. 

• Shift schedule, information about the end user’s current shift 

• Travel information, up-to-date information about the current state of the Dutch rail net-
work, including disturbances, scheduled maintenance work etc. 

• Registrations, for creating train reports, aggression reports etc. 

• Travel planner, for finding information about how to get from A to B etc. 

• Rail network map, for seeing disturbances on the tracks 

• Database, with information about rules and regulations, where shops can be found etc. 

The information in the PDA is synchronized with NS’ corporate database at least twice a day, 
when users start and end their shifts. Since early December 2005, the synchronization can be 
performed from anywhere on the station via a wireless network connection. Earlier, conductors 
had to remove the memory card from the PDA and insert it into a card reader connected to a 
special computer at the standplaats. 
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6 Method 
To get an understanding of the situation at NS and explore end user and IT management opin-
ions, we traveled on-site to Utrecht, one of the largest railway junctions in the Netherlands and 
also the location of NS’ corporate headquarters, to conduct contextual inquiries with frontliners 
and semi-structured interviews with IT management representatives. The data was analyzed in 
several steps and an objectives tree was created, representing the relations between values within 
and between the two groups of stakeholders. 

6.1 Contextual Inquiries with Frontliners 
During two days, we conducted contextual inquiries with 3 conductors during 4 full work shifts. 
In total, we followed the conductors for almost 32 hours. They were followed both during early 
shifts (starting at 5.22 AM) and late ones (ending at 8.29 PM). 

The 3 conductors, with which we could perform regular contextual inquiries, were selected be-
cause they had agreed to bring an observer during the shift and answer questions. Because we 
had to split up so that each of us followed one conductor, we created an interview guide to make 
sure we gathered the same type of data (see Appendix 1). Before the observations took place, we 
also discussed the focus of the contextual inquiries thoroughly. We decided to focus on the high-
level activities and actions related to the use of Railpocket rather than the operations performed 
or details in the user interface. 

One week before the observations, we organized a phone call with a fourth end user to get an 
initial understanding of what the work was like. 

During the observations we also had the opportunity to conduct shorter interviews with other 
conductors we happened to meet; conductors working on the same train as the ones that we fol-
lowed, conductors that happened to have lunch at the same time etc. In addition to this, we also 
interviewed two train drivers in a similar way. 

As Weilenmann (2003) points out, capturing audio and video during field studies of mobile tech-
nology in general poses great difficulties as the users are often in a state of constant movement 
and it is hard to get consent from all people that might end up on the tape. In addition to the 
general difficulties, in this case the environment was noisy, the train was rocking back and forth 
and the conductors were of course surrounded by a lot of passengers that could have been of-
fended by our recording equipment. Therefore we took the decision not to try to capture the 
interviews neither on audio nor video. Instead we captured field notes (Ely, 1993) using pen and 
paper. 

6.2 Interviews with NS IT Management Representatives 
For the second day of our on-site study, we had booked interviews with NS IT management rep-
resentatives. The objectives of the interviews were four-fold: 

1. To get an idea of the decision-making landscape at NS 

2. To study if the decision criteria found by Seddon et al. (2002) were applicable to NS as 
well 

3. To study NS IT management’s view on what value Railpocket had provided 

4. To explore drivers behind the initiation of the project: why was it started at all? 

In order to fulfill the objectives we constructed an interview guide with questions based on aca-
demic research such as the Seddon et al. (2002) study as well as material provided through Ap-
pear Networks and NS. The full interview guide is available in Appendix 5. 
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The first interviewee was entitled Product Manager responsible for the Railpocket solution from 
a business perspective. We also interviewed two members of the IT department staff responsible 
for managing the technical implementation. The interviews were conducted in a semi-structured 
manner, allowing the interviewees to elaborate on subjects not explicitly asked about. As inter-
viewees explicitly stated that they were intimidated by recording the conversation on tape we 
instead took notes. 

6.3 Interpretation and Affinity Notes 
When we returned from the trip, we immediately started transferring our handwritten field notes 
into electronic documents to increase readability and make further analysis of them easier. The 
data was then analyzed in several steps. 

6.3.1 End User Data 
The analysis of end user data was performed as an “interpretation session”, as envisioned by 
Beyer & Holtzblatt (1998). The goal of the session is to make sure that a team of designers gets a 
mutual view of the situation at hand through sharing their individual observations. 

One person at a time describes everything that happened during his or her contextual inquiries, 
without summarizing or skipping any detail, while the other team members listen and ask ques-
tions. One person takes on the role as a “recorder” and takes notes of key observations, insights 
and questions. These notes are called affinity notes. A few examples: 

• #97: When the update was finished, the user brought up his schedule in the PDA and 
printed it. “It’s easier to have it in print.” 

• #225: Some of C4’s colleagues use the PDA to run a GPS navigation system. 

• #273: He feels stupid when the Railpocket device isn’t working and he hasn’t information 
about disruptions. “The passengers expect us to know”. 

According to Beyer & Holtzblatt (1998), this approach has numerous advantages, where the pos-
sibly most important are: 

• Better data: the questions asked by the other participants helps the interviewers recall de-
tails they would not know they even remembered otherwise 

• Multiple perspectives: a team will simply see more in an interview than any one person 
would alone. Important insights might easily be overlooked or dismissed as irrelevant. 

• Involvement in the data: The active participation required by team members makes sure 
everyone is involved. It is much harder to process data that is just presented. 

In our case, we took turns describing our experiences and taking notes on a computer. The note 
taker took care to ask clarifying questions during the process. Every note was automatically num-
bered to make it possible to trace the individual notes, which sometimes could be hard to under-
stand out of context, to a certain interview. 

6.3.2 IT Management Data 
As the interviews with IT management representatives had been semi-structured, there was no 
need to follow an interactive interpretation session as for contextual inquiries described by e.g. 
Beyer & Holtzblatt (1998). However, the authors jointly discussed the interviews during the 
process of capturing the data in an electronic document. 

When the document was finished, the first steps towards an affinity diagram (Beyer & Holtzblatt, 
1998, see below) were taken in order for data to be analyzed in a coherent and structured way. 
Sentences were singled out into distinct statements and turned into affinity notes. 
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Examples of IT management affinity notes include: 

• #10: The time saving with Wi-Fi has so far been ”given back” to employees in terms of 
an extra 30 minutes every day. 

• #24: Driver for the first business case: time saving. 

• #37: The government is a major stakeholder in NS. 

6.4 Affinity Diagrams 
The next step in the analysis was the creation of “affinity diagrams”. Affinity diagrams are a tech-
nique for structuring qualitative data (e.g. Löwgren & Stolterman, 1994; Beyer & Holtzblatt, 
1998) such as data obtained from interviews or contextual enquiries. The analysis is performed 
bottom-up, by clustering ideas or observations that seem to go together. These groups are then 
clustered into bigger groups and so on. The idea is that the data – and not pre-defined categories 
or the researcher’s prejudices – should drive the analysis. Typically, the representation is physical 
and could be created by using post-it notes and large sheets of paper. 

For both end user and IT management data, we formatted the computerized affinity notes cre-
ated during the initial review of the data, printed them and then cut them into individual notes 
which could easily be moved around. 

We followed the recommendations of Holtzblatt et al. (2005) and started by taking 20–30 ran-
dom notes each. One person grabbed a note from his pile and read it out aloud. If necessary, the 
meaning of the note was discussed. Then both him and the other person browsed through their 
piles to see if any other notes could be related to the first one. When no more notes could be 
grouped, the other person grabbed another random note from the pile and the process was re-
started. After a while we had gotten up to speed and could work individually, putting up notes 
without reading them aloud. 

When we started losing overview of the groups we had created, we started putting labels (“blue 
notes”) on them, written in first person language. Some labels from the user notes were: 

• I do not want/need Railpocket for all kinds of tasks 

• The printed shift card gives me the overview I need without unnecessary details 

• When the PDA crashes, I can’t do my work 

Examples from the management notes: 

• Past and present costs is a major driver for new projects 

• We accept risk in order to innovate 

• We seek to abstract our views on our assets 

Holtzblatt et al. (2005) recommend that the groups should not be labeled until all the notes have 
been placed in the diagram, but we felt that we had to do this earlier, when about 80 % of our 
approximately 300 notes had been placed, as we were losing overview of the data. 

After all notes had been placed, we went through all groups to see whether there were notes that 
could be regrouped into smaller groups or if they were notes that didn’t fit in their categories. We 
also reordered the blue labels and tried to organize them under various pink labels, e.g. Unpredict-
ability is a part of my job. Finally we added some green labels, which were intended to reveal really 
big themes in the data, e.g. Helping is my key task. 

Due to fewer notes in the IT management affinity diagram only blue and green category notes 
were taken into use. A blue note was for instance “lower TCO drives new projects” and a green 
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one denoting the category of which the blue note was a part “Past and present costs is a major 
driver for new projects”. 

Ultimately, the authors reached a point when both diagrams had a number of notes describing 
larger statements, or values, distilled from the interviews. These value statements were captured 
along with their sub-groups in an electronic document. 

6.5 Value Extraction 
The next step was to extract values from the data. The affinity diagrams for both groups of 
stakeholders were used as a basis for this, but we also went back to the original field notes and 
interview notes to make sure nothing was missed. 

Both of us individually went through the data for end users as well as IT management representa-
tives and created lists of what we perceived as values for the two stakeholder groups. Inspired by 
Cockton (2004b), value was in this case defined either as something that a stakeholder explicitly 
stated as being valuable to him or her, or something we could infer from our observations or 
interview data. We then went through our lists together and discussed and revised them.  

6.6 Getting It All Together: The Objectives Tree 
The final step was to relate the values we had found to each other, both within and between the 
stakeholder groups. To accomplish this, we defined the information system (i.e. the Railpocket 
device, software and network infrastructure) as the mediator, which ideally should help fulfill 
both types of values. 

To be able to visualize the values and the relations between them, we used a tree-like model, in-
spired by a method for stating objectives, presented by Jones (1992). The idea is to map out the 
values (ends) and ask through which means they could be achieved. The resulting means are in 
turn analyzed further in terms of how they could be reached, and so on. This results in a network 
of means and ends. 
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7 Results 
In this chapter, the authors conclude the results from the analysis of the data collected in the 
qualitative pre-study. First, a summary of user values found in the contextual inquiries described 
in the previous chapter is presented along with background to the values as well as the means to 
reach each end. The results are also presented in an objectives tree. Secondly, business values are 
presented in the same format based on findings from IT management interviews. Finally, desir-
able system characteristics are derived from both business and user values, and a large objectives 
tree containing the full value network is presented. 

7.1 User Values 
Through analysis of the end user interviews and affinity diagram, we found seven fundamental 
user values. The values were in brief, in no particular order: 

1. Use Work Tools for Private Needs 

2. Help Passengers 

3. Personal Interaction with Colleagues 

4. Be Able to Work the Way One Likes 

5. Avoid Information Overflow 

6. Spend Little Time on Routine Tasks 

7. Have Influence at the Workplace 

Each of the seven values is described extensively below with means to the value explained. As the 
focus of the study is the Railpocket system, only means related to the Railpocket hardware, soft-
ware or network infrastructure are discussed. 

7.1.1 Use Work Tools for Private Needs 
It was clear that some of the conductors saw value in the possibility to use their work tools for 
private needs. Although few of the conductors we interviewed used the PDA to run other soft-
ware – or at least they (with one exception) did not admit it – several of them said that they knew 
of other colleagues who liked to use the PDA for games, as a music player or as a navigation aid 
with a GPS system. One of the interviewees complained about the little amount of RAM in the 
PDA, which made it impossible to play more advanced games on it. 

Means to this end: 

• Be able to install and run own software 

• Have flexible working tools 

7.1.2 Help Passengers 
This was clearly a central value. All conductors we interviewed mentioned the travel planner and 
up-to-date information about disturbances on the tracks as the most valuable things with the 
Railpocket device. Earlier it was quite common that passengers bought their tickets on the train, 
but as of October 1 2005, NS introduced a € 35 fee for buying a ticket directly from the conduc-
tor. Since then, almost all people buy their tickets on the stations or use travel cards instead. 
Therefore, the conductors’ work is dominated by customer service related tasks and helping pas-
sengers can be seen as the conductors’ core activity. 

Means to this end: 

• Have correct information 
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• Have up-to-date information 

• Not being dependent on visiting the standplaats 

• Have quick access to needed information 

• Have tools that work when needed 

7.1.3 Personal Interaction with Colleagues 
Personal interaction with colleagues is important in several ways. First, it fulfills a social function. 
On small trains where the conductors are alone, it can feel lonesome at times, so it is nice to be 
able to meet colleagues and just chat a bit. 

Second, it is a good way to learn, especially regarding the Railpocket device and software. One 
conductor explained that it is better to learn from a colleague than from an IT department repre-
sentative, as other conductors know more about the actual work. 

Third, cooperation was important. One example was when one passenger waved to the conduc-
tor before stepping onboard the train some 20 meters away. It turned out that the passenger was 
a conductor himself. He wasn’t working at the time, but just wanted to signal to the conductor 
that he was onboard the train and willing to help out if any trouble would occur. 

Means to this end: 

• Here we mainly found a conflict with a mean to other ends, namely Not being dependent on 
visiting the standplaats 

7.1.4 Be Able to Work the Way One Likes 
Several conductors mentioned the positive aspects of freedom at work. When they are on board 
the train, they are their own bosses in a sense. No manager is standing behind them and control-
ling how they go about performing their work. 

Another example is that not one conductor seemed to carry his equipment in the same way as 
anyone else. Some preferred to carry everything in their pockets. Some only brought the most 
important tools, and kept the rest in a bag which they stored somewhere on the train. Some car-
ried special cases for e.g. the walkie-talkie, which were secured to their belts. Some had private 
belt bags, some had portfolios, other had backpacks etc. 

Means to this end: 

• Not being dependent on visiting the standplaats 

• Have flexible working tools 

• Have the ability to suggest changes 

7.1.5 Avoid Information Overflow 
As the conductors are working in a highly dynamic environment, an important value is to avoid 
information overflow. They can not handle too much information at the same time. As they can 
not possibly keep track of everything that is happening on the Dutch railroad system, they only 
want information that concerns them directly. 

Another good example is the shift schedule. Although conductors have access to the very same 
information in their PDAs, they prefer printing the schedule. This is because the printed schedule 
gives them exactly the level of detail they need; not too much but not too little either. As we have 
pointed out earlier (see section 4.1.1), people have no intrinsic wish to interact with a computer 
artifact – if the goals of an action can be achieved easier by other means, they are preferred in-
stead. 
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Means to this end: 

• Have quick access to needed information 

• Have correct amount of information 

• Have correct level of detail in the information 

7.1.6 Spend Little Time on Routine Tasks 
The conductors’ job has a very varied work pace. Sometimes there are few passengers, everybody 
has got tickets, the trains are running according to the timetable and not much is happening. But 
all of a sudden everything starts to happen at once; the train breaks down, some kids are smoking 
marijuana in one of the cars (yes, we saw this happen) and the conductor finds himself threatened 
by an aggressive drunkard. 

Therefore, it is important that the work tools and routines as far as possible are designed with the 
worst-case situation in mind. As much as possible should be pre-filled in and automated for the 
users. Manual input should be kept to a minimum. Conductors should not have to carry around 
papers and blanks for reporting etc. 

As an exception to the latter, a printed copy of the shift schedule is of central importance. It is 
much faster to access than the PDA – one glance at the paper is enough. Another important fac-
tor in play here is that two-handed interaction is required to operate the PDA, while the printed 
schedule easily can be produced from e.g. the shirt pocket using only one hand. This is valuable 
as conductors frequently carry different things around, be it a pencil, the tool for stamping tick-
ets, the notebook for giving fines or something else. 

A very important thing is also that the tools work, since conductors are dependent on them. As 
one of the conductors put it: ”If you lose a leg, you can’t walk. It’s the same thing here: without 
Railpocket, we can’t do our job.” 

Finally, if a trouble should occur, it must be easy to remedy on one’s own, since the conductors 
are on the move, out of reach for IT support people. 

Means to this end: 

• Have flexible working tools 

• Have tools that work when needed 

• Avoid paper handling 

• Automate routine tasks 

7.1.7 Have Influence at the Workplace 
Finally, it was seen as important to have influence on the workplace. Several conductors com-
plained on the lack of such influence. Although conductors experience severe problems with the 
Railpocket, including spontaneous crashes leading to data loss, and very long connection and 
updating times, they felt like the management didn’t listen to their complaints. Or rather, as one 
conductor put it: “People listen, they write it down and then it goes into the drawer and at the 
end of the year in the trashcan.” 

They also felt that they didn’t get enough information from the management regarding changes at 
the workplace. Tools and procedures are updated or replaced on short notice. 

Means to this end: 

• Have tools to communicate with management 

• Have the ability to suggest changes 
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7.2 User Value Network 
The full objectives tree network for the user values is provided in Figure 7.1. In the leftmost col-
umn are the fundamental user values we found through the data analysis. The second column 
from the left lists how the means in the first column could be achieved specifically via the Rail-
pocket system. The third column, finally, list even more specific means to achieving the values 
found. Conflicting values are shown as red, dotted lines. 

Reading from left to right, the tree can be seen as answers to a series of “how?” questions. Read-
ing from right to left, the question answered is instead “why?”. 

 

  
Figure 7.1: Network of User Values 
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7.3 Business Values 
Through analysis of the IT management interviews and affinity diagram, we found six fundamen-
tal management values. The values were in brief, in no particular order: 

1. Increase customer satisfaction 

2. Decrease technology total cost of ownership 

3. Increase employee satisfaction 

4. Improve work process efficiency 

5. Improve device support process efficiency 

6. Support long-term strategic objectives 

Each of the six values is described extensively below with means to the value explained. 

7.3.1 Increase Customer Satisfaction 
An important mission for NS is to increase customer satisfaction. In 2003, a mere 55% of NS’ 
customers graded 7 or higher on a 10-point scale when asked about their overall satisfaction 
when traveling by train throughout the Netherlands (Nederlandse Spoorvegen, 2004). NS’ objec-
tive is to increase this to 75 % by 2007 at latest (ibid.). There are a vast number of means to this 
end but in particular a number of ways to increase customer satisfaction through information 
technology use as found in the objectives tree network for business values: 

• Enable Customer Access to Reliable Train Information at All Times 

• Increase Stability of Device 

• Increase Efficiency in Daily Routine Tasks 

By making sure that the customer always knows when the train is arriving and departing and why 
there are exceptions to the expected punctuality in such an event, the customer will have some 
peace of mind. As a positive “side-effect” frontliners also benefit from being able to help as peo-
ple (hopefully) will be grateful and friendly when somebody can answer their questions. 

Moreover, it was recognized within NS that the Railpocket device suffered from hardware fail-
ures. Considering the fact that the PDA is one of the frontliners’ most important work tools con-
taining information that is passed on to customers, non-functional devices reduce the employees’ 
ability to help customers. This in turn will complicate or contradict the first means – to enable 
customer access to reliable train information – when customers’ primary source of up-to-date 
information is the train conductors and other frontliners. Thus, there is obvious value in increas-
ing the stability of the Railpocket PDA device to make sure it works at all times. 

An employee present in the train station, on the platform or in the train can provide help and 
information to passengers. On the other hand, if the employee is delayed by routine tasks such as 
signing in or writing reports, he or she cannot serve customers. The means to facilitate and de-
crease time spent on such tasks is therefore relevant as more visible and helpful frontliners will 
improve passengers’ perception of and satisfaction with NS. 
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7.3.2 Decrease Technology Total Cost of Ownership 
The cost of information technology is an issue for NS. To keep costs down is imperative and NS 
is looking for areas where the ownership cost for technology can be decreased. In regard to the 
technology used for Railpocket, there we found three means to the end of decreasing technology 
cost: 

• Increase Stability of Device 

• Improve Application Management 

• Decrease need for Helpdesk Intervention 

Both direct and indirect costs due to the low stability of the device are significant3. A common 
problem is that the device “blacks out” and requires a total “hard” reset with 2–3 minutes of 
startup time that also requires calibration of the screen, setting device date and time and going 
through a series of mandatory lessons for first-time PDA users. When this happens, frontliners 
cannot perform duties such as give information, write reports and give fines. When frontliners 
are unable to work, they fail to provide customer service and generate revenue by giving fines and 
the technology failures thus represent a cost in lost revenue opportunities. 

Another source of cost is the lack of control in application management. Application manage-
ment refers to the ability to install, upgrade and control the applications on the PDA. A common 
reason for software problems on the PDA is user-installed software such as GPS navigators and 
MP3 players. Minimizing the cause for problems will lower ownership costs as the devices need 
less support. Also, when software updates can be centrally managed it is easier to distribute them 
and ensure that each user has the latest version of all software and information. 

When users have serious problems they need personal assistance from a helpdesk. If the number 
of calls to helpdesk is lowered the technology ownership costs also decrease. There are thus 
strong incentives to find solutions that allow frontliners to solve the problems themselves or ide-
ally eliminate the problem source altogether.  

7.3.3 Increase Employee Satisfaction 
NS is an old, formerly governmental, company that employs almost 25 000 people. Many em-
ployees have parents and siblings that work or have worked at NS and because of strong working 
traditions there has been and is a strong working community spirit among NS’ frontline employ-
ees. A government reform plan in 2004 led to strikes in the public sector (Nederlandse Spoor-
vegen, 2005) and close to no trains operated by NS ran. Such events are naturally very disturbing 
to NS and its customers and must be avoided. If employees are satisfied it is less likely that strikes 
will occur, employee turnover rate will probably also decrease. 

In terms of IT, two means to the end emerged: 

• Increase Stability of Device 

• Better Communication between Management and Employees 

As noted in previous sections, it is crucial for frontliners’ ability to serve NS customers that the 
Railpocket device is functional. When the Railpocket is not working, employees get frustrated as 
they cannot perform their duties and cannot help passengers. Such frustration eventually be-
comes dissatisfaction that might turn into employee and ultimately union demands unless ad-
dressed. 

                                                
3 Information acquired from NS employee, April 2006. 
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Communication is key in NS to keep employees satisfied. Management messages and intentions 
must be clearly communicated to employees, and employees must have straightforward ways to 
express their views in the organization. This communication can be facilitated by means of IT. 

7.3.4 Improve Work Process Efficiency 
Tasks and routines in a company are often expressed as formalized work processes describing the 
flow of discrete tasks that leads up to a result4. Improving those processes by finding superfluous 
steps or replacing steps with more efficient ones is a goal for NS, as time freed up in one task can 
– in theory – be put into other tasks. For example, if the search for a specific piece of informa-
tion can be performed in 20 seconds instead of 30 seconds and the information search is per-
formed 50 times per day, there is a theoretical time saving of 8 minutes per employee that can be 
used in another work process. NS’ IT department is looking to achieve this along two lines: 

• Increase Efficiency in Daily Routine Tasks 

• Better Communication between Management and Employees 

The value of the first means is that routine tasks that are carried out on a daily basis may be facili-
tated, or automated, by use of IT thus representing a time saving that can be spent on other tasks. 
In the second, value is created when information is passed along from management to employees 
in a quick and effective manner. For instance, moving information from paper distribution to 
PDA distribution makes sure everyone with a PDA sees the message and also saves resources in 
the printing and distribution of paper copies. 

7.3.5 Improve Device Support Process Efficiency 
When as many as 8,500 employees use a certain technology tool, in the case of NS a PDA, it is 
almost inevitable that a number of failures in software, hardware or both occur. Users might also 
need help with the usage of the application itself when they cannot carry out a task they are sup-
posed to do. A technology solution that is unstable will generate more support tickets thus bur-
dening the helpdesk organization, requiring them to hire additional staff to handle the workload. 

Support tickets escalated from a frontliner to a helpdesk and perhaps further into the organiza-
tion takes time to process even for the smallest of issues. Such processing takes focus away from 
potentially more important issues and generates unnecessary costs. Thus it is in the organization’s 
best interest to keep the number of tickets low and the main means to the improvement of de-
vice support process efficiency ends is then to: 

• Decrease need for Helpdesk Intervention 

By investing in measures that decrease frontliners’ need for a helpdesk, the full process of device 
support is improved. 

7.3.6 Support Long-Term Strategic Objectives 
A most important decision support, by interviewees told to matter more than financial analyses 
such as Cost-Benefit or ROI, is that the proposed solution is aligned with NS long-term strategic 
objectives. Such objectives might or might not be explicitly stated by the organization. Explicit 
objectives would be described either on a high level like in the annual report or closer to organi-
zational units in business objectives. Implicit objectives would be subjective and depend on the 
decision maker and his or her personal opinion or understanding of the organizational aims. 

                                                
4 This is sometimes referred to as a “value chain”, see e.g. Porter (2004) for information on value chains and their 
application. 
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The means to NS’ long-term strategic IT objectives ends were: 

• Facilitate Changes of Staff Roles and Tasks 

• Enable Deployment of Future Services 

In facilitating change of staff roles and tasks, NS aims to allow employees to move not only be-
tween roles when changing careers within the organization, but also to change roles back and 
forth instantly. For example, if a conductor temporarily or permanently needs to be moved into a 
security or surveillance role at a train, he or she should part be able to do this by means of IT. 
The IT infrastructure and artifacts should facilitate this by providing all necessary information 
and tools. Such employee mobility would provide value in terms of being able to have a smaller 
total work force as people, again in theory, are not “locked” into a single, specific role. According 
to NS, this reduction of employees is also a long-term objective for NS in order to keep labor 
costs down. 

A second long-term strategic objective that NS wants to realize with IT is to offer new services. 
Those services go beyond the most obvious business goal of NS to transport people from loca-
tion A to location B. By offering services built on an IT infrastructure platform to businesses and 
individuals, NS wants to find new revenue sources outside the ticket price. The services are not 
clearly defined but the infrastructure must support innovation and implementation of future 
ones.  

7.4 Business Value Network 
The full business objectives tree network of values and means to achieve them is provided as 
Figure 7.2. Fundamental business values we found through the data analysis are presented in the 
rightmost column. The second column from the right contains means to achieve them. The left-
most column lists how the means in the second column could be achieved specifically via the 
Railpocket system, which is the focus of this study. Conflicting values are shown as red, dotted 
lines. 

Reading from right to left, the tree can be seen as answers to a series of “how?” questions. Read-
ing from left to right, the question answered is instead “why?”. 
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Figure 7.2: Network of Business Values 
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7.5 System Characteristics 
The desirable system characteristics, derived from both the business and user values, were (in no 
particular order): 

• Manageability 

• Reliability 

• Availability 

• Control 

• Flow 

• Overview 

• Relevance 

• Efficiency 

• Recoverability 

• Communication 

• Future Proofness 

• Innovativity 

Each of the characteristics is described extensively below with an analysis of possible conflicts 
between the business and user values related to the characteristic. The characteristics are also, 
where applicable, related to previous research from the HCI or IT management fields. 

7.5.1 Manageability 
From the IT management’s point of view, it is important that device management is easy. It must 
be possible to detect and remove illegal applications, control distribution and provisioning of 
applications and also facilitate deployment of applications from multiple vendors. According to a 
study by Nash (2001, cited in David et al. 2002) centralization and standardization can save IT 
TCO costs of up to $2,000 per user. David et al. (ibid.) also cites a study by Gartner Group 
showing that while a single technician in some cases supports on average 77 users in a highly 
centralized and standardized environment, the same technician would only be able to support on 
average 18 users in a decentralized and non-standardized environment. When aiming to cut costs, 
it comes as no surprise that IT management strives for device manageability. 

This, however, interferes with the desire of users to have administrator rights to be able to install 
and run own software as well as to have more flexible working tools. 

7.5.2 Reliability 
The reliability of the Railpocket, i.e. that the information in it is correct, is important from both 
stakeholders’ perspective. Conductors want to be able to do their job and the management wants 
to keep customers satisfied by providing them with only up-to-date and correct information 
about e.g. schedules and outages. This is also one of the use qualities Olovsson (2006) found in a 
recent case study concerning professional use of IT, albeit within the healthcare domain. 

7.5.3 Availability 
Availability refers to the need for the information to be accessible to the users. It is important for 
both stakeholders, but also interferes with the desire of users to have administrator rights and 
thus with the characteristic of Control. If users can do whatever they like with their devices, there 
is a risk that they install malicious or buggy software, or just configure the system in the wrong 
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way, thus lowering Availability. Availability is also mentioned as a suggested use quality by Olovs-
son (2006). 

From an IT management point of view, Availability has close ties to the operational cost “down-
time” as defined in the TCO measure (David et al., 2002 and Gartner, 2006). Downtime is asso-
ciated both with hardware and software problems and incurs costs for the non-availability of the 
system and any repairs necessary to make it functional (David et al., 2002). 

7.5.4 Control 
The characteristic of Control is about the user feeling that she is controlling the device and not 
the other way around (Löwgren & Stolterman, 2004). It is related to several of the fundamental 
user values found, among them Using work tools for private needs, Be able to work the way one 
likes and Spend little time on routine tasks. 

However, this interferes with the business values Detect and remove illegal applications and Con-
trol distribution and provisioning of applications. Those values are important as described in IT 
management literature as centralization and standardization of a system have the feature of po-
tentially large costs and thus savings. Investments in centralization and standardization, e.g. a 
lower degree of control from the end users’ perspective, can reduce costs of support, evaluation, 
upgrades, training, auditing and viruses. (David et al. 2002) 

7.5.5 Flow 
As we have seen, the conductors have to manage several tasks simultaneously and are frequently 
interrupted. In Löwgren’s & Stolterman’s (1994) words, Flow is about supporting this constant 
floating “dance” where focus is shifted between the device and the environment and between 
different tasks on the device. 

From the IT management perspective, Flow is not directly related to any of the business goals. 
One could however argue that is an important system characteristic for increasing employee satis-
faction and improving work process efficiency. Indeed, David et al. (2002) mention user accep-
tance as a method to decrease total cost of ownership and increase service levels. 

7.5.6 Overview 
Again, due to the fact that conductors are managing multiple tasks, overview is a desirable char-
acteristic. One should be able to find important information at a glance, and also quickly see what 
options and functions are available in the system. See also Bergek’s (forthcoming) study of train 
crews in Sweden. 

As for Flow, Overview is not mentioned on the business value side, but can again be related to 
employee satisfaction and work process efficiency. Overview, then, is associated with lower costs 
thanks to user acceptance. 

7.5.7 Relevance 
What the system presents to the user should be relevant to her. As we have seen, information 
that does not concern the user only disturbs her. Relevance is another of the proposed use quali-
ties of Löwgren & Stolterman (1994). From the IT management perspective, Relevance is also 
related to the possibility to enable location based services5 in the future, as a conductor’s location 
is a very important parameter when deciding what information is relevant to him or her at a given 
time. 

                                                
5 Location based services (commonly abbreviated LBS) are services that are dependent on a certain location or data 
about a location, most often geographical. Common LBS include services for tracking goods and equipment among 
others. 
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7.5.8 Efficiency 
For an everyday workplace tool, efficiency – quick and error-free task performance – is often an 
important characteristic. (Löwgren & Stolterman, 2004.) Railpocket is no exception. Several user 
values, fundamental (e.g. Spend little time on routine tasks) as well as derived (e.g. Be able to up-
date database information anywhere), are related to this characteristic. 

Efficiency is also a central business value as found on a user level (e.g. Improve work process 
efficiency) and on levels above the user (e.g. Improve device support efficiency). It is important 
to note that Efficiency as defined by e.g. Löwgren & Stolterman (2004) concerns performance in 
the tool as measured by the users, whereas efficiency on IT management level includes efficiency 
throughout the complete system of services that surrounds Railpocket: PDA software, employee 
task performance, support organization and so on. 

7.5.9 Recoverability 
Recoverability refers to the possibility of a user to remedy a problem without intervention of 
helpdesk staff. This is related to both user and business values. However, there is also a conflict 
with the user value Have administrator rights. If users can install non-corporate applications, 
such as music players or GPS navigation systems, and change system settings, support personnel 
have a much harder job in assisting the user due to the multitude of new and unknown factors 
that might have caused a certain problem. 

Recoverability is related to the usability goal Safety as presented by Preece et al. (2002), although 
the latter primarily deals with preventing and recovering from errors made by the user, whereas an 
important factor in Recoverability is to recover from errors caused by software and hardware 
problems in the system. 

Recoverability ensures low downtime as measured by total cost of ownership (David et al., 2002 
and Gartner, 2006). The value driver of lowering total cost of ownership then connects this char-
acteristic. 

7.5.10 Communication 
Communication is related to the use quality Personal contact as proposed by Löwgren & Stol-
terman (2004). It is about end users and management being able to communicate, which is of 
value to both groups. It concerns both one-way communication, e.g. management distributing 
new shift schedules, and two-way communication, e.g. a conductor having a discussion with his 
or her immediate superior. 

From the IT management point of view, improved communication drives both higher efficiency 
in work processes as well as help increasing employee satisfaction. Achieving higher efficiency in 
work processes comes mainly from the fact that managers will have better information on what 
routines and attitudes look like “on the floor”. Employee satisfaction is achieved by higher in-
volvement of management in daily activities and problems, thus making managers more con-
scious and aware of frontliners’ working day. 

7.5.11 Future Proofness 
Future proofness is a characteristic hard to relate to the actual use of the system as it concerns a 
vague and uncertain future use of Railpocket. No one really knows what this use is going to look 
like but in any case the system should be able to support it. This is an aspect that has no obvious 
connection to the user values, but is exclusively linked to the more strategic business goals such 
as Enable fast development of new services and Enable worker mobility. Likely, Future proof-
ness is more about “gut feeling” and general service and technology trends in the industry: in NS’ 
case the travel and transport business community. Future proofness fits in the fuzzy category of 
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strategic match with business as found by Seddon et al. (2002) as strategy is forward-looking and 
thus an outlook into uncertainty. 

7.5.12 Innovativity 
Innovativity is also a characteristic of the system itself rather than the use of it. It can be seen as 
linked to the user value Get filtered information depending on context and the related business 
value Enable location based services, but is also linked to the business value Enable fast devel-
opment of new services. 

Generally speaking, innovativity is a key for long-term enterprise survival (Tidd et al., 2001). As 
product and service life cycles shrink there is a need to create a platform that supports quick de-
velopment and deployment of services. Thus business values related to those needs are estab-
lished within NS and connected to innovativity. 
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Figure 7.3: Complete Network of User and Business Values 
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8 Discussion 
On a high level, the interviews showed different reasoning around the purpose and value of the 
technology among end users and management respectively. End users mentioned private and 
short-term statements regarding their working day, for instance “use work tools for private 
needs”, “help passengers” and “personal interaction with colleagues”. IT management on the 
other hand generally gave statements such as “increase customer satisfaction”, “increase em-
ployee satisfaction” and “support long-term strategic objectives”. End users, naturally perhaps, 
are concerned about their everyday situation and how working tools rather than abstract strategic 
technology objectives best support them. It is not required of frontliners to worry about long-
term goals but instead to carry out their tasks that they need and want robust tools for. The man-
agers are expected to plan ahead and therefore express views accordingly, such as looking for 
strategic match with the business (Bacon, 1992; Seddon et al., 2002).  

On the other hand, end users and management values coincided to a large extent, perhaps not 
surprisingly as it could be assumed that the conductors in this typical work setting primarily are 
driven by external motivation (Löwgren, 2004), i.e. essentially the management values. 

The only major conflict we could see is the clash between on the one hand end users’ wish to be 
able to run whatever software they like in their PDA (“Control”) and on the other hand man-
agement’s desire to exercise control over the devices (“Manageability”) for the sake of stability 
and decreased support costs. 

Interestingly enough, this conflict seems to have been solved through a clever compromise: end 
users can indeed install and run own software, but only if they keep the applications on a separate 
memory card. 

This way, the run-time environment of the Railpocket application remains under IT department 
control but when not at work, end users can replace the memory card and use the PDA for their 
own purposes. 

8.1 NS’ Management Values Compared to Other Studies 
In line with results from Seddon et al. (2002), management expressed the value of increased cus-
tomer satisfaction (corresponding to the second most important criterion, “Satisfaction of Cus-
tomer Needs”). The third most important criterion from the same study (ibid.), “Productivity 
Improvements” is also represented in our results as “Improve Work Process Efficiency”. 

An interesting management value not found among the top five in earlier studies is “Increase 
Employee Satisfaction”. There is a possibility that NS expresses this value due to the strong in-
fluence of employee unions rather than for altruistic reasons. Because NS was a government 
body and not a privately held company, employees might have enjoyed an environment were 
competition and market factors did not force efficiency improvements. When the Dutch rail 
network opened up to private companies, NS had to compete with other actors for concessions 
and passengers. Competition often drives a need to lower costs by improving efficiency that 
might include lay-offs and other measures that upset employees. If employees in general and the 
union in particular are upset with the company, events might escalate into severe dissatisfaction 
and strikes. Strikes hit the company hard and NS needs to avoid this, thus employee satisfaction 
as a value does not appear odd. 

The value “Decrease Technology Total Cost of Ownership” is about cost efficiency. Though it 
cannot be connected to the value of “Productivity Improvements” as mentioned above, it has 
relations to measures such as “Traditional Cost Benefit” and “Return on Investment”. A de-
creased total cost of ownership will improve the difference between benefit and cost as well as 
make for a quicker return on investment. 
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Improving device support process efficiency is also part of the general “Productivity Improve-
ment” as found by Seddon et al. (2002). Efficiency in the support process will improve overall 
productivity as discussed earlier. 

Finally, “Support Long-Term Strategic Objectives” is fully consistent with Seddon et al’s (2002) 
“Strategic Match with the Business”. Obviously, not only quantitative measures or financial data 
matter – there must be a strategic plan with the product in order for it to survive the decision-
making process. 

8.2 The Strategic Value of Railpocket 
As has been shown, Carr (2003) writes that information technology value is sometimes seen as a 
strategic investment that does not necessarily have to provide direct returns to the company. This 
does not seem to hold true for the Railpocket from NS’ IT management’s point of view as values 
such as “decrease technology total cost of ownership”, “improve work process efficiency” and 
“improve device support process efficiency” emerged in our study. All those are directly con-
nected to measures that are either financial (ownership cost) or more-or-less easily translated into 
returns (efficiency improvements). 

Additionally, management seeks to improve customer satisfaction by giving passengers indirect 
access to information about train departures, delays, routes and so forth. Customer satisfaction 
may sound like an intangible value but in the case of NS it becomes tangible as satisfaction scores 
are measured on a yearly basis. Providing help by means of the Railpocket is likely expected to 
raise customer satisfaction, a measure that will then mirror some of the value of Railpocket. The 
measure will of course only be meaningful if it is possible to isolate the satisfaction pertaining to 
staff helpfulness from other areas such as train punctuality, safety on stations and so on.  

The only value that is truly strategic is the value of supporting long-term strategic objectives. This 
on the other hand signals that IT investments cannot be implemented without looking ”beyond 
the horizon”. Investments must obviously be able to provide returns not only for a brief period 
ahead but also fit into the ecosystem of high-level objectives that provide guidance for the future. 
Even though the authors have not been able to confirm that post-evaluation studies of the Rail-
pocket implementation has been made, there at least seems to have been a clear vision on what 
value Railpocket should provide. 

Thus, as far as the results from the preliminary study goes, Carr’s (2003) argument for lack of 
value in process advantages of IT does not hold entirely true for NS Railpocket due to two rea-
sons. 

First, in Carr’s (2003) terms the Railpocket is an infrastructural technology rather than a proprie-
tary one: the basic functionality of the Railpocket such as shift rosters, travel planner and so forth 
can easily be copied by any other company. On the other hand, the Railpocket requires a wireless 
network that can be re-used to transport information and services other than those available only 
on the Railpocket. The whole technology thus becomes infrastructural as Carr (ibid.) describes 
one: the more people using the wireless network the higher the total value of it. NS intends to 
explore how other wireless services can be developed in the near future and if the company man-
ages to deploy and perhaps sell other services, value will indeed increase. But even though Rail-
pocket shares many characteristics with an infrastructural technology, it provides process advan-
tages even though they are not proprietary. 

The discussion boils down to Carr’s (2003) definition of strategic value: the value of something 
that can be protected from exploitation of competitors. In this definition, Railpocket would have 
no strategic value as it is neither patent protected nor a very difficult design for competitors to 
copy. Still, some strategic value can be attributed to the Railpocket as it does support the long-
term strategic goals of NS like providing a platform to build future services upon. 
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8.3 Has NS Learned Brown’s & Hagel’s IT Investment Lessons? 
NS value statements seem to align with the view on IT value that Brown and Hagel (2003) pro-
vides. Brown’s and Hagel’s first statement was as mentioned in section 2.4 “extracting value from IT 
requires innovations in business practices” (ibid., p. 110). This, as it seems, NS has adopted. NS did not 
deploy the Railpocket just because they could do it, results suggest that management had a clear 
vision of being able to – among other things – make work more efficient and eliminate various 
forms and information leaflets. NS did indeed change their practices: instead of relying on paper-
based reporting and message distribution to frontliners, they changed processes to fill out forms 
on the PDA as well as read mail as part of the log-in process. 

Brown and Hagel’s (2003) second lesson that “IT’s economic impact comes from incremental innovations 
rather than ‘big bang’ initiatives” (ibid., p. 110) also holds true for NS. The Railpocket has been 
evolving over the years, providing more functionality and less reliance on fixed networks. It is 
however hard to define a “big bang” investment in Brown’s and Hagel’s (ibid.) terminology, but 
as far as the results from both our user and management studies go it seems that the transition to 
the Railpocket has been smooth on the whole. 

Finally, it is also fair to say that NS has learned the third lesson of Brown and Hagel as well: “the 
strategic impact of IT investments comes from the cumulative effect of sustained initiatives to innovate business 
practices in the near term” (Brown & Hagel, 2003, p. 110). This is true on the same grounds as men-
tioned in the previous paragraph: Railpocket has evolved constantly and is still invested in to 
provide future, new services. Thus NS has maintained a “sustained initiative” to innovate and in 
the longer term wants to transform the organization into a fully mobile environment, along with 
the business practices that accompanies such an organization. 

8.4 Alignment with Earlier Work on Usability 
Looking at the end user values found in the preliminary study, we could observe that there are 
indeed a lot of values that go beyond the user interface. The value of having correct information 
is more related to the internal work processes at NS than the user interface of Railpocket. The 
same goes for the value of being able to install and run own software. Another example is the 
value of having the shift schedule in print, which is related to the use of other artifacts in combina-
tion with the PDA. 

In other words, there seems to be support for the claims by Arvola (2004), Holmlid (2002), Löw-
gren & Stolterman (2004) and others that HCI work should not be constrained to the design of 
the user interface but take into account other aspects as a lot of potential value lies in the organi-
zation of work as well as in artifacts other than the one being the main focus of a particular pro-
ject. 

Regarding the desirable system characteristics, we can see that they are not covered by the heuris-
tics and guidelines put forth by e.g. Norman (1988) and Nielsen (1994). Although one could ar-
gue that several of the characteristics we propose could be derived from such general lists, we 
would like to argue that a more data-driven, bottom-up approach does a better job of revealing 
what characteristics really are valuable in a specific case. 

Although specific for this case, the system characteristics derived from the analysis of end user 
value statements are in many cases possible to relate to earlier work on use qualities (see section 
7.5). Control, Relevance, Efficiency and Flow are all proposed by Löwgren & Stolterman (2004). 
Communication resembles the proposed Personal contact. 

However, as the current study differs from most earlier work in that it explicitly takes a dual-
stakeholder perspective, there are also some system characteristics that are clearly less oriented 
towards the interests of the end users. Innovativity and Future Proofness are of strategic interest 
to the business, but are of little interest to end users. 
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8.5 Methodological Issues 
During the first phase of this study, we utilized frameworks and tools from activity theory and 
contextual design. In section 4.1.2, we presented methodological implications of applying activity 
theory to HCI work). Below, these implications are reviewed and we state whether we consider 
them fulfilled or not. 

1. A research time frame long enough to understand users’ objects. Not entirely ful-
filled. This is a weak spot in our work. Due to time and resource constraints, we could 
only join the conductors for four full shifts in total. 

2. Attention to broad patterns of activity. Fulfilled. As the focus of our study was at the 
activity and action level, we explicitly discussed this focus before observations started. In 
our field notes and in the subsequent data analysis, we attempted to not only record de-
tails of the event that took place, but also our general impressions and reflections of the 
conductors’ work. 

3. The use of a varied set of data collection techniques. Fulfilled. This is a key issue in 
contextual enquiries, where observations and interviews are intertwined. In addition to 
the conductors we followed during the contextual enquiries, we also conducted shorter 
and more informal interviews with other conductors and train drivers. 

4. A commitment to understanding things from users’ points of view. Fulfilled. This is 
another key issue in contextual enquiries. We did not discuss the conductors’ work with 
their managers or other people, but rather joined them during their work and constantly 
asked them about their opinion. 

In section 4.2.1, we presented key principles of contextual enquiries. They are reviewed again 
here: 

• Context. Fulfilled. We did indeed go to “a real workplace” to meet “real users” as rec-
ommended. We also tried to get access to conductors at other stations than Utrecht for 
the contextual enquiries, but could not get permission within the required timeframe. 

• Partnership. Fulfilled. The conductors we followed were pretty easy-going and we felt 
that we established good rapport. They also asked us about our goals and work, and we 
got the feeling that they genuinely wanted to help us. 

• Interpretation. Somewhat fulfilled. We took care to discuss our hypotheses and interpre-
tations of the situation during the contextual enquiries. We could however have taken 
more care in corroborating the findings after the analysis and data interpretation phase. 
This was done only partially through e-mail and phone calls, when we were genuinely in-
secure about particular facts or interpretations. 

• Focus. Fulfilled. During the preparation phase, we thoroughly discussed the focus of the 
contextual enquiries and also created an interview guide. 

 

One issue worth mentioning is the selection of conductors for the contextual enquiries. As men-
tioned earlier, we had no influence on this selection. We were simply provided with conductors 
by NS. Although one could argue that they gave us people who were overly satisfied with their 
job at NS and with the Railpocket, we claim that this might be true to some extent, but that this 
had no serious implications for our work. We met several other conductors and train drivers, and 
as we will see in Part 3, it seems that the values we captured were indeed representative to large 
numbers of users. 

Furthermore, the objectives tree method chosen to unite the user and business values might not 
be as suited for the task as the authors had hoped. While the tree provided a good way of struc-
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turing large amounts of data, it proved difficult to rank and/or select product characteristics on a 
quantitative basis by e.g. weighing the relative importance of a certain statement or characteristic 
for a chosen stakeholder. Various attempts to create weights by means of statistical methods or 
simple arithmetic proved to be no more value than the ad-hoc method of choosing system char-
acteristics that the authors eventually used. This ad-hoc method drew from our background 
knowledge accumulated through interviews and observations that was not easily quantified. 

It is perhaps possible to create a weighing mechanism for the objectives tree, but care has to be 
taken that the mechanism and any mathematical tools do not simply re-package relatively 
straightforward results in order to make the results look more like objective truths. The authors 
felt this risk imminent and therefore chose not to pursue a dwindling path down looming pitfalls 
of mathematical models.  
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PART 3: MEASURING USER AND 
BUSINESS VALUES 
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9 Method 
To measure to what extent the existing Railpocket system fulfills the identified user and business 
values and compare the relative importance of these values, two questionnaires were constructed. 
One was targeted at IT management representatives and one at end users. 

The end user questionnaire was handed out to frontliners in Utrecht, but as we could not get 
access to IT management representatives during our second trip to the Netherlands, the man-
agement survey was conducted as a series of structured phone interviews. 

9.1 Survey of End User Opinions 
The end user questionnaire consisted of 16 statements, derived from the end user side of the 
objectives tree created in Part 2, for example: 

“The information I get through Railpocket is correct.” 

“If something goes wrong with Railpocket, I can fix the error myself.” 

For each statement, the participants were asked to tick to what extent they agreed to the state-
ment and how important this particular aspect of the Railpocket system was to them. As a last 
question, participants were asked if there other aspects of their work that Railpocket supports or 
could support that had not been asked about already. Participants were also encouraged to state 
how important these aspects were. The full questionnaire is provided in Appendix 2. 

The end user questionnaire was sent out to two end users as a pilot study. After their opinions 
had been taken into account, the final version of the questionnaire was translated into Dutch by 
the staff at Appear Networks’ Dutch office. The thesis authors double-checked the translation by 
use of machine translation tools, and after a discussion with the translator about uncertainties 
some changes were made in the Dutch version. 

During two days, the authors distributed the questionnaires to end users at the central station in 
Utrecht. Questionnaires were handed out to personnel entering the standplaats and also placed 
on tables in the standplaats and restaurant area. As Utrecht is one of the largest railway junctions 
in the Netherlands, frontliners from all over the country are passing there during their shifts. 

Frontliners work either only “early” or “late” shift, or both. (Late shifts are defined as shifts fin-
ishing after 6 PM, and can start as early as 9 or 10 AM. Early shifts, consequently, are all other 
shifts.) The time for data collection (10 AM –5 PM) was chosen to capture opinions of end users 
working both “early” and “late” shifts. 

9.1.1 Participants in End User Survey 
99 conductors took part in the study. 71 were male and 28 female. The participants were aged 
22–61 (m=42) with an average work experience of 10–14 years. 46 were based at Utrecht and 53 
on other stations across the Netherlands. 

In addition to these, another 13 questionnaires were collected but were ignored in the subsequent 
analysis due to missing data points. 
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9.2 Survey of IT Management Opinions 
Unfortunately, due to time and interviewee availability constraints, we were unable to meet IT 
management representatives in person during our second trip to NS in Utrecht. Instead, we con-
ducted structured phone interviews with representatives, asking them to answer a total of 14 
questions. The first 13 questions were statements derived from the IT management side of the 
objectives tree constructed in Part 2, for example: 

“The system helps frontliners provide up-to-date information to passengers” 

“The system enables future location based services.” 

Interviewees were asked to grade their agreement to each statement on a scale from 1 to 5 where 
1 represented “fully disagree” and 5 represented “fully agree”. Furthermore, interviewees were 
asked to evaluate the statement “this was an important aspect when deciding to implement the system” for 
each particular statement. Their estimation was graded 1 to 5 where 1 again was “fully disagree” 
and 5 “fully agree”. 

We also asked the interviewees to provide examples of how value to NS was, could or can be 
provided by means of each statement. Finally, the fourteenth question was: 

“Please name the top three values of the Railpocket from your point of view, 
regardless of values mentioned earlier in this interview.” 

By asking this, we aimed to conclude if we had missed any core values of the Railpocket in our 
survey. The full questionnaire is provided in Appendix 6. 

9.2.1 Participants in IT Management Survey 
A total of 6 people participated in the interviews. Though the interview subjects wished to remain 
anonymous, all of them had significant involvement in the Railpocket solution. One of the inter-
viewees was not asked the open-ended questions about giving examples of values due to lack of 
time and a very tight schedule on his part.  
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10 Results 
In this chapter, the quantitative and qualitative results from the end user and IT management 
surveys are presented. 

10.1 End User Value Opinions 
The results from the end user questionnaires are summarized in Figure 10.1 and Figure 10.2 be-
low. For each user value statement, mean perceived importance and level of agreement are 
shown with their corresponding 95  % confidence interval. 

 
Figure 10.1. User values ranked by perceived importance. 
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Figure 10.2. User values ranked by agreement. 

10.1.1 Additional Values Mentioned by End Users 
15 people took the opportunity to comment on other aspects of the Railpocket that were or 
could be valuable to them. However, all comments could be related to the values presented ear-
lier and no fundamentally new values surfaced in the analysis. See Appendix 4 for a complete list 
of comments. 

10.2 Management Value Opinions  
The quantitative analysis of the management statements in Part 2 produced two groups of ranked 
Railpocket values as perceived by NS’ IT management (all thirteen values are available in Appen-
dix 7). Because of the few interview subjects available, the analysis did not aim at being statisti-
cally significant. Regardless the figures from the analysis provide insight into perceived values in 
the Railpocket solution. 

In order to keep the report concise, only the top five values were chosen. Split into Perceived Value 
Ranking and Decision Value Ranking, the first criterion was average score on agreement (descend-
ing) and the second criterion standard deviation (ascending). A high average, the authors con-
clude, points to high absolute agreement in general while a low standard deviation would be a 
sign of high relative agreement within the group of respondents. Thus, the statement with the 
highest average and the lowest standard deviation would be the most preferred by the respon-
dents. 

The first part of the analysis, Perceived Value Ranking, concerns management agreement to value 
statements as found in Part 2 whereas the second part, Decision Value Ranking, concerns how im-
portant a certain value was when deciding to implement the Railpocket. Finally, the interview 
subjects’ own comments on how they thought the Railpocket had provided value are compiled 
and commented. 
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10.2.1 Management Perceived Value Ranking 
The top five statements derived from values found in results from Part 2, Definition of User and 
Business Values, are in Table 10.1 below. Statements reflect what IT management currently 
perceives as values given from the Railpocket system. The authors then comment each of the 
values and add a selection of interview subjects’ comments to each statement. 

Rank Statement Agreement to Statement 

   Average SD 

1 The system facilitates distribution and provisioning of 
applications 

5.00 0.00 

2 The system has reduced the paper flow in terms of 
frontliner information distribution and collection 

4.50 0.84 

3 The PDA synchronization is generally free from failures 4.50 0.84 

4 The system enables fast development of new services 4.40 0.89 

56 The system helps frontliners provide up-to-date 
information to passengers 

4.33 0.52 

5 The system enables future location based services 4.33 0.52 

Table 10.1: Top five IT management value statements. N.b.: results are not statistically significant. 

The system facilitates distribution and provisioning of applications 
There was unanimous agreement on the fact that the Railpocket system made distribution and 
provisioning of applications easier. All interview subjects strongly agreed to the statement with 
no difference between subjects. The subjects gave the following examples of their perception of 
specific values: 

It’s easier for the user to get something new. The user does not have to go to a 
maintenance spot, saves the user time as well as the maintenance people. Saves 
a lot of time for all parties involved. Time is money.  

The Railpocket does distribution and provisioning very well ... We will do 
provisioning when there is better Wi-Fi coverage [on the other stations], 
provisioning is restricted to main stations now. Only one application is 
provisioned and distributed today.  

There is value in maintenance and quick distribution. We can now distribute 
applications fast. Distribution was already in place, but it is now speedier.  

                                                
6 Though four statements shared an average score of 4.33, the number fives in the ranking list were chosen because 
of the lowest standard deviation. A complete list of ranked statements is present in Appendix 7. 
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The system has reduced the paper flow in terms of frontliner information distribution 
and collection 
All subject rated the paper flow reduction as a major value of the Railpocket. Though not all in-
terview subjects rated it as high as the average score (a standard deviation of 0,84), it nonetheless 
proved important. Specifically, interviewees exemplified the values as being: 

The paper flow has been reduced very much. The shift roster and overview of 
speed limitations because of work on track is now on the PDA, as well as the 
handbook for frontliners. Also, leaflets that used to be distributed from 
management to frontliners with information are now sent through the 
Railpocket.  

The information to train drivers, speed limits and so on, is still available on 
paper but not used that much, it will only disappear when the new solution has 
been proven to work without flaws. Paper will stay around because of 
regulations and backup reasons. Everybody uses the PDA for train 
information though.  

The original target of paper reduction was higher. We tried to make everything 
digital but after having a dispute with the union a printing function for the 
weekly schedule, daily schedule and weekly ticket sales registration was re-
installed. The digitalization was a bit too much for many people – they were 
used to paper. The value was the main business case: a reduction in time to 
walk to the standplaats and print. From a business perspective there is no need 
to go to the standplaats, only social.   

As noted in the last comment, NS aimed for a higher degree of reduction in paper distribution 
but were not able to meet this target. Dissatisfaction among workers that eventually grew into 
union demands made parallel solutions (information available on the PDA as well as printed) 
necessary. It is also important to note that regulations does not allow NS to completely abandon 
paper-based train driver information as the Railpocket has not proven to be a hundred percent 
reliable yet. 

The PDA synchronization is generally free from failures 
Sharing the exact same score as the paper flow reduction, the synchronization reliability was also 
of significant value to interviewees. Synchronization reliability ensures that frontliners have the 
latest information at all times which they can pass on to passengers, e.g. train delays or other dis-
turbances. Commenting the value of synchronization reliability, interview subjects said: 

The value is in having correct information. If synchronization fails the train 
and shift times might be wrong, then the frontliner needs to call someone to find 
out. It’s critical that the synchronization works.  

Synchronization works very well, though there was a problem when shifting 
from winter time to summer time.  

Synchronization reliability was one of the main drivers for the project. Earlier 
there was a high failure rate of synchronization; it failed almost three out of five 
times. The value is in the fact that the data gets synchronized correctly the first 
time – that equals a time saving. It also contributes to employee satisfaction 
thanks to fewer annoyances with failures. The frontliners then get faith in the 
system.  

As stated in the first comment, there is high value in having correct information – the essence of 
synchronization reliability. The last comment points to a dual value: the time saving of employees 
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having to synchronize information only once which is easily quantified as well as the “soft value” 
of employee satisfaction and trust in the system when everything works smoothly and error-free. 

The system enables fast development of new services 
The first forward-looking statement to appear among the top five values, interview subjects per-
ceived the fast turn-around times in application development to be of high value. 

Earlier there was a weekly update, now we can have one every minute. We do 
not have to wait until next Monday or next month, new services can be taken 
into production at any time. There is value in flexibility: we can respond faster 
to management wishes and market trends, customer or user needs.  

The sensitivity of the information requires very careful planning when creating 
the applications, maybe even more than before when information was paper-
based. The PDA is very critical. We need to change our way of designing and 
implementing software to fit the critical requirements of Railpocket.  

There is value in lower development cost and shorter turnaround times. You get 
more agile in developing new services and are also more flexible.  

All interview subjects found value in rapid development but it is interesting how the second in-
terviewee expresses how care has to be taken when shortening development time. The ability to 
develop services quickly must not have implications on the quality of the software, especially now 
that NS tries to reduce printed information to a minimum. 

The system helps frontliners provide up-to-date information to passengers 
Interview subjects ranked the statement to be true to a high degree, though a standard deviation 
of 0.52 reveals that subjects individually felt that this held true for Railpocket on a mid-to-high 
basis. Managers expressed the value of readily available information as well as both customer and 
employee satisfaction as a consequence: 

The system helps a great deal, especially with information on problems and 
departures. This wasn’t available before the Wi-Fi enabled Railpocket and is 
very valuable in case of disruptions. When everything works as it should the 
need for the information is not as large. 

Value is in the information about disturbances and the ability to give advice in 
journey planning. They [frontliners] have real-time information about what’s 
going on. They [frontliners] know exactly why a train has stopped.  

One of the big complaints from the passengers is that when there is a delay, 
they [the passengers] are badly informed on the duration of the delay and so on. 
Railpocket provides passengers up-to-date information, which is one of the most 
important functions on the Railpocket. Information is not only up-to-date, it’s 
also delivered quickly. The value is in employee satisfaction and customer 
satisfaction. Conductors really want to help, but can get frustrated when they 
can’t. 

On another note, one of the interview subjects emphasizes the value of the information during 
disturbances only suggesting that there is not much need under normal circumstances. It is in-
deed reasonable to argue that people have a higher demand of new information when there is 
high uncertainty in a situation (e.g. weather conditions causing delays), as opposed to known 
situation (i.e. trains run according to schedule). 
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The system enables future location based services 
Sharing both the same mean and standard deviation as “the system helps frontliners provide up-
to-date information to passengers”, IT managers saw value in being able to provide location 
based services in the future. However, as is evident by the comments, value is not present today 
but is anticipated or expected to appear later on: 

I fully agree, [the system] opens a lot of possibilities. We do not yet know 
which ones because we cannot see into the future, but feels there are lots of new 
possibilities that weren't there before. 

Yes, the system enables it. There may be location based services. I don’t think 
it was important for the project, but it might arrive. 

The value is that you can increase the user experience of working with the 
Railpocket. Better granularity of location gives better granularity in the 
services. This also includes effectiveness, when you’re presented with the right 
information you are more effective. 

10.2.2 Management Decision Value Ranking 
The five most importance factors for the decision to implement Railpocket implementation are 
in Table 10.2. Factors made available for ranking are the same statements as in the previous sec-
tion and served the purpose of measuring to what extent – if any – the perceived (actual) values 
matched values sought after when deciding to implement Railpocket. 

Rank Statement Importance to Decision 

   Average SD 

1 The PDA synchronization is generally free from failures 4.67 0.82 

2 The system facilitates distribution and provisioning of 
applications 

4.33 0.82 

3 The system has reduced the queue time at the standplaats 4.33 1.03 

4 The system helps frontliners provide up-to-date 
information to passengers 

3.83 1.33 

5 The system has reduced the paper flow in terms of 
frontliner information distribution and collection 

3.83 1.60 

Table 10.2: Top five IT management decision points. N.b.: results are not statistically significant. 
 

Considering the fact that all statements except “the system has reduced the queue time at the 
standplaats” are mentioned in the previous section, the authors will comment only briefly on the 
four ones previously explained. The single remaining statement is elaborated on. 

The PDA synchronization is generally free from failures 
Ranked as number three among the perceived values, the reliability of the PDA synchronization 
turned out to be the most important driver for the Railpocket implementation. The reason for 
this particular value to be of such high priority is likely that NS had severe problems with syn-
chronization earlier: it often failed “three out of five times” (quote from previous section). 
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The system facilitates distribution and provisioning of applications 
This value was the one most fulfilled according to data in the previous section, while obviously 
being a main driver for the whole solution. Ease of distributing new applications is important 
because 10,000 frontliners are dependent on the updated and bug-free software. When a critical 
update needs to be distributed quickly, it proves crucial for NS to have a system in place that 
supports this. 

The system has reduced the queue time at the standplaats 
The only of the five most important decision-supporting values not to show up among the per-
ceived values, interviewees did rate it as the third most important value driver for the decision to 
implement Railpocket. Among interview subjects’ comments were: 

There is less walking to and from the standplaats. Value lies within the time 
saving, time is money. No follow-up studies [measuring the post-
implementation time consumption] have been made at the standplaats. The 
time saving assumed at start of the project. 

I would not know because I was not hired back then. I have not heard anyone 
complain about queue times earlier but I’ve read [in internal documents] that 
this was an important reason for the Railpocket [to be implemented].  

People were queuing up in front of the standplaats. The value of time saving for 
a reduced queue was one of the components for the business case. 

As seen from the comments, assumption was that frontliners were lining at the standplaats to 
synchronize their PDAs. However, even though in theory the wireless network should make 
queuing superfluous, no studies on how much time people spends at the standplaats after the 
Wi-Fi Railpocket implementation have been made. Consequently there seems to be no actual 
knowledge on how much of the business case projected cost saving in terms of time has been 
realized. 

The system helps frontliners provide up-to-date information to passengers 
Ranked number five among the perceived values, the ability to help travelers with information 
was a factual driver. Judging from the mean score (3.83; somewhat important) and standard de-
viation (1.33), interviewees were not all convinced that this was a particularly influential driver 
though.  

The system has reduced the paper flow in terms of frontliner information distribution 
and collection. 
Shown in the previous section, the paper flow reduction was the second to most fulfilled value. 
Its influence on the decision-making process seemed to be of less importance however, with a 
mean score of 3.83 (somewhat important). A standard deviation of 1.60 also reveals that inter-
view subjects had very different opinions on the actual importance.  

10.2.3 Management General Value Opinions  
Apart from providing answers to the pre-determined questions, interviewees were asked to rank 
what they perceived as the three most important values provided by Railpocket regardless of the 
beneficiary and previous statements. The values were ranked from most important to third most 
important and are presented below as they were given by each respondent (boldface, Mn = man-
agement interviewee number n), along with a description of the value by the authors (regular). 
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Most Important Value 
(M1) Speed of implementation. New applications can be implemented quickly compared to 
other or earlier solutions. 

(M2) Up-to-date information. Information is never outdated. 

(M3) From the organization’s point of view: less maintenance and saves trouble. The 
Railpocket does not require as much service or does not generate as many support tickets as pre-
vious solutions. 

(M4) Real-time information to passengers. Information is not looked up in printed timeta-
bles; any disruptions are immediately passed on to passengers. 

(M5) Reliability of the system has increased. Compared to earlier version of Railpocket, it is 
now more stable to use. 

(M6) Great way to reach people: distribution of information. Employees can be reached by 
means of electronic messages on the PDA instead of posting printed messages on a physical bul-
letin board. 

Second Most Important Value 
(M1) Online synchronization reduces paper flow and optimizes processes. The PDA fea-
tures reduce the need for paper-based information and thus optimize the process of distributing 
information throughout the organization. 

(M2) Cost reduction in performing shift duties and process optimization. A general proc-
ess optimization throughout the whole working day of the frontliner. 

(M3) From frontliners’ point of view: they have more accurate information. The employees 
closest to the customer can provide information that is up-to-date. 

(M4) Real-time information to passengers. The employees closest to the customer can pro-
vide information that is up-to-date. 

(M5) Huge cost reduction within the business case. In the business case, it was stated that 
frontliners spent approximately 25 to 35 minutes every day walking to the synchronization spot, 
standing in line and synchronizing at shift start and end. This was calculated to be reduced to 10 
minutes, providing large theoretical savings. 

(M6) Assisting the work: tools for journey planning. The journey planner in the application 
gives frontliners the ability to help passengers plan their journey without going to an information 
booth. 
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Third Most Important Value 
(M1) Reliability and data integrity. In the previous Railpocket version, data was frequently 
corrupted after synchronizing the PDA due to problems with mechanical wear and tear on mem-
ory cards and card readers. With the wireless solution this is no longer the case.  

(M2) It gives people up-to-date tools they can be proud of. The Railpocket is not just useful 
as a workplace tool, it is also an artifact that gives the employees a technical edge that other train 
company employees does not have. 

(M3) Flexible environment for deploying applications. The development platform that Rail-
pocket is part of enables quick deployment of applications in terms of testing and application 
roll-out. 

(M4) Real-time information to passengers. The employees closest to the customer can pro-
vide information that is up-to-date. 

(M5) Has simplified data distribution to give much shorter turnaround time. The PDA 
features reduce the need for paper-based information and thus optimize the process of distribut-
ing information throughout the organization. 

(M6) Shift rosters are distributed on PDA: speed limits are distributed during the shift. 
Requires confirmation during the shift. Streamlines the job. Rosters do not have to be 
printed on paper anymore and are instead pushed to the PDA. Train drivers’ information about 
active speed limits due to e.g. maintenance is also distributed to the PDA and has to be con-
firmed when read. The confirmation makes sure that the train driver has received the informa-
tion. 
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11 Discussion 
As noted in the discussion of the qualitative pre-study there are differences in the value state-
ments between the end users and IT management. In addition, answers within each group differ 
as will be discussed below. 

11.1 End User Value Rankings 
For the management value analysis, the authors used the top 5 values (high average; low standard 
deviation) in both categories: agreement and importance. See section 10.2. 

However, this approach did not turn out to be useful for the end user value analysis due to large 
groups of similarly ranked values both for agreement and importance. In order to keep the report 
concise and have a comparable number of values in the management and end user value analyses, 
the authors decided to simply pick the 5 values with the highest average on end user agreement 
and perceived importance respectively. They are listed and briefly commented on below. 

11.1.1 Top 5 Values According to Agreement 

A printed version of the shift schedule is a good complement to Railpocket 
Interestingly enough, the highest level of agreement among end users were related to the value of 
having a printed version of the shift schedule. I.e. this value is connected to another artifact than 
the PDA, which is the central artifact in the Railpocket system. As mentioned elsewhere this is 
probably due to several factors: the paper schedule gives conductors better overview over the 
shift, it does not provide unnecessary detail and is also easier to deal with using only one hand. 
(See section 7.1 for a more thorough discussion on the benefits of the printed schedule.) 

The information I get through Railpocket is relevant to me 
End users seemed to agree that the information they receive is indeed relevant. NS has obviously 
succeeded in filtering the information so that conductors are not flooded with information that 
does not concern them. This was also something conductors explained to us during the contex-
tual enquiries: on the map of the Dutch rail network, disturbances on all parts of the network are 
highlighted in red, but conductors only receive SMS alerts about disturbances that will concern 
them directly. E.g. if a conductor is on a local train in the north-west, she will not be informed 
about disruptions in the south-east. 

Switching back and forth between tasks is easy in Railpocket 
This user value was also considered pretty much fulfilled by conductors. During the contextual 
enquiries we were shown how the various functions of the PDA application are organized in 
tabs. The travel planner has its own tab, reports that have to be filled in are found in a different 
tab etc. When switching between tabs, the tab states are maintained. If a conductor has to inter-
rupt a report to switch to the travel planner in order to answer a question from a passenger, it is 
not necessary to save the report before switching. When the conductor gets back to the report 
tab, it will look exactly as before switching. 

The information I get through Railpocket is up-to-date 
That this value is found among the top 5 was no surprise to us. As conductors have access to the 
wireless network at stations for synchronization and are receiving information via SMS and 
GPRS while onboard trains, NS have made sure that the technological prerequisites for up-to-
date information are fulfilled. The weakest link is probably the routines for propagating the in-
formation from the frontliners and other sources to NS for further distribution via the Railpocket 
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system. One driver told us that he receives important information over radio much faster than it 
gets entered into the databases and distributed to his PDA. 

The information I get through Railpocket has the right level of detail 
Regarding the level of detail in the information, it seems that NS has again succeeded. One posi-
tive aspect that was explicitly mentioned by conductors during the contextual enquiries was that 
when something occurs and conductors receive an SMS on their cell phone, the most important 
information is stated within the text message. If conductors need and want, they can check the 
PDA for more details but don’t have to. 

11.1.2 Top 5 Values According to Perceived Importance 

Railpocket is stable and works when I need it 
As conductors have become very dependent on the Railpocket device for performing their job, it 
is no surprise that stability was perceived as the single most important value. If the PDA is not 
working, the conductors have a very hard time answering questions from passengers, and several 
other tasks, such as filling in train reports or selling tickets, are simply impossible to perform. 
Interestingly enough, this value is rated second from the bottom on the Agreement scale, scoring 
a mere 2.32. 

A printed version of the shift schedule is a good complement to Railpocket 
The printed shift schedule was ranked second on importance among the user values, which again 
emphasizes its crucial role in the conductors’ work. Possible reasons for this have already been 
discussed elsewhere; see previous section and section 7.1 for a more thorough discussion. No 
wonder the conductors’ union made a big fuss when management tried to remove the printing 
functionality, and forced them to reinstall it (see section 10.2.1)! 

The information I get through Railpocket is correct 
Railpocket not only has to work at all times. If the information in it is not correct, Railpocket is 
of low value to the conductors. This again reflects that helping passengers is the perhaps most 
important task for conductors. Railpocket is the main source of information. 

Performing routine tasks with Railpocket is quick 
As conductors carries the Railpocket all day long and perform the same tasks over and over 
again, apparently one of the top 5 values is that routine tasks are quick to perform. This is proba-
bly also linked to the dynamic work environment as described in section 7.1.6. 

The information I get through Railpocket is up-to-date 
Just like the third most important value, correct information, this is directly linked to answering 
questions from passengers and helping them get to their destination as fast as possible. As dis-
ruptions on the rail network occur daily, information about this must be distributed without un-
necessary delays. This was the only value that also appeared in the top 5 of fulfilled values. 

11.2 Management Value Rankings 
The management perceived value ranking reflects, as stated in section 10.2.1 above, the IT man-
agement’s collective view on what the Railpocket system provides in terms of value for the orga-
nization. Decision value rankings on the other hand gives the reader an idea of what values were 
important at the time of making the decision of implementing Railpocket. 

In terms of perceived values, management seems to generally see value in two categories: tech-
nology management and process optimization. Technology management issues are found behind 
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the first (“the system facilitates distribution and provisioning of applications”), third (“the PDA 
synchronization is generally free from failures”) and fourth value (“the system enables fast devel-
opment of new services”) respectively. This might be interpreted as pointing to the fact that most 
of Railpocket’s advantages are first and foremost technical. On the other hand swift application 
distribution, failure-free daily updates and ease of implementing new services can also be re-
garded as helping the end-users towards higher levels of satisfaction with their daily working tool. 

Process optimization is often at the core of today’s lean enterprise. NS is no exception in that 
sense and to reduce paper handling as well as be able to quickly provide customers with informa-
tion serves that purpose. Less paper to be printed and perhaps collected clearly saves both time 
and money but it is not a clear-cut advantage for front-liners. In some respects print on paper 
might still be preferred to the electronic equivalent, that however is a question of working habits 
and practices that change over time according to the management. Helping frontliners to always 
give the travelers the information they need is in contrast a win-win value. By providing updated 
and correct information customer satisfaction rises as well as employee satisfaction thanks to 
improved ability of helping. 

Decision value ranking mirrored perceived values with the exceptions of different rankings and 
one different value. The difference may possibly be attributed to the fact that interviewees were 
not entirely of the same opinion in decision values, something that showed in a rising standard 
deviation as the rankings fell. Reduction of queuing time at the synchronization spot, the only 
value not to show up among the five most highly perceived values, is hard to measure because no 
comparative studies have been made. Even though queues might have shortened, employees still 
like to gather at the standplaats because of the social role the spot plays.   

In conclusion, values that IT management currently perceives as well as those estimated to have 
played a significant role before implementation of Railpocket are much the same. Differences 
among interviewees in decision value ranking might be explained by the fact that all interviewees 
did not take part in the final decision and therefore had to estimate the importance of each value. 
Perceived values, conversely, reflects Railpocket today.  

11.3 Management General Value Opinions 
When asked what the three most important values of the Railpocket were, IT management repre-
sentatives did not provide the same ranking. Two out of six interviewees did consider the up-to-
date information to be the most important value, while two other felt the higher reliability and 
related reduced maintenance was more important. The last two interviewees emphasized ease of 
information distribution and shorter implementation time of new applications respectively. We 
therefore draw the conclusion that the there was no single, uniform value of the Railpocket from the IT management 
point of view. 

For the second most important value, two interviewees mention cost reductions as part of front-
liners performing their duties quicker. A third comment on process optimization is also along the 
same lines. This shows that cost reductions were if not the most important value at least among 
the top ones and some agreement on this among management. The other three comments are 
also similar and regard the information advantage that the Railpocket gives to frontliners and in 
turn customers. It is therefore evident that the information provided by Railpocket is a most important value for 
management.  

Answers for the third most important value are quite different. Again, the value of information to 
passengers is mentioned but by one respondent only. Ease of new application deployment ap-
pears, as well as the value of information distribution facilitation. An interesting point to make is 
that one of the interviewees saw a truly qualitative value: the image of the employees’ tools. 
Though this value has not shown to have been anticipated or played any part in the decision of 
the Railpocket implementation, it is worth noting that managers recognize such qualitative as-
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pects. While being over-represented, not only values concerning financials or external customers appear as part of 
the Railpocket’s characteristics. Employee satisfaction values also matter, though to a minor extent. 

To conclude the free-form statements, the most important values found among IT managements 
are, without ranking: 

• Up-to-date train information that can be passed on to customers 

• Increased efficiency in performing tasks: time savings 

• Ease of information distribution to employees 

• Facilitation of new application deployment 

Those values are similar to the ones Seddon et al. (2002) found in their study as the first one is a 
satisfaction of customer needs, the second and third productivity improvements and the fourth a 
strategic match with the business.  

11.4 Methodological Issues 
When conducting a questionnaire survey, there is always a risk that external factors influence the 
outcome (Shadish et al., 2002). In this case, we contacted staff at the NS help desk to find out if 
something special had occurred during our survey or shortly before it. In this case, help desk staff 
reported no particular problems. 

Getting back to the issue of whether the values found during the first phase were representative 
for all conductors at NS (see section 8.5), it seems that 16 values found were indeed important. 
11 of them were rated 4 or higher on a 5 point scale. 

However, three values – influence on the development of Railpocket, communication with one’s 
manager and the possibility to run non-corporate software in the PDA – were rated 3.05, 2.91 
and 2.41 respectively. This was lower than we expected from our contextual inquiries, but could 
possibly be explained by the fact that the conductors who agreed to bring us were not representa-
tive for the population. It could well be that they were all more engaged in their work than the 
average conductor and thus gave us the impression that influence and communication with man-
agement were important values that Railpocket should support. As for the value of running own 
software, this was based on hearsay rather than actual observations. Still, we got the impression 
that several people wanted to utilize their Railpocket for private needs and included this in the 
value network. 

When collecting data through interviews or questionnaires, there is an intrinsic risk that subjects 
filling out the forms or taking part in the interview do not reveal their true opinions for different 
reasons (Breakwell et al., 2000). In our case, either end users (frontliners) or management repre-
sentatives might have chosen not to provide us with information that they felt was sensitive. This 
might be true for management interview subjects in particular as they run the risk of revealing 
personal opinions that in a worst case might impose personal consequences. End users question-
naires were anonymous and subjects were left alone while filling them out, thus lowering the risk 
for them to “be caught” having controversial opinions or comments. Management subjects were 
on the other hand interviewed in person and while guaranteed full anonymity they run a larger 
chance of “being revealed” as information providers than do frontliners. 

The authors were aware of the above disadvantages and pit-falls of interviews as data collection 
method but concluded that this was the only straightforward way of getting the data material 
needed. When analyzing interview material, the authors also tried to cross check statements 
among interviewees. 

Another issue is that of translation. The end user questionnaire was originally written in English, 
but both management and conductors we spoke to recommended us to have it translated to 
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Dutch before distributing it to frontliners, which we also had. Due to this, there is a risk that the 
questionnaire did not convey exactly what we wanted. 

To try to decrease this risk, we used machine translation tools to double-check the translation 
and discussed the text with the translator himself, after which he made some revisions in the 
translation. 

A perhaps larger question is one of relevance. It seems indeed like this second part of our study 
gave little new insight – especially concerning the business values – and could perhaps have been 
omitted. When we planned the work, our intention was that the first part would give us insights 
on what kind of values end users and management representatives found in the Railpocket. The 
second part of the study would then aim at quantifying these values to see how important they 
were perceived to be and to what extent they were fulfilled. 

We were hoping that NS would give us access to statistics about system usage, downtime, costs 
for paper distribution of information to frontliners etc. In the end however, we could not get 
access to this kind of data, so we had to settle with interviews and questionnaire surveys just like 
in the first part of the study. 

11.5 Transferability 
The results of this thesis have applications in the practical as well as in the academic domain. An 
organization implementing an IT solution with similar characteristics will benefit from the find-
ings in terms of general product characteristics that will maximize end user and business value. 
The dual-stakeholder method with its inclusion of contextual inquiries is also beneficial for any 
organization wishing to achieve a broader perspective on usage and value perceptions. Specific 
transferability will be discussed under sections End user and Business below.  

The main academic contribution is the attempt to combine user and business values and unite 
them into a coherent and communicable set of characteristics that actors from both the usability 
and business administration community understand. This study is hopefully a start in the attempt 
to bridge the gap between usability and business administration issues such as strategy and IT 
control, but is by no means the landmark report that will unite the two.  

From an end user value perspective, the authors believe that the results could be transferred to 
other rail operators as well. The work situation for the conductors at NS seems to be very much 
alike the situation for conductors at the Swedish equivalent SJ, as described by Bergek (forthcom-
ing). It is also likely that the results could be transferred to other job roles that share the same 
type of tasks, albeit not necessarily with the same titles. One example is customer service employ-
ees that are working in airports, subway stations etcetera, but are detached from the designated 
customer service offices and instead serve passengers directly in the main hall, the platforms or 
such. 

The authors’ belief is also that parts of the end user values, such as the importance of informa-
tion being constantly available, correct and up-to-date, and the value of being able to correct er-
rors without need for helpdesk involvement, are true also to other categories of mobile employ-
ees such as traveling sales force staff or maintenance personnel. 

In terms of business values, the authors suspect that NS’ role as a major nation-wide employer 
with its roots in a governmental agency and heavily dependant on different worker unions’ opin-
ion shapes the outcome of the value drivers. NS likely takes the workers’, or unions’, possible 
reaction into account when planning for the deployment of an IT system thus avoiding conflicts 
to the highest extent possible. This planning characteristic may be shared with other large enter-
prises where the power factor of the unions is as high as within NS but for other organizations, 
this might not hold true. 
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Another characteristic related to the issue of being a nation-wide employer is the ownership 
structure of NS. The company is a wholly owned corporation with the Dutch government as the 
sole owner, thus no external shareholders exists. This likely influences the decision process as 
well, government policies set the agenda rather than private or institutional shareholders such as 
investment banks or funds. With such an agenda, NS might be under less pressure of performing 
optimally from a financial point of view though the company will have to be competitive on the 
transport market. Less financially oriented pressure will open up for other areas of focus, in this 
case perhaps being able to spend more resources on a solution that will satisfy internal 
stakeholders rather than external. This would perhaps not be possible to the same extent within a 
public company.  

Thus, the authors conclude that the transferability of business values is possible within the same 
organizational group of companies: a large number of employees and high union or employee 
involvement in the decision process and/or those that are government-owned corporations. 
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12 Conclusions 
In this concluding chapter, the authors will revisit the research questions and answer them ac-
cordingly by means of the theory and data gathered in this study.  

12.1 How Do Two Stakeholders Perceive Value in an IT System Pro-
duct? 

For end users, our conclusion is that the most important values are related to the information within the Railpocket 
system – which must be correct, available and fast to access – and the system’s potential to help users save time in 
their day-to-day work. Values not directly related to the here-and-now work situation; the possibility 
to influence the development of Railpocket, communicate with managers or run own software; 
were rated considerably lower. In other words, the end users were more focused on short-term values. 

From an IT management point of view, we draw the conclusion that the there is no single, uniform value of the 
Railpocket. In total however, value as perceived by IT management technology lies within the broad groups of tech-
nology management and process optimization. Among those groups, one of the most important values is 
the information provided by Railpocket. Also, not only values concerning financials or external 
customers appear as part of the Railpocket’s characteristics. Employee satisfaction values also 
matter, though to a minor extent. 

IT managers perceive value as a mix of short-term value and long-term value. A solution that provides quick 
benefits is good from a return on investment point of view, but will also need to provide sustain-
able value in the future. This is particularly true for a solution that affects a large number of peo-
ple as additions, changes or re-deployments might be very costly and cause disturbances among 
both employees and customers. 

When comparing IT management and end users, we find quite similar value opinions among the 
two stakeholder groups, except for the issue with the printed shift schedule which is of very high 
value to the frontliners but risk eliminating part of the time savings that the IT management have 
been expecting when making the business case for the wireless network. In conclusion, value basically 
differs on the fact that IT management has more future-based value statements, while end users perceive value as 
something of their present work situation. 

12.2 What Product Characteristics Bring the Most Value to Both 
Stakeholders? 

By combining the list of product characteristics found in section 7.5 with the quantitative and 
qualitative results from the end user and IT management surveys, five product characteristics are 
found to be the most important to fulfill in order to maximize the value for both stakeholder 
groups. The final list of product characteristics was constructed out of patterns of similarity that 
the authors saw emerging between the characteristics and quantitative and qualitative results. This 
was a conscious choice by the authors because statistical methods to prove e.g. correlation would 
not yield a better list of characteristics due to lack of statistical significance in the underlying data. 

The product characteristics found to be the most value bringing are in turn availability, recover-
ability, efficiency, reliability and future proofness. Each characteristic is explained in detail in the 
following sections. 

Availability 
As we have seen, much value of the Railpocket – both for end users and IT management – lies in 
the information within the system, and the conductors are very dependant on having access to it 
at all times. If the information is not available, value is destroyed. From a usability perspective, it 
is interesting to note that users rated stability first on importance and second to last on fulfill-
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ment. This makes the authors draw the conclusion that in order to maximize user value, NS 
should focus on solving the stability issues rather than improving the Railpocket user interface, 
which would support the claims from Rosenberg (2004), Arvola (2004) and Holmlid (2002) dis-
cussed in section 3.3 and 3.4. Usability indeed goes beyond the user interface and the opportunity 
costs of performing e.g. interface redesign work have to be taken into account. 

Availability is also highly relevant from a management point of view as low availability incurs 
high IT costs as defined in the Total Cost of Ownership measure by Gartner (2006), Low avail-
ability leading to value destruction will also affect the Net Present Value of a solution negatively 
and would then be less attractive to IT managers following the decision criteria found by Bacon 
(1992) as well as Seddon et al. (2002). 

Recoverability 
Closely related to Availability, Recoverability is also an important value for both stakeholder 
groups. Hardware and software errors will probably occur stochastically at best, but their poten-
tial to destroy value can be reduced significantly if Railpocket let users recover from them with-
out the need of helpdesk intervention through clever use of backup and “self healing” functional-
ity. This self-help empower both the users and reduces the load on the helpdesk and recoverabil-
ity is thus beneficial both from an end-user and management perspective. 

Efficiency 
Improving the efficiency of the workforce’s tools could be seen as a goal that would typically be 
of more interest to the management than to the workers. However, in this case the conductors 
work will be easier with increased efficiency of the Railpocket system. As opposed to e.g. ma-
chine assembly, where more efficient tools will drive increased demands on shorter assembly 
times and thus more assembled units per day, the conductors will not have to answer more ques-
tions from passengers per day if the time required per question is decreased. On the contrary, the 
less time they spend on each task, the more they can relax. 

IT management’s view on efficiency does not entail their workforce relaxing. Such discrete time 
savings multiplied by the total number of employees affected by the time saving often make up 
the business case that managers base their decision to implement or not on. If this is the case, 
employees would likely be allocated new tasks as they can fulfill the old ones quicker than before. 

Efficiency might thus provide grounds for potential conflict but because of the gap between ex-
pected efficiency gains (discrete time savings) and practical implementation (ten seconds saved 
per question will not be put into another working task) the situation is perceived by both parties 
as a win-win. 

Reliability 
If the information in the system is not reliable, this has a very serious impact of the value of Rail-
pocket. This concerns both information that is mainly interesting for managers, such as statistics 
about delays, passenger numbers and maintenance reports, and for conductors, such as train 
timetables and disturbance information. Managers will make decisions based on flawed assump-
tions and conductors will have to face angry passengers. Low reliability will not turn up as direct 
costs but instead in high dissatisfaction among both conductors and passengers. In the case of 
NS, customer satisfaction is measured on a yearly basis and published in their annual report 
(Nederlandse Spoorvegen, 2005) and is then a very important value driver. 

Future Proofness 
As concluded above for the first research question, IT management has a forward-looking view 
on value while end users (frontliners) are short-term oriented. Future proofness is mainly a man-
agement value but very important as such. With only short-term gains to be made, a solution 
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affecting almost 10,000 users as in the case of Railpocket would likely never have happened. A 
solution that provides sustainable value in the future will also show a better Net Present Value 
(NPV) than a solution with shorter life span thus making managers pick the sustainable solution 
ceteris paribus. 

In other words, if the Railpocket had shown a negative or low NPV because of low future proof-
ness, frontliners would have missed all benefits as described above. We must then conclude that 
Future Proofness is most important for large IT projects that are expected to provide value for 
many years to come. This also corresponds to strategic value in the solution as described by 
Brown & Hagel (2003). 

12.3 Further Research 
Value comparisons between two stakeholders like IT management and end users are very few 
and thus in their infancy. While this study has attempted to define and measure value in IT prod-
ucts from a dual stakeholder perspective, there is still plenty of room for future refinement. 

On one point in particular the authors see a need for further research. In the data collection for 
this thesis, most of the data is qualitative and was therefore analyzed as such. However, in order 
to provide the research field with consistent and reproducible studies, objective models such as a 
well-defined mix of quantitative and qualitative measures would be needed. The authors’ attempt 
to use a objectives tree as a structured means to analyze the qualitative data did not prove as suc-
cessful as hoped, meaning that this method has to be revisited and refined or abandoned for an-
other tool. 

It would also be very interesting to see research on user and business values that would back the 
reasoning by linking it to financial data. This was the authors’ initial ambition, but it had to be 
abandoned due to very limited access to the kind of data needed. 

Another interesting issue that surfaced during the thesis work was the IT management’s wish for 
future proofness: it was seen as desirable that the system was ready for new types of usage in the 
future, although very little was known about the character of those types of usage today. For the 
authors this was relatively hard to capture in the models and theoretical framework of the HCI 
discipline, as they are largely concerned with use that is more or less well known. They can indeed 
be used to design future use of products and services, but preferably for some kind of known 
users or tasks. It would be interesting to study if and how the current models could be expanded 
to deal with even more uncertainty regarding the future use. 
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Appendix 1 – End User Interview Guide 
 Railpocket and NS Desktop 
1. What do you think about your PDA and the software? 

1.1. Is there anything that you especially like about it? 

1.1.1. Which features are of most value to you? 

1.1.2. Why? 

1.1.3. Could they be enhanced any further? 

1.2. Is there anything that you dislike about it? 

1.2.1. What creates most trouble for you? 

1.2.2. Could this be remedied in any way? 

2. Are there any functions you think are missing in the system? 

3. Is there information that you need that is not available in the PDA? 

4. Did you work here before the PDAs were introduced? 

4.1. What were your expectations for the PDAs? 

4.1.1. Have they been met? 

4.2. What has changed since then? 

4.2.1. Better? 

4.2.2. Worse? 

5. Did you work here before the Wi-Fi network and new software were introduced? 

5.1. What were your expectations for the new system? 

5.1.1. Have they been met? 

5.2. What has changed since then? 

5.2.1. Better? 

5.2.2. Worse? 

When not at work 
6. Do you ever use the PDA when you’re not working? 

6.1. What for? 

6.2. Have you installed any applications/services? 

6.3. Have you had any trouble or conflicts because of this? 

6.4. What do you think of the possibility for IT administrators to remove applications from 
your PDAs? 

6.5. If you worked here before the Wi-Fi network was introduced, did you use any private 
applications then? 
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When things go wrong 
7. Do you sometimes experience trouble with the PDA or the software? 

7.1. What kind? 

7.2. How often? 

7.3. What can you do to remedy it? 

7.4. Is there anybody you could ask? 

Other information 
8. Do you know of any aspects (positive or negative) of the system that you haven’t mentioned, 

but you’ve heard colleagues talk about? 

9. Do you have any questions for us? 

10. Could we have your contact details (e-mail and/or mobile phone number) in case we 
would like to get back to you to verify any of our findings? 

Questions to ask in case we have more time 
Participation 
11. What do you think about the information you received about the new system before it was 

introduced? 

12. What do you think of your possibilities to express your opinions about the system? 

Social interactions 
13. What people do you usually meet or communicate with each day? (Customers, colleagues, 

superiors, IT support...) 

13.1. When? 

13.2. Where? 
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Appendix 2 – End User Questionnaire 

Railpocket Survey May 2006  
This questionnaire is provided by Tom Airaksinen and Erik Byström, Master Students of Cogni-
tive Science at Linköping University, Sweden. 
 
Our focus is to develop and adapt technology for people to make it easier to use and this spring 
we are writing our master’s thesis on the subject of User and Business Values in Information 
Technology Projects. We are using Railpocket as a case study, and would like to know more 
about more about your opinions on it. 
 
You will remain anonymous throughout the whole study. No personal information will be 
disclosed in the thesis or any of the data available to readers. 
 
Thank you for your participation! It is very valuable for us. 
 
 
 
Tom Airaksinen 
tomai946@student.liu.se  
+46-736-57 97 26 (mobile) 

Erik Byström 
eriby751@student.liu.se 
+46-736-00 34 62 (mobile) 

 
 
 
Personal information 
Please tick the boxes that apply to you. 
 

Gender 
 Male 

 Female 

 

Age 
 

__________________   years 

 

Role 

 Conductor 

 Driver 

 Other (please specify):__________________________________________ 

 

Work experience 
in current role  

 0–4 years 

 5–9 years 

 10–14 years 

 15–19 years 

 20–24 years 

 >24 years 

 

Home stand-
plaats 

 Utrecht 

 Other (please specify):__________________________________________ 
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Opinions of the Railpocket device and software 

1. Please tick one of the five boxes in the first row depending on to what extent you agree 
with each statement. 

2. Tick one of the boxes in the second row depending on how important the issue pre-
sented above is to you. 

 
The information I get through Railpocket is up-to-date. 

FULLY 
DISAGREE      FULLY AGREE 

How important is this to you? 1 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

The information I get through Railpocket is correct. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 2 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

Performing routine tasks with Railpocket is quick. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 3 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

Because of Railpocket, I don’t have to handle information on paper. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 4 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

Railpocket is flexible and lets me perform my tasks the way I want to. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 5 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

I have quick access to the information I need in Railpocket. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 6 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 



APPENDIX 2 – END USER QUESTIONNAIRE 

85 

 
Switching back and forth between tasks (e.g. travel planning and train reporting) 

is easy in Railpocket. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 7 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

The information I get through Railpocket is relevant to me. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 8 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

The information I get through Railpocket has the right level of detail. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 9 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

Railpocket is stable and works when I need it. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 10 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

If something goes wrong with Railpocket, I can fix the error myself. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 11 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

A printed version of the shift schedule is a good complement to Railpocket. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 12 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

I am not dependent on going to the standplaats to perform my work. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 13 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
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I can run the software I want in my Railpocket device. 

FULLY 
DISAGREE      FULLY AGREE 

How important is this to you? 14 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

Railpocket provides a good way to communicate with my manager. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 15 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 

I can influence the development of Railpocket. 
FULLY 

DISAGREE      FULLY AGREE 

How important is this to you? 16 
NOT AT ALL 
IMPORTANT      VERY IMPOR-

TANT 
 
Other comments 
Are there any aspects of your work that Railpocket supports or could support, that we have for-
got to ask about? Please specify which, to what extent Railpocket supports them and how impor-
tant they are to you! (If possible, please answer in English.) 
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Appendix 3 – End User Quantitative Answers 
The results from the end user questionnaires are summarized in Table A3.1 and A3.2 below, with 
the value statements ranked by perceived importance and the level of end users agreement re-
spectively. 

  Perceived importance 

Rank Statement  Average SD 

1 Railpocket is stable and works when I need it. 4.69 0.62 

2 A printed version of the shift schedule is a good 
complement to Railpocket. 

4.61 0.73 

3 The information I get through Railpocket is correct. 4.54 0.67 

4 Performing routine tasks with Railpocket is quick. 4.51 0.64 

5 The information I get through Railpocket is up-to-date. 4.49 0.79 

6 I have quick access to the information I need in Railpocket. 4.44 0.75 

7 The information I get through Railpocket is relevant to me. 4.40 0.67 

8 If something goes wrong with Railpocket, I can fix the error 
myself. 

4.28 0.89 

9 The information I get through Railpocket has the right level 
of detail. 

4.27 0.75 

10 Switching back and forth between tasks (e.g. travel planning 
and train reporting) is easy in Railpocket. 

4.24 0.82 

11 Railpocket is flexible and lets me perform my tasks the way 
I want to. 

4.05 0.84 

12 Because of Railpocket, I don’t have to handle information 
on paper. 

3.76 1.04 

13 I am not dependent on going to the standplaats to perform 
my work. 

3.72 1.21 

14 I can influence the development of Railpocket. 3.05 1.28 

15 Railpocket provides a good way to communicate with my 
manager. 

2.91 1.30 

16 I can run the software I want in my Railpocket device. 2.41 1.32 

Table A3.1. User value statements ranked according to perceived importance. 
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  End User Agreement 

Rank Statement  Average SD 

1 A printed version of the shift schedule is a good 
complement to Railpocket. 

4.56 0.82 

2 The information I get through Railpocket is relevant to me. 4.21 0.69 

3 Switching back and forth between tasks (e.g. travel planning 
and train reporting) is easy in Railpocket. 

3.93 0.93 

4 The information I get through Railpocket is up-to-date. 3.74 0.82 

5 The information I get through Railpocket has the right level 
of detail. 

3.71 0.92 

6 The information I get through Railpocket is correct. 3.57 0.85 

7 Performing routine tasks with Railpocket is quick. 3.41 1.05 

8 Because of Railpocket, I don’t have to handle information 
on paper. 

3.37 1.26 

9 I have quick access to the information I need in Railpocket. 3.33 1.05 

10 Railpocket is flexible and lets me perform my tasks the way 
I want to. 

3.15 1.11 

11 I can run the software I want in my Railpocket device. 2.95 1.13 

12 If something goes wrong with Railpocket, I can fix the error 
myself. 

2.86 1.16 

13 I am not dependent on going to the standplaats to perform 
my work. 

2.65 1.44 

14 Railpocket provides a good way to communicate with my 
manager. 

2.57 1.16 

15 Railpocket is stable and works when I need it. 2.32 1.07 

16 I can influence the development of Railpocket. 1.91 0.81 

Table A3.2. User value statements ranked according to level of end user agreement. 
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Appendix 4 – Additional End User Comments 
Additional comments given by the conductors are shown in Table A4.1 below. 

Please do everything in Dutch 
It would be convenient to have a permanent wireless connection to adjust my Railpocket if it was 
out of order. Momentarily that is only possible when I'm in the near of a "Wi-Fi" connection 
point. 
Entering service still takes waaaaaay too long time. 
Since we have the new Railpocket I think it's not a useful machine. 9 of 10 times it does not work 
and when it is not working I have to enter a password which is also not working. I hate that 
thing. The old one was working much better. 
I) When I come to sign in -> 
The actions -> sign in 
 -> update 
 -> fetch shift roster (optionally print it), this would be better to be able to do in 
 one action -> this currently takes too much time!! This is very important. 
 
II) Very often I get a message: At this moment it is not possible to: 
- get access to disturbance information. 
- get access to the halaanwijzer (“instead, the vertrekstaat will be opened”)7. This is annoying!! 
This is very important. 
Sign in and out must be possible to do on all stations (e.g. Tilburg). 
Sometimes we can’t get information because there is no connection with the GSM, e.g. when we 
want to find the postcode. 
More games should be nice :) 
When looking up for travel planning after 0:00 then you get travel planning of the next day. That 
can give the wrong information, especially on special days like Queen’s day (30 April). And it’s 
very important you get the right information. 
E.g. a green and white signal just before departure time for trains with locomotive. 
Using shift data from 'donderdagse week' (Thursday weekly schedule) as agenda is not possible 
(you loose everything). 
Railpocket has too little memory. 
During night you have to check the pre-entered date carefully, otherwise you may give wrong 
information. It must be possible to do this in another way. 
Wisselkoerstabel (changing course?) for dollars etc. 
By searching in the postcode register, if it was possible to see if the name is the same as given by 
the passenger at that moment. 
The ticket information in the Railpocket is not complete. 
Table A4.1. Summary of other comments given by the conductors. 
 

                                                
7 The halaanwijzer is a list of departures fetched in realtime from a server, the vertrekstaat is the departure list as calcu-
lated locally in the device based on timetable data. 
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Appendix 5 – IT Management Interview Guide 
1. What drivers, in your opinion, were behind the implementation of the wireless PDA 

Railpocket solution? 

2. In what way or ways was the wireless PDA Railpocket supposed to add value to NS as an 

organization? 

3. Which areas, in terms of business units/cost centers/staff roles, were supposed to benefit 

from the implementation? 

a. In what way were they supposed to benefit?  

4. Before the implementation of the wireless PDA Railpocket, were Discounted Cash Flow 

analyses such as ROI and/or TCO calculations used as decision support? 

a. If used, what role did DCF analyses play compared to other decision supports? 

b. Are any of these analyses available for review? 

5. What other decision supports were used? 

6. What values were the most important for the project? 

a. Hard values (e.g. increased productivity, fewer employees)? 

b. Soft values (e.g. employee or customer satisfaction)? 

7. Was the implementation of the PDA and Railpocket by itself or the addition of the Wi-Fi 

network the most value creating? 

a. Why? 

8. Have the expected benefits of the implementation been measured during or after the im-

plementation? 

a. If yes, how? 

9. After implementation, have you experienced any positive or negative aspects in terms of 

organizational matters? 

a. What positive? 

b. What negative? 

10. Did you see any unexpected benefits or drawbacks realized? 

a. What benefits and in which area? 

b. What drawbacks and in which area? 
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Appendix 6 – IT Management Questionnaire 

Railpocket Survey May 2006 
 
This questionnaire is provided by Tom Airaksinen and Erik Byström, Master Students of Cog-
nitive Science at Linköping University, Sweden. 
 
It aims to capture a number of aspects in the different projects regarding Railpocket and the 
Railpocket technological environment at Nederlandse Spoorwegen, to provide data to a mas-
ter’s thesis on the subject of User and Business Values in IT/IS Projects. 
 
The questionnaire consists of 13 question groups, each split into two parts. The first question 
is a value statement and the second to which degree that value was a significant influence in 
the decision process for the project. 
 
Please answer each question by ticking one of the five boxes depending on to what extent 
you agree with the statement.  
 
Definition: “the system” in the questions refers to the combination of the hardware (PDA), 
software (NS Desktop, Railpocket application etc.) and infrastructure (Wi-Fi network, GPRS 
network etc.) where appropriate. 
 
You will remain anonymous throughout the whole study. No personal information 
will be disclosed in the thesis or any of the data available to readers. 
 
Thank you for your participation! 
 
 
Tom Airaksinen 
tomai946@student.liu.se  
+46-736-57 97 26 (mobile) 

Erik Byström 
eriby751@student.liu.se 
+46-736-00 34 62 (mobile) 

 
 
 
 
 
 
 
 

PLEASE STATE YOUR ROLE/TITLE (E.G. BUSINESS DEVELOPER) 

! 
___________________________________________________________ 
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The system helps frontliners provide up-to-date information to passengers. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 
1 

FULLY 
DISAGREE 

     FULLY AGREE 

 

The system helps detect and remove illegal applications. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 
2 

FULLY 
DISAGREE 

     FULLY AGREE 

 

The system facilitates distribution and provisioning of applications. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 
3 

FULLY 
DISAGREE 

     FULLY AGREE 

 
The system has reduced the paper flow in terms of frontliner information distribu-

tion and collection. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 
4 

FULLY 
DISAGREE 

     FULLY AGREE 

 

The system has reduced the queue time at the standplaats. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 5 
FULLY 

DISAGREE 
     FULLY AGREE 
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The system has facilitated communication between frontliners and operational 

managers. 
FULLY 

DISAGREE 
     FULLY AGREE 

This was an important aspect when deciding to implement the system. 6 
FULLY 

DISAGREE 
     FULLY AGREE 

 
PDA hardware and software problems can generally be fixed by the frontliner with-

out helpdesk intervention. 
FULLY 

DISAGREE 
     FULLY AGREE 

This was an important aspect when deciding to implement the system. 7 
FULLY 

DISAGREE 
     FULLY AGREE 

 

The PDA synchronization is generally free from failures. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 
8 

FULLY 
DISAGREE 

     FULLY AGREE 

 

The current PDA needs less service than previous PDAs. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 9 
FULLY 

DISAGREE 
     FULLY AGREE 

 
The system enables future employee mobility (i.e. facilitate changing between dif-

ferent work roles). 
FULLY 

DISAGREE 
     FULLY AGREE 

This was an important aspect when deciding to implement the system. 10 
FULLY 

DISAGREE 
     FULLY AGREE 
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The system enables future location based services. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 
11 

FULLY 
DISAGREE 

     FULLY AGREE 

 

The system enables easy deployment of new applications from different vendors. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 
12 

FULLY 
DISAGREE 

     FULLY AGREE 

 

The system enables fast development of new services. 

FULLY 
DISAGREE 

     FULLY AGREE 

This was an important aspect when deciding to implement the system. 
13 

FULLY 
DISAGREE 

     FULLY AGREE 
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Appendix 7 – IT Management Quantitative Answers 
The results from the IT management questionnaires are summarized in Table A7.1 and A7.2 
below, with the value statements ranked by perceived importance and the level of IT manager 
agreement respectively. 

  Importance 

Rank Statement  Average SD 

1 The PDA synchronization is generally free from failures. 4.67 0.82 

2 The system facilitates distribution and provisioning of ap-
plications. 

4.33 0.82 

3 The system has reduced the queue time at the standplaats. 4.33 1.03 

4 The system helps frontliners provide up-to-date informa-
tion to passengers. 

3.83 1.33 

5 The system has reduced the paper flow in terms of front-
liner information distribution and collection. 

3.83 1.60 

6 The current PDA device does not need more service than 
anticipated or than previous PDAs.  

3.40 0.55 

7 PDA hardware and software problems can generally be 
fixed by the frontliner without helpdesk intervention. 

3.33 1.21 

8 The system enables easy deployment of new applications 
from different vendors. 

3.17 0.75 

9 The system enables fast development of new services. 3.17 0.75 

10 The system helps detect and remove illegal applications. 3.00 1.10 

11 The system enables future employee mobility (i.e. facilitate 
changing between different work roles). 

3.00 1.26 

12 The system enables future location based services. 2.67 1.63 

13 The system has facilitated communication between frontlin-
ers and operational managers. 

2.33 0.82 

Table A7.1. Business value statements ranked according to perceived importance. 
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  Agreement 

Rank Statement  Average SD 

1 The system facilitates distribution and provisioning of ap-
plications. 

5.00 0.00 

2 The system has reduced the paper flow in terms of front-
liner information distribution and collection. 

4.50 0.84 

3 The PDA synchronization is generally free from failures. 4.50 0.84 

4 The system enables fast development of new services. 4.40 0.89 

5 The system helps frontliners provide up-to-date informa-
tion to passengers. 

4.33 0.52 

6 The system has reduced the queue time at the standplaats. 4.33 1.21 

7 The system enables future location based services. 4.33 0.52 

8 The system enables easy deployment of new applications 
from different vendors. 

4.33 0.82 

9 The system helps detect and remove illegal applications. 3.83 0.75 

10 The system enables future employee mobility (i.e. facilitate 
changing between different work roles). 

3.83 1.17 

11 PDA hardware and software problems can generally be 
fixed by the frontliner without helpdesk intervention. 

3.67 0.82 

12 The current PDA device does not need more service than 
anticipated or than previous PDAs.  

3.20 1.48 

13 The system has facilitated communication between frontlin-
ers and operational managers. 

2.83 0.98 

Table A7.2. Business value statements ranked according to level of IT manager agreement. 
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Appendix 8 – IT Management Qualitative Answers 

Comments to Question 1 
• Great deal. Problems, departures. Could not get that before. Especially in case of disrup-

tions. If everything is running according to plan the need is not as big. 

• Information about disturbances, advice in journey planning. They have real information 
about what’s going on. They know exactly why a train has stopped.  

• One of the big complaints from the passengers is that when there is a delay, they’re badly 
informed on the duration of the delay etc. RP provides up-to-date information. One of 
the most important functions on the RP. Information is not only up-to-date, also deliv-
ered quickly. Value in employee satisfaction and customer satisfaction. Conductors really 
want to help, but can get frustrated when they can’t. 

Comments to Question 2 
• From user perspective: did not add value. Helps from a device mgmt point of view. Less 

illegal applications, less problems. Helps the user as well, indirectly. Some problems have 
been permanently solved with the removal.  

• Implemented through black & white list. But there are still illegal applications on the RP 
that frontliners manage to install, don’t know how. “I hear that from lots of people”. 
Have not seen it himself. (There is no real helpdesk and calls/tickets are not measured. 
No way to know if there are less calls or if the removal of illegal programs has decreased 
the number of support issues) 

• Not important for people in the field, but for device management. You get control of the 
environment. A big problem is that the RP application consumes a lot of memory. If 
someone uses games or a movie player etc the RP runs out of memory. Important func-
tionality. Value in less support calls and “better quality” in the calls. 

Comments to Question 3 
• It’s easier for the user to get something new. Does not have to go to a maintenance spot, 

saves the user time as well as the maintenance people. Saves a lot of time for all parties 
involved. Time is money.  

• “Does it very well.” Makes use of distribution and synchronization. Will do provisioning 
when there is better Wi-Fi coverage. Restricted to main stations now. Only one applica-
tion is provisioned/distributed today. 

• Value in maintenance and quick distribution. Can now distribute applications fast. Distri-
bution was already in place, now speedier.  

Comments to Question 4 
• Very much. The shift roster and overview of speed limitations because of work on track. 

Handbook for frontliners is now on PDA as well. Also leaflets from management to 
frontliners with information. Value in less distribution of paper.  

• Information to train drivers (speed limits etc). Still available on paper but not used that 
much. Will only disappear when the new solution has been proven to work without flaws. 
Papers will stay around because of regulations and backup reasons. “Everybody uses the 
PDA for train information”. Manuals for train drivers and conductors are on the PDA as 
well.  
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• Original target was higher. Tried to make everything digital but after having a court case 
in December 2005 there was a printing function for the weekly schedule, daily schedule 
and weekly ticket sales registration. The printing functionality was given “back” to the un-
ion as part of the settlement though the case was not about that. The digitalization was a 
bit too big for many people – they were used to paper. Value = the main business case = 
reduction in time to walk to the standplaats. From a business perspective there is no need 
to go to the standplaats, only social.  

Comments to Question 5 
• Less walking to/from the standplaats. Value in time, time = money. No follow-up studies 

have been made at the standplaats, time saving assumed at start of project. 

• “Would not know”. Do not know how it previously went, was not hired back then. Has 
not heard anyone complain about queue times earlier. Have read that it was an important 
reason for the RP.  

• People were queuing up in front of the standplaats. One of the components for the busi-
ness case. Value in time saving for reduced queue. 

Comments to Question 6 
• No. This was unimportant for the project. Communication is still carried out by phone. 

• Yes, a lot. The way to reach people was by phone earlier. Easier to distribute bulletins etc. 
Can leave messages like “uniform is ready”. It is hard to reach frontliners from manage-
ment side, e.g. when an update is taking place. Can now post info on the RP. 

• We have seen that implementing the system has improved the speed of mail communica-
tion. In the previous system it took at least 3 days to send a message to your boss and get 
it back. 1 day sync, 1 day process at server, 1 day sync reply back. Rather a spinoff than a 
main driver. The value lies in better communication between the frontliner and his man-
ager.  

Comments to Question 7 
• This depends much on the ability of the frontliner. If the frontliner is good with comput-

ers problems can be fixed. Other people panic when they touch the wrong button and 
need to turn the device over to maintenance staff.  

• Self-healing is very good. Now have problems with black screens that they’re trying to 
pinpoint. Most problems are solvable though. Healing generally works. 

• They can repair a lot. Happens often. Still problem with black screens but it can be fixed 
on the field with a hard reset. The value is in the uptime of the PDA. Availability thing – 
increases the availability of the system. Was possible before though – the latest project 
did not change a lot. 

Comments to Question 8 
• Value is in correct information. If sync fails the train and shift times might be wrong, 

then the frontliner needs to call someone to find out. It is critical that the sync works. 

• Works very well. Had a problem when shifting from winter to summer time.  

• If the sync goes wrong it doesn’t happen at all. One of the main drivers for the project. 
The initial driver for getting Appear software was the high error rate of syncing with the 
SD cards, almost 60%. High error rate of the card readers required multiple standplaats 
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PCs. Value is in the business case, the data get synchronized correctly the first time = 
time saving. Also employee satisfaction, less annoyances. They get faith in the system. 

Comments to Question 9 
• The HP device is very sensitive to mishandling and wrong software. A value destroyer. 

Needs even more service than the previous PDA.  

• Would not know, did not work with previous PDAs. Do not think that it needs more 
service. Service contracts must be improved because the importance of the RP to front-
liners.  

• Value in reduced cost of service. 

Comments to Question 10 
• Very important. Using a system like this can help users switch roles. Service employees 

can do a conductors job and vv. Value is in no dependency on time and place - anything 
can be done anywhere. 

• There are people with multiple roles already. Some people are conductors and train driv-
ers combined, this is the only role that is changing right now. They switch memory cards 
to switch roles. Switching between other roles requires organizational change. System can 
be improved: should not need to switch memory card. Should detect the role and do an 
update.  

• The current system is not flexible in the sense of changing roles. When changing roles 
(conductor/machinist), people have to change SD cards. People with dual roles have to 
synchronize both cards, meaning double installation of software. The system is prepared 
for multiple roles but not ready. Value is provided to management as people can be man-
aged differently. Sort of false value though: to be a machinist you need to be trained for 
at least a year at NS.  

Comments to Question 11 
• Fully agree. Opens a lot of possibilities. Do not know which ones. Cannot see into the fu-

ture, but feels there are lots of new possibilities that weren't there before. 

• Yes, the system enables it. There may be location based services. Do not think it was im-
portant for the project, but it might arrive. 

• Value = you can increase the user experience of working with the RP. Better granularity 
of location gives better granularity in the services. Also effectiveness, when you’re pre-
sented with the right information you are more effective.  

Comments to Question 12 
• True. Before we had only 1 app, now we have NS Desktop with different apps. Makes 

the company less dependent on one vendor. Can give orders to different vendors. More 
competition = saves money. 

• Yes. They don’t have lots of vendors and those know the RP well. It would be easy to 
place an app and distrib it. 

• Good value. Reduce development cost because of competition. Different vendors can 
create the same software. 
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Comments to Question 13 
• Very much true. Earlier there was a weekly update. Now we can have every minute. Do 

not have to wait until next Monday or next month, new services can be taken into pro-
duction at any time. Value in flexibility: can respond faster to management wishes and 
market trends, customer or user needs. 

• Does not think it has anything to do with Appear. Variables came from memory card ear-
lier. A SOA thing would make for faster development, not the platform on it great. The 
sensitivity of the information requires very good planning to create the applications, 
maybe even more than before when information was paper-based? The PDA is very criti-
cal. Need to change way to design and implement software to fit the critical requirements 
of RP 

• Value = Lower development cost, less turnaround time. You get more agile in developing 
new services. You are also more flexible. 
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