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Combination of two Software Development Process in 

Theory and Practice 
Kristina Hansson  

Sammanfattning 
Intresset för olika definierade och strukturerade metoder och processer för 
programvaruutveckling inom databranschen har på senare år ökat. Detta har gett en 
ökad forskning inom området och de problem man försöker hitta lösningen på är, hur 
man utvecklar programvaror som motsvarar kraven och som är så felfria som möjligt, 
på ett tids- och kostnadseffektivt sätt. För att lösa dessa problem kan en bra 
utvecklingsmetod vara en lösning. 

I vårt projekt vill vi hitta en utvecklingsprocess som är snabb och effektiv, samtidigt 
som den stödjer utvecklandet av programvaror som har användarnas behov och krav i 
fokus. Eftersom vi inte hittade denna kombination började vi att undersöka vilka 
metoder som kommer närmast våra önskemål. Extreme Programming, XP, och har som 
syfte att öka produktiviteten och kvaliteten på programvaruutvecklingen samtidigt som 
kostnaderna ska hållas låga. Den användarcentrerade utvecklingsprocessen, User 
Centred Development, UCD, strävar efter att med användaren i fokus utveckla 
programvaror med för användaren en hög användbarhet. XP och UCD går att 
kombinera med varandra eftersom de båda är iterativa och använder prototyper som 
testas av en användare eller kund.  

Vi har utvecklad metoden User Centred Extreme Programming, UCXP, som är snabb 
som XP genom att endast nödvändig dokumentation görs, samt har användbarheten i 
fokus som UCD. En nära användarmedverkan gör att användarnas krav är lättare att 
tillgodose samt att utvecklingen går snabbt och smidigt genom att användarna kan svara 
på frågor, testa och prioritera kraven under utvecklingen. Vi har testat UCXP genom att 
utveckla en programvara enligt den metoden och det visade att UCXP fungerar bra. 
Metoden bör dock testas ytterligare i framtiden för att man klart ska kunna utvärdera 
den i större sammanhang. 
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Summary 
During the last years has the interest for defined and structured software development 
methods and processes increased, which also increased the research in the area. The 
problems that the researchers try to solve are how to develop software that fulfils the 
requirements, with a minimum of errors and in a cost-effective way. To solve these 
problems a defined and structured development method or process could be valuable. 

In this project, we wanted to find a development process, which is fast and effective and 
at the same time has the users and their requirements in focus. This method could not be 
found and we therefore investigated two methods that come close to our intentions. The 
purpose with Extreme Programming, XP, is to increase the productivity and quality and 
at the same time reduce the costs. The User Centred Development process, UCD, has 
the users and the usability in focus during the development. These methods are possible 
to combine because they are both iterative and use prototypes that are tested by a user or 
a customer. 

We have formulated the method User Centred Extreme Programming, UCXP, which is 
fast and agile, and have the users and usability in focus. UCXP is fast as XP because 
only required documentation is made, and has a user centred approach like UCD. When 
the users are involved in the development, it may be easier to fulfil their goals with the 
software, and the development process could be simplified, because the users can 
evaluate and answer questions regarding the software, during the project. We tested 
UCXP with a use case, in which we developed software that calculates points in athletic 
competitions, where a fast and agile development method with a use-centred approach 
was needed. The test proved that UCXP could be a practical development method but 
we regard it as necessary to test UCXP further in larger projects. 
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Abstract 

To simplify the software development, a defined and 
structured software development method or process 
could be valuable. The interest in fast and agile 
development processes like Extreme Programming, 
(XP), has increased. Additional has it become more 
important to develop software with high usability, and 
to achieve that, a User Centered Development process, 
(UCD), is preferred. In this paper we will describe XP 
and UCD, and formulate a new method User Centered 
Extreme Programming process, (UCXP), which uses 
valuable principles from XP and UCD and adds some 
new values. This method helps developers to, in 
cooperation with users, develop software fast and with 
usability in focus. We have tested this method in 
developing software, which have been tested by a user 
that regarded it to fulfill the requirements. In that 
development a fast and agile method with a use-
centered approach was needed. This combination was 
not found and therefore said method was developed, 
which proved to satisfy our need.  

 
1  Introduction 
 

A lot of research has been made to find different 
solutions for developing software with a minimum of 
errors [1] in a cost effective way [2]. The goal with the 
engineering discipline Software engineering is to 
develop software in a cost-effective way [2], and to 
achieve that; a defined development method or process 
is needed. Since the discipline is rather young, a lot of 
research is made in that area today. Research has also 
been made to find a solution to the problem with; 
software projects that fails and software with a high 
amount of errors [1], and also here, could a defined 
and structured development method or process, be the 
solution. 

The interest for fast and agile development 
processes like Extreme Programming, (XP), has 

increased. A high usability on the software has been 
more important and to achieve that a User Centered 
Development process, (UCD), is to prefer. Both these 
development methods are valuable and have their 
benefits and drawbacks. It is possible to combine these 
methods because they are both incremental and 
iterative. The combination is required because the 
main benefit with XP is the fast development and in 
UCD is the usability in focus the main benefit. If high 
usability is needed in a project that has to be developed 
fast a combination like User Centered Extreme 
Programming, (UCXP), could be the solution. 

UCD is a philosophy or attitude that is on the top of 
the whole software development process, which puts 
the user and the usability in focus in every part and 
phase in the development. [3, 4, 5] Since users and 
their needs are central in UCD, the users define the 
requirements for the software [6]. When the users are 
involved in the development process, their needs could 
be easier to achieve, but the developer must be aware 
of the fact that different users may have different needs 
and that the software will serve them in different ways 
[3]. The developer must also be aware that even if the 
user is involved in the development, the software could 
appear to not be the required one if there have been 
difficulties in the communication between user and 
developer. [5]  

The users have started to diversify from technically 
skilled to common users and therefore the interest in 
software usability has increased [7].  Usability is not 
only a concern for the appearance of user interfaces 
[4], it also concerns; the user interaction with the 
software, and what the user can achieve using the 
software.  

How useful a product is may be divided into 
usability and utility. Utility refers to whether the 
product performs the required activities, or not. [3]  
Usability is a wider definition [3] and the standard ISO 
9241-11, 1998, [8] has define it as; how a specified 
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user can use a product to achieve specified goals with 
expediency, efficiency and satisfaction in a given 
situation. 

Usability attributes, for example effectiveness, 
efficiency, safety, utility, learnability, memorability 
and the users’ subjective satisfaction, can be defined to 
measure the usability [4, 9]. The user, not the product, 
is in focus in all these usability attributes. To be able to 
measure the usability, goals for the usability have to be 
set [3, 9], and whether a product is useful depends on 
if the user regards it as reaching these usability goals 
[10]. This has to be tested by real end users [4] and 
measured against the usability attributes [5, 8]. 

One of the purposes with the agile software 
development process Extreme Programming, (XP), is 
to achieve improved quality of software and at the 
same time reduce costs and increase productivity [11]. 
The keywords [12] in XP are: productivity, flexibility, 
informality, teamwork and a limited use of technology 
outside of programming. XP is most useful for small to 
medium sized teams that build software with vague or 
fast changing requirements [11, 13].  

The XP life cycle has four main activities: coding, 
testing, listening and designing [13, 14] and XP is built 
on four key values: simplicity, communication, 
feedback and courage. [12, 13, 14, 15] 

Oral communication is more important than 
communication via traditional documentation [16]. 
User stories, i.e. written stories that describe the use of 
the software from the users’ perspective, are more 
informal documentation and could be useful in XP 
both for eliciting and documenting the requirements 
[11].  

Both XP and UCD are valuable methods, but 
sometimes could a combination between them be more 
suitable. The main reason for using XP are that the 
development should be fast and that only the required 
features should be in the software. The main reason for 
choosing UCD is when the development should have 
the usability in focus during the development. 
Sometimes the development may require both a user-
centred focus and a fast method, and that could create 
a need for a third method that is a combination of UCD 
and XP.  

Since we have not found information about such a 
third suitable method we started to investigate what 
could be a new method. This investigation resulted in 
User Centred Extreme Programming, (UCXP), which 
both has the benefits from XP and UCD, and some 
added practices and principles.  

This new method, UCXP, has the users and their 
needs in focus, not as full time team members as in 
XP, but as active user cooperation.  UCXP is fast and 

since it uses prototyping, the handling of changed 
requirements is simplified.  

The increased competition for software developing 
companies could create an increased interest in fast 
development methods that result in software with high 
usability. Both the need for fast development and a 
need for software with high usability may increase the 
interest for a method that handles this like UCXP and 
we will therefore investigate and describe this new 
method in this paper. 

We want to test this method and will we therefore, 
as a use case, develop software that calculates points in 
athletic competitions. This use case will be described 
as a test of the UCXP theory and not in detail as 
software. The development of this software is suitable 
as a case study because it has to be developed with 
users and usability in focus and employing an agile 
method and for that the UCXP is suitable for the 
development and for our use case test. 

UCXP uses, for example, user stories, but since the 
use of user stories is a technique that is easy to find 
information about, we will only briefly mention it. The 
same approach is taken for the questionnaire that is 
used for user analysis, task analysis, functional 
analysis and requirement elicitation in the use case.  

Before we start to present our work in this paper we 
will make some definitions. ‘Software’ is an 
application that could be a standalone application, a 
network application or even a web service. It is a 
program running by computers. An ‘application’ and 
‘software’ could be regarded as the same but we regard 
‘software’ as a more general word than ‘application’. 
We regard a ‘system’ as the software, the users and 
other things like printers that cooperate to solve a task. 
Since we want to investigate and describe only the 
software development we will not use the word 
‘system’ for software. Since UCXP is suitable for 
developing every kind of application that runs at 
computers, we will use the general word ‘software’. 

To form the basis for our presentation of UCXP, we 
will describe XP in section 2 and UCD in section 3. 
We use the knowledge from this basis when we 
present UCXP in section 4. In section 5 are the 
development activities; analysis, requirements, design, 
implementation and testing, are described. The use 
case is presented in section 6 and the conclusion can be 
read in section 7. 

 
2 Extreme Programming, XP 
 

Kent Beck introduced the agile software 
development process Extreme Programming, XP, in 
1996.  One of the purposes with XP is to achieve 
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improved quality of software and at the same time 
reduce costs and increase productivity [11]. The 
keywords [12] in XP are: productivity, flexibility, 
informality, teamwork and a limited use of technology 
outside of programming. XP is most useful for small to 
medium sized teams that build software with vague or 
fast changing requirements [13]. The use of short 
release cycles makes it possible to get fast feedback 
from users or customers, which gives an ability to 
make early changes in the software if it is needed [11]. 

Since XP uses less technological support in the 
development than traditional development processes, it 
is less costly [12]. Communication is central in XP 
[11] and oral communication is more important than 
communication via traditional documentation [16]. 
User stories, written stories that describe the use of the 
software from the users’ perspective, are more 
informal documentation and could be useful in XP 
both to find the requirements and in documenting them 
[11].  

XP development was compared to the traditional 
development approach, which includes the phases: 
analysis, design, implementation and testing, in a study 
by Macias et al [12]. According to them, XP provides 
as good results as traditional development methods 
even if it is a new method that has no well defined and 
tried out phases like the traditional methods. In XP, the 
traditional development approach is simplified and 
rearranged. XP promotes a wide use of testing and a 
striving for simple, not complex, solutions of software 
development projects. [12] 

XP is an incremental and iterative development 
process. A small part of software is developed in the 
iteration and when it is finished, the result can be 
delivered to the customer. The customer or user tests 
this small deliveries or releases and gives important 
feedback to the developers for improvements of the 
software in the next iteration. The iterations are small 
and the traditional development phases; analysis, 
requirements, designs and implementation with testing, 
are included in each phase, but are adjusted to XP. The 
user, takes a part of the requirements or user stories, 
from a larger content, and by that chooses the content 
of the next iteration that the team can start to work 
with. [2, 12]  

One of the problems with incremental development 
is that, since the increments should be small, it could 
be hard to decide which requirements should be 
implemented in every increment to make them suitably 
sized [2]. It is important to make the right priorities to 
make the best solution of the software. According to 
Sommerville [2] XP has been developed to solve this 
because the customer is involved in the development 
process to make the prioritize issues. 

The XP life cycle has four main activities: coding, 
testing, listening and designing [13, 14]. Coding is an 
important activity because the code is one of the 
artifacts a software project cannot be without. During 
the coding the developers can explain ideas for 
solutions to each other and learn by that process. Code 
could also be used as software documentation. The 
testing gives feedback on the code both about if it is 
working as intended and if some solutions are 
preferred to others. The developers do not know if the 
code is working or even if the coding is finished before 
it is tested and confirmed. Listening is important 
because it gives the developer ideas about what to 
code. The listening activity refers to analyzing and 
finding the requirements and goals. The purpose of 
designing is to organize the structure and logic in the 
ideas to be developed as software. [14]   

 XP is built on four key values: simplicity, 
communication, feedback and courage. [12, 13, 14, 15] 

 
• Simplicity refers to the principle that the 

development starts with the simplest issue and 
task [12]. The focus is on a minimalist solution 
that only contains the most valuable features 
identified and needed today because it is nearly 
impossible to predict the future [13, 15]. It could 
be hard to only implement a simple thing needed 
today and forget what you will or could 
implement tomorrow. Despite this, is it better to 
just implement what is needed today and pay 
some extra if it has to be changed tomorrow, 
than to implement something that never will be 
used. [14] 

 
• Communication is central in XP [11] because 

problems with communication are one of the 
main reasons why projects fail [15] and an open 
and honest communication decreases this risk 
[14].  Ideas should be discussed within the 
project by its members, developers, managers 
and the client [12, 13, 15], and face to face 
communication is preferred to using technology 
[12].  

 
• Feedback. The user stories give feedback in 

the beginning of the project. Testing is a part of 
the whole development and a driver for the 
implementation. The test gives clear feedback 
and it gives a good foundation for the project to 
continue in the right direction [15]. Functional 
tests are written before the code [12], and the 
developer gets fast feedback during unit and 
functional testing [13]. Fast feedback is 



 User-Centered Extreme Programming Development: a Combination of two  
Software Development Process in Theory and Practice 

 

 

preferable because it is more useful in a rapid 
software development. [14]  

 
• Courage is the self-confidence the team 

members need when requirements are changing 
and when they are facing both new and old 
problems. If a problem needs a new solution 
they should have courage enough to try it. [12, 
13, 14] The developer should deal with 
problems in a provocative way and for that 
courage is needed [13, 14]. They should also 
dare to throw away old code that do not work 
well and start all over again instead of trying to 
fix it [12]. There is no point in staying too long 
on one issue; the project has to continue [13, 14, 
15].  

 
XP uses 12 practices; Planning, Small releases, 

Metaphor, Simple design, Test, Refactoring, Pair 
programming, Continuous integration, Collective 
ownership, On-site customer, Coding standards and 
40-hour week. [12, 14, 15]  

 
XP 1. Planning. The customer starts by 

explaining the user stories to ensure that the 
team understands their content [21]. Before the 
next iteration and release the content of the 
iteration has to be determined [13]. When the 
content is set, the time for the iteration has to 
be estimated and the work adjusted to the time 
[15]. The customers prioritize and the 
developers estimate the progress [13]. The 
scope of the next release has to be decided and 
planned by combining the prioritized goals 
with estimations about the required resources. 
If the plan does not fit the reality because of, 
for example wrong estimation, the plan has to 
be updated. [14, 21]  

 
XP 2. Small releases. It is the customer that 

decides the scope for every release [21]. A 
simple version of the system containing only 
the most important features should be released 
fast [13, 14]. A fast delivery gives the customer 
the ability to test and use a working system, 
and to judge if the product fulfills the 
requirements, and the developers can get fast 
feedback for the software [11, 15, 21]. The 
motivation for short releases is also that it 
ensures that the developers only have time to 
implement the most important requirements 
[11, 21].  

 

XP 3. Metaphor. A metaphor should be 
determined and guide everyone involved in the 
development [13]. It is important that a 
metaphor for the whole system is defined since 
the team members in the project have to be 
aware of the purpose of the project, and how 
the software is intended to work. [14, 15]   

 
XP 4. Simple design. The system should only 

contain the features that the customer wants 
today [15] and be as simple as possible [13]. 
[14] It is better to implement what is needed 
today, and risk a change and cost tomorrow, 
than to implement something that will never be 
used. [14] 

 
XP 5. Testing. Tests are made both by the 

developers and the customers [13], but on 
different levels. [15] Testing to get feedback is 
essential because the quality and the further 
development depend on the feedback. Rapid 
feedback is preferred to slow, because the 
earlier the developer can use the feedback in 
the development, the more useful is it for the 
project. [14] Concrete experiments that test 
everything before decisions are made, reduces 
the risk of a wrong decision. [14]   

 
XP 6. Refactoring. The programmers have to 

make improvement in the existing code, 
without changing its behavior to make the best 
possible system. [13, 15] The best solution is 
when the previous options are saved when the 
new problems are solved. [14]  

 
XP 7. Pair programming. When the production 

code is written the programmers could work 
with a partner [13, 15]. This practice is 
dynamical and the developers learn from each 
other. [14] In democratic groups the whole 
group makes every decision. Decisions about 
the schedule and other management issues are 
taken care of in the group. This works for 
groups that have equally competent members, 
and in XP the programmers work in pairs and 
have equal responsibility for the code and the 
development. [2] Everyone in the team has the 
responsibility for the project and no one has to 
tell someone else what to do [14].  The 
coaching between the members in the team is 
not a continuous cost. If the most experienced 
programmer or leader of the team rotate 
between the groups of pair programmers, after 
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a while, everyone could coach the teams in the 
project. [12]  

 
XP 8. Collective ownership. Since everyone in 

the project team owns the code, they could all 
change it to make improvements [13, 14, 15]. 
All code becomes everyone responsibility [14] 
and the responsibility for refactoring is shared 
and simplified by collective ownership.  

 
XP 9. Continuous integration. The system 

grows continuously because code is added to 
the system many times a day [13, 15]. It is not 
wise to put large changes into the system; it is 
better to integrate the changes in small parts as 
they are developed [14], to simplify the 
integration and testing. This is done to ensure 
that the software is working even when 
changes are made. These changes can be made 
because of changed requirements. [13, 14] 

 
XP 10. 40-hour week. One should be aware of the 

risks with working too many hours a week [15] 
and therefore is it recommended in XP to work 
only 40 hours a week [11, 13]. With 40-hours 
weeks the people in the project could more 
easily be bright and focused at the work. 
Overtime could be a symptom that a project has 
serious problems in the organization of the 
work. [14]   

 
XP 11. On-site customer. The customer works 

with the team and takes an active role with for 
example solving problems, defining 
requirements, writing tests, prioritizing and 
being available to answer questions that can 
occur [11, 13, 14, 15]. The communication 
works better with words in discussions than in 
written documents and therefore is it important 
to have an on-site customer to converse with 
[21].  A difficulty with this is that a customer, 
or final user, simultaneously of great value for 
the project and the company that ordered the 
software. That company may not be willing to 
let some of their employees, be away from their 
ordinary work for a long period of time. Since 
it is hard for the developers to use the customer 
full time, it could be possible for that person to 
be available at the same time as the ordinary 
work is done. Another risk with the on-site 
customer is that if the project fails, the person 
has spent a lot of time for nothing instead of 
doing their ordinary work. This is also a reason 
for letting the customer continue working and 

at the same time be available for the project. 
[14]   

 
XP 12. Coding standard. Mainly because of the 

collective ownership, the programmer has to 
follow a coding standard, otherwise is it hard 
for others to understand and change the code 
[11]. A code standard is also important because 
it simplifies the communication [13, 14, 15].  
With self-describing names the developers 
spend more time writing the name but later it 
will be less time to understand the name [6].  

  
The ideas and practices in Extreme XP have been 

used in other development methods before, especially 
in small and medium sized projects. XP is not a 
revolution in software development; more like an 
evolution that collects best practices and ideas into an 
own method. This method is particularly useful when 
there are expected to be changes in the requirements 
during the development. [11] 

XP is not a method that you have to use all or 
nothing from. Companies that are interested in XP can 
introduce it partly as it suits the culture and style of the 
company. [11, 21] 

 
3 User-Centered Development 
 

In User-Centered Development, UCD, users and 
their needs are central and considered to be the most 
important concern in the process. The usability is 
defined as requirements and should be measurable. 
The development is iterative with the activities 
analysis, design, prototyping, evaluation and 
improvements, and the developers should put the users 
need in the center in every activity in the development.  

If the users are involved in the development process 
their needs could be easier to achieve. [3] It is 
important to know who the user is. The representative 
user or customer may not represent the end users of the 
software [3].  There is even different kind of end users 
with different use of the software. The developer must 
be aware of that the different end users and the 
customer may have different needs and that the 
software will serve them in different ways [3].  

Many problems can occur when the developer and 
the end user have difficulties in the communication. 
These difficulties could depend on that specific words 
have different context for different persons. Things 
that are clear and obvious for developers could be 
unclear for the user. Even if the user is involved in the 
development, the software could appear to be not the 
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one the user wanted, if there have been difficulties in 
the communication between user and developer. [5]  

Many users want software to be user friendly. User 
friendly is a vague word without a good definition. 
Gulliksen and Göransson [3] ask if we really want the 
software to be friendly with us. According to them, 
user experience is a more used word in the IT-industry 
but it refers to that the user should have a pleasant time 
with the software. This is more suitable for a selling 
attitude; it says nothing about if the software is useful. 
The word usability is better because it refer to what the 
user could expect of software that they use in their 
daily work. [3] 

How useful a product is may be divided into 
usability and utility. Utility refers to whether the 
product performs the required activities, or not.  
Usability is a wider definition and includes how easy 
the user can learn to use the software, how efficient it 
is to use, how easy it is to start to use it, the tolerance 
against user errors and finally how attractive users 
regards the software to be. [3] 

Usability is a central definition in the UCD and the 
standard ISO 9241-11, 1998 [8], from here on only 
referred to as ISO, have defined it as: how a specified 
user can use a product to achieve specified goals with 
expediency, efficiency and satisfaction in a given 
situation. [3] 

Usability is a complex concept and attempts have 
been made by several authors to try to define this 
concept.  We will here briefly describe some of these 
definitions to give an explanation of usability and a 
common understanding for it. 

Preece et al [9] define the following usability goals: 
effectiveness, efficiency, safety, utility, learnability 
and memorability. Effectiveness refers to how well the 
software performs the tasks. Efficiency refers to how 
much the software support or simplifies for the user to 
solve the task. Safety refers to protect the user from 
dangerous environments. It also refers to protecting 
users from making serious errors or to fear to make 
those errors. Utility refers to if the software has the 
features that support the users to solve the tasks in the 
way they want. Learnability refers to how easy it is for 
the user to learn to use the system. Memorability refers 
to how easy it is to remember how to use the system 
even after some time since last time it was used. [9] 

Nielsen [4] has defined five usability attributes: 
learnability, efficiency, memorability, errors and 
satisfaction. Learnability refers to that software should 
be easy to learn and to start working with. Efficiency 
of use goes a bit further and refers to when users have 
learned to use the system; it should be very valuable 
and support the users in their daily work. Memorability 
helps users to remember how to use the software even 

if it has not been used for a while. It should be easy to 
start up working with even after some time. Errors 
make the use complicated for the user. It is hard to 
make a software completely free of errors but they 
have at least to be few and non catastrophic. If the user 
makes errors when using the software, it should be 
possible to recover from it, fast and safe. The 
subjective satisfaction is about that users should like 
the software and think it is pleasant. [4] 

Gulliksen and Göransson [3] refer to aspects of 
usability defined by Nielsen and Shneiderman. 
Shneidermans definitions are more measurable and 
Nielsen wants to put common words on the definitions. 
When ISO talks about efficiency, Shneiderman defines 
it as time to perform a task or time to learn the 
software, and Nielsen defines efficiency as how 
efficient the software is to use and learn. Shneiderman 
defines the ISO definition expediency as time to 
remember the software and the frequency of user 
errors. Nielsen defines software expediency as how 
easy it is to remember it and that it should contain 
minimum of errors. When it comes to the ISO 
definition satisfaction is it defined by Shneiderman as 
the user experienced satisfaction and Nielsen defines 
the satisfaction of software as how subjectively 
attractive it is. [3] 

The user, not the product, is in focus in all these 
usability definitions. If a product is useful depends on 
if the user regards it to reach the usability goals. When 
a product gives value to the user in a required situation 
the product could be regarded as useful. [10] 

To make software with high usability it is not 
enough to implement features that the users probably 
like and need, the usability have to be tested by real 
end users [4, 5] and measured against the usability 
attributes in ISO [8, 5].  

To be able to measure the usability, goals for the 
usability have to be set. [3, 9]  This could be done by 
analyzing and define the users goals with the software, 
the content of the software and the concrete goals for 
expediency, efficiency and satisfaction. When these 
usability goals are set they could be measured by 
calculating: [3] 

• Percentage of reached goals 
• Percentage of tasks that could be performed at 

first trial 
• Percentage of relevant feature that uses 
• Time to solve a task 
• Number of serious errors 
• Time to correct serious errors  
• Judgment of satisfaction 
• Judgment of error handling 
• Frequency of reuse 
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Working software or prototype should give 

feedback to the user, not only when errors occur, but 
also positive feedback and support in the regular use of 
the software. Error messages should be in clear 
language, precise and constructive to help the user to 
solve the problem. It should also be polite and not put 
the blame on the user. [4] 

Regarding the communication between the user and 
the software the developers should develop software 
that the user can learn by using it. They should not be 
forced to use a user manual. Developers have to think 
of the software as communication and not only written 
manuals as the communication with the user. [17] 

Gulliksen and Göransson [3] have formulated 
twelve principles for UCD, and according to them it is 
important to follow these principles if the development 
process could be called User-Centered. 

 
UCD 1.   A User-Centered approach. The 

team members should have an understanding 
for the users and their work, and a user-
centered approach during the development, to 
result in well working UCD. [3] 

 
UCD 2.   Focus on the user. All members in 

the development team should be focused on the 
users and their needs. Analysis of the users’ 
needs, their daily work and the purpose of the 
software are important activities to help the 
developers to understand the aim with the 
project and to put the users in focus. [3, 5, 9, 
10] 

 
UCD 3.   Active user cooperation. It is 

important that representative users are involved 
in the development both at an early stage and 
during the whole development process. [3, 5] If 
the user is involved in the development they are 
more owners of the software and the mistrust 
and aversion against the new system and the 
changes in the organisation it may result in, 
could decrease. [5] Since users are not a 
homogeneous group, it is important to be aware 
of if the representative user is an end user of 
the software or not. [3, 5]  

 
UCD 4.   Evolutionary development. The 

development process should be incremental 
and iterative. During the iterations, the phases: 
analysis, design and evaluation of the 
software’s should be included. The incremental 
development makes the software to evolve bit 
by bit and every increment should result in a 

deliverable working prototype. [3, 7] When one 
feature is implemented, some changes in the 
previous system may have to be done [4, 10]. 
This kind of development is valuable because 
the software is tested in the iterations, which 
gives the developers feedback that is used in 
the discussion about the further development. 
[5, 9] 

 
UCD 5.   Common and shared 

understanding. If the user does not understand 
the documents, the wrong software can be 
developed. [5] Everyone involved in the 
development should understand all 
documentation and vocabulary. Developers 
may find it suitable to use for example Unified 
Markup Language, UML, for representing the 
design but for the user it could be hard to 
understand UML diagrams. A notation that is 
concrete and understood of all participants of 
the team, including the users, should be used. 
[3] Documents written in ordinary common 
language and drawings over the systems are 
useful documents. [9]  

 
UCD 6.   Prototyping. Prototyping is necessary 

in UCD and it does not have to be working 
software, it could be everything from a drawing 
on a paper to working software. [3, 5, 7]  It is 
important to start making prototypes early in 
the development and continue develop different 
prototypes during the project. The prototype 
visualizes the software and the level of details 
increases in later prototypes. [3, 7] A prototype 
visualizes abstract design and the designers can 
try their ideas [7]. A prototype is a powerful 
and useful tool in the development independent 
of its type, a paper drawing or working system 
it does not matter, it is powerful anyway. [9]  

 
UCD 7.   Evaluate real use of the software. 

Early in the development measurable usability 
goals should be set. During the development 
process developers should observe the user 
reactions while the prototypes are tested. 
Developers and users should together evaluate 
the software regarding the usability goals. [3] 

  
UCD 8.   Defined design activities. The user 

interface and the user interaction with the 
software should not only occur, it should be a 
result of defined activities. This because users 
can consider these parts as the software 
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because it is what they get in contact with 
while working with the software. [3] 

 
UCD 9.   Multi skilled team. The team 

members should have different skills to be able 
to cover all aspects of the development process.  
[3] 

 
UCD 10.   Usability advocate. An expert of 

usability should be engaged early in the 
project. During the whole project should this 
expert speak for the users and keep the work 
for usability in focus. [3] 

 
UCD 11.   Integrated system design. Every part 

of the system that concerns the usability and 
the users should be worked with parallel and be 
integrated with each other. To simplify that 
could a person or a team has the responsibility 
for the integration. [3, 5] 

 
UCD 12.   Adjusted. To work with UCD is not 

easy and the activities and processes have to be 
adjusted to the developing company and its 
culture. [3] 

 
UCD is a philosophy or attitude that is on the top of 

the whole developing process, which puts the user and 
the usability in focus in every part and phase in the 
development. [3, 4, 5] 
 
4 User-Centered Extreme Programming 

Development, general description 
 

In this section we will describe a new development 
process: User-Centered Extreme Programming 
Development, UCXP, which is a combination of XP 
and UCD. This combination is possible and suitable 
because both methods are iterative and incremental 
processes. They both work close with users and 
customers and uses prototypes that are evaluated by 
them. Even if the concept of users is defined a bit 
differently in the methods: in UCD it is the end 
software user and in XP it could be the customer that 
represents the end users, but still, they share many 
aspects. In XP the customer is a part of the 
development team and in UCD a representative for the 
users could be involved. The common attitude is that 
the development is for the user and their needs and XP 
states strongly that what the users needs is the only 
thing that should be developed. 

The differences in XP and UCD are not only the 
concept of a user, and how involved they should be in 

the development work; the main difference is in the 
documentation. Even if both methods agree that 
documentation is made to visualize the software for 
users the amount of documentation differs. XP requires 
less documentation but their user stories could be used 
as documentation since they are written stories about 
how users work with the software. This kind of 
documentation is easy for the user to understand and is 
included in both UCD and XP. User stories changes 
during the development.  In the beginning they are 
used during the analysis of users and software task and 
the requirements. During the design phase user stories 
visualize the design, they guide the prototyping and 
they support the evaluation. [7] 

XP is more like a method that says how a phase 
could be done and UCD is more an approach for the 
developers that want to create software with high 
usability. Since both methods include the traditional 
phases in some way, we will here discuss them phase 
by phase from both methods perspective.  

UCD have 12 principles and XP have 12 practices 
that we have described earlier and which makes each 
development process special for its kind. We have 
written these practices and principles in table 1 to 
investigate how many, and which practices and 
principles that matches. The number of coincides 
between them were total 18. We found, for both UCD 
and XP, that 10 of 12 coincidences, but in different 
combinations. 

 
Table 1. Coincides between  

XP practices and UCD principles 
UCD → X

P 
↓ 

1 2 3 4 5 6 7 8 9 10 11 12

1  x  x  x       
2    x  x       
3 x            
4  x      x     
5       x      
6    x  x       
7         x    
8   x          
9  x  x       x  
10             
11   x       x   
12             
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Table 2. The 12 UCD principals and  
XP practices 

Nb UCD principals XP practices 
1 A User-Centered 

approach 
Planning 

2 Focus on the user Small releases 
3 Active user 

cooperation 
Metaphor 

4 Evolutionary 
development 

Simple design 

5 Common and shared 
understanding 

Testing 

6 Prototyping Refactoring 
7 Evaluate real use of 

the software 
Pair programming 

8 Defined design 
activities 

Collective ownership 

9 Multi skilled team Continuous 
integration 

10 Usability advocate 40-hourweek 
11 Integrated system 

design 
On-site customer  

12 Adjusted Coding standard 
 

UCD 1 A User-Centered approach matches XP 3 
Metaphor because they both talk about the importance 
of that everyone in the team understands the aim and 
goal with the project 

UCD 2 Focus on the user matches XP 1 Planning, 
XP 4 Simple design and XP 9 Continuous 
integration, since they all focuses on the user 
requirements.  

UCD 3 Active user cooperation matches XP 8 
Collective ownership and XP 11 On-site customer.  
These principles and practices refer to the importance 
of involving the user in the development. 

UCD 10 Usability advocate matches XP 11 On-
site customer because they both refers to that it is 
important to keep the work for usability of the 
software in focus during the whole development 
process.  

UCD 4 Evolutionary development and UCD 6 
Prototyping matches XP 1 Planning, XP 2 Small 
releases and XP 6 Refactoring. These XP practices 
and UCD principles refers to the benefits with 
prototyping.  

UCD 7 Evaluate real use of the software matches 
XP 5 Testing because they refers to the importance of 
testing and evaluating the software to ensure the 
quality of it.  

UCD 8 Defined design activities matches XP 4 
Simple design and they refers to that the software 

design should be simple and adjusted to the users 
experiences and work. 

UCD 9 Multi skilled team matches XP 7 Pair 
programming, because when the people involved in 
the development team have different skills but a 
similar basis, the team work can reach a higher level 
than if everyone is equal skilled.  

UCD 11 Integrated system design matches XP 9 
Continuous integration. Integration can concern two 
aspects; the activities in the development are integrated 
into each other and the software integration to the 
previous developed software. Both kind of integration 
is important. 

 
Beside these coincides between principals and 

practices, there are other important coincides between 
the processes. 

UCD 5 Common and shared understanding 
matches XP Communication. This matching between 
an UCD principal and an XP key value is important 
because they both refers to making a software with 
high usability and with only the required features.  

UCD 12 Adjusted matches XP in the way that both 
process are complex and have to be adjusted for the 
actual company.  

 
Table 1 shows us that there are many activities, 

practices and principles that are similar for both 
methods, but that there are some differences. To make 
a good development method we suggest that in our 
new method, UCXP, the best from the differences will 
be taken and not only the result of coincides between 
them. Based on this information have we formulated 
some best practices for UCXP. 

We use the word best practices because we regard it 
to be referring to: activities that are done to reach a 
certain goal, and in this case, develop software with 
high usability and with use of a fast and agile method.  

 
UCXP 1. Shared understanding for the aim. It is 

important that everyone in the development team 
understand the aim and goal with the project. To 
achieve this, everyone needs to know the users 
needs, user requirements and the usability goals. 
This understanding could be formulated in only a 
sentence that will act as a motto for the 
development and the team and that guides them 
during the work. 

 
UCXP 2. User requirements. Since the 

development activities should have the focus on 
the user requirements, the users, their needs, their 
daily work and how the software is supposed to 
support this, should be analyzed. The user makes 



 User-Centered Extreme Programming Development: a Combination of two  
Software Development Process in Theory and Practice 

 

 

prioritizes and the developers should only 
implement what the customer wants and needs. 
The requirements should reflect this but they 
could also be changed during the work because 
the user needs may change if they require it. These 
changes could be done at every time at the 
development and to simplify that should the work 
be integrated to each other continuous. 

 
UCXP 3. Active user cooperation. It is important 

that the user is involved in the development for the 
success of it and to give all participants a 
responsibility for the project. If the user is 
involved they can be at great help when the 
requirements are elicited and defined and later 
prioritized. The user could also answer questions 
and test the software to give the developers 
important feedback.  It is important to find which 
kind of representative that is involved in the 
development. Both customers and end users are 
important but the developer team should know 
that they could have different view on the 
software and the requirements. We suggest that it 
is better to have the user involved and have a well 
working cooperation and communication with the 
representative user, than to require that he/she 
should be a all time present member of the team, 
because it could be a more realistic solution of the 
contact with the users. 

 
UCXP 4. Usability in focus. It is important to keep 

the work for usability of the software in focus 
during the whole development process. Clear 
usability goals that is established firmly in the 
development team and with a close and well 
working cooperation and communication with 
different users could ensure that usability and 
users are in focus. 

 
UCXP 5.  Prototyping. The benefits with 

prototyping are that the software is developed, 
tested and released bit by bit and that the 
development is incremental and iterative. The test 
makes it possible for the developers to get 
feedback to use when improvements and changes 
in the software is done. An evolutionary and 
incremental development is nearly the same 
because both leads to software that grows bit by 
bit.  In every increment some of the features is 
developed and tested by the user. This gives 
feedback that could be used by the developers for 
improvements in next iteration or by the 
customer/user that prioritize and decide what 
should be implemented in the next iteration. For 

each iteration, the software becomes closer to the 
end version and improvements are done each time 
a new part of code is integrated to the software. 
When the software is developed in this way it is 
easier to have control about what is working or not 
and at the same time is it easy to make changes 
because everything is integrated and build on a 
working kernel of the software. It is easier to 
make changes or correcting errors when they are 
minor and early than late when they have been 
able to grow. 

 
UCXP 6. Communication. The communication 

between the members of the team is important 
when making software with high usability and 
with only the required features. If the user does 
not understand the documents or the terminology 
that is used, the wrong software can be developed.  
Problems with the communication are one of the 
main reasons why project fails. To make the right 
software in the right way, it is important with 
communication between all involved in the 
development, and this communication should be 
held at a level so everyone could understand and 
participate. 

 
UCXP 7. Test and evaluate. It is important that 

the software is tested and evaluated to ensure the 
quality of it. Both users and developers test and 
evaluate the software but at different levels. The 
user test and evaluate the usability and if the 
software fulfills the requirements. The feedback, 
the developers get from the users after the tests, is 
essential for the further development. This 
because the feedback indicates what is well 
working, and which improvements or changes that 
has to be done. The only way of knowing that the 
required software is developed is to test and 
evaluate it. 

 
UCXP 8. Well thought out design. The software 

design should be simple and adjusted to the users 
experiences and work. The user interface and the 
user interaction with the software should not only 
occur, it should be a result of defined activities 
and be well thought out. The system should only 
contain the features that the customer needs and be 
as simple as possible, because then, the usability 
and the learnability could be higher. 

 
UCXP 9. Multi skilled team members. When the 

people involved in the development team have 
different skills but a similar basis the team work 
can reach a higher level than if everyone is equally 
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skilled. This is only feasible if it is possible for the 
team members to use their specialties and when 
other members are willing to test new ideas. We 
think that it is important to work with people that 
you can learn from and get new ideas from and 
therefore is multi skilled and democratic groups to 
prefer in teamwork. It is also important that the 
team members is multi skilled themselves to be 
able to work in flexible ways. 

 
UCXP 10. Integration. Integration can concern two 

aspects, the integration of the activities and the 
integration of the result of the work, in this case 
the code. The activities should be integrated in the 
iterations because they build an entity together and 
the same is for the code, no part should work 
without connections to other. We see this as a 
puzzle where every piece is a picture but when 
they are put together a bigger picture appears until 
the final picture can be seen. 

 
UCXP 11. Avoid overtime. When the people not 

need to work overtime they could easier be bright 
and focused at the work and by that, is it easier to 
develop software with high quality. We think it is 
important to avoid overtime also because it cost 
both money and the employees health.  

 
UCXP 12. Coding standard. The programmer has 

to follow a coding standard, otherwise is it hard to 
understand and change in the code, and it 
simplifies the communication. A coding standard 
with describing names on variables, methods and 
so on will simplify the understanding and the 
maintenance of the software. It is hard to make 
changes or integrations when the code is not self-
describing. This is both for your own code and for 
code written by others because when time passes it 
could be hard even to read and understand your 
own code if a coding standard in not used.  

 
Adjusted process is not a best practice because the 

project could succeed both with and without an 
adjusted process, but we want to mention it as a 
recommendation. UCD match XP in the way that both 
process are complex and have to be adjusted for the 
actual company. XP, UCD and UCXP are useful 
processes and companies that are interested in them 
can introduce them partly as it suites the culture and 
style of the company. It may take time to adopt the 
whole development process but if it is done successive 
the changes of development process or method will be 
simplified. 

 

5 The development activities 
 
We will describe in the next sections, the most 

important activities in the different phases. These 
phases will appear several times because the 
development is iterative but we will summarize them. 
 
5.1 Analysis 
 

During the analysis in UCD [3], everyone in the 
development team should understand the work the 
software is supposed to support, and the users’ 
situation and daily work. In XP [11] this is also 
important, and therefore a single story about the scope 
and the purpose with the software is created, called 
metaphor. In traditional development process [17], this 
is not always included and it is also not always 
included to analyze the user, but it is important to get 
information about the intended user. To get this 
information user analysis, task analysis and functional 
analysis could be made [3]. This does not have to be 
hard, difficult or expensive to do [17], interviews [3], 
questionnaires, surveys or discussions with users can 
give this information [17].  

 
• User analysis. To start the analysis of the user 

they could be divided into different user 
categories. When the different categories are 
identified it could be easier to find the 
requirements from representative users. [6, 9] 
The development team needs to know the users: 
computer skills, education, experience in their 
ordinary work and how much time that will be 
spent on educating the user in the new software. 
The environment the users work in could be 
useful information and also if there is any user 
with a functional handicap. The aim with the 
analysis of the users is to find different 
categories of users and theirs particular needs. 
[3, 4, 9, 10] 

 
• Task analysis. In this task analysis is it 

important to find information about why a task 
is done, how long time it takes for the user to 
perform it and how many times it is done. [10] It 
is also important to know how it is performed, 
which tools are needed, do users have to 
cooperate to solve it and if it have some critical 
points. The task that the software is supposed to 
support is important to analyze [9]. When this 
information is collected [9] it is easier for the 
developers to analyze how software could help 
and support users in their daily work. [3, 4] 
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• Functional analysis. The functional analysis is 

done close to the task analysis [4]. The usage of 
the software is important to analyze [6]. It is not 
only important to analyze the tasks that the 
software is intended to support [9], it is also 
important to understand why the tasks are 
solved as they are. New software should not 
only support or replace the previous work 
system; it should also improve the work. [4]  

 
Instead of using traditional models, diagrams and 

documentation, XP uses user stories that are brief 
descriptions of the features and tasks that the system or 
application should provide [11, 21]. People are used to 
tell stories and describe what they are doing [9], and 
therefore is user stories a good method for finding 
information to the analysis and to the requirement 
elicitation. They are written by the customer, often on 
cards, and discussed by the team [21]. These cards 
could later be used in other development phases and 
they can serve as documentation. [9] User stories could 
illustrate both the users’ task and how it is solved. 

User stories, as well as scenarios according to 
Rosson et al [7], are both flexible and concrete. Clear 
and concrete formulated user stories can be used in the 
prioritizing, because they can be compared and 
selected to find the best solution. One requirement may 
cause minor inconvenience for users when another 
may cause serious difficulties. [7]  

 
5.1.1 Analysis in UCXP 

A well-done and careful performed analysis 
simplifies the rest of the development because, the 
information the developers gets from the analysis make 
the direction for the development. The user analysis 
gives information about the user and their needs, 
which is important to know to make useful software. 
The task analysis and functional analysis is connected 
to each other and could be performed together. These 
analyses’ gives information about the users’ daily 
work, that the software is aimed to support and why it 
should do so. When the developers have the 
information from the analysis phase it is easier to 
define the usability goals and the user requirements. 

XP uses user stories and UCD uses different 
methods for describing and documenting the analysis 
and the requirements. In UCXP we believe it is 
important to decide in the beginning of the project 
which documentation is needed and the purpose of it. 
If there are only a small need for documentation we 
advice that only user stories written by the user and the 
developer on cards is to be preferred. User stories on 
cards are simple to handle, easy for the user to 

understand and easy to make changes with, just make a 
new card. They could be used both to elicit the 
requirements and to analyze the user and their needs. 
These user stories could also act as the documentation 
that is easy to understand for both users and 
developers. If there is a need for more documentation 
it should be done with another method that is more 
suitable for the project.  

 
5.2 Requirements 

 
The communication about the requirements could 

be user stories written on cards [21], where the 
functionality of the system is written, with one system 
feature on each card [13]. According to Jeffries et al 
[21] these stories describe the software from the user 
perspective. The customers, or users, write down, with 
their own word, a story about how a user could do with 
the software. The developer asks questions to get the 
story clear by everyone. If the story is long it should be 
divided on several cards. If something changes or need 
more explanation the wrong cards is thrown away and 
new are written. Jeffries et al [21] regards that this 
activity is done whatever it is needed and in a new 
iteration could old stories is changed or new one be 
written. The user could at any time in the development 
change, add or remove these stories [13], and with that 
change the requirements. 

It expected that the requirements change because it 
is hard to realize the whole software at the beginning 
[6]. Since new circumstances use to occur during the 
development, new analysis is done before a new 
iteration and that may cause that the requirements have 
to change for the next iteration [3]. Since the 
requirements is analyzed and set for each increment, 
the most used features are often developed in the first 
increment [2] and give a functional prototype that can 
be tested by the user to see, for example, if the 
requirement has to be changed. 

Usability requirements refer to special requirements 
depending of the usability goals and the special 
product that is to be developed [9]. To set measurable 
goals, the usability attributes with measurable 
variables, can be set from the analysis. Some of the 
attributes have more weight than others and that is also 
depending on the users and what information that was 
collected during the analysis. [4] User requirements 
have to be set from the perspective that there are 
different user groups with different user needs and 
requirements [9]. 

 
5.2.1 Requirements in UCXP 

It is important that the requirements is defined in 
cooperation with representative users and documented 
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in a language that they can understand. This because it 
simplifies the communication and gives an 
understanding for what should be developed. It is also 
important to realize that, even if it is important to find 
the requirement, the team has to be prepared for that 
they may change.  

The requirements changes often in development 
projects, and UCXP, UCD and XP include that, not as 
a problem, more like a natural part of development 
processes. If user stories are used in the analysis, the 
users or customers can make prioritizing and changes 
in the requirements by changing the user stories. This 
is a simple way of handling changes in requirements. 
 
5.3 Design 
 

Design is the user interface, the user interaction 
with the system and the internal structure of the 
software. The activities that are included [17] in the 
design phase are: visual design, information 
architecture and design, interaction design and 
algorithm design. These different design activities are 
connected and linked together [17], and the total 
design is a compromise between the different 
requirements [9]. 

In XP the design should be simple, and with short 
releases is it ensured that the developer only is able to 
implement the requirements that the customer need 
today, and no more. To develop duplicated code and 
logic is not allowed because it does not make the 
internal design simply. [11] It is similar with 
components, Faison [6] describes that components 
should be simple; both in the interface and in its 
construction. In a component the code should never be 
duplicated because, this is ineffective and the risk for 
errors increases [6]. A component is a piece of 
software that could work for it self or be a part of 
larger software. It could be a prototype. The 
component is easy to redesign and change if the 
requirements change, without changing the rest of the 
software, and this makes it easy to work for a simple 
design that reuses methods and functions in the code.  

XP uses a metaphor of the software for the 
architectural design. The detailed design of it is written 
in the code because the philosophy with this is that if 
you have to write down the design you can do it in 
code rather than in another document. If changes of the 
requirements have to be done it is easier to do when 
not so many documents describe the design. All the 
details about the application or the system should be 
implemented instead for written into documents. It 
only has to be changes in the code. [12] Some may 
think that documentation formalize the ideas so the 
ideas get lost [9]. 

Because of the continuously refactoring and 
redesign there is not so much use of written design 
documents and that is why XP uses less documentation 
than other development processes. [13] It is important 
to choose the right medium for the documentation and 
to realize for whom the documentation is made [9]. 
When the user stories are divided into different tasks 
the design may be done [21]. If there is some 
uncertainness the team could write some sketches 
about how the design could be, according to Jeffries et 
al [21]. Scenarios and storyboards are useful tools in 
UCD because it is important to visualize the design for 
users. With these techniques is it also easy to change 
the design when developers and users evaluate it. [3] 

It is important that the developers have contact with 
the end users of the software to be able to find out how 
the design ought to be. In this cooperation it is 
important that the developers are aware of that the 
users may have hard to know what they want or what 
is possible to do in software. [4] 

It is also important to keep the users perspective in 
mind during the design, to make a good usability for 
the software. In many cases is the system designed 
from the inside and out but to get the software high 
usability it must be designing it from outside and in, 
from the user perspective. [6] 

Since the requirements and the design changes it is 
good to have some alternative designs. The different 
design alternatives could be inspired by old design 
choices in other system. It is not easy to think about a 
whole new design [9]. It could be good with a familiar 
design of the user interface.  

Sommerville [2] describes some user interface 
design principles. User familiarity is that the user 
interface should look and act in a familiar way for the 
users that most will use the application. Consistency is 
that similar actions will be done and preformed in 
similar way. It is also important that if the applications 
should be integrated in a system should it be consistent 
with the other parts in the system. Minimal surprise is 
something that is wanted by the users. Recoverability 
is that the system should provide that the user could 
recover it from their mistakes. User guidance is that 
the system should provide some meaningful feedback 
to the user. User diversity is that the system should 
provide different ways of handling it because the users 
differ.  

 
5.3.1 Design in UCXP 

When only the required features in the user 
interface and the system design are implemented it is 
easier to keep the design simple. It is important to 
strive for simplicity both in the system design and the 
user interface because a clear an uncomplicated design 
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makes the software easy to handle and understood by 
both end users and developers. 

In UCXP is it natural to let representative users 
make the prioritizing and the design choices for the 
user interface since that are the first part of the 
software they get in contact with. Using prototypes at 
different levels of abstraction could do this. The 
representative users should also be able to make the 
prioritizing for the features of the software. It could be 
done, by letting the representative users read, change 
and prioritize among user stories. 

 When the prioritizing is done, the content in the 
iteration is chosen. In next iterations, the representative 
users take another user story and evaluate the design of 
it.  

The documentation for the design in UCXP could 
be the user story cards or other suitable documentation, 
depending on the size and complexity of the project. 
The need for documentation should be estimated and 
decided in the beginning of the development to find 
the right level of it for the project. The type of 
documentation should also be decided so that everyone 
can understand the design documents. 
 
5.4 Implementation and testing 
 

According to Faison [6] testing should be included 
in the implementation. We do also regard the 
implementation and testing as activities that are closely 
linked together. The developer makes unit test 
continuously when the code is written. In the 
incremental development are pieces of software tested 
in several ways. Since we regard these activities close 
connected we will describe implementation and testing 
in the same section. 

UCD have not a clearly defined method for 
implementation and testing except for the use of 
prototypes and the users’ involvement and perspective. 
In XP the use of prototyping is important because the 
implementation and testing phase is short within short 
iterations.  

 There are two main roles for people in XP; 
customer that represent the user and the programmer. 
The customer should provide the features in the 
system, by for example writing user stories, and 
creating acceptance test for them and also prioritizes 
them. The programmer will implement these stories 
according to the customers prioritizing and have to 
implement only the thing the customer wants. The 
customer decides which stories that should be 
implemented in each iteration, and the programmer 
will tell how much time it takes. From that the 
customer changes order of the stories or not depending 
on the estimated time. [16, 21] 

According to Martin [16], could distrust between 
the customer and the programmers occur because the 
customer may not believe on the time estimation done 
by the programmers. The conflict may be that the 
customer want as much as possible at short time while 
the programmers may want to code the features in 
another order than the customer wants. The key for 
solving or prevent this is the feedback. [16] 

In every phase should the software be validated 
regarding if it works as intended. Tests that should be 
made are usability testing, heuristic and expert 
validation and cognitive walkthroughs. [4] Because it 
is cheaper and easier to make changes to correct errors 
in the beginning of the development, it is important to 
test the software to find errors early in the 
development [6]. 

Macias et al [12] have compared XP with 
traditional development methods and they found that 
XP teams spend less time on programming and more in 
testing, compared to traditional development. They 
also found that in XP the testing occurs almost at the 
same time as coding, instead of after the coding as in 
traditional development processes [12]. In XP tests 
should be planned early and designed parallel to the 
requirement analysis [13]. The tests are written before 
the code, because when the tests are made, the 
developers know what to code [11, 21]. The code 
should work for the test and not for something else 
[21], which produce software with only the required 
features. 

According to Nielsen [4] the idea with prototyping 
is to develop software that can be tested by users and 
at the same time save costs and time. In UCD the 
implementation and testing is made by prototyping, 
which is very common in XP too. These prototypes are 
tested from the users view to get a high amount of 
usability [9]. Prototypes that are used in iterations and 
evaluated by representative users, give the developer’s 
information about which improvements, priorities and 
features, that could be implemented in the next 
iteration. [3]  

The tests methods have different purposes and 
scope depending on what should be tested, or in which 
development phase the tests are done.   

The developer makes unit tests during the coding to 
test small pieces of the code. When these pieces are 
working as expected they could be integrated to the 
software.  

During the integration an integration test is made to 
test if the piece of code that is integrated works with 
the rest of the software. It is preferable that this 
integration is done often in the development because it 
is easier to integrate a small piece of code than larger 
parts. Continuous integration are used special in XP 



 User-Centered Extreme Programming Development: a Combination of two  
Software Development Process in Theory and Practice 

 

 

and makes that, small steps of building the software is 
taken, in a safe way [3]. This is also suitable both from 
XP and UCD perspective because it is a common way 
of working with prototypes. 

The interface is a part of the usability of an 
application and need to be handled during the 
validation and verification of the application. The 
usability on a user interface could be measured against 
the usability attributes, according Sommerville [2]. It is 
time consuming to test if this usability attributes is 
fulfilled. A simply method is to use questionnaires that 
ask the users what they think about the user interface, 
or to make observations of the users when they uses 
the application. [2] 

Usability testing is one of the most important 
activities to test the usability of software. The user is 
asked to interact with the software, as it was the finally 
one, and the developers studies the reactions. This test 
could be done at a prototype at different levels. 
Waiting for a real prototype could cause delays in the 
development because prototyping is preferably started 
early in the process. Because of this could a mock-up 
showing only one key feature be made by some 
prototyping tool or even only written at paper. By 
using prototypes in usability testing, to get the user 
reactions and feedback for the development is 
simplified. [7] 

Pair programming is a common way of work in XP 
and it is when programmers work in pairs with the 
implementation [11, 12]. One is writing the code, 
called the driver, and one is sitting beside, called 
partner. The driver writes the code and focus on the 
algorithms, methods and variables. The partner focuses 
on other things like spelling and helping the driver to 
check for errors while writing code. It is the partners 
who checks that the code only implements what is 
expected. [21] 

Even if pair programming requires twice as much 
resource research has shown, according to Paulk [13], 
that the defects and the developing time decreases. 
This is not an easy method to start use [11] but the 
benefit is that it is easy to achieve collective ownership 
of the code. This simplifies for fast and late changes in 
the code because everyone could work and change in 
the code [11]. The benefits of programming in pairs 
are [12]; the developers increase their skills more 
evenly, and the quality of code becomes higher. The 
project does not only rely on one chief programmer but 
its success relies on teamwork [12]. 

 
5.4.1 Testing and implementation in UCXP 

We suggest that implementation and testing should 
be performed parallel during the development in 
UCXP to ensure the quality of the software. The 

developer should perform unit test continuous during 
the development to ensure that the code act as 
expected. These test do not need to be documented or 
even planned, the most important is that they are done. 
When a larger piece of software is developed it could 
be unit tested in a more planned way. 

During the testing and implementation there are a 
lot of benefits with prototyping. The main benefit is 
that small piece of the software is developed at a time 
and when it is tested and corrected it is integrated in 
the final software. This makes the software to grow in 
a more controlled way because it is easier to have an 
overview on a small piece than a large system. 
Everything from planning the development to the 
integrations is done in small steps that are tested and 
evaluated iterative, which simplifies for the 
development team to develop the required software. 
Depending on the benefits with using prototypes in the 
development is it natural to use prototyping as the 
main method in UCXP.  

Since we suggest that user stories are written and 
used during the whole development they can be used 
for the testing. One user story can be implemented and 
tested as one single unit. When this unit is working it 
could be integrated to the rest of the software and 
integration tests should be made to ensure that the new 
pieces of code do not affect the previous software 
negatively. This unit can be tested and compared to the 
user story it is supposed to realize, and if it works as 
intended, according to the user story, the software unit 
can be regarded to pass the acceptance test.  

The usability test should be done both for the user 
interface and for the functionality of the software. The 
results of the test should be compared to the usability 
goals and the user requirements. 
 
6 The case study  

 
Since we want to test our new theory User Centered 

Extreme Programming, UCXP, in practice we will 
develop software, which handles and calculates points 
in athletic competitions, as a case study. Since a lot of 
users with different computer skills will use this 
software we have to find a practical design and a 
functionality that suits these different users. To achieve 
that, a user-centered development is needed. Since the 
development team is small and have the possibility to 
get in contact with end users and the customer, the 
UCXP will be a suitable development method. It is 
also suitable because it is a rapid and agile 
development process that gives software with high 
usability. 
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This system of points and the background to the 
case study will be more explained in the following 
sections of this paper.  

 
6.1 Background of the Case Study 
 

In athletic competitions with many branches the 
results are transformed into points. This makes it 
possible to summarize the results and to compare 
results from different branches. This system of points 
is a standard, built on statistics from the branch over 
the years, provided by Svenska friidrottsförbundet, 
Swedish athletic society. 

Trollhättans IF is a sports club in Trollhättan, 
Sweden, that has activities in both football and 
athletics for children and adults. The athletic part of 
the club, Trollhättans IF friidrott, arranges 
competitions both for track and field runners and arena 
athletics.  

Each year Trollhättans IF friidrott arranges a 
competition with three branches; shot pull, long jump 
and sprint race. To be able to add the results in these 
different branches, the results are transformed into 
points. The same technique will be used in their new 
competition, Edsborgsmatchen, where teams will 
compete in six different branches. The teams will be 
mixed depending on age and sex, and therefore the 
method of changing results to points is very important, 
because it will make it possible to measure for example 
the result of a 17-year-old boy with a 13-year-old girl. 

Svenska friidrottsförbundet provides a catalogue 
with tables for translating the result into points. This 
catalogues has been used by Trollhättans IF friidrott 
but it is very time consuming and work intensive, and 
therefore has a need for a new system occurred. Since 
a lot of information and calculation is done during a 
competition, a computer with proper software could be 
practical as a new system.  

 Last year they tried to use Microsoft Access to 
handle the points but it was not a suitable method 
because the users, in this case the functionaries in the 
secretary, had not enough experience in using that 
software. This year in February, the club asked us if 
we could start to develop software that supported the 
functionaries with calculating the points. This resulted 
in a first working prototype. For this prototype we got 
in contact with the creator of the catalogue and got the 
mathematical formula for calculating the points. The 
tables in the catalogue are created with this formula 
and the idea in the prototype was that the formula 
could be used directly in software. This prototype is 
not complete enough to be used in a competition 
because it is an early prototype, made before the 
requirements were set, which not fulfill the 

requirements of today. It has to be evaluated against 
the new requirements and further developed if needed. 

The requirements will be collected from different 
groups that have interests of the software. To be able 
to make user stories and to prioritize among them we 
will work together with Jonny Wikström, vice 
president of Trollhättans IF friidrott. He will act as a 
representative user during the development because he 
is involved in the most parts of the clubs competitions. 

The old systems that have been used by the club 
will be analyzed from the found requirements. This 
gives us feedback about which ideas or features that 
works as required and could be reused.  

We will describe the development, phase by phase, 
but even if the phases are worked thorough several 
times, because of the iterative development, they are 
only described once. 
 
6.2 Analysis  
 

We will describe the result of the user analysis 
separately but the task analysis and functional analysis 
together. This because the task analysis, the analysis 
about which tasks that are or will be done, and the 
functional analysis that are an explanation of why the 
tasks are done, are closely linked together in this case. 
This will make it easier to describe the analysis in this 
paper, even if they were analyzed separately during the 
development. 

The metaphor for the development was: The 
software should work as a point converter. 

 
6.2.1 User analysis 

Since there are different kind of people that have an 
interest in how a competition is handled regarding, for 
example the results and the presentation of it, they 
have to be identified to make it possible to find their 
special requirements. They could be grouped into 
seven main groups depending on their similar interests; 
competitors, competition managers, trainers, 
spectators, functionaries for the branches, functionaries 
for the secretariat and the members of the council for 
Trollhättans IF friidrott. 

 
• The competitors have their main interest in 

how the results are presented, and how they 
could follow their own and the fellow 
competitors’ results during the competition.  

 
• The competition manager is more interested 

how the software could support and handle the 
competition more general. They also have a 
need to get support in making official 
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documents that is required during and after a 
competition.  

 
• For the trainers, it is interesting to be able to 

follow the competitors’ results. They also want 
to get a start list and a result list to be able to 
guide their competitors before the competition 
and to follow up their results afterwards.  

 
• The spectators want a start list to be able to 

see who will compete in the competition. They 
do also want to be provided with a result list 
during the competition, to be able to follow it.  

 
• The functionaries for the branches have their 

main interest in getting lists for registering the 
competitors measured results. 

 
• The functionaries of the secretariat have their 

main interests in, how the software supports the 
information handling and, how the user interface 
and interaction is designed. 

 
• The members of the council have their main 

interest in a well-handled competition and if the 
software can support that, it is excellent. They 
want software that provides information and 
support to the other interests groups. 

 
6.2.2 Task analysis and Functional analysis 

The software can be divided into some main 
features depending on the documents and information 
that is required on a competition. To be able to get this 
information we had discussions with competition 
managers and members of the council of Trollhättans 
IF friidrott [18]. The main features in the software that 
we focus on is; start lists, result list, calculating points, 
kind of competition, the input for the application, the 
output for the application, user interface, confirmation, 
handling the competition fee, common functionality 
and extra features.  

The requirements that are general and outside these 
main features, as for example if a database should be 
used, was found during discussion with the vice 
president of Trollhättans IF friidrott, Jonny Wikström. 
It is also with him we had discussions about how the 
software should be administrated and adjusted to 
different competitions. 

There are many techniques to get information from 
the users. When the developers want an open-ended 
response from the users an interview could be useful. 
The questions could be prepared in advance to give the 
same questions to all users. Users tend to spend more 

time to answer in detail on an interview than in a 
survey. [10] A good questionnaire is also a good tool 
to find information about the user [9]. 

To find the requirements for the software main 
features, a questionnaire [19], which was answered by 
people from the different interest groups, was used. 
We made the questionnaire as a form that served as a 
basis for a structural interview. We had contact with 
the people that filled the form and explained it and 
asked additional questions. This questionnaire was 
mailed to some people and with them we could mail 
back to get a discussion. The main part of the forms 
was handed out during a training session while we 
were present for answering question about the form 
and discussed it. To be able to get user stories from the 
questionnaire we formulated the questions that they, 
together with the answers, became as user stories 
described at Requirements later in this paper.  

We got 15 answers from representatives from the 
interest groups. These representatives were selected by 
how involved and interested they are athletic 
competitions. 

We summarized the answers of the questionnaire 
[20] and the result is briefly presented here as a list.  

 
• Start list. Everyone wants a start list that 

included the name of the competitors. More than 
85% of the answer also wanted the name of the 
team and the year of birth, class, club, branch 
and the start number for the competitor. By the 
answers it could be shown that the interest 
groups prioritized differently. The functionaries 
in the secretary and the trainers wanted all the 
information because they need it for their 
documentation. The competition manager and 
the competitors prioritized information that 
helped the competition to be done.  

 
• Result list. Every one want to have a result list 

that show the result, points and rank and more 
than 85 % want the result list to also show 
name, class, club and branch. The trainers, 
spectators and the functionaries are not much 
interested in the names of the teams because 
they are more interested in the individual results. 
The functionaries in the secretary are interested 
in the year of birth for the competitors, 
depending on that this information is required in 
the official statistics that has to be done.  

 
• Calculating points. All of the interest groups 

wanted to have the points calculated after each 
branch. The trainers and competes did also want 
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to have the points calculated after each result, 
because they want to know what they have to 
achieve in the next try. The prognosis is 
calculated to get the points that are required for 
one competitor to get a higher position than the 
other competitors. The competitors wanted this 
feature, but the trainers and the functionaries in 
the secretary answered equal yes or no. The 
reason for answering no was that the feature 
could put pressure on the competitors. 

 
• Kind of competition. We wanted to know 

which kind of competition that the software 
should handle since the club, Trollhättans IF 
friidrott arranges both individual and team 
competitions. All interest groups preferred that 
the software should handle both individual and 
team competitions because it makes the software 
more practical. Both kind of competitions are 
almost handled in the same way and could be 
handled in the same application. 

 
• Input. The application can get input into the 

system in different ways like written directly 
into the application, reading from a file or 
calculated automatically. The answerers were 
asked to grade the ways from not important, 
rather important, important to very important. It 
is important that the application could get input 
directly written into the application, according 
to all interest groups. The competition managers 
and the functionaries in the secretary consider it 
more important that the software can read input 
from files, than the other groups consider it. 
This could depend on that it is only when you 
work with software you can see the benefits 
with reading files as input. All interest group 
concerned it important or very important that the 
application could calculate and fetch 
information within it self. We also asked for if 
they had a suggestion of an own way. We got 
suggestions for a possibility that the application 
could fetch information from earlier 
competitions. 

 
• Output. The output from the application could 

be showing information on the screen, be 
printed out, directly printed from the software or 
written to a file that other software’s can use for 
printing. The trainers, the functionaries in the 
secretary, the competition managers and the 
competitors concerned it important that the 
information could be read on the screen while 

the spectators and the other functionaries 
regarded it only rather important. This could 
depend on how close connection the interest 
groups have to the software, because if you 
work with the software the need of reading on 
the screen is higher.  

 
• User interface. We asked if tabs, buttons or a 

menu list is the most wanted way to get the 
different features in the application. Since it was 
shown that the answers had not enough 
knowledge of handling software by these three 
alternatives we got very spread answers. We 
decided that the representative user, Jonny 
Wikström should be provided software’s with 
these different features to test and give us 
feedback about what he regards as the best 
solution. 

 
• Confirming. We asked if the user and the 

system should confirm before changes of data is 
made. Most of the interest groups agreed that 
the user should confirm because it will reduce 
the risk for mistakes made by the user. When it 
comes to the confirming from the system did the 
competitors, both groups of functionaries and 
trainers that the system should confirm to get 
higher security. They suggest it could be done 
by that the user can read on the screen what 
changes have been made.  

 
• Competition fee. The software should not 

contain a feature for handling the competition 
fee, according to both functionary groups, This 
because it is not necessary and it is not 
interesting for the competitors. 50 % of the other 
interest groups agreed with that but 50 % said 
that it could be good if everything regarding the 
competition is collected in the same application.  

 
• Other usability. Everyone agreed that the 

software should be easy to use and be user 
friendly. It should also work well and be fast. It 
should suit even not computer skilled users. 

 
• Other functionality. From the trainers came a 

suggestion that the software could provide 
statistics from other competitions. Another 
suggestion was that the software could make a 
day schedule so that the branches not collide.  

 
6.3 Requirements 
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The representative user wrote the user stories and 
then prioritized them. We will here write them down in 
the order they are prioritized with the highest first. 
Some user stories are connected to each other and are 
therefore given the same number but different letters. 

 
6.3.1 User stories 

1a. The application should calculate the points after 
each branch. 

1b. The application should handle both individual 
and team competition. I will be able to start a new 
competition or use an old. 

2a. I want to be able to register information about 
the competitors and to write out a start list with team 
name, name, birth, class, club, branch and start-
number, if the competition is big. 

2 b. I want to write into the system directly but it 
should know and write own things like which branches 
13 years old kids have. 

2 c. I want to confirm important things like when I 
write things into the application. I want to se if I did 
right at the screen. I want the system to tell me what it 
has been doing. 

3. I want to be able to print out a result list, maybe 
with another program. I want the team name, name, 
birth, class, club, branch, result, points and rank. 

4. The user interface should show the different task 
that I could do with it. I don’t want to search for things 
to do. It should be light yellow. 

 
6.3.2 Other requirements 

The software should not contain a database, (DB), 
because the club have none and do not want to buy 
any. 

The software should work as a stand-alone 
application, (SA), because the club has no connection 
to Internet in their computer. 

 
6.3.3 Usability goals 
We had the usability goals, effectiveness, efficiency, 
safety, utility, learnability and memorability, in mind 
when we defined the usability goals for our use case 
software. 
• The user should register the class, branch and 

result for the competitor and activate the point 
calculation. When the calculation is activated, the 
software should calculate and present the points 
within 5 seconds. 

• It should take less time for the user to get the 
points for a result by using the software than using 
written tables. 

• The user should feel that the software is reliable 
and that it always calculates the right points for a 
given result. 

• It should not take more than 20 minutes for the 
user to learn to use the calculation feature without 
other instructions than them in the software. 

• The user should within 15 minutes find the 
features that the software contains. 

• The user should remember how to use the 
software for point calculation even if the user not 
has used the software for 3 months. 

 
6.4 Investigation of old applications 
 

Because we believe that a lot of ideas and solutions 
in the previous used systems could be used in the new 
software, we investigated the old systems to find their 
benefits and shortages. We will also compare the old 
systems against the requirements. 

 
Table 3. Points of impact between the old 

systems and the requirements, Req 
Req. → 1 a 1 b 2 a 2 b 2 c 3 4 DB SA 
Written 
tables 

  x   x  x  

Access 
database 

x  x   x    

Prototyp
e 

x  x x x x x x x 

 
The prototype is the system that has the most points 

of impact with the requirements. It could be used if 
only 1 b were implemented according to the 
requirements. The application should also reach the 
usability goals, which will be tested by the 
representative user. 

 
6.4.1 The use of written tables  

The results are written in tables with one table for 
each branch and competitor class. The functionaries in 
the secretary search in the table and write the matching 
points in a list where information about the competitor 
is written. 

The difficulties with this system are that it is time-
consuming and need a lot of work done by the human. 
Results, points and other information for the 
competitor have to be written down by hand. If 
changes have to be made, a lot of work has to be done, 
to make the changes and to ensure that they are made 
everywhere they are needed. 

The benefits with this system are; it is not 
depending on a working computer that needs 
electricity, and it is a simple system to learn for users. 



 User-Centered Extreme Programming Development: a Combination of two  
Software Development Process in Theory and Practice 

 

 

The system fulfills the requirements for making 
lists, handling the information about the competitors 
and transforming results to points. The requirement for 
a fast system with high usability is not fulfilled 
because it is to work intensive and the risk for errors is 
high. If wrong points are written in the tables it is hard 
and time-consuming to make changes which gives 
stress and uncertainness to the user and that is not 
required. 

 
6.4.2 The use of Microsoft Access 

The information of the competitors is written in one 
table, which can be used as a start list, and linked to 
tables with points. With use of questions the database 
handler search for the required information and present 
it in a new table, which can be used as a result list. 

The benefits with this system are that it is fast and 
safe. The users gets the required lists automatically 
only with pressing at accustomed links with the 
prepared query. 

The main shortage is, if the user is not used to use 
Microsoft Access, changes in the queries and the 
linking between the tables is nearly impossible to do. If 
errors in the queries or links occur, the system stop 
working as intended, and there is no system that 
handles the competition left. 

This system fulfills the requirements when it works 
as intended, but since it is easy to make errors when 
using it, it could be considered unsafe and with low 
usability. 
 
6.4.3 The prototype 

The prototype has a user interface with tabs that 
have descriptive names, for that the user should be able 
to easier know which features they contain. In the 
prototype the information about the competitors could 
be register and shown, the points can be calculated and 
a result list can be shown. 

The benefit with the prototype is that, it is software 
that nearly fulfills the requirements. It has only to be 
completed with a feature for handling both new and 
old competitions and a feature that let the user start a 
new competition.  

The main difficulty with it is, that it is a Webb 
application. It contains components that are placed at 
the Internet and since the club not can user Internet it 
is important that the software works without it.  
 

6.5 Design 
 

Since the software is built on a prototype that uses 
components the software will also have that 
architecture. If changes have to be done to the software 
in the future, a component is easy to change without 
affecting the rest of the software. 

The user interface will have tabs with descriptive 
names that simplifies, for the user, to find the issues 
that cab be performed at that tab. We let the 
representative user test different layouts with tabs, 
buttons or menu list and since he regarded tabs to be 
the vest solution the software will have tabs. The user 
activates all functions that should be performed of the 
software, as for example register information, when 
he/she presses a button. The registered information is 
visible for the user in a table in the user interface. 

The user interface is light yellow with black test 
because yellow and black is Trollhättans IF friidrott 
club colors. 
 
6.6 Implementation and testing 
 

The representative user tested the prototype that the 
club, Trollhättans IF friidrott, already had for 
calculating points. He decided that it was good enough 
and that he wanted it to be completed to fulfill all the 
requirements in the order he had prioritized, described 
earlier.  

Since we develop the prototype, and since the 
second time the same software is developed it become 
better, we decided to use the prototype as a template 
when we coded the new software. The major benefit 
with this was that we could change names of variables 
and methods to make a good coding standard. 

The component for calculating the points for the 
results, which is in the prototype today, has to be 
changed from to be a Webb service to be suited for a 
stand-alone application. This will be the first user story 
to implement. 

We started the implementation with taking the first 
user story and make code for it. If the code could 
perform the tasks in the user story we regarded it as 
passing the acceptance test for that part. During the 
coding we did small unit test to ensure that the code is 
worked as intended before we unit tested the entire 
component or piece of software. After the software had 
passed the unit tests and acceptance test we integrated 
the part into the software and did integration tests. 
These tests were made to investigate if the features in 
the added software and the previous software worked 
without affecting each other in a non-wanted way. 
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When we regarded the software to have the 
required features included, according to the user 
stories, we let the representative make the usability 
tests. The aim with this test was to investigate if the 
software reached the usability goals. 

 
6.6.1 The usability test 

We will here write the usability goals, how they 
were tested and the result of it. This is presented in the 
order the goals were tested. 
 
• The user should within 15 minutes find the 

features that the software contains. The 
representative user started the software and tried its 
features and then explained which he found. It took 
about 11 minutes. 

 
• It should not take more than 20 minutes for the 

user to learn to use the calculation feature without 
other instructions than them in the software. It took 
about 5 min for the representative user to register a 
competitor and get the points for the result.   

 
• The user should register the class, branch and 

result for the competitor and activate the point 
calculation. When the calculation is activated, the 
software should calculate and present the points 
within 5 seconds. After the representative user had 
registered a competitor’s result, it took less than 2 
seconds to get the points. 

 
• It should take less time for the user to get the 

points for a result by using the software than using 
written tables. The representative user registered 
the result and calculated the points and it took 
about 30 seconds with use of the software. When 
the represented user searched for the points by 
using the written table it took about 1,5 minutes. 
The software is faster than the written tables. 

 
• The user should feel that the software is reliable 

and that it always calculates the right points for a 
given result. The representative user estimated the 
results given by the software and he regarded the 
software to be reliable. After a check in the written 
tables it showed that the software calculated right. 

 
• The user should remember how to use the 

software for point calculation even if the user not 
has used the software for 3 months. This could not 
be tested within this project because we have not 
that time. 

 

7 Conclusion 
 

In the conclusion we will discuss the method, the 
best practices that are the key values for UCXP 
development, and the use case. These different parts of 
the conclusion will be described with own headers to 
make the different parts more clear. 

 
7.1 Conclusion for the method UCXP 
 

Both XP and UCD could be regarded as valuable 
software development methods. Today the 
development process has to be fast and agile since the 
requirements may change during the development. 
These changes could depend on that the development 
projects strive to find a solution with high usability 
because they know that end users require software with 
high usability. The competition between developing 
companies are hard and the in that competition a 
software with high usability have a lot of benefits. To 
find these solutions with high usability the 
development have to be user-centered for finding what 
the software target user may regard as useful. The key 
in XP is fast and agile development and in UCD is it 
the usability in focus. This makes a combination of it, 
like UCXP, a promising development method. 

The benefits with UCXP are that the method is fast, 
agile and user-centered. It is fast because only the 
needed documentation should be done and because the 
cooperation with representative users gives rapid 
feedback. This feedback helps the developers to only 
spend time on required features and not developed 
unnecessary functionality that takes time but is not 
required by end users. The method is agile because the 
testing and feedback gives information about changes 
that have to be made and UCXP have method of 
perform these changes in an easy way. Since the 
method is incremental and iterative with prototypes it 
is easy to find and make changes to the software. It is 
easier to make changes in small pieces of code than in 
large software. To make software with high usability, 
the method has the user, their needs and the usability 
in focus, in every step in the development. Tests and 
communication with representative users, simplifies 
this. 

Since this is a new development method it could be 
hard to start to work in larger teams with it directly. 
Discussions about its benefits and the previous used 
methods in the company have to be done by the 
development team before it could be used.  

To be able to use the benefits in UCXP cooperation 
with an active representative user are needed. This 
could be hard because not every company that need 
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software to be developed, have the possibility to let a 
representative user cooperate with the development 
team. In XP is it wanted that this user should be a 
member of the team but in UCD is it only require that 
the development team have contact and discussions 
with a representative user. If possible a representative 
user should be involved in the development to simplify 
the work for software with high usability. 

We do believe that in the future methods like 
UCXP will be more used because its benefits, fast, 
agile and user-centered. The competition between 
development companies becomes harder and harder 
and in that competition is usability a factor that could 
give competition benefits. Since development team and 
projects often is small or medium sized, and that the 
software should be delivered fast even if the 
requirements are changing, is a fast and agile method 
needed. And if that method gives a high usability it is 
very positive and therefore will methods like UCXP be 
useful for software development. 

We feel like this investigation in this paper was 
valuable because we found the benefits in two useful 
methods and could by that make a combination of 
them. This combination has also some new aspects and 
therefore it can be regarded as a new method for 
developing software. 
 
7.2 Conclusion for the 12 best practices in 

UCXP  
 

We will here describe the use case during the best 
practices in UCXP and evaluate these practices. 
 
UCXP 1. Shared understanding for the aim. We 

formulated the highest aim or a metaphor for the 
software that guided us during the development. It 
was useful because when decisions were taken the 
first we checked was if it fulfilled the metaphor, 
and depending on that, the decisions were made. 
Since it is important that everyone work against 
the same goal to success with the project, the 
metaphor is useful for finding the highest aim that 
everyone works against. 

 
UCXP 2. User requirements.  We made a user 

analysis and with help of a questionnaire did we 
get information about what the users could expect 
of the software. These answers were made into 
user stories in cooperation with a representative 
user, which made the prioritizing. To develop 
practical software the end users requirements is 
very important to define, because the end users 

often has the information about want they need to 
get support with and how.  

 
UCXP 3. Active user cooperation.  The 

questionnaire answered a lot of our questions and 
we had contact with different user groups that 
could answer our additional questions. We also 
cooperated with a user representative that tested 
the prototypes and gave us feedback during the 
whole development. Since a representative user is 
the person that has the knowledge about which 
tasks the software should support, and how it 
could be done, it is very useful for the developer 
to cooperate with the users, to get this information. 
We have found that a good relation and 
cooperation between developer and representative 
user simplifies the development of software with 
required usability. 

 
UCXP 4. Usability in focus. The usability was 

defined in the user stories and was tested by the 
representative user. He tested this by using the 
software and compares it with the user stories. 
This was made for all user stories, one by one, to 
see if the software hade the required features 
according to the user stories. Since this 
representative user not has much experience about 
handling different software, we believe that the 
test made an honest and valuable result and 
feedback for the usability. We found that a good 
analysis about the users and their needs is very 
helpful when software with high usability is 
developed. When the developer knows the 
usability goals it is easier to have the usability in 
focus and work to realize these goals in the 
software. 

 
UCXP 5.  Prototyping.  We used prototyping 

since it is a well working method when small 
increments or components of software should be 
implemented and tested. The representative user 
had easier to make decisions when the ideas could 
be tested on a prototype. It got visualized and that 
is important, because it is easier to take the right 
decisions if they are fully understood by all 
participants. The first prototypes that were tested 
and evaluated were the previous systems used by 
the club, Trollhättans IF friidrott. Prototyping is a 
very practical method when the requirements 
could change, and when the software should be 
developed incremental. We regard prototyping 
very useful in UCXP because it simplifies the 
testing with the users’ involvement because they 
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may prefer to test something that is visualized and 
concrete. 

 
UCXP 6. Communication. The user stories were 

written with the representative own words to 
simplify the common understanding. All 
communication was held on a no technical level 
and all uncertainness was discussed. The 
communication between us, the developers, and 
the different user groups were easy to keep 
because everyone involved was curious about 
what software it could be and glad that their 
opinions was important. We got much valuable 
feedback for the understanding about what to 
develop. A well-performed communication is 
important in the striving for finding the required 
software and its development, according to us. 

 
UCXP 7. Test and evaluate. We tested the code 

continuously during the implementation and after 
the iteration was finished the representative user 
tested it to se if it fulfilled the requirements. We 
made small unit tests because the software and its 
increments were small and the user tested 
prototypes or deliveries. The test helped us to get 
information about what to keep and what to 
change during the development. We regard the 
testing as very important in every development 
processes. Testing with the users’ involvement 
simplifies for a fast and effective development 
with the user in focus, because those test gives 
information about if the software have reached its 
goals according to the user. 

 
UCXP 8. Well thought out design.  We presented 

different user interface for the representative user 
that he could test to find the best solution. The rest 
of the design was made from the different user 
stories and the software was divided into one 
component for each of the user stories. This 
because a component is easy to change and test. 
This use of components also made it simple to 
have a simple design with no duplicates.  We 
regard it very important to have a well thought out 
design both for the user interface and the system 
design.  The user interface is the part that the user 
gets in contact with and it is the door to the 
features in the software and the user should feel 
that it is easy to use this door. The system design 
should be well design to make fast and effective 
software. 

 
UCXP 9. Multi skilled team members. Since the 

development team in this case is small, only with 

one developer and one representative user, we got 
the different skills from the differences in 
computer skills. We believe that if you are skilled 
in using computers you see different solutions 
than if you are not so skilled. The inexperienced 
user could have solutions that are better for the 
usability than a skilled user or developer has. We 
divided the responsibilities on a developer and a 
representative user, which had different roles in 
the development. Multi skilled people may give 
more to a development team because they may 
have an overview of the project that is needed. 

 
UCXP 10. Integration. We started with to use a 

prototype with the most essential features and 
increased it with components that were developed 
in the iterations. Each component that worked as 
intended was incorporated into the final software 
that grew incrementally. With incremental 
development where parts of software is integrated 
one by one to the system the development easily 
can handle changes and improvements found 
during the tests. 

 
UCXP 11. Avoid overtime. We were aware of that 

the quality of work is depending on the health of 
the team members and therefore we were 
attentively made a balance between work, food, 
sleep, exercise and free time. For most people the 
brainwork work best if this balance is kept.  

 
UCXP 12. Coding standard. To simplify the 

connections between different parts of the 
software and to simplify refactoring and 
maintenance we used a name standard. The 
standard is describing names, indentation of code 
and a simple trace to follow the work done by the 
code. Since a team should work with all parts of 
the development of the software in UCXP it is 
important that everyone easily can read and 
understand other members work and for that is a 
coding standard important. 

 
Adjusted process. Since we tested a new theory we 

tried to adjust it as small that we could. The only 
adjustment was that since the development team is 
very small, we could not try pair programming or other 
teamwork in the implementation. 
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7.3 Conclusion for the use case 
 

We have developed, during the use case, software 
that hopefully will be useful for Trollhättans IF 
friidrott when they arrange athletic competitions. That 
will be tested during the competitions this year and the 
results of these test we have to regard as future work. 

It has been a small development project and it has 
been easy to cooperate with the representative users 
both from the club and from the interest groups. The 
method UCXP has been valuable, because it works 
well with an iterative development with prototyping, 
when a project like this is done. It is also practical with 
the cooperation with end users and representative users 
when the focus in the development is on users. 

The questionnaire that we used for finding 
requirements from different interest groups gave us 
valuable information. But since the different interest 
groups had so different opinion about what the 
software should do we hade to consider the answers as 
desirable functionality and not as requirements. A high 
amount of different opinions are hard to handle, 
particularly in the fist prototypes.  Our contact and 
cooperation with a representative user gave us the 
requirements for the first step in the development but 
the answers in the questionnaire can be used in the 
future developments and is therefore valuable. 

Since we worked with prototypes that the 
representative user could test and give us feedback for, 
it was easy to know if we were on the right track or 
not. The user interface design has all features 
presented by descriptive names on tabs, buttons and 
over labels and textboxes. The representative user 
considered the user interface to be easy to handle 
because of this. 

The system design is built by components to make 
it easy to change or add functionality or features in the 
software. This is a practical way of work for a simple 
design and simplified maintenance. 

The software that was developed during this use 
case could be regarded as a first prototype for software 
that handles all tasks in a competition. It does not solve 
all these tasks now, but it is a full working converter 
between results and points. The aim with this use case, 
besides testing UCXP, was to make a converter and 
therefore that goal is fulfilled. The improvements are 
regarded as future work. To make the software more 
practical to the user it has to be developed further and 
some features like file handling and printing has to be 
added. In this first software that was not required but 
we regard it to be positive improvements of the 
software. This software can use Microsoft Office 
software to print out the information, but it is a tricky 
maneuver that uses the cut-and-past feature in Office. 

This is not a good solution because computer skills are 
needed. Since this printing feature was not a 
requirement this time we regard it as a future work. 

The representative user has tested the software and 
considers it to be a working converter with possibilities 
for improvements in another project. 
 
8 Future work 
 

The UCXP method need to be further tested and in 
a larger project than in this use case. The project group 
should, in these tests, include more people and should 
develop larger and more complex software. This 
additional test would show the usefulness of UCXP in 
even lager context than in the use case. 

The software needs to be improved by including a 
feature for printing the information. This improvement 
would make the usability higher because it simplifies 
for the users. Today the user need to; read the 
information presented by the software at the computer 
screen and then write it on paper by hand or use the 
cut-and-paste feature in Microsoft Office, to get 
printable documents from the software. If a feature 
directly in the software could do this, the user could 
regard it as more practical. 

The developed software should be tested in 
competitions by end users, to give us feedback about if 
the software supports the users in converting the 
results into points. We will also, during that test, get 
feedback about possible improvements for the software 
future development.  
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