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Abstract

With the advent of shorter time to market of soféewproducts there an increasing
requirement for techniques and methods to imprdwe groductivity levels in software
development together with a requirement for incesbfiexibility and the introduction of late
changes. This in turn has lead to the introductina set of techniques known as “Agile
methods” which include one methodology known astr&¥e Programming”. This is a
collection of values, principles, and practicesnc® these methods are becoming more
common in industry, is has become more importantintooduce these ideas in the

undergraduate curriculum.

This case study analysed whether or not it is [pes¢0 teach eXtreme Programming at a
university by means of a course that presents &unebof theory and practice within eXtreme
programming. In this context, a case study was iedrrout to determine which of the
practices of eXtreme Programming are more apprdprigd university projects. The case
study indicates that it is worth investing the gffo teach eXtreme Programming to students
to enable them to apply eXtreme Programming oreasi some of its practices in future

business and university projects.
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1 Introduction

This project is the result of a case study as tethdr or not the ideas of eXtreme
Programming may be taught in the undergraduatdcalum. The increasing adoption of
agile methods [80] and eXtreme Programming [20]nidustry means that these methods
should be introduced to students as part of théircation. The question is how best to
achieve this.

It is a point of discussion as to how eXtreme Paogning may be taught to students in a
University. This thesis addresses this questioraibglyzing a student lab exercise for the
Software Engineering course in the Department ah@uter Science at Karlstad University
by means of a case study. The main goal of thie cisdy was to measure certain (15)
eXtreme Programming practices realizable in a studavironment [appendix G] by means
of surveys, analysis of archival information fromgramming tools and direct observations
of the students. However, this thesis aims furtbgranalyzing the success or failure in

teaching the 15 eXtreme Programming practices agilving ideas to improve this process.

This thesis consists of 4 chapters. Chapter 2 ptegshe background information such as
the external circumstances of the course, basiostavaluative research and case studies as
well as eXtreme Programming. Thereupon, chapteefes the analysis model used in the
empirical study in chapter 4 and introduces thmdeset up for the study and allocates them
to the different data sources. Chapter 4 showsttigents’ responses to the surveys, evaluates
all data sources and combines these results fantarpretation of this learning process.
Finally, chapter 5 compares these results withlheXtreme Programming practices and to

related work in order to give recommendations tdurfe courses in this area.






2 Background

2.1 Introduction

This chapter introduces topics and methods thatexgeired to read and understand this
thesis.

In the first section the students’ background oogprmming skills is introduced. This is
followed by an introduction on evaluative reseaithe tools from the toolbox of evaluative
research which have been applied in this projexir@roduced. The procedure model used is
then presented. To complete the procedural overti@wnext section is about case studies.
The case study methods used in this dissertatienbaefly introduced. Furthermore it is
explained how the evaluation tools fit into the eatudy research methodology. The last
section of this chapter introduces eXtreme Programgrto the reader. The reader is required
to know some key facts about eXtreme Programminggetable to understand the analysis of
the course performed in this dissertation. Finaklya complement to the first section of his
chapter follows an introduction to how eXtreme RPamgming is taught at Karlstad University
and what the level of the students’ knowledge ale{iteme Programming was before they

attended the course.

2.2 Students Programming Background

The programming background of those students wiendéd the course which was
evaluated in this dissertation is introduced. Tin®rmation is given in the form of the
programming courses that the students had alrekeyt The curriculum of the students’ first
two years is presented in Figure 2.1. This curuouis of interest since the course evaluated

in this project is a second year course.
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Figure 2.1 The 2004 computer engineering curricultrthe University of Karlstad

All courses on programming are indentified by aange rectangle. As Figure 2.1 shows
the students had 4 courses on programming befag dkitended the course on eXtreme
Programming (CIT B0O2 red rectangle on the bottoghtriof Figure 2.1). From this, the
students may be classified as intermediate progensinin addition to their current
knowledge, the students were required to learméireenew infrastructure (tools the students

have not used before) as well as the ideas bebitrdrae Programming.



2.3 Evaluative Research

The main methods used in this dissertation arentfilken the area of evaluative research.
According to Bortz & Doring [24], Rossi & FreemaB4]], Weiss [35], Wittmann [36] and
Thierau & Wottawa [37] evaluative research is aiataan on empirical research methods,
applied to a particular group of questions. Modewaluative research has its roots in the
1930s in the USA where it was applied to analyzeggams, interventions and arrangements
in the health care and the education syStem

Since evaluative research is a very wide topig, skcction is only about those parts, used in
the research for this thesis. During this reseasome tools out of the toolbox of evaluative

research have been used. These tools were:

a) Survey; two surveys that have been filled in byshelent group.
b) Observation; an observation on the student group.

c) Analysis of log files; The log files of the toolsat students used in their project

Due to the fact, that these tools have the purpmgmther data they can be understood —
following Yin [23] - as data sources or, as Yin [2&lls them sources of evidence. The
strengths and weaknesses of the different dat@assuaccording to Yin [23], can be found in

Figure 2.2 In the following sections all appliedalaources are explained in detail.

! For more information regarding the evolution of #wvaluation in the USA see Mertens [38]. For infation
regarding the evaluative research in Europe seavi.¢®9] and for information regarding evaluativeearch
in Germany see Stockmann [40]



Documentation

stable—can be reviewed
repeatedly

unobtrusive—not created as a
result of the case study

exact—containg exact names,
references, and detalls of an
event

broad coverage—long span of
time, many events, and many

settings

retrievability—can be low

blased selectivity, if
collection is incomplete

reporting blas—reflects
(unknown) bias of author

access—may be deliberately
blocked

insightful into interpersonal
behavior and motives

Archival Records [Same as above for [Same as above for
documentation] documentation]
precise and quantitative accessibility due to privacy
reasons
Interviews targeted—focuses directly on bias due to poorly
case study topic constructed questions
Insightful—provides perceived response bias
causal inferences inaccuracies due to poor
recall
reflexivity—Interviewee gives
what interviewer wants to
hear
Direct reality—covers events in real ¢ time-consuming
Observations time sclectivity—unless broad
contextual—covers context of coverage
event reflexivity—event may
proceed differently
because it is being
observed
cost—hours needed by
human observers
Participant- [Same as above for direct [Same as above for direct
Observation observations] observations]

bias due to investigator's
manipulation of events

Physical Artifacts

insightful into cultural features
insightful into technical
operations

selectivity
availability

Figure 2.2 Six sources of evidence: Strengths aadkhesses taken from Yin [24 ]




CONVERGENCE OF EVIDENCE
(Single study)

Archival
Records

Decuments l Open-ended
\ Interviews
FACT

Observations / '_ . Focus

(direct and Interviews

participant) Structured

interviews and
survevys

Figure 2.3 Convergence of Evidence taken from X4j [

NON CONVERGENCE OF EVIDENCE
(Separate substudies)

site visits ~ ———pp» findings —P» conclusions
survey ——pp findingg —P» conclusions
documents ——p findings ————» conclusions

analysis
Figure 2.4 Non Convergence of Evidence taken fronj24]

Figure 2.3 & Figure 2.4 show that, according to ¥28], there exist 2 different ways of
interpreting data sources that have been analysedgdresearch. The first one — in this case
convergence of evidence — builds the evidence baesedifferent data sources whereas the
second one derives a conclusion from every singl&a dource. In this thesis, the way
described in Figure 2.3 has been applied. All sesiaf evidence — described in the next sub
sections — are used to find one fact about an if#me. detailed procedure can be found in

chapter 3 where the analysis model is introducedétail.

231 Surveys and Interviews
The Survey in this dissertation is regarded ase&iapkind of interview. An advantage of
the survey is that surveys are performed withotgruniewer control. This can be understood

as an advantage since any influence by the intgerican be minimised. Another relevant

7



advantage, in the context of this thesis, is thaisian economical way to perform an
interview. All disadvantages mentioned in Bortz &rihg [24] may be neglected. These
disadvantages are:
* Influence by the appearance of the interviewer jwho
» Influence due to different point of time of theantiew of each respondents (when)
* Influence by different surroundings of the intewief each and every respondent
(where)

These disadvantages may appear if the respondemetdanswer the survey under the
same circumstances. This means the respondentddanswer the survey at the same time
in the same room to avoid influence from other oesients and other outside influences.

The survey as a method has been chosen since swakeyneant to gather data about the
students’ state of mind regarding their knowledgeut eXtreme Programming, its practices
and their interest in applying eXtreme programméhuging the students’ practical project.
Details about how the surveys have been set upedound later in this document in Chapter

3 where the whole analysis model is introduced.

2.3.2 Observation
In this research the observation method was chesemnstrument with the goal of
evaluating whether the students did apply a cepgactice or not. This means - according to
Bortz & Doring [24] the qualitative approach hasebechosen. This corresponds to the
following criteria presented in Adler & Adler [41]
» Observation in the natural surrounding (in thisectie classroom)
» Active interaction of the observer
* Focusing on larger units, systems and behaviouemeat instead of focusing on
small variables
» Open for new input and not focused on an obsenvatibema
The last point might sometimes be hard to follomceithe observers in this project had to
fill in an observation template which focused oe ttb practices used in the project. More
about these practices can be found in the sectmnR&garding the last point it needs to be
mentioned that not only the fixed observation schésrevaluated since the observers wrote a
small diary for every day and analysed this diaithviocus on the questions, defined in

chapter 3 where the whole analysis model is inttedu



2.3.3 Tools
Tools are source of evidence for every case stddyording to Yin [23] the tools themselves
are not to be seen as source of evidence. The t®biger artefacts — in this case called
archival records — that can be seen as evidencéhéoevaluation. According to Yin [23]
examples for archival records include:
» “Service records, such as those showing the nurobelients served over a given
period of time
* Organizational records, such as organizational dsaand budgets over a period of
time
* Map sand charts of the geographical characteristicéayouts of a place
» Lists of names and other relevant items”
Yin [23] states that archival records do show oniiGon that is relevant for case studies,

namely that the archival records will never be Emf you run a project twice.

2.4 Case Study

Numerous definitions of a case study may be foundftr this research the definition
according to Yin [23] has been applied. Accordiagrin [23] a case study is one of several
methods developed in social science research. Anadkfinition according to Merriam [6] is
that a case study is an “investigation of a speaficurrence, e.g. a program, an event, a
person, an institution or a social group.” Thistegcis giving an overview over the history of

case studies, what a case study can be, whatatiffeharacteristics a case study can have.

241 History of Case Studies

Case study research is historically marked by perif intense use and periods of disuse.
According to Tellis [7] the earliest use of thisrrfo of research can be traced to Europe,
predominantly to France. The fields of sociologyd aanthropology are credited with the
primary shaping of the case study concept as we kntwday (see Barnes, Conrad, Demont-
Heinrich, Graziano, Kowalski, Neufeld, Zamora, a@amquist [9]). However; case study
research has drawn from a number of other areaglgssuch as:

 the clinical methods of doctors

» the casework technique being developed by socigtavs

» the methods of historians and anthropologists

» the qualitative descriptions provided by quantiatiesearchers



» the techniques of newspaper reporters and novelists

2.4.2 Description of Case Studies
Apart from the definition at the beginning of thihapter, a case study can also be
described in terms of its special properties. Traperties that are relevant to this research
project are, taken from Merriam [6]:
» Particularistic.: Means that a case study “focusesao certain situation, event,
occurrence or person.” This reflects the definittdrtase study mentioned earlier.
» Heuristic: Means that it “can improve the readerdarstanding of the occurrence that
is being studied”
In contrast to other designs of experiments, sunayd history research, case studies do
not have any special methods for collecting or yaa) information (data). All types of
methods for collecting scientific data, from obseion to interview and survey, can be used

in a case study.

2.4.3 Qualitative versus Quantitative Methods

According to Barnes et al. [9] qualitative and wfitative methods are usually used in
conjunction with each other. Typically qualitatidata uses words and pictures while
quantitative data uses numbers to describe whateearcher has extracted from what the
researcher studied. Another major difference betwie 2 is that qualitative research is
inductive, i.e. it evolves abstractions, concepigotheses and theories, while quantitative
research is deductive, i.e. reaches to test alreaying theories. In qualitative research, a
hypothesis is not needed to begin research. How@eamording to Barnes et al., [9]), “all

quantitative research requires a hypothesis beés®arch can begin.”

244 The use of Case Study in the Experiment

It was decided to perform this experiment as a sas#ty since this research did not require
control of behavioural events but focused on coptmary events. These characteristics are,
according to Yin [23], typical for a case studyrasearch method. As can be seen in section
2.4.3, the boundaries between qualitative and gatimé case studies are clear, and in this
experiment both will be used.

The following data gathering methods have been:used
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» Observation is used here as a qualitative methad. tD the typical characteristics
of observation this makes the case study partistilaand heuristic. Particularistic
due to the investigation of the students group laeuristic due to the analysis of
the students’ understanding and acceptance ofdtrerae Programming practices.
More details about the definition of particulaisind heuristic can be found in
section 2.4.2

» Surveys: the survey is used here as a quantitssaarch method. It asks the same
guestions of the different people in a group ankiveles a variety of impressions
under the same circumstance. For instance if y&uaagroup of people using a 5
category response scale (++/+/0/-/--) the sametiqueshe answers are still liable
to be different based on individual impressions.

» Archival records are used here as a qualitativeare$r method. This is a analysis
of historical data that has been collected duriregexperiment. It is, according to
Bortz & Déring [24], very important to exclude impeetations as much as possible,

to ensure that only hard facts have been takercomsideration.

2.5 eXtreme Programming in a nutshell

The purpose of this section is to present a quitdoduction of eXtreme Programming to
the reader. This starts with the history of thgioriof eXtreme Programming, followed by an
introduction on the basic idea behind eXtreme Rnogning. There then follows a description
which shows the relevance of eXtreme Programmingtiident programming and industry
applications

The section is completed by a short walk through ploints of interest of eXtreme

Programming to this research.

251 An overview of eXtreme Programming

eXtreme Programming is a lightweight programminghudology that, according to [75],
supports a team by writing software that conta@veer bugs and therefore takes shorter time.
This methodology consists of several values, ppiesi and practices to be considered. Some
of these must be applied by the whole company, sbynthe team and most by each and

every member of the team. The 2 essential aspéebsteeme Programming are
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1. short term and very specific programming goals

2. an awareness of the social aspects of programming

The first edition of Beck [1] was published in Oogw 1999. In effect, eXtreme Programming
originated in this first edition. Over the yearstene Programming has been applied by a
number of programming teams and several books baea written on the subject. Many
companies (see [20]) applied the process givendnkEBnd realized that in their experience
eXtreme Programming is a very good and efficienty wa create software. eXtreme
Programming is a process and has a number of peadthat are used to reach a project goal.
The eXtreme Programming process also includes bguphy of software development
which is based on 5 values, namely; communicatieedback, simplicity, courage and
respect. To integrate these values into eXtremgrBnoming, Beck received help from a
psychologist, Cynthia Andres. This was in ordeshow that eXtreme Programming is not
only a new style of programming or a new idea, d8b a process that deals with the social
behaviour of the whole team and more or less ofvthele company. Beside the 5 values,
eXtreme Programming uses 24 practices and 13 plaxiA detailed explanation of these
values, principles and practices can be found ickB&]. In the second edition of eXtreme
Programming Beck [2] published in 2004 some minaid aome major modifications in the
process. One major modification was that the derefpteam should select the practices they
really need for the project and exclude the remgimiractices. This approach was new, since
in the first edition of eXtreme Programming Beck Beck’s opinion was that the team has to
apply all practices. To offer the practices in Hedent way Beck divided the practices into
primary and corollary practices where the primargcgices are independent of the corollary
practices. The corollary practices are, accordingBeck, difficult to use without first
mastering the primary practices. This might be edusy the enormous change of behaviour
the corollary practices require from the whole temmd in some cases even from the whole
company. Beck is not trying to give one defined wayapply eXtreme Programming into a
team; rather he wants to give some directiveséaeam from which the developer is able to

take what he requires to become a better team nreamidedeveloper.

25.2 Applying eXtreme Programming in a Student Project Eavironment
This research shall bring up whether eXtreme Pragreng can be taught in a project like

the applied system construction project or not. réfuge it needs to be analysed if the
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teaching that took place in advance to the proyeas sufficient so that the students felt
prepared enough to apply certain practices of exXgr@rogramming during the project.

The teaching took place in a course called “Tillachgystemkonstruktion” (Eng. Applied
System Construction) where the students were taubbt basic ideas of eXtreme
Programming. As can be found in Figure 2.1 thisrseuook place exactly before the applied
system construction project was started. For furthéormation about the applied system
construction project see Figure 2.1

Table 2-1 and Table 2-2 all eXtreme Programmingtiras are listed. All these practices
where taught at the projects preparation course.sfidents have been asked to apply only
the practices that show a “yes” in the column narggulied. That seems not to be a problem
since Beck says in [2] that there is no need tdyaalb given practices. The decision what
practice the students were asked to apply and piaatices the students were not asked to
apply was taken by the teachers of the course.td&ehers justified their decision by the

circumstances given, by a simulated project.

# | Practice Name Applied Aspect
1 | Sit Together Yes 2

2 | Whole Team No 2

3 | Informative Workspace Yes 2

4 | Energized Work Yes 2

5 | Pair Programming Yes 1

6 | Stories Yes 2

7 | Weekly Cycle Yes 1

8 | Quarterly Cycle No 1

9 | Slack Yes 1&2
10 | Ten-Minute Build Yes 2

11 | Continuous Integration Yes 2
12 | Test-First Programming| Yes 2
13 | Incremental Design Yes 2

Table 2-1 Primary practices, the aspect of the pcacand whether applied or not

The numbers in the column called “Aspect” are taubderstood as follows:
1. short term and very specific programming goals

2. an awareness of the social aspects of programming
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# Practice Name Applied| Aspect
1 Real Customer Involvement No 2

2 Incremental Deployment No 1

3 | Team Continuity No 2

4 Shrinking Teams No 2

5 Root-Cause Analysis No 2

6 Shared Code Yes 1&2
7 Code & Test Yes 2

8 Single Code Base Yes 2

9 Daily Deployment No 1&2
10 | Negotiated Scope Contract Yes 2
11 | Pay-Per-Use No Non

Table 2-2 Corollary practices, the aspect of thagbice and whether applied or not

The last question to think about is why might eKtee Programming be interesting to
students? The authors opinion regarding this quessi that there are 2 answers. The first is
to improve the quality of the students’ programmiSgcondly, there is another reason why
attending such courses like the one about eXtrermgr&@mming is interesting to students. It
is the need within industry for employees that akdled with new methodologies and
philosophies. Usually it takes some years untiéa Boftware development philosophy enters
companies. This is caused by some kind of appronaess so that the companies are able to
filter the useful innovations from non-useful melskoWhenever a company decides to start
working following new principles the whole compasypirit needs to be adapted and with this
all business processes need to be changed. Thsyisexpensive and it becomes even more
expensive when it comes to the employee traininigthds is much cheaper and easier when a
company is able to speed this process up by bignigimew employees who already know the
new methodology and have some relevant experieBoethe new employees become
experienced employees and are able to help the ammympot to make mistakes which may

occur while a methodology like eXtreme Programmsimtroduced.
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2.6 Review

The purpose of chapter 2 was to let the readereawfithe necessary background to the
methods and principles of the research and of whatbeen researched. Transferring this

declaration to the concrete thesis the reader dhmw know the relevant ideas of:

* The students background on programming

» Evaluative research

* The tools (survey, observation, archival recordst thave been applied in the
research

» Case Studies

* Qualitative and quantitative methods

» eXtreme Programming

* The students background on eXtreme Programming
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3 The analysis model

3.1 Introduction

The student project course was as follows. A lectur eXtreme Programming was held in
the first place. The author attended this lectoreeteive an impression about the content of
the student project course. Following this lect@ervey 1 was filled in by the student group.
This first survey represents the first data sogathered for evaluating the student project
course. After the survey was filled in and in ctatien to the lectures, the student project
started. The student project lasted 5 weeks andttitents’ only task was to apply eXtreme
Programming. During these 5 weeks a permanent wditsen was carried out and recorded as
a protocol. This protocol represents the second satirce analyzed for the evaluation of the

course.

-

Lectures Project

Setup 52 Log Analysis

Observation

Figure 3.1 Project timeline and action events

At the end of the student project, the students tafill in the second survey. For the
evaluation, the analysis phase started. The semamvey represents the third data source that
exposed the students’ view on the observation pedd by the author. The last phase in this
dissertation study was the analysis of the log fjenerated by the tools used by the students

during the student project. These log files servédaat data source. Figure 3.1 illustrates the
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data sources (orange items: surveys 1 and 2, teradtions and the log analysis) and other

relevant parts on the timeline.

In Chapter 3 the data sources are explained inl @gth special attention to their content
and the significance. Furthermore, chapter 3 higitéi how the data sources are evaluated
and how the results may be interpreted. In additdrapter 3 introduces the hypothesis that

supports the evaluation of the course. The datlysieas presented in chapter 4.

3.2 Hypotheses

The goal of the thesis is too great to be proveors/ data source. As a result of this aspect
small milestones have been developed to prove gpaals and at the end put together to
create a high level view. According to that assuomptfor each main data source, a
hypothesis has been derived. These hypothesesarenpby not proving the corresponding
null hypotheses. The following hypotheses and theirhypotheses have been set up:

(1) Survey 1: Hypothesisdd

Hypothesis Hiz A student group that has attended the theoretiessions on eXtreme
Programming understands the practices well.

Null hypothesis Hia A student group that has attended the theoreggsdions in eXtreme
Programming does not understand the practices well.

This hypothesis reflects one of the key issuesuvé&y/ 1 and is tested in the evaluation of
Survey 1.

(2) Observation: Hypothesisdd

Hypothesis d1: The attitude a student has towards an eXtremgr&mming practice has
an influence on how eXtreme Programming will belgobduring the practical project.

Null hypothesis do: The attitude a student has towards an eXtremgr&mming practice
has no influence on how it will be applied durihg practical project.

This hypothesis — derived from the content of thejget — is tested by evaluating the
observation as it is possible to see how a stualgplied the practices.

(3) Survey 2: Hypothesissah

Hypothesis K21z The student groups’ self evaluation about thell®f application of an
eXtreme Programming practice will match the groupsl behaviour.

Null hypothesis 20 The student groups’ self evaluation about thelle¥ application of

an eXtreme Programming practice will not matchghmups’ real behaviour.
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This hypothesis proves whether the students’ sed#fluation matches their observed

behaviour or not. Survey 2 serves in testing s hypothesis.

3.3 Surveyl

3.3.1 Introduction

Survey 1 collects information about the studentshdard of knowledge regarding the 15
eXtreme Programming practices after the studentsdtended the theoretical sessions. It
asks the students to self verify their knowledgeouhbeXtreme Programming. This
verification has to be done in the 5 categoriedangpd later. Survey 1 also asks the students
how well they think the certain practice is appiieain the student project and if the students
are willing to embrace eXtreme Programming in firigject. These questions aim to evaluate
the students’ attitude towards eXtreme Programnaing its practices. Moreover, Survey 1
takes a snapshot of the students’ attitude towHrelsstructure of the course. The question
regarding the structure of the course is repeate8urvey 2 to see whether the students’

attitude towards the structure of the course chauadger performing the student project.

3.3.2 Terms of reference for Survey 1

Since eXtreme Programming is a process that neduols éxperienced by the whole project
team. The focus has been moved from the indivitoahe group. Keeping that in mind,
Survey 1 has been planned and executed on the psarthat the group will be analyzed as
a whole. For that reason, the group response th ehche questions is taken to be the

weighted mean [81] of the individual student resem

In the survey, there are 2 types of response scales first one has 5 respective labels:
Very Well (1); Well (2); Neutral (3); Not Well (4ot Well At All (5). The scale is based on
the Likert-Scale [31], [82] were the most equidigtatyle according to Rohrmann [30] and
Wyatt & Meyers [29] is chosen.

For the first scale, the 5 point scale, the weidbtsach category are given in parentheses
- Very Well (1); Well (2); Neutral (3); Not Well }4 Not Well At All (5). For question 1 of
survey 1 this leads to a weighted mean value af 123 ((1*0) + (2*7) + (3*3) + (4*0) +
(5*0))/10 where 10 is the number of responses. Thise is interpreted as being a single

point value for the student group response. Thehges for the group response may then be
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interpreted within the 5 categories by definingaage for each category as shown in Table
3-1

Category Very Well Well Neutral Not Well Not welt all
Value of category 1 2 3 4 5
Range of category 1-15 1.6-2.5 2.6-35 ANh— 4.6 -5

Example value 2.3

Table 3-1 Weighted Average Example

The group response to the question “How well did waderstand all practices” was thus

“Well”. Note that the lower the value of the weigtitaverage, the better the response.

The second response scale consists of the optieagy and No (2). This is according to
Grosse & Wright [32] objectively analyzable if tl@swer is in the categories Yes or No.
This approach has been chosen according to Borlxb&ng [24] to force the students to

make an either or decision.

Survey 1 was written in English together with aivetEnglish speaker and a native
Swedish speaker in order to minimize the possybibf misunderstandings caused by
differences in culture and language. Therefordanguage or cultural support like Haeberlin

[28] mentioned in Bortz & D3ring [24] was required.

3.3.3 Items of Survey 1

The items listed in this section and their purpiggeresented in order to be able to explain
the relationship of the items to the experimenaashole. The word item is chosen since
some items consist of several questions. The aitheofurvey was to get a snapshot of the of
the student’s self-evaluation about their awarenésxXtreme Programming at the start of the
student project. The students’ attitude towards firbject is very important to its success.
The survey contains questions to prove or not tvgthe hypothesis. Question 33 in Survey
1 is repeated in Survey 2 (as Question 25) to desther or not the students’ point of view
changed during the course of the project. The sucemsisted of 32 questions which have

been consolidated into the following 5 items.
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ltem1 How well did you understand all practices?

— _ n
The formula to calculate the meaK {is X = L. > x . As shown above, the value is 2.3
i=1

indicating that the group thought that it underdttioe practice well. This value may be used
as an indicator together with the mean of the weijmeans in item 3 i.e. the mean value of

the group understanding for all the practices.

ltem 2 How well do you think the practice "XY" is applicable during the project?

This question has been asked each time for eadheofl5 practices. For the sake of
brevity, it is just listed once. This item suppotte process of proving or not proving
hypothesis lo1) as explained in section 3.5. This item directbksathe students how well
they think a certain practice is applicable in phhactical project. It has been asked since it can
be checked against the observation that showe istidents applied the practice or not. This
item shows whether some students thought thattaicgractice was not applicable and then
changed their point of view because the groupwisae applied it.

Three categories have been created, namely “Afpéta “Undecided” and “Not
Applicable” to be able to evaluate this item prdp€eFhe ranges for the categories are defined
as follows:

A) The group of students who answered this que&tiot\Well” or better (responsg 2.5)
thinks that practice XY is applicable in the praatiproject.

B) The group of students who answered this questyotfiNot Well” or worse (responsz
3.5) thinks that practice XY is not applicable lne tpractical project.

C) The group of students who answered this quesi®meither category A nor B is

considered to be “undecided” (2.5 < response < 3.5)

Iltem 3 How well did you understand the practice "XY"?

This question has been asked for each of the 1&ipea, and may be used to show the
group response for each practice. The group resgamay then be averaged and used as an
indicator of how well the group understood all lbé t15 practices. Item 1 also gives such an

indicator.
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It is interesting to see whether the mean of thammef all questions X,.,g) in item 3

matched the mean value X ) of item 1. The formula to calculate the meaN, (¢ ) IS as

o _ 1 . &,1,. & - .
follows: X, =—* Z(—* me)n wherem = answers within one question (team) arwl
n = m i3

the 15 practices;

This item is relevant for 3 reasons:

1. The first proof is the internal check of Surveyesdribed in item 1.

2. The second proof is the proof of hypothedisi1 against the response of this
item by disproving the null hypothesis. The nulpbthesisHsiocan be seen as
unproved if no responses are in categories thadefieed as “Not Well”. This
is numerically expressed as respoisg.5.

3. The third and last proof is to check this respaongether with the response of
item 2 to see whether a relation exists or not.

A scale according to the scale mentioned in itetmag been created by combining the
previous categories given in Table 3-1 to be ableneasure this item properly. The scale
categories are named as “Understand”, “Undecidexd’ ‘ot Understand”. The category

ranges are defined as follows:

Category Very Well Well Neutral Not Well Not welt all
Value of category 1 2 3 4 5
Range of category 1-15 16-25 2.6-35 ANh— 4.6 -5

Scale Understand Undecided Not Understand
Range of scale 1-2.5 2.6-3.5 3.6-5

Table 3-2 Three Category Scale

A) A Student group that answers this question byelWor better (response 2.5)
understood practice XY.

B) A Student group that answers this question bgpt“Well” or worth (response 3.6)
not understood practice XY.

1 A response can be understood as matched whemlines\are in the same category. Since the catsgmee
from 1to 5itmustbe 1 -1.5; 1.6 — 2.5; 2.65;3.6 — 4.5; 4.6 -5.
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C) A Student group that answers that question eedks mentioned neither in A nor in B is

undecided (2.5 < response <= 3.5).

tem 4 Have you decided to embrace XP in the project?

This item is the only item in the first survey tits a response scale with 2 labels: Yes (1)
and No (2). This approach has been chosen sincstiidents should be forced to decide if
they embrace eXtreme Programming or not withoutpibesibility of a neutral category. The
response to this item will show - when calculating mean value - if more than 75 percent of

the student group are willing to embrace eXtremmgRrmming in the project.

ltem5 How do you like the idea of having theoretical segms on XP followed by
performing the theory into practical use?
This item is asked in Survey 1 and Survey 2. Thesniallows the evaluation if the
students’ opinion towards the structure of the seuras changed while they performed the

course or not. The evaluation model can be foursgation 3.6.

3.34 Summary
Finally, Survey 1 can be summarized as:
» Survey 1 indicates if the students understoodraltfres.
» Survey 1 indicates if the students think a praciig€eapplicable well or not
applicable.
» Survey 1 indicates if the students are willing mobeace eXtreme Programming in
the project or not.
» Survey 1 indicates — together with Survey 2 - pribdhe students think that the

structure of the course is good or not.

3.4 The tools

This section explains how the log files are evadatThe evaluation of the log files
supports the evaluation done for the protocol,the. record of the observations performed
during the 5 weeks of the experiment. Accordiny'ito [23] a log file is an Archival Record
which is a very important source of evidence faaae study. The log files are recorded by

the tools used by the students while the studesit®mmed the practical project. These files
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are a reliable data source since there is no wawasfipulating them. The only log files that

are analyzed are the files recorded from the ta$Gvhich is a maintenance tool for source
code and other files. As mentioned in Table 3-3ptectices with need to be checked by the
log file of CVS' are:

(1) Continuous Integration: this practice requires that when a code sectambeen
completed the code should be immediately addechéocbde base so that the
automatic tests suites and builds are applied.\Etiere the code base has been
changed it is recommended to immediately run tlte @nd test it against the given
test suites. Special Continuous Integration sergrist that run tests every time the
code base has been changed. However, such a seasenot available for the
students and would have probably been beyond tlpesof this project.
Nevertheless, the testing can be performed manaasllwell so that the log files
provide the information about whether the code Iesn checked into the base.
Only observation can show whether the tests haes Iperformed or not. This
practice is measured by the growth of the file ¢amd average file size over the
duration of the project. This part of the practiseounted as valid if the values of
the file count and average file size exhibit combins increase during the project.

(2) Shared Code this practice is about whether every member ef ghoject group
feels responsible for the quality of the whole cbdse or not. This can be shown
with the log by checking whether different studentgked on the same files or not
and can be measured by 2 indicators. The firstimifeevery student usédCVS.
The second one is if all students actually addednaodified transactions.

(3) Code & Test This practice means that the project team hasther documents
than those documents which may be generated frata aad the tests. Since the
students were forced by the specification of th@gut to maintain a web page that
informs the lecturers about the status of the ptdjeey were not able to apply this
practice to its full extend. In order to measuris ihractice, StatC\Soffers the

possibility of checking whether other files thardeand test files existed or not.

! Concurrent Version System - CVS is an open soteto manage source code. For the file historySGMes
the same structure as Revision Control System - RRigh is an successor of Source Code Control 8yste
SCCS. For more details about these tools seef15], [16] & [17]

2 Used in this context can be understood in thees#a the student has transactions on the log file

% StatCVS is a tool that is used for statisticallgsia of CVS repositories. For more details sed [18
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(4) Single Code Basethis practice is not really applicable in a pojef this extent
with only one product and one customer but CVSreftle possibility to evaluate
whether the students had different repositoriesobr

Finally the purpose of the Tools can be summarazed
» The Tools an indicator as to whether certain eXédtrogramming practices have
been applied in the practical project or not.
» The Tools represents a very resilient data sourat delivers information which

helps to give an overall impression of the project.

3.5 The observation protocol

3.5.1 Introduction

The observation is one of the most relevant aneréisting data sources available in this
evaluation. The reader should note that there wassaibility that the students observed felt
influenced by the observers. While setting up thgeovation plan, the definition according to
Laatz [25] has been taken into account. This d@fmiof Laatz [25] clarifies the difference
between an observation in the common understandimh an observation with scientific
background. Laatz [25] says that an observatiom faoscientific point of view is much more
goal focused, and controlled and this is reachadoaols that guarantee the self reflection and
systematic and helps to widen the borders of otogption.

Caused by timeline — five forty hour weeks - andbitk of observers — 2 observers for the
whole period — it was not possible to apply alltpool rules described in Fal3nacht [27]. The
11 rules for the content of the protocol, listedRaf3nacht [27] are:

1. Observe the behaviour in relation to the situation
Describe all circumstances in a situation
Avoid interpretations
Report how the subject has done anything
Report who is interacting with the subject
Report the complete order of events
Write always from a positive perspective

Report the surrounding to its full extent

© © N o g M DN

Never sum up more than one action of the subjeschensentence
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10.Never sum up more than one action of persons etiagawith the subject in one

sentence

11.Never report while using timestamps

These rules have been defined for the observatfosmaller events. In this case the

protocol would have exceeded an analysable sizetla@dproject would not have been

realizable. Therefore, the following rules foundimgenkamp, Parey & Tent [26] have been

applied:

Selection in this case means that some items are defirgdthie observers take
care of.

Abstraction: this rule means that the observer has to focuh®mrvent and not to
interpret side events e.g. while asking questiothé face might give indication
about the expected answer.

Classification: this means that the selected and abstracted vesdd to be
classified.

Systematization this rule says that the classified events nedaettaken into one
big high level protocol that supports the analyasisd makes the observation
measurable.

Relativization: this point says that the observers need to be tabteparate events
and classify them to their relative background.sTiieans for instance unexpected

situations that influence the observed situation.

An explanation is given on the following pages@a&ow the observation protocol was set

up and which criteria the focus was on.

3.5.2

Terms of the observation

Since this evaluation measures how many of andhehehe practices have been applied,

the observation has been set up to take this mmesideration. According to this structure, the

protocol represents a list of all evaluated prastidable 3-3 is an enriched copy of Table 2-1

and Table 2-2 and shows which practices have bppled, how they have been evaluated

and how the impact on the influence of the obsenier assumed to be. This impact
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assumption has 3 categories: townediunt and higﬁ. In some rows “Tool” is listed as

evaluation technique. More about these practiceseistioned in section 3.4.

# Practice Name Used Automated Possible Techniguaefiuence
1 Sit Together Yes No Observation Low

2 Informative Workspace Yes No Observation Low
3 Energized Work Yes No Observation High
4 Pair Programming Yes No Observation Mediym
5 Stories Yes No Observation High
6 Weekly Cycle Yes Partial Observation Low
7 Slack Yes No Observation Low

8 Ten-Minute Build Yes No Observation Low

9 Continuous Integration Yes Yes Tool & Observatioh.ow

10 | Test-First Programming Yes No Observation High
11 | Incremental Design Yes No Observation Low
12 | Shared Code Yes Yes Tool Low
13 | Code & Test Yes Partial Tool & Observation  Low
14 | Single Code Base Yes Partial Tool & Observatiphow

15 | Negotiated Scope Contract  Yes No Observation eNon

Table 3-3 Evaluated practices and their evaluatioethod

To be able to measure the practices and to fipatlye the hypothesidoithe observation
results are mapped to numerical values. The 3 Iplessisults for the observation and their
numerical equivalent (in brackets) are Yes (1),ti®a(0.9 to (-0.9)) and No (-1). The
category "Partial” is spread from + 0.9 to — 0.8csi it can have a tendency to Yes or to No.

The events that caused the decision to partiahmm@sured, categorized and expressed in
numerical values to be able to calculate an apmtgpralue for partially applied practices.
These values are added or removed from the Yes (4p (-1) value.

! Low — Nearly no impact. The students notice thatdbservers are writing a protocol but their basawill
not change.

2 Medium — No great impact. The students might tkibkut applying the practice since the observeesience
might remind the students about the task to apgp$ydractice.

% High — Great influence on the students behavibhe students categorize the observers as not bietptathe
group and by this as a control instance. Therefbrerisk of a changed behaviour is high.
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3.5.3 The measurement of each observed practice

(1) Sit Together

An attendance check list showing students’ atteoelaor absence has been used to
measure this practice. This check list enabledbsrvers to determine whether the students
did work / sit together or not / separately. Theaders had to trust that the students calling
in sick or absent actually had a legitimate redsortheir absence and were not working on
their own at home or at another place. The obsgrakso recorded if there were features in
the room the students were sitting in that madensonication less efficient, for instance
plants blocking the view so that the students cadtlsee each other or other people that
were not involved in the project disturbing thedstnts working on the project. Since this

information was needed on a daily basis, it has Ibeeasured several times each day.

(2) Informative Workspace
Since a scale is needed to measure how inform#testudent workspace was, 4 points
according to Beck’s definition (see Beck [2]) ofdrmative Workspace were chosen. These
points are:
* Do the students have story cards?
* Do the students have a story wall?
* Do the students have access to water and snacks?
* Do the students have a workspace that is cleamryzaized?
Since these 4 points could change from day to Hay have been measured on a daily

basis.

(3) Energized Work
To measure this practice a table was used, stahiegaverage working hours of the
students per week and the average working houtiseoivhole student group per week. This
table was recorded for the whole 5 week period #ueth was evaluated at the end of the

student project.

(4) Pair Programming
By using a drawing of the room and the workplatesdbservers could easily mark where
the students were working from day to day. While students were working, the observers
were not supposed to check what they were workingrbe observers just observed whether

they were working in pairs or not.
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(5) Stories
By attending the students’ design sessions, theredrs could check whether if the
students wrote story cards or not and whether 8tagk them on the story wall. While
checking these points, the observers did not examwihich stories the students wrote, the

observers were just interested in seeing if théesits wrote the story cards at all.

(6) Weekly Cycle

Since the project duration was 5 weeks, the stedead the chance to perform a weekly
cycle 5 times. While the observers observed thdestis, the observers were checking on
whether the students followed a weekly cycle or rigtre, the observers checked whether the
group had a design meeting every Monday where tindests made story and task cards
which would later be accepted a meeting with thesb®n Fridays, the observers checked
whether the students built the system and updadidcument pages. The other days of the
week, the observers checked whether the team wankeading sessions followed by system

builds on a half day basis, i.e. twice a day.

(7) Slack
On the weekly meetings, the observers asked theibasy tasks had been dropped due to
the fact that the task was not needed to maketaréaf the program to work. Therefore, the

boss asked the students which tasks they had pextband which they dropped.

(8) Ten-Minute Build
Here, the observers had to ask and trust the stutiew long the build took.

(9) Continuous Integration
The observers used CVS to check if the studenegiated changes in the system.
Unfortunately, there is no logging option in Eckbshat the author was aware of to see how
often tests had been executed. So, the observern® lmte whether the students tested every

2 hours

! For details about Eclipse, see [10] & [11]
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(10) Test-First Programming
The students were using JUnio test their classes and methods. The obseners mot
fully able to see whether or not the students wilagetest cases before or after they wrote the
actual code that was tested. So, the observersivwaye had to compare the time stamps on
the test files with the time stamps on the corradpwy code files to be able to see if the
students made the test cases first. However, ths particularly difficult since it was not
obvious which test file corresponded to which céitke So instead, the observers had to ask

and trust the students if they wrote tests befloeg tvrote the corresponding code.

(11) Incremental Design
By observing the students on a daily basis thergbsg were able to see how much time

the students invested on the design each day.

(12) Shared Code
With the CVS tool the observers were able to sékefstudents regularly uploaded the code

to the CVS-server, thus sharing the code with thelevgroup.

(13) Code & Tests

The observers were not able to check if the stsderte uploading any files not related to
Code & Tests by just viewing the file-names. Thedshts could possibly keep documents
and artefacts outside CVS. So, the observers netd@theck the content of every file,
document and artefact of students to see if thelydmuments and artefacts not concerning
Code & Tests. Furthermore, the students were facddep statistics over the estimated time
each task took and the actual time it took to firastask. As mentioned before in section 3.4,
the students were not able to apply this practciestfull extent but this was a result of the

definition of the project.

(14) Single Code Base
Since the students had only one customer and aaugt;, there was no need for more
than one code base. Taking this into consideraitomade the evaluation of this practice
redundant. Nevertheless, the observers checke@W& repository to assure that only one

code base existed.
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(15) Negotiated Scope Contract
To measure this practice the observers used thalesiapproach of asking the boss of the

project if the boss negotiated scope contracts thggtproject group or not.

3.54 Summary
» The observation protocol gives proof if the eXtreRr@gramming practices have
been applied in the practical project or not.
» The observation protocol gives proof of the relati@tween the attitude towards a
practice and its real execution.
» The observation protocol represents a very resitiata source that delivers views
which help to form the big picture.

3.6 Survey 2

3.6.1 Introduction

Survey 2 was handed out to the students after ridetipal project had been finished. As
before in Survey 1, the main requirement of Sureis to measure the self evaluation
responses of the students. As in Survey 1, thetignesin Survey 2 have been grouped into
items. This section is thus structured by thesastand explains which questions belong to
which item, the purpose of each item and howévisluated.

3.6.2 The terms of reference of Survey 2

Survey 2 is compared to the different data soutica@shave been evaluated before survey
2 has been carried out namely Survey 1, the Taodsthe Observation. The difference in
response scales between the surveys (five poimé)saad the observation protocol (three
point scale) needs to be addressed to be ablenpare the 2 data sources. Therefore, a
formula - according to Aiken [33] — has been detiesd is applied.

1 JUnit is a framework to continuously run automatst suites against source code. It is represdmtedGUI
that shows the result of the test run which cameeibe pass or fail. For more information see:[[4], [13] &
(14]

2 It has to be mentioned that some questions weramayzed in the context of this thesis. The daastmight
be used for other purposes, studies or evaluaiiotiee future. These questions are not introdunetis
thesis.
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The terms of Survey 2 are similar to the terms wfv8y 1 in section 3.3.2. Therefore,

there are no further aspects that need to be nmextibere.

3.6.3 Items of Survey 2
The second survey has been set up to gather dmtedineg 8 items. These items are listed

below. The items asked in Survey 2 are:

tem 1 This item is about how the project worked out
S2Q1 How did the project work out in your opinion?
S2Q18  How well did the project work at all?
The questions are both asking for the same kindnfifrmation. According to that

assumption, the mean weighted valus) (of the answers of the question are compared. The

mean value X ) is calculated according to the following formula:

— 1 &
X ==* f
n ZX'

i=1

The evaluation shows whether the mean values aifeeisame categonpr not. If the 2
mean values are in the same category, this cantbgpieted as a match. When it could be
seen as a maitch it shows that the students haumilarslevel of understanding for the 2
guestions that are asked in different places beiygiine same content.

One major difference between these 2 questionsais32Q1 asks about the students’ own
opinion and S2Q18 just asks the status. This effantbe neglected since a survey always

represents the respondents’ own opinion.

ltem 2 How well do you think your team used the 15 practies?
This item refers to S2Q2 and has been asked to @anthe students’ impressions about
all 15 practices with the students’ impression abewvery single practice (see item 4).

Therefore, the results of item 2 are evaluatedttmgevith item 4 (see below).

ltem 3 This item is about applying eXtreme Programming ina student environment.
S2Q3 Do you think eXtreme Programming is a goait@ss to use in a

student project?

1 A response can be understood as matched whemlines\are in the same category. Since the catsgmee
from 1to 5itmustbe 1 -1.5; 1.6 — 2.5; 2.65;3.6 — 4.5; 4.6 -5.
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S2Q28 How well do you think eXtreme Programminghkgan a student
environment?

These 2 questions are aiming for the studentsud#itowards eXtreme Programming and
how the students think about applying it in a shidenvironment. Therefore, the mean
weighted values of the answers are presented ®gdthe mean weighted value is calculated
as described in item 1. The item can be seen ad Wathe answers are within the same
category range This reveals whether the students think thatidestt environment is a good

environment to apply eXtreme Programming or not.

ltem 4 How well could you perform the practice "XY"?

This item is represented by S2Q4, Q5, Q6, Q8, A9, @11, Q12, Q13, Q14, Q15, Q16,
Q17, Q23 &Q27 and it asks the students about thgmion of how well they were able to
apply practice XY. XY in this case stands for tleptactices, listed in Table 3-3 the students
were asked to apply. This item is used for 2 d#ferevaluations. The first one is a cross
check with item 2. There are 2 differences betwitsanm 2 and 4. First, item 2 asks what each
student thinks how well the team worked, wherea it asks how well each student thinks
he worked. To be able to compare the 2 items steps sire needed. Hence, the mean value
of item 4 - the group response — is calculated. Sdwond difference between item 2 and item
4 is that item 4 is asked for every single praciitereas item 2 is asked for all 15 practices.
This difference is solved by calculating the meatug of all 15 questions asked in item 4.
That makes it possible to talk about all 15 prastiBBased on these 2 assumptions the 2 mean

values are calculated and compared. The mean f@utem 2 is calculated as described in

item 1 and the mean value for item X4,( ., ) can be calculated as:

— 1,81,
X =2 2 2%,

m = answers within one question (team);

n = the 15 practices;

The second use of item 4 is that it can give ptodhe hypothesis $41 together with the

response from item 1.

! See foot note 1 for information about the categtefjnition.
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tem5 This item is about how eXtreme Programming worked at in the students’
project.
S2Q7 How well do you think XP worked in your prcije
S2Q19 Do you think the project would have worked better without
eXtreme Programming?

These 2 questions were asked to evaluate the stgdeups’ attitude towards eXtreme
Programming in their project. The selectivity betwdatem 5 and item 3 is just that item 3
asks about the students opinion regarding eXtrerogr@mming in a student environment
whereas item 5 asks whether the students felt edtrerogramming in the concrete project

that had been performed, supportive or obstructive.

A very important point to mention in this item kgt the 2 answers have different response
scales. While Q1 has the typical Not Well At Allfery Well scale (1 — 5) Q2 has the Yes /?
/ No (1; O; (-1)) scale. To be able to compare d@mswers the following transformation
formula according to Aiken [33] has been used.

c,* W, (X —L, +05w,)

to the given scales
C. W,

Applying formulaY =L, + 05w, +

X ={1; 2; 3; 4; 5}andY = (-1); 0; 1} means

Y =(-1)-0 5 + (x-1+o.5)g

w

Y= (-15)+X*> -0 5%

glw glw
ol

Y=(-18)+X*
Y (X) ={(-1.2), (-0.6), 0; 0.6, 1.2)
In the end, the mean values of the 2 questions@rgared to check whether the answers

are in the same categdrgr not. The mean value is calculated as mentiondttm 1 and

item 3.

! More information about the formula and how it &siged can be found in Aiken [33].
2 A response can be understood as matched whemlihes\are in the same category. Since the catesgange
from (-1) to 1 it must be. (-1) — (-0.5); (-0.494; 0.5 — 1.
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tem 6 Do you think you would have worked in a different vay if you had not been
observed by us?

This question was asked in S2Q20 to be able taiat@khe influence that has been felt by
students while they were observed during the praktproject. It helps to interpret the
gathered data. This response needs to be showrdetited since it is very important how
the different students answered. The median, théamwalue and the mean value are
calculated to analyze whether some students fidlieinced or not. The item has the response
scales Yes -1/ 7? - 0/ No — (-1) where every ansWat is not No can be counted as Yes
since even if a student is not sure that the oksgrpresence changed his behaviour it might
have caused a change.
ltem 7 Would you apply eXtreme Programming practices in tke future?

S2Q21 If you would do another project, do you khymou would apply
some of the eXtreme Programming practices?

This question is followed by the following request:yes would you please list them on

the other side of this sheet.”

In contrast to the other items this item can beswstdod as a control indicating the success
for the whole course. This question gives an indicaf the success of the goal of the lecture
to show the students the software development psokeown as eXtreme Programming and
enable them to apply it in real world projects. Taet that the students are willing to apply a
practice is the first step in this direction. Tlesponses of this item are analyzed in 2 ways.
The first one is that every response that is nat f6e S2Q21 which has a 3 item response
scale. The 3 items are Yes - 1/ ? - 0 / No — wifele counts as failure. Due to the open
response possibility that followed S2Q21 its resgsnare mapped to the practice — student —
list for evaluation. This list contains the infortime which student will apply what practices

in future projects. All additional information witle neglected.

Item8 How do you like the idea of having theoretical segms on XP followed by
performing the theory into practical use?
This item refers to S2Q26 and is the same as iterhtbe first survey. In the end, the 2
items are compared with each other to see whetleesttidents’ opinions changed during the

course of the practical project or not. To comphee2 items the mean valueX §, the modal

values &Mo) and the median values>_((MD) are compared with each other. Comparing all

these values will give a detailed comparison betwbe 2 items.
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The median vaIueXMD) returns the value where 50% of the answers dmbend 50%

of the answers are above the median value. Itsularis:

Xwo = X if nis an even number of responses.

LUz 2t

Xwmp =

2

> if nis an odd number of responses.

Whereas the modal valu&(Mo) stands for the most frequent answer. The modaieva

offers the most common answer and the frequentyeofmost common answer.

3.6.4

Summary
Survey 2 indicates whether the students felt lik@itg applied the practices of
eXtreme Programming.
Survey 2 gives indicates whether he student grelipnfluenced by the observers.
Survey 2 gives indicates whether the studentsadigfied with the project.
Survey 2 gives indicates whether the students d&itreme Programming as
hindering.
Survey 2 gives indicates whether the studentskéidlapplying the practices in a
student environment.
Survey 2 indicates — together with Survey 1 — & #tudents’ attitude towards the
structure of the course, i.e. lectures followedabpractical project, changed after
they had performed the practical project.

3.7 The sample

The sample base consisted of ten students. Thedenss were all Swedish males. Two

students were twins with each other and one studest wheelchair bound. The group’s

precise age distribution can be found in Figure 3.2
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Figure 3.2 Distribution of the students' age

The test whether the sample is representative orwas needless since the sample
represented the whole semester of the computercgcepartment at Karlstad University. As
can be found in Bortz & Doring [24] the test whethesample is representative or not is only
needed to prove that the sample is representaiivihé base it represents. Since in this case

the sample represents the whole base a proof isesated.

From the second relevant point of view - the eXeelRftogramming point of view - the
group can be seen as representative since the gangisted of 10 people according to
Gladwell [8] twelve is the maximum number of tearembers to interact comfortably with
each other.

3.8 Summary

In this chapter, the analysis model, the hypothesléslata sources and methods to prove

or not to prove the theories have been shown.igtiiScant metrics have been shown.
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The data sources have been introduced as Surve§urdiey 2, the Tools and the
Observation. First, 2 interviews, realized as sysvgSurvey 1, Survey 2), were set up that
captured the students self evaluation. Survey & abkut the students’ level of understanding
after finishing the theoretical lectures and thadents’ attitude towards the eXtreme
Programming practices and the applicability of firactices during the practical project.
Survey 2 is a snapshot taken of the students’esafuation on how well they felt that they
had applied eXtreme Programming and its practiagind the practical project, how the
students liked the project, how the students likezl project in a student environment and
whether the students will apply any eXtreme Prognémgy practice in future projects.
Besides, it was shown how the 15 practices weresared while the students applied them in

the practical project with help of the ObservatiRmotocol and the Tools.
According to Yin [23] and Bortz & Doring [24] theiwgen variety of data sources is

sufficient to validate the hypotheses and othet faglding theories. Moreover, the sample

can be considered as significant and representaties given context.
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4 Empirical Study

4.1 Introduction

In this chapter, all the evaluated data is presgraealyzed and interpreted according to
the analysis model introduced in chapter 3. Foheaed every result the raw data, for

example the responses of the surveys, the protacobe found in the appendix.

4.2 Survey I

421 Introduction

This section aims in proving or disproving the hyyasis Hi. Therefore, the items are
connected with each other as required by the mod#apter 3.
Two response scales exist in Survey 1. The fisgioase scale has 5 labels:

1-Very Well

2-Well

3-Neutral

4-Not Well

5-Not Well At All

The other response scale is a Yes / No scale. ifnstbction these verbal scales are

converted to numerical scales since numerical scaa be calculated more detailed.

422 Evaluation
The 5 items described in section 3.3 are evalubttdw. The items have been evaluated

independently and then analysed in conjunction witter items of survey 1.

tem1l How well did you understand all practices?
The mean value of item 1 is 2.3. The calculatiothig value comes as follows: ((1*0) +
(2*7) + (3*3) + (4*0) + (5*0))/10; 1 for answers ime category Very Well, 2 for answers in

the category Well, 3 for answers in the categoruthg, 4 for answers in the category Not
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Well and5 for answers in the category Not Well AL All of this is divided by 10 which is

the number of responses. Items 1 and 3 give andtidn of the degree to which the students

and the group as a whole understood the practices.

How well do you think the practice "XY" is applicable during the project?

Item 2

The aim of item 2 is to evaluate whether the sttgldrave been willing to apply the

practice XY of eXtreme Programming or not. Therefothe 3 categories “Applicable”

(response 2.5), “Not Applicable” (response3.5) and “Undecided” (2.5<response<3.5) have

been set up. Figure 4.1 shows the “Undecided” cayegs dashed transparent area between

the “Applicable” and the “Not Applicable” areas.
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Figure 4.1 Responses to survey 1 item 2

! The responses of Survey 1 can be found in appehdix
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The y-axis values of Figure 4.1 represent the mnespcscale 1 — 5 whereas the x-axis
values of Figure 4.1 represent the following 15cpces:
1. Sit Together
Informative Workspace
Energized Work
Pair Programming
Stories
Weekly Cycle
Slack
Ten Minute Build

© © N O O b~ WD

Continuous Integration

-
©

Test-First Programming

=
=

Incremental Design
Shared Code
Code & Test
Single Code Base

I
A wbd

15. Negotiated Scope Contract

The values shown in Figure 4.1 represent the wedymean values for every single
practice over all students asked in Survey 1. Thenge line across the whole figure
represents the mean over all 15 practices. Thideas shown to enable the reader to see the

relation between the mean of one practice and #enrof all practices.

As can be seen in the Figure 4.1, there are 4 makumes in the “Undecided” category
which represent the practices Informative Workspalack, Test-First Programming and
Negotiated Scope Contract. This result is relatethé results of item 3 below. Furthermore,
the result will be used to prove the hypothesis iH section 4.4 where the observation is
evaluated.

tem 3 How well did you understand the practice "XY'?
The responses to item 3 are illustrated in FiguB Again, the x-axis represents the 15

practices. The answers are divided into the 3 categories dostdnd” (response 2.5),

! To map the numbers 1-15 to the 15 practicesisheflitem two can be applied.
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“Undecided” (2.5 < response < 3.5) and “”"Not Undansl” (response 3.5) shown in Figure

4.2.
1 2 3 4 5 6 7 8 9 10| 11} 12 13 14 1b
1.7 | 18| 24| 15| 21 19 27 24 21 23 22 21 226 |3
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Table 4-2 Weighted mean values for item 3
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Figure 4.2 Responses to item 3

As can be seen in Figure 4.2, all practices haes beell understood except the practices
Slack (7) and Negotiated Scope Contract (15) irfthedecided” category.

This result can be related to the following resaftgéem 1 and 2 in order to be evaluated.

The mean value of item 1 (2.3) and the mean vadlutem 3 (2.2) are both in the category

“Understand” indicating that the students have enayal understood the practices well. The

students’ understanding of all the practices matdheir understanding of each practice in

total.

Furthermore, item 3 can be linked to the resultsesh 2 since a relation between the level

of understanding and the estimation of how weltpica XY would be applicable seems to be
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a reasonable assumption. Therefore, Table 4-3 caspghe 4 values (2, 7, 10, 15) in the

“Undecided” category of item 2 with the respectareswers (2, 7, 10, 15) of item 3.

Item 2 Item 3
# Practice (Applicable) (Understand)
2 Informative Workspace 2,9 1,8
7 Slack 3 2,7
10 Test-First Programming 2,9 2,3
15 Negotiated Scope Contra1ct 2,7 3

Table 4-3 Comparing the understand & the applicabkan values

As Table 4-3 shows on the one hand, the studest&l lof understanding is in the
“Neutral” category (range 2.6 to 3.5) for the prees Slack and Negotiated Scope Contract.
For these practices a reasonable interpretationth& the students have difficulty
understanding them since they have had little éepee in these practices. On the other hand,
Table 4-3 shows that the students understood tetipes Informative Workspace and Test-
First Programming but thought they were not applieaSo here, it cannot be considered that
the students had the same problems they had wetlottier 2 practices. The students rather
dissociated themselves from applying this pracsicee they had understood it. It will be
interesting to see further in this evaluation & $tudents’ minds changed while performing

these practices.

Finally, the results of item 3 serve in examinifg thypothesis k1. The purpose of
hypothesis Hi1is to prove whether the students understood thetipes or not. The precise
wording of the hypothesis is: “A student group thats attended the theoretical sessions on
eXtreme Programming understands the practices "wé&he wording of the counter
hypothesis is: “A student group that has attendesl theoretical sessions in eXtreme
Programming does not understand the practices’whdli is proved when Blois not proved.

If the response for a student group is in the acatetnot well”, Hsiowould be proved. In item
3, “Not Understand” is defined as: resporsé.5. As can be seen in Figure 4.2, there is no

response value > 3. Thus, there is no answer icategory “Not Understand” so thatidis
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unproved. This leads to the conclusion that theothgsis Hi1is proven. Hence, a student

group that has attended the theoretical sessiaterstands the practice well.

tem 4 Have you decided to embrace XP in the projée

This question was significant since it is importémtsee whether the students wanted to
apply eXtreme Programming or not while evaluating tlata. The response to this Yes / No
item was 100 percent Yes. This significant resait be seen as a very positive starting point
for the practical project where the students hadutfil only one task: applying eXtreme
Programming for 5 weeks as much as possible. Ounkel say that the students’ task was to
apply XP and therefore they needed to answer fileeltut from the authors point of view the
students had no reason to connect the answere slitieey to the attitude of the teacher since

the teacher did not receive the responses immégdiate

tem5 How do you like the idea of having theoretial sessions on XP followed by
performing the theory into practical use?
Item 5 will be evaluated together with Survey 2nt8 in section 4.5.2. The responses from
this item can be found in Table 4-4. For now carséié that the students liked the structure

of the course. This can be said since all resuodt$rathe well category.

Question gk Median ML
value value

How do you like the idea of having theoretical s&%s on

XP followed by performing the theory into practicele? 2 2 2,3

Table 4-4 Responses on item 5

4.2.3 Conclusion

This section about Survey 1 confirmed a numbeixptetations.

The first and very important step was to see whdtie students understood the practices
they had to apply during the practical project ot.nAs the evaluation of the students’
responses shows, the students understood, exaeptdmctices, all practices well. This is
supported by the verification of the hypothesis.e TA practices the students did not
understand well are Slack and Negotiated Scoper&zniThe practical project will show
whether the students finally understood the prastighile performing the practical project or
not.
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Another goal to be reached by Survey 1 was to evalwhether the students thought that
the practices would be applicable in their projectnot. Regarding this item, the survey
revealed that the students thought that 4 practicésrmative Workspace, Slack, Test-First
Programming and Negotiated Scope Contract) arevabtapplicable in the practical project.
In addition to the 2 practices Slack and Negoti@edpe Contract which the students did not
understand well, the students did not believe thatpractices Informative Workspace and
Test-First Programming were applicable during thectical project. For the 2 practices the
students did not understand (Slack and Negotiatees Contract) it seems to be consistent
that the students were not sure if these practiceapplicable or not. For the other 2 practices
(Informative Workspace and Test-First Programmihg) students seemed to have problems
in understanding how these practices have to Herpegd in this kind of practical project i.e.
in a teaching environment and not an industrialremment.

The last result from Survey 1 is that the wholedshi group was happy to embrace

eXtreme Programming in the practical project.

All entry criteria for the practical project havedn fulfilled and the fact that the students
were suspicious about applying 4 of these, namdlyrinative Workspace, Slack, Test-First
Programming and Negotiated Scope Contract) of theractices, can be seen rather as an
opportunity than a problem since a critical poirituview is worth much more than an
indifferent attitude.

4.3 The Tools

4.3.1 Introduction
This section verifies if the 4 practices that canelvaluated by analyzing the log files have
been applied or not. These were Continuous IntegraShared Code, Code & Test and

Single Code Base, and are evaluated in this order.
4.3.2 Evaluation

4.3.2.1 Continuous Integration
Continuous Integration is evaluated by checkingtivaethe file count and the average file

size increased while the project was performedrd&tbee, Figure 4.3 and Figure 4.4 that are
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generated by StatCVS provide information aboutagglication of the practice by the student
group.

Figure 4.3 File count during the project phase

Figure 4.4 Average file sizes during the projecags
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As can be seen in Figure 4.3 and Figure 4.4 tkeecblunt as well as the average file size
nearly grew linearly during the 5 weeks. Based lois tnformation this practice can be

counted - from the point of view of the tools -agplied fully.

4.3.2.2 Shared Code
Shared code means that all team members have doctes code and all team members
are working on all files of the code. The measupoit to evaluate this practice is whether
all students used CVS or not. Use in this casefimed as doing add and modify transactions.
The data - presented in Table 4-5 - has been ¢attdiom CVS to verify that the students

used CVS.
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Committer | Total transactions Loc?
Student 1 418 8173
Student 2 504 7004
Student 3 5 3174
Student 4 91 1510
Student 5 54 1205
Student 6 29 1179
Student 7 95 1155
Student 8 30 1105
Student 9 39 776
Student 10 9 439
Total 1274 25720

Table 4-5 CVS transactions

As Table 4-5 shows, all students used CVS sincestalients performed transactions.
However, from Table 4-5 it is not shown whethershelents performed both add and modify
transactions. Therefore, Figure 4.5 divides thaltoumber of transactions per student into

add transactions and modify transactions.

project: Author Activity
| modifying ® adding|
. . % . .
o 20 40 80 80 100

=

Figure 4.5 Anonymous quotas of the students’ adbnaodify transactions

1 LOC = Lines Of Code
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As Figure 4.5 shows, each student performed bgibstyf transactions. The results from
Table 4-5 and Figure 4.5 provide enough evidencertive this practice as technically

performed.

4.3.2.3 Code & Test
The practice Code & Test is defined as not keepithger than project related files. A
report - based on the CVS repository - has beentenleto evaluate this practice. The
following analysis only considers files stored e tCVS. All files that are stored outside of

the CVS were not evaluated by this verificationbl€a4-6 shows which file types have been

stored in the CVS file structure.

Type Files Files %
Totals 96| 100.00%
* java 73] 76.00%
* txt 1 1.00%
* xml 6 6.30%
Others 1 1.00%
Non-Code Files 15 15.60%

Table 4-6 File types in the CVS

As shown in Table 4-6 more than 15 percent of épmsitory is used for non code files. It
is to be determined which files these are and ey &are stored in the CVS. The repository
showed that the non-code files consisted of 3 filedatabase scripts, 1 RTF about how to
configure Eclipse, 8 JAR archives, 2 help files dngicture. The database scripts are needed.
The RTF was necessary for the students since thierstts are not well trained developers
who bring the knowledge about development enviramtmeThus, it is no problem for the
evaluation of this practice. The picture was neettedthe GUI. The JAR archives do,
according to best practice approaches, not beluogai CVS repository. However, since JAR
archives contain just code, they do not break withpractice. Contrary to all these files, the
2 help files, used to explain the developed aptiioa break the practice. According to
Beck’s definition (see Beck [2]) of Code & Testethsers’ manual does not belong into the

repository.

This leads to the conclusion that the practicertmadeen applied fully.
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4.3.2.4 Single Code Base
This practice was tested by checking the existehgest one repository. The administrator
of the CVS server was a person from the staff efuhiversity. Therefore, it was impossible
for the students to create another repository. prastice would have been redundant in the
given context and should have been taken out oftildent environment project. Considering

these circumstances, the practice has been appligd

4.3.3 Conclusion
Except Code & Test, all other practices, namelytoious Integration, Shared Code and

Single Code Base, have been applied.

4.4 The observation protocot

441 Introduction

This section presents a summary of the observatiotocol and shows how the items are
verified using this summarized data. It lends prothe hypothesis &1 together with the
data gathered in Survey 1 and evaluated in sedt®mas well as the results from section 4.3

for the practices Continuous Integration, SharedeC€ode & Test and Single Code Base.

4.4.2 Evaluation
Table 4-7 shows a summary of the detailed obsemvagprotocol. The table illustrates
which practices have been applied or not duringbtineeks of practical project. The practice

Weekly Cycle was not evaluated in the first week.

! The whole observation protocol can be found irempix D.
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# Practice Name Week 1 Week 2 Week 3 Week 4 Week 5 Mean

1| Sit Together Part? 0,75 | Part§ 0,75 | Part3 0,35| Partj 0,95| Partj 0,95 0,75

2 | Informative Workspace Yes 1 Yes 1 Yes L Yes 1 es 1 1,0

3| Energized Work Yes 1 Yes 1 Ygs ] Yes il Yes 1 1,0
4| Pair Programming No -1 Ng -1 N -1 Np -1 No -l -1,0
5| Stories Yes 1 Yeg 1 Yes 1 Yes 1 Yes il 1,0
6 | Weekly Cycle na| n/aj No -1 N@ -1 No -1 Yes L -0,5
7 | Slack Yes 1 Yes 1 Yes 1 Yes 1 Yes L 1,0
8 | Ten-Minute Build Yes 1 Yeg 1 Yes 1 Yes ] Yes ik 1,0
9 | Continuous Integration Yes 1 Yes 1 Yes L Yes 1 ed 1,0
10| Test-First Programming Yes 1 Part0,3 | Party 0,3 | Part 0,3 | Party 0,3 0,44
11| Incremental Design Yes 1 Yes 1 Yes L Yes es 1 0 1,
12| Shared Code Yes 1 Yes 1 Yes L Yes es 1 1,0
13| Code & Test No -1 No -1 No -1 N@ -1 No -1 -1,0
14| Single Code Base Yes 1 Yes 1 Yes il Yes 1 Yes 1 10
15| Negotiated Scope Contract  Np -1 Yes il No t1 es lesly 1 0,20

Table 4-7 Practices applied per week in words ancherical values

The numerical values are calculated according ¢orties in section 3.5. The values for
the partial fields have been classified and catedlaThe Sit Together values have been
calculated as follows: If the group did not go tadh together it cost the practice 0.05 points
whereas the whole absence of one student costp@id®s. For the values in the Test-First
columns the following approach has been chosen:0TBevas determined since it represents
the borderline between the “Applied” and the “Unided” category. 0.3 is counted as
“Applied” and this was due to 2 factors. The fioste is that even the students who did not
apply Test-First Programming thought about the iradut did not see a benefit in applying
it. The second point is that some students appliest-First Programming but since this
particular group represented less than fifty peradrthe total number of students it is not

placed in the middle of the “Applied” category.

By comparing the data from Table 4-8 with the deten Survey 1, the hypothesisoiHan
be validated. Therefore, the response given in Sudv item 2 is listed in Table 4-8 and
transformed to the scale of (-1; O; 1) to be abledmpare it to the results of the observation

and tools. Both results as well as their differeimcabsolute value are shown in Table 4-8.
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# Practice Name Survey 1 | T &O! | Difference
1 Sit Together 0,84 0,75 0,09
2 Informative Workspace 0,06 1,00 0,94

3 Energized Work 0,30 1,00 0,70

4 Pair Programming 0,84 -1,00 1,84

5 Stories 0,48 1,00 0,52
6 Weekly Cycle 0,36 -0,50 0,86

7 Slack 0,00 1,00 1,00

8 Ten-Minute Build 0,42 1,00 0,58
9| Continuous Integration 0,48 1,00 0,52
10| Test-First Programming 0,06 0,44 0,38
11 Incremental Design 0,30 1,00 0,70
12 Shared Code 0,54 1,00 0,46
13 Code & Test 0,72 -1,00 1,72
14 Single Code Base 0,42 1,00 0,58
15| Negotiated Scope Contract 0,18 0,20 0,02

Table 4-8 Survey 1 item 2 compared to the prototthe observation and the tools

The hypothesis bt said that a student’s expectation about how heagpifily practice XY
is in relation to how the student will apply it ife practical project. Meanwhile, the
corresponding null hypothesisobisays that the attitude a student has towards aremt
Programming practice has no influence on how it &l applied during the practical project.
The hypothesis is proved if the null hypothesiaas proven. It can be assumed that there is
no relation between the expectation before thetipagroject (value of Survey 1) and the
real application (value of the tools and observgtibthe difference between the 2 values is at
least 0.6. In the (1-5) scale one category haddghvaf 1. Transferring this value into the ((-1)
— 1) scale it will become 0.6, so that one cateday a width of 0.6. Thus, if the difference
between the 2 values is at most 0.6 the answerdnatbe same category. Whereas a

difference that is more than 0.6 it is too greabéaunderstood as close.

As can be seen in Table 4-8, there are 7 “Diffeeénalues higher and 8 values lower than
0.6. This result makes it possible to prove thé hybothesis o for 7 practices and by this
the hypothesis bt can not be proven for those practices. Nevertelia® null hypothesis

! Column T & O (Tools and Observation) containsrégults of section 4.3 and 4.4
2 Part = Partially applied
% This practices has been measured via Tools
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Hoo can be disproved for 8 practices so that for thpraetices the hypothesisoHcould be
proved. Eight out of 15 is more than 50 percentfautaway from a significant result that

could have verified the hypothesistor all practices.

However, it is possible to conclude that a relaiop between the expectation and the
appliance cannot be excluded for the following pcas:
o Sit Together
Stories
Ten-Minute Build
Continuous Integration
Test-First Programming
Shared Code
Single Code Base

O O O o o o o

Negotiated Scope Contract

443 Conclusion

The main purpose of the observation was to evaludiether the students applied the
eXtreme Programming practices or not. So, the elsen has been performed and recorded.
As shown in this section, the majority of practides/e been applied. Only the 3 practices
Pair Programming, Weekly Cycle and Code & Test hawt been used. For the practice
Weekly Cycle this is to bee seen with the exceptibat it has been applied in the last week.
However, the 3 practices Sit Together, Test FirsigRamming and Negotiated Scope
Contract have been partially applied.

Furthermore, the unproved hypothesisi ldhows that there is no evidence for the relation
of the students’ attitude before starting a progud the students’ way of behaviour during
the project for at least 7 of 15 practices. Thispares the ground for the assumption that the
teachers do not need to convince the students #fmyiractices. They rather need to explain

the practice very detailed to enable the studenapply the practice.
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4.5 Survey 2

45.1 Introduction
Survey 2 is very important since it supports theobasion of the other data sources. From
a high level perspective there are 4 main issues teerified by Survey 2:
1 the students’ attitude towards the project theyjhatiperformed,
2 their view on the structure of the course,
3 the influence the observers had on the students.and
4 learning success measurement by checking if andhngtriactices the

students will apply in future business and unigrgrojects.

4.5.2 Evaluation
Survey 2 consists of 8 items which are evaluatéalb@n detail.

tem1 How did the project work?
The purpose of this item is to measure the stutlatitside towards the project. Therefore,
the following 2 questions have been asked:
S2Q1 How did the project work out in your opinion?
S2Q18  How well did the project work at all?
There are 2 ways of evaluating this item: eitheetaluating each question on its own or
by using the mean weighted value of the 2 questiéigsire 4.6 shows every single answer as

well as the mean values per student.

! The original responses of Survey 2 can be fourappendix E.
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Iltem 1
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—&— How did the project work out in your opinion? —m— How well did the project work at all? —A— Mean value

Figure 4.6 Responses on item 1

There are 2 points that can be drawn from Figuée As can be seen in Figure 4.6, 5
students or 50 percent of the student group answegeally for all questions whereas the
other 50 percent are just separated by one scileTimat shows that all students answered
both questions very closely. Except for one respamsh a mean value in the “Undecided”
category, all mean values are in the “Well” catggddowever, this result just gives an
answer to each individual student’s opinion. Inesrtb evaluate the group opinion, the mean
value is needed. Therefore, this value is listedahle 4-9.

Question Mean value
How did the project work out in your opinion? 1,5
How well did the project work at all? 18
Mean value 1,65

Table 4-9 Mean value of item 1

As can be seen in Table 4-9 the lowest value isstaBding for the “Well” category (1-
2.5). This data suggests the assumption that tigest group thought that the project went

well.
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tem2 How well do you think your team used the 1practices?
This item is evaluated to have a reference valuetém 4. Therefore, the mean value is
calculated and compared with the responses of #enThe calculation as well as the

comparison can be found under Item 4.

Iltem 3  About applying eXtreme Programming in a stueént environment

Item 3 asks the students what they think aboutyapgpleXtreme Programming in a student
environment respectively the current practical gebjlt seemed to be interesting to see if the
students thought that the student environment capsgblems while the students wanted to
apply the practices.

Figure 4.7 shows the students’ responses on item 3.

Item 3
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Students —— Do you think XP is a good process to use in a stuaeproject?
—— How well do you think XP works in a student envirooment?
—A— Mean value

Figure 4.7 Responses on item 3

As shown in Figure 4.7, 40 percent of the studgsttglents 2, 3, 9, 10) answered using the
same value; 50 percent (students 1, 4, 5, 7, 8yeresl with a difference of 1 in the value,
and one student (student 6) answered with a difter®f 2 in the value. Figure 4.7 just shows
the answers per student and not the opinion oftihent group. It is not possible to draw a
conclusion just by having a look at the single ealiso that the mean value needs to be

calculated (see Table 4-10).
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As can be seen in Table 4-11, the mean value ofvi@e group and item 3 is in the

Mean

uestion
Q value

Do you think XP is a good process to use in a stupject? 2.1

How well do you think XP works in a student envinognt? 2.6

Mean value of item 3 2.35

Table 4-10 Mean value of item 3

“Well” category (1-2.5).

This leads to the conclusion that even though éspanses of some students were in the
categories “neutral”, “not well” and “not well ali"athe student group did not see a problem
in the fact that the project had to be performed atudent project in a student environment.

Of course, the students’ replies could have bedterbg< 2.35). Since the value 2.35 is close

to the “neutral” category, this will be discussadnore detail in the conclusion.

Item 4

Item 4 was set up for 2 reasons. First, it was ineanompare the student group’s overall
impression with each individual impression. Therefdhe mean value of item 2 is compared

to the mean value of all students of item 4. Thmsan values as well as the answers to item

How well could you perform the practice "XY"?

4 of each student are illustrated in Figure 4.8.
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Figure 4.8 Responses on item 4
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As can be seen in Figure 4.8, the mean value®of # (illustrated in orange) and item 4
(illustrated in pink) do not match. The mean vabietem 2 (2.6) lies in the “Undecided”
category whereas the mean value of item 4 (2.8)itighe “Applied” category. One possible
reason could be that each student, except for theli@rs in the “Undecided” category, ranks
himself better than his perceived behaviour ofglmip as a whole. Another possibility could
be that the students have a negative opinion gheypractices in total — visible in the higher
mean value of item 2 — however, when the studdmitd tabout each practice in detail they
come to the conclusion that each practice in itea been applied better than the overall

impression for all the practices.

The second reason why item 4 was set up has beeweriiy hypothesis b1 This
hypothesis said that a student groups’ self evianaibout the level of application of an
eXtreme Programming practice will match the grougsll behaviour. Therefore, the mean
values per practice of Survey 2 are compared tortban values of the observation protocol
for all weeks (see Table 4-11). The difference leetvthe 2 data sources gives information

about the hypothesisskh. The difference is calculated gsA-B | where A stands for the

mean value of Survey 2 and B for the mean valueebbservation.

# Practice Name Survey 2 | O&T® | Differencé
1 Sit Together 0,84 0,75 0,09

2 Informative Workspace 0,06 1,00 0,94
3 Energized Work 0,48 1,00 0,52

4 Pair Programming 0,12 -1,00 1,12
5 Stories 0,24 1,00 0,76
6 Weekly Cycle 0,24 -0,50 0,74
7 Slack 0,54 1,00 0,46

8 Ten-Minute Build 0,00 1,00 1,00
9 Continuous Integration 0,48 1,00 0,52
10| Test-First Programming 0,90 0,44 0,46
11 Incremental Design 0,48 1,00 0,52
12 Shared Code 0,84 1,00 0,16
13 Code & Test 0,18 -1,00 1,18
14 Single Code Base 0,80 1,00 0,20
15| Negotiated Scope Contract 0,72 0,20 0,52

Table 4-11 Comparison of Survey 2 ltem 4 and, bsevation and tools

! The values of Survey 2 are transferred to the-1) scale.
2 Column T & O (Tools and Observation) containsrémults of section 4.3 and 4.4.
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The following assumption is needed to numericattyvp the hypothesisdat

The hypothesis kb1is proven if the corresponding null hypothedigo is unproven. The
null hypothesis Iskosaid that a student groups’ self evaluation abloatlével of application
of an eXtreme Programming practice will not maticl groups’ real behaviour. That means
numerically if 0.6< |A-B | the null hypothesis is unproven. In the (1-5) saahe category
has a width of 1. Transferring this value into (e O; 1) scale it will become 0.6, so that one
category has a width of 0.6. Thus, if the diffeefetween the 2 values is at most 0.6 the
answers are in the same category, meaning the 'greafi evaluation matches the group’s
real behaviour. Whereas in case the differenceniernthan 0.6, the 2 answers are too far apart
from each other to be counted as close.

If any field in the right-most column of Table 4-14 shaded orange it means that the
difference between the response of the survey l@devaluation of the observation is less
than 0.6. As can be seen in Table 4-11, 9 out giraBtices - that means nearly two thirds of
the answers to Survey 2 - are close to the valughef observed behaviour as the
corresponding value is at most 0.6. This is ndfigaht to disprove the null hypothesis. As a
result, the hypothesissbh cannot be proven and thus, cannot be verifiedc@sequence, a
student groups’ self evaluation about the levehpplication of an eXtreme Programming
practice does not match the groups’ real behaviour.

The fact that the hypothesis cannot be proven doésupport the assumption that the
students are fully aware that they have appliedeke#eme Programming practices. This

leaves space for the assumption that the studeares not aware of the practices they applied.

ltem5 About how eXtreme Programming worked out inthe students’ project.

The purpose of this item is to evaluate if the ehid felt eXtreme Programming as
supportive or obstructive while the students pented the practical project. Therefore, the
following 2 questions have been asked:

S2Q19 Do you think the project would have workedhmetter without XP?
S2Q7 How well do you think XP worked in your ject?

The response scale of the second question needettansferred into the response scale

of the first question to be able to evaluate tiegeaestions. Figure 4.9 shows the responses in

the same response scale.

! The difference is represented as absolute vhdliierence] .
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Figure 4.9 Responses on item 5

As Figure 4.9 shows, except for one response wdlestts responded in the “No” category
when it was about if the students felt handicappeéXtreme Programming. When it comes
to the question whether the students felt eXtrenogf@mming supportive, it can be said that
7 out of 10 students answered in the “XP WorkedI¥\ggitegory, one student answered in
the “XP Worked Not Well” category and 2 studentgevendecided. Table 4-12 describes the
group tendencies of item 5 by showing the meanegabi the whole group.

Question Mean value
Do you think the project would have worked out &ewithout XP? -0,9
How well do you think XP worked in your project? ,30

Table 4-12 The mean value of item 5

As can be seen in Table 4-12 the mean values spectvely in the category “No / XP
Worked Well”. That can be interpreted as a reasiensiiccess since the response on the first
question leads to the conclusion that the studeittsnot feel eXtreme Programming as a
constraint. Furthermore - since the mean valudefsecond question is in the “XP Worked
Well” category as well — the second question camterpreted that the students felt eXtreme
Programming as supportive.
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tem6 Do you think you would have worked in a diféerent way if you had not been
observed by us?

This item aims in appraising the influence the obses had on the student group.
Therefore, the students were asked if they felt enflyence or if they think they have
behaved in a different way. The response of tieisits that 100 percent of the students did
not feel influenced in their behaviour. This respoieads to the conclusion that the risk of

influence can be neglected.

ltem 7  Would you apply eXtreme Programming practice in the future?

The purpose of item 7 is to check the learning sss©f the students. Therefore, it consists
of one question followed by a request. The questimtks if the students will apply eXtreme
Programming practices in future projects. The uddton offered the possibility to the
students to respond in free text which practicesstudents think they will apply in future

projects.

If you would do another project, do you think you would apply some of the XP practices?

B Yes HNo

10%

90%

Figure 4.10 Responses on item 7

As can be seen in Figure 4.10 90 percent of theesiis responded that they would use
eXtreme Programming practices in future projectsie Qesponse was in the “Neutral

category but according to the framework of thisitidnis response must be counted as failure.
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Based on this data and the data from the pradigtesl by the students, Table 4-13 has been

derived.

w2 Practices Summary! Result
1 Sit Together 56% 0,40
2| Informative Workspace 44% 0,30
3 Energized Work 56% 0,40
4 Pair Programming 78% 0,60
5 Stories 33% 0,20
6 Weekly Cycle 33% 0,20
7 Slack 33% 0,20
8 Ten-Minute Build 449 0,30
9| Continuous Integration 33% 0,20

10| Test-First Programming 44% 0,30

11 Incremental Design 33% 0,20

12 Shared Code 44% 0,30

13 Code & Test 33% 0,20

14 Single Code Base 44% 0,30

15| Negotiated Scope Contragt 33% 0,20

16 Whole Team 33%

17 Quarterly Cycle 33%

18| Real Customer Involvement 33%

19| Incremental Deployment 33P0

20 Team Continuity 33%

21 Shrinking Teams 33%

22 Root-Cause Analysis 330

23 Daily Deployment 33%

24 Pay-Per-Use 33%

Table 4-13 Responses on item 7

As can be seen in Table 4-13, the responses pobig¢he students in the list in this item
are not as enthusiastic as on the first questiatmisfitem. The only practice that reached a
good result is Pair Programming. It is interestingsee that even practices - not applied
during the practical project - were listed in tlesponse. The outcome of this item is that
nearly all students want to apply eXtreme Programgngractices in future projects but most

of the students are not sure — except of Pair Brogring - what practices they are going to

! The values in the Result column are calculatefdlimvs: for every student that has answered wigs 4 (+1)
is listed for every student that has not resporad@ds added and for every student who has responidle No
a (-1) is added. At the end the mean value has t@enlated and is presented.

2 The fields that are coloured orange represenptthetices that were used in the student projettiaa fields
that are coloured in yellow represent the practibatwere not used in the student project.

3The percent values are based on 9 students thatggeed on applying eXtreme Programming in future
projects.
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apply. This leads to the conclusion that the sttglamre not convinced of the advantages of

most practices except for Pair Programming.

tem8 How do you like the idea of having theoretial sessions on XP followed by
performing the theory into practical use?

This item consisted of the one question asked th barveys. Therefore, the response of
this item is compared with item 5 of Survey 1. ®irthe surveys were anonymous, it is not
possible to compare the answers for each individgtadent and how the student’s attitude
towards the structure of the course changed. Thwerethe median, the modal value and the
mean value are compared. The mean value shows evh#dth student group’s average
opinion changed, the median shows where exactlydbponses are divided since the mean
does include the outliers in a not transparent \iide modal value shows which answers
have mostly been given. The value inside the btackkows how often this response has

been occurred.

Iltem Modal value | Median | Mean value
Survey 1 2[5] 2 2,3
Survey 2 2[3], 3[3] 2,5 2,5

Table 4-14 Comparing Survey 1 with Survey 2

As can be seen in Table 4-14, from the first suteethe second survey all values moved
from the well side (1 — 2.5) towards the not weldes(3.5 — 5) but stayed in the well category.
The median and mean values are on the borderlingetral but still on the well side.
However, the modal value is 2 and 3. The fact thatresponses are worse in all 3 results of
Survey 2 than in Survey 1 can be seen as evidaatéhe students’ enthusiasm was less after
the practical project had been performed. This lmarunderstood as a sign to improve the
practical project since the students were expettdike the structure even more after they

have performed the project.

4.5.3 Conclusion
The purpose of this section was to clarify manyessregarding the students’ attitude towards
the project, eXtreme Programming in the project aXdreme Programming in a student
environment. It was meant to see whether the statattitude towards the structure of the
course changed. It was also meant to evaluateetied of influence the students felt in being
observed during the practical project. The lastes® be verified by Survey 2 (Item 7) was an
indicator of how well the goal of the course sucszki.e. the use of eXtreme programming

as a tool.
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About the exit criteria, it can be said that thejgct went well from the students’ point of
view. The response of the appropriate items waeibtétan well. That leads to the conclusion
that the students were relatively positive regagdire progress of the project. This could be
influenced by the fact that the student group fiad the given task. This positive enthusiasm
continued in the next item number 2 regarding thedemts’ opinion towards eXtreme
Programming in the project. In this step, the stisleesponded not only that they did not feel
limited while they had to apply the eXtreme Progmang practices. In fact, the students
indicated that eXtreme Programming worked wellheit project. This can be understood as
success since the students had a positive atttwards eXtreme Programming. The last
issue in this context was the issue regarding apglgXtreme Programming in a student
environment. This was asked in item 3 since thalesits might dislike some practices
because the students thought that these practicee® wot applicable in a student
environment. The students’ response about this tember 3 was that they still believed
eXtreme Programming was applicable in a studeniremwient. The fact that the response
was on the borderline to the “Neutral” categorydtidoe understood as an opportunity for
the lecturers to implement some improvements anthanway increase the efficiency of the
course. Finally, it can be said that the studeoupgrfinished the practical project with a
positive attitude the relevant issues project Ijstthe support of eXtreme Programming in

the project and the appliance of eXtreme Programnmra student environment.

Another issue to be verified by this section ithé students changed their minds regarding
the structure of the course while performing thecpical project. An item has been set up that
was asked in Survey 1 (item 5) and again in Sug/¢yem 8) to evaluate this question The
issue is clarified by checking whether the attimidecame better, worse or remained the same
compared with Survey 1. Before the students pewddritine practical project the students’
response regarding this point was that they likexl dtructure of the course well. After the
students had performed the practical project theesits responded that they still like the
structure of the course with respect to the th@aksessions. This indicates that the students
did not strongly change their mind. Not stronglycs the category did not change but the
actual values were higher (i.e. worse). This masgthe seen as a bad sign but might be an

indicator that there is still potential left to ingwe the structure of the course.
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It is positive to see that the students did not fietuenced by the observers while they
performed the practical project. Since 100 peroétiie students excluded the influence there

is no need to consider an influence on the evanati

In addition, Survey 2 serves to prove the hypothébkbi in order to see if the students
were aware of the practices they applied or notvéi@r with regard to this point, some of
the tool based support indicated that the studdidsnot do what they said they did.
Unfortunately, this hypothesis could not been profge all 15 practices which means that the
students applied some practices but were not fulare that they applied them. In some
cases, the student group did not apply practicéshiomght that they applied them. This is a
very tricky situation and needs to be analyzed |atben the overall result is analysed. Many
misunderstandings could cause such an effecttduséention some: the students could have
had trouble in deeply understanding the practiceher students interpreted the practice

different than explained.

The last issue to be tracked by Survey 2 was whethrot the course achieved its goals.
One of the purposes of the course was to openttigersts’ mind to eXtreme Programming
and to enable the students to apply eXtreme Pragragiand its practices whenever it might
be useful. The students have been asked if theydcouagine applying eXtreme
Programming practices in future projects or ndbecable to verify this issue. Ninety percent
of the students responded that they would applyesx¢é Programming practices in future
projects. The student group has also been askechvghactices they would apply in future
projects to be able to evaluate where improvemanight be useful. The most favoured
practice was Pair Programming followed by Sit Thgetand Energized work. These were
followed by Informative Workspace, Ten Minute Buil@iest First Programming, Shared
Code and Single Code Base. Thus, there could lmmrce to improve the education for the

other practices so that the level of acceptanaeases.

Finally, the result of Survey 2 can be understos aeasonable success. It delivers a lot

of evidence that supports the process of drawiadatge picture.
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4.6 Summary

During this chapter, all the data sources have leeafuated. The data collected has been
presented, commented and interpreted. The dathdwmsne evidence to prove certain items

that are important to draw the big picture in ckapt

Before drawing any conclusions from the data, thiectusions of Survey 1 and Survey 2

need to be summarised.

Survey 1 shows that the students who attended abtires understood most of the
practices well but that the students did not thiheit all practices were applicable in the
practical project. The reason behind this attitw@es not the fact that the students did not

understand the practices, since they had understwoé of them well.

The observation and the tools showed that it ispusisible to substantiate a connection
between the students' attitude about how well &tige is applicable before the project
started.

Survey 2 showed that the students had a positiiteds towards eXtreme Programming
and its performance in a student environment. Thdests left the practical project with a
positive impression about how the project worketl &urvey 2 strengthens the observation
since the students dispelled all doubts about tifieeince the observers had on them. It
showed that the student groups were not fully aveda@ut which practices they applied and
which practices they did not apply. That has bewarpreted as evidence that the group was
lacking a deeper understanding of certain practithe majority of the group wants to apply
eXtreme Programming practices in future projedisoalgh most of the students were not able
to mention which practices. The answer to S1Q33) @nd S2Q28 (2.5) (the same question)
showed that the students were less enthusiastibhetddea after the practical project but

nonetheless the answer in Survey 2 was still ifwed|” category but borderline “neutral”.
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5 Result by practices

5.1 Introduction

Though, the students left the course with a pasiittitude towards eXtreme Programming
and the eXtreme Programming practices and a godeérstanding of the majority of the
practices, there are some improvements that camtleduced in future courses. So, this
chapter draws a short conclusion for each practam®bined with a comparison to other
scientific work done regarding the appropriate pcacby different researchers. Furthermore,

an outlook that could be interesting to be resesatch future projects is given.

5.2 Sit Together

Sit Together can be seen as an important pillathefeXtreme Programming portfolio.
However, on the other hand according to Trampe] pfshore IT projects are twenty to
thirty percent cheaper than near shore projectdtasds according to Deloitte & Touche [43]
a contributing factor for 82 percent of the comparthat apply offshore development. This is
one reason why research about distributed eXtrerogr&mming is done as described by
Kircher, Corsaro, Levine [44] and Braithwaite, Jeyj@5]. It appears to be clear that Sit
Together would be heavily affected in a distributeironment. This leads to the conclusion
that Sit Together needs to be adapted to be abbe tapplied in other contexts. Therefore,
more research will be performed in future projetise experience found in this project can
be summarized that Sit Together has been trandfdoethe students successfully. The
students know in detail what Sit Together is aland how they have to apply this practice.

Thus, this practice has been taught successfully.

The outcome of the practical project shows that likeefit of Sit Together is easy to
understand and to apply in a project environmeot.f&ture research it would be interesting
to apply the changes of eXtreme Programming to inecdistributed eXtreme Programming
described, developed and tested by Kircher, Coré@wvine [44] and Braithwaite, Joyce [45].

Finding good applicable solutions for offshore poig is a very interesting field since

67



according to Deloitte & Touche [43] offshore devmizent will increase within the next

decades and should to be taught to computer scg#udents as early as possible.

5.3 Informative Workspace

This practice, Informative Workspace, is a goodnepie of a lack of information. The
students thought that they understood this practiel but considered it as not applicable.
Contrary to the observation protocol that shows the student group applied this practice to
the full extent possible. However, after the piaadtproject, the students were still not aware
of this as the response in Survey 2 was exactlyséme level as before. This might account
for a lack of awareness about this practice orptreof the students. Further emphasis should
be placed on describing this practice in ordentwgase the students’ awareness.

For the same reasons - mentioned in the sectiont&ib Together — attempts have been
made to automate this practice in real world prisje©ne solution is therefore the tool
XPSwiki [47] that has been applied in eXtreme Paogming research projects Gianini &
Sillitti [46] to analyze if it is possible to appinformative Workspace in distributed project
environments. The approach of automating InforneatWorkspace can be motivated by
several reasons. One reason is that an Informatfeekspace that is virtual is totally
independent of a physical location and therefareaber of a team can work from anywhere
in the world. It was somewhat ironic that the stitdeproject [19] was to implement a virtual
story wall which could be a part of a tool to sugpdistributed Informative Workspace. It
would be interesting to see whether future coumseslid be able to work with virtual

Workspaces.

5.4 Energized Work

Energized Work is not only an issue in softwareeligwgment projects it is also a social
problem. As analyses in Canada [48] and Germany $@w, it has been shown that
increasing working hours have negative influenceéhenemployee’s health and by this on the

guality of the employee’s working results.
The case study showed that the students understmopractice well, applied it during the

project and consider it as applicable in futurejgumts. For future research, it would be

interesting to evaluate if a student group thatiegEnergized Work feels less stressed and
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healthier after a project has been finished in canspn to a student group that performed the

same project with the same goal but without interally applying Energized Work.

5.5 Pair Programming

Pair Programming showed the highest score regatiefevel of understanding. Based on
this, the students categorized it as highly appleaHowever, this was followed by a nearly
total absence of application which the studentsehaet been aware of. In the end, Pair
Programming is the leading practice when it cornehé question which practice to apply in
future projects. What could be a reason for thisult® One possible answer is that —
according to Ramachandran & Shukla [71] - Pair Rrogning is one of the 3 most popular
practices of all eXtreme Programming practicessTuaiuld play its part as well as the lack of
knowledge about the details regarding the appliasfcthis practice. Perhaps the students
thought that sitting together while coding is athg&air Programming. This issue raises more
guestions than can be answered with help of tha dathered in this project. However,
answers to these questions may be given in futtogegs that place the emphasis on such
distinctions.

It should be noted about Pair Programming, thathmeasearch exists on whether Pair
Programming improves quality of code enough totiegse the cost intensive practice or not.
As described by Williams, Kessler, Cunningham &fries [72], Pair Programming helps to
produce a better software quality in less time twvéth the common one programmer coding
method. This is supported by Cockburn & William$][who showed 3 projects with fewer
lines of code but with the same functionality. Taet that all 3 projects needed fewer lines of
code leads to the conclusion that Pair Programmésglts in a much more sophisticated
design. Furthermore Williams & Upchurch [73], Nagap, Williams, Ferzli, Wiebe, Yang,
Miller & Balik [78] and Williams [75] describe thd@air Programming can be supportive in a
students’ course as well. They mentioned that thedesits had greater learning experience in
a shorter time. Nagappan, Williams, Ferzli, Wiebang, Miller & Balik [78] summarize it as
follows:

e “Pair programming helps in the retention of moradsints in the introductory
computer science stream.

e Students in paired labs have a more positive d#itaoward working in
collaborative environments; this should ultimatéiglp the student in his/her

professional life.
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« Pair programming in an academic environment redubesburden on the LI
because the pairs helped each other, enablingl tieegerform more efficiently.

* From the results we have obtained regarding thes #sd the projects, we can
conclude significantly that pair programming amosigdents is in no way a
deterrent to student performance.”

Another interesting observation has been made Hijawis & Kessler [74], Williams &
Kessler [77], who noted the fact that programmeeswsually used to working alone. This
needs to be mentioned while talking about Pair Rrogning since for some programmers it
might be difficult to work in pairs. Williams & Keter come to the conclusion that most
programmers enjoy working in pairs after they cottedi themselves to doing so. Pair
Programming offers possibilities for all circumstas e. g. partner picking principles (see
[79)]). Finally, advantages of pair programming t@nsummarized as follows (see [76]):

*  “many mistakes get caught as they are being typedther than in QA test or in
the field (continuous code reviews);

» the end defect content is statistically lower (cwmus code reviews);

» the designs are better and code length shortero(ogdorainstorming and pair
relaying);

» the team solves problems faster (pair relaying);

» the people learn significantly more, about the esystand about software
development (line of-sight learning);

» the project ends up with multiple people understaméach piece of the system,;

» the people learn to work together and talk moresroftogether, giving better
information flow and team dynamics;

» people enjoy their work more;”

5.6 Stories

More than all other practices Stories had to beriglized by the student group as the goal
of the student project (appendix B) was that thestits had to build a virtual story wall with
virtual story cards on it. This practice has berdarstood well and has been well performed.

However, after the project, the students thougat they applied this practice less than well.

! LI stand for Lab Instructors. See [78] for moréails.
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It is not obvious why the students changed theirdwiregarding this practice. One possible
reason could be that the students developed a idsepse for this practice since the goal of
the students’ project was to develop a tool thategented a virtual story board.

The practice Stories is — according to Beck andl€o{81] - an interesting and completely
different way of gathering Use Cases. This comparisas been also drawn by Paulk [50]
who compared or mapped eXtreme Programming to #yakility Maturity Model (CMM)
and the practice Stories to the CMM Level 2, Rezaients Management. For future research
it could be very interesting if the different styestory has from a Use Case — according to the
UML [52] definition of Use Case — makes it easierfully gather requirements. Therefore,
metrics for good requirements need to be defined anproject teams could gather

requirements in different ways.

5.7 Weekly Cycle

Based on the level of understanding the studentdsttvards this practice, they should
have been able to apply it. However, during thectizal project, the practice Weekly Cycle
had just been performed in one week. After the tpralcproject was finished, the students’
feeling about their level of appliance was stilyleer than the value that has been measured in
the observation. One possible conclusion drawn hen diven result is that the students
thought applying this practice was performing thagct in 5 weeks.

Weekly Cycle can also be seen as responsible fervemy interesting effect eXtreme
Programming has on the project group. It helpstdanm members — who consist in this
particular case of students - in a project to mineeemphasis away from the deliverables and
by doing this, aim for the goal of the project, ddell & Atkinson [53]. Another very
interesting result was obtained by Abrahamsson &skéta [54] who adapted the
development cyclégo the project flow. During the first 3 weeks thyele was on a 2 weeks
basis and for the last 2 weeks it has been applied weekly basis. In the last part of the
project the developed LOC decreased whereas thaglease defect rate increased. This is a
very interesting approach to be able to fix bugmtbin the post release stage. An interesting

future task could be to compare the 2 differenjgamoworkflows. One of the projects with

! According to the Rational Unified Process [83]evelopment cycle consists of the four phases: Reupgints,
Analysis & Design, Implementation, Test and Depley In iterative software development this cyadeads
to be repeated as many times as needed until gleyteents meets the final requirements of the ensto
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fixed iteration cycles of 1 or 2 weeks and the potbee with adapting intervals like in
Abrahamsson & Koskela [54].

5.8 Slack

There has been a special attention on this praasiceis one of the 2 practices the students
considered as not understood. Maybe the majoritthefstudents did really not understand
this practice and this caused the low expectateganding the application in the practical
project. Surprisingly, as arose during the pratticaject, this practice has been applied to its
full extent. As can be seen in appendix D, the esttsl were, at the beginning of the project,
not fully aware of that fact. This raises the pb#igy of assuming that some students
understood this practice, performed it and by thigyht it to the rest of the group. This is the
way the information should flow and why the praatiproject was set up in the first place.
The group explains the practices to itself. A dethiecture on Slack should be given in
future lessons since it is important that enoughestts have a deeper sense of understanding
when the whole group leaves the course, knowin@dvantages of the practice Slack.

Slack can become very important in the releasenptgnprocess as described by McDaid,
Greer, Keenan, Prior, Taylor & Coleman [55]. luseful to add slack but it is also important
to not plan too much slack per release so as tbbeto guarantee a commitment from the
developers. McDaid, Greer, Keenan, Prior, Taylo€&8leman [55] say that up to 70% of the
scope, planned for one release is usually realiZbds leads to the conclusion that Slack
supports the productivity since it puts more pressun the operative project team. Anderson
[56] goes a bit further and constructs the follayvstenario: A Design-Test-Unit is able to
test ten units per day. According to bottleneckshie previous process steps for one week
only thirty testable units exist. One possibilityuéd be to reduce the group to 6 Test-Units
per day to perform the units in one week. The sé@pwproach, which is recommended by
Anderson, is to stay in the ten Test-Unit mode give the team 2 days off. He justifies this
approach by the explanation that the team migheldgvproblems in the future when it gets
used to the 6 Test-Units per day.

McDaid, Greer, Keenan, Prior, Taylor & Coleman [8S]well as Anderson [56] offer very
interesting approaches but should be analyzed mark detailed. An interesting point to be
analyzed would be if a group becomes more efficiemén the pressure is increased and if
yes when the maximum level of pressure is reachikd.maximum load in this case can be

seen as the point where a resignation arises iprthect team.
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5.9 Ten-Minute Build

This practice has been understood well by the stisddhis might have contributed the
good attitude towards applying Ten-Minute Buildidgrthe practical project, justified by its
full appliance caused by the auto build functiomved by Eclipse. The fact that the
students had nothing to do on their own to apply finactice, made applying this practice
passive, and thus easier, and by this it movedbthe students’ minds. From the author’s
point of view, it could be discussed whether apmythis practice makes sense or not. A
larger project would be needed to exceed the dgivea period of ten minutes but that could

not be managed within 5 weeks.

5.10 Continuous Integration

As the section about Survey 1 has shown, the stsidanderstood this eXtreme
Programming practice well and performed it to i £xtent during the practical project.
However, the acceptance level is quite low. Thare different reasons to explain this
outcome. Firstly, it can be seen as a problem erstanding the benefit of this practice.
Secondly, there could be a lack of knowledge &s phactice could not be performed 100%
due to the student environment. Excluding this eXi Programming practice from the
practical project or enlarging the project so thanakes more sense to apply it could be
possible solutions to solve that problem.

According to Fowler & Foemmel [57], every time soeircode is committed to the code
base a complete build needs to be performed. Ipdper a complete build is defined as:

» All the latest sources are checked out of the gondition management system.

» Every file is compiled from scratch.

* The resulting object files (Java classes in ouexase linked and deployed for
execution (put into jars).

* The system is started and suite of tests (in ose,caround 150 test classes) is run
against the system.

All these tasks can be performed by an automatéd server like Apache ANT Apache
Mavert [58] or a continuous integration server as memtibin Fowler [21] or a sanitized

build machine as mentioned in Appleton, KonieczkaB&rczuk [22]. However in the

! See http://ant.apache.org/ for more informatiooual®pache ANT
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particular student project used in this study, thauld have exceeded the scope of the
project. The students had to learn a number of methods and technologies and if the
students would have had to learn how to set up ANMaven to do automate build-jobs —

including system tests — it would have been tooymasks for the given time.

5.11 Test-First Programming

Even though the students were not sure if theybelhble to apply this practice during the
practical project they applied it well at the enttlaconsider it as well applicable in future
projects. Therefore, the lecture on Test-First Rrogning can be seen as an absolute success.
It managed to convey the benefit of writing testesabefore writing the code.

According to Kaufmann & Janzen [59], Test-First gteonming and Test-Driven-
Development (TDD) can be seen as comparable oflifaminfortunately, they do not come
to a clear conclusion if a project applying TDD Tst-First Programming is better than a
project without applying TDD or Test-First Programm A completely different conclusion
was drawn by George & Williams [60] who found obat applying TDD needs more time
but delivers better quality. There is still potahtior more research in this context, since
clarifying if Test-First Programming delivers betsaftware quality while investing the same

resources or not would be very interesting.

5.12 Incremental Design

The study shows that this practice can be seencagss. The only response — given by the
students — that clouds the expectations is that vaty few students are willing to apply
Incremental Design in future projects.

In the first version of eXtreme Programming, thragiice was part of the practice called
Planning Game. According to Williams & Upchurch [6Planning Game is - especially in
the educational context - very useful for the stusig¢o reflect their last delivery and to
receive feedback. Incremental Design is an essqudid of the Planning Game since it is
responsible for the implementation made during tbkowing iteration. Another point
regarding incremental design is mentioned by M8leFichy [62]. They state that it is hard

to follow this practice in huge project groups whizccur in real world software projects. As

! See http://maven.apache.org/ for more informagioout Apache Maven
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mentioned in Beck [2], twelve team members shalinbene eXtreme Programming project
team which might be a bit less for major softwargjgrts. Miller & Tichy [62] split the team
up so that some worked on the design whereas oterked on other parts of the
incremental process. This is not the basic ideaXifeme Programming but is applied as
solution for the problems mentioned by them MUBeTichy [62]. It could be interesting in
this field to establish a model that enables lamgeject groups to apply eXtreme

Programming efficiently.

5.13 Shared Code

The results of the study indicate that the studentierstood this practice, considered it as
applicable, applied it and were absolutely awaréheffact that they had applied it. Some of
the students (4 out of 9) considered it as applécai future projects. This leads to the
conclusion that the students have not been fullwitwed about the advantages offered by
Shared Code.

As mentioned before, distributed eXtreme Prograngmbecomes more and more
interesting according to the growing popularityoffshore development, projects with greater
complexity and increasing energy costs. Schimm&c&ummer [63] mention that Shared
Code does not appear to be a problem regardindistr@ution of a project team. Tools like
CVS that have been applied in the current projeetdeveloped to enable project teams to
work on the same source code from all over thedviklatkins [64] gives a good and detailed

overview about the state of the art systems fosigarcontrol systems.

5.14 Code & Test

This practice is kind of interesting. The studentsderstood this practice well and
considered it as applicable. However, this practioeld not been performed by the group
since the project specification forced the studentsoreak this practice so that it was
impossible for the students to apply Code & Testrduthe practical project. Strangely, the
students did not apply Code & Test but were nog siout how well they applied it. Several
points regarding this evaluation show that the estisidid not develop a deeper understanding
of this practice. Firstly, they thought that it wduboe applicable in the practical project. One
reason could be that the students did not reallglystthe requirements of the project.
Secondly, the students have not been aware ofittreisn that they did not apply it. This is

represented by the movement from a good valueginil section to the neutral section. The
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last point to mention is that the level of futuggbance decreased to a value in the neutral
section which appears to be absolutely appropriate.

According to Card, McGarry & Padé5], Lientz & Swanson [66] and Rombach & Basili
[67], software documentation is a key component gwftware quality. Software
documentation in this case means technical docwatientand not end user documentation.
The studies show that documentation that is padgrobdate or completely missing is a major
cause for problems in software maintenance andlalevent. Cook & Visconti [68] goes
somewhat further by showing that working on a higtlecumentation level decreases the
amount of defects contained in the software. Ttetgdies just take up partially a contrary
position to the practice Code & Test. The stud@sal that a number of defects are already
included while the requirements are captured and tlesign is defined. eXtreme
Programming prevents this by offering the practidesal Customer Involvement and
Incremental Design. It would be interesting to sedirect comparison between eXtreme
Programming and the maturity process mentioneddnk@ Visconti [68]. This comparison
would probably exceed the possibilities of a ursigrproject but could be realized with the

support of a business partner.

5.15 Single Code Base

Single Code Base reflected a major aim of the ewmice there was no possibility for
multiple code bases. When the students finishedetttare, they were not sure how well they
understood Single Code Base and how well they tBingle Code Base would be applicable.
During the practical project, the students seemegalize that there was no way for them to
break this practice since they were not able td staother code bases. This was a result of
the fact that they only had one project and no adative access to the CVS server. After
the project was finished, this learning proceduras weflected in their responses as they
considered the application of Single Code Baseeag well. This revealed itself when the
students responded; that Single Code Base is aesido be applicable in future projects.

For the future labs it can be said that the teackkould place the emphasis on showing
the advantages of Single Code Base so that therstidre aware of these advantages. This is
motivated by the result that shows that the majdBtout of 9) of the students are not going
to apply Single Code Base in future projects. Oggson for this result could be that the

students did not develop a deeper understandintpégpractice since they had no choice.
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5.16 Negotiated Scope Contract

Negotiated Scope Contract can be seen as a tdialefaAfter the lecture, none of the
practices had such a low level of understandinyegotiated Scope Contract. This led to the
result that the students considered this practiteas well applicable. During the project, the
students applied it only during some weeks. Afteishing, the students did not even see their
failure and voted Negotiated Scope Contract as amilied. The only gleam of hope is that
the students did not really feel interested in gippl this practice in future projects.

In the case of Negotiated Scope Contract the lertwshould rethink the methods and put
the emphasis more on the benefit of Negotiated &ddpntract to enable the students —
technically and mentally - to apply this practinduture projects.

Negotiated Scope Contract is a very interestingtia since Beck[3] says that the major
difference in applying Negotiated Scope Contracthat the customer gets what he wants at
the end of a project instead of getting it at thgibning of a project. According to Coldewey
[69], the practice Negotiated Scope Contract dedive kind of standard contracts that
capture the essence of how an agile process rins c@n be understood in the way that this
practice is absolutely matching the idea behindeagoftware development. From a
completely different point of view Negotiated Sco@entract is discussed by Favaro &
Robertson [70] who say that “...the purpose of thgumements process should not be to
“cover all eventualities,” or to “limit the damagear to “minimize risk,” or even to “satisfy
the customer.” The purpose of the requirementsga®ds to add business value.” It delivers
Negotiated Scope Contract as a solution for thablpm. It includes the customer into the
development process instead of capturing all reledata before the design is started. In that
way the customer is able to change items withcegtgmpact.

It would be interesting to compare 2 software mtgeand the level of satisfaction the
customer has at the end. One project should benpezti in the common way by defining all
requirements in the beginning and then build theefacts. The other project should be
performed following the eXtreme Programming praegicThe requestor should be the same
and the projects should have about the same coityptexbe able to compare them. At the

end, the timeline, costs, usability, quality andtomer satisfaction should be measured.

5.17 Final Comments

In a world where requirements become more and roonglex while lifecycles become

shorter and shorter software development proceaseseeded that are able to adapt to
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changing requirements quickly and efficiently whiguaranteeing good quality and
maintainability. According to Kent Beck, eXtremeoBramming is one answer. Even if
eXtreme Programming as a whole might be difficolapply for some companies it delivers a
tool box to meet the challenges of our decade. Wewethis tool box needs to be under
permanent evolution in order to deliver tools andveers to new and frequently upcoming
guestions. Therefore, it is challenged by reseaschiéaround the world. As has been showed
in this thesis, researchers are even working onighge of offshore development which is

clearly in opposition to some practices of eXtreéPnegramming.

It is up to the universities to enable software elepers, requirement engineers, test
managers, designers and project leaders to betalapply eXtreme Programming in their
future projects. Motivated by this task this theséces if eXtreme Programming can already
be taught to students at the university and howartange it as efficiently as possible. As a
result, this thesis delivers the proof that it @sgible and worth to open students’ minds to
different approaches of software development angie them the possibility to choose the
fitting approach for every single challenge thagintiicome up during their professional

careers.

Nevertheless, this case study revealed that ngiraditices of eXtreme Programming are
suitable for university projects. Whereas the pecast Whole Team, Quarterly Cycle, Ten-
Minute Build, Continuous Integration, Real Custorirarolvement, Incremental Deployment,
Team Continuity, Shrinking Teams, Root-Cause Aisl@¥nde & Test, Single Code Base,
Daily Deploymentand Negotiated Scope Contracre not ideal for practical university
projects, the practiceSit Together, Energized Work, Pair Programming,otnfative
Workspace, Stories, Weekly Cycle, Slack, Test-Pirsgramming, Incremental Desigand
Shared Codare very well applicable in practical universitpjects. Therefore, the practices

not qualified for practical projects should be ewrgibed in the theoretical lectures.
Finally can be said that teaching eXtreme Progrargnim a practical project is a very

interesting approach and it will show whether ipports the way of eXtreme Programming

into software development projects or not.
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A Appendix List of abbreviations

* AWT - Abstract Windowing Toolkit

*  CMM - Capability Maturity Model®

* CVS - Concurrent Version System

» DXP - Distributed eXtreme Programming
* GUI - Graphical User Interface

e HTML - Hyper Text Markup Language

* |IP - Internet Protocol

e IT - Information Technology

* JAR —Java™ Archive

e LOC - Lines Of Code

* RCS - Revision Control System

* RTF - Rich Text Format

* SCCS - Source Code Control System

* SDK - Software Development Kit

e SQL - Structured Query Language

e SWT - Standard Widgeting Toolkit

* TDD - Test-Driven Development

* UML - Unified Modelling Language
 VCM - Version and Configuration Management
e XML - eXtensible Markup Language

* XP - eXtreme Programming
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B Appendix The project specification

During this chapter we copied the project spedificaspecified under [19]
Project information

In the project you should (1) develop a softwarsteay and (2) continously document the
project. The idea of the course is that the stiedlehCITB02 are team of XP programmers at
a company DevForYou. The company DevForYou accepied proposition of another

company EduForYou to develop a software system.
Apart from the team of XP programmers, the follogvpeople are involved in the project:

Customer (EduForYou) The customer is responsible for the requirememis for the
deployment on the customer’s equipment (e.g. databgstem). The customer is represented

by Mari Goransson. Please contact her by folloviimg link.

Chef (DevForYou) The chef is responsible for the supervision (&nge protocols, steering
committee meetings, story card acceptance) angdor equipment (e.g. cvs). The chef is

Mari Goransson. Please contact her by following limik.

Web consultant (DevForYou) The web consultant is hired to help the team of XP
programmers with their project documentation padése consultant is Katarina Asplund.

Please contact her by following this link.

Experts Various experts from other parts of DevForYouarailable for specific parts of the
software system and the documentation respectivgase contact them by following this
link.

Further down on this page you find more informationwhat and how to develop as well as

on what and how to document.
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Software development

Process

The management and the programmers of DevForYoe hav been happy with previous
software development approach and jointly decidettiyt a recent approach, namely eXtreme
Programming (XP). In particular, everybody agreedfdllow the following practices: sit
together, informative workspace, energized workr peogramming, stories, weekly cycle,
slack, ten-minute build, continuous integratiorst#érst programming, incremental design,

shared code, Code & Tests, single code base, ayudiaed scope contract.

* Monday (i.e., first day of week):
Monday is planning day. The team should write stamg task cards, distribute them
and estimate them. The cards have to be acceptétebyustomer and the chef. The
team visits Mari Goransson on Monday afternoon betwl5 and 16 o’clock and gets
the cards accepted. The chef provides the teamaaitths and magnets and the team
should put their "stories on a wall”.
In addition, on Mondays the team should follow agt week.

» Friday afternoon (i.e., last day of week):
Friday afternoon is release day. The system isdbasid the project documentation
pages are updated.

» Other working days of the week:

Each half day the team has a coding session fotldwea build of the system.

The management and the programmers of DevForYausigd the equipment which should
be used and arrived to the following agreement. Tanagement provides the eclipse
integrated development environment (under MS-WirgjowMoreover, the management
provides a cvsserver for the code repository. Tlognammers agree to use eclipse with JUnit
and cvs. In addition the programmers agreed toausemmon style guide, e.g. Sun’s code

conventions for Java.

Program

88



The customer EduForYou requested a client-servibdae (see the figure below) software

system for the maintenance of XP "story cards”.

Obviously the system should provide functionaliby tandle story cards (an example of a
story card can be found on page 45 in Beck’s bobk. system should provide the following

functionality:

« creation of story cards according to a template
* modification of story cards

» deletion of story cards

A story card template defines which fields are k#é on a story card, where they are
located and how big are. Fields are for exampleryshame, priority, source (author),

estimate, description, et cetera. The system shwohllde the following functionality:

» creation of story card templates
* modification of story card templates

» deletion of story card templates

Story cards should be organized according to tleum@ on page 40 in Beck’'s book. The

system should provide the following functionality:

» graphical presentation of the "wall” (page 40)

* automatic mouse over story card zooming

* manual zooming in and out

* mouse controlled movement of story cards

* automatic update of the wall (e.g. if another umeves a story card)
« creation of story card areas

* modification of story card areas

» deletion of story card areas

» hierarchical story card areas

» overlapping story card areas
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The software system should come as close as pessiltiie "real thing”, i.e. real paper cards

and a real wall.

Apart from the requirements above, the customer@suple of non-functional requirements

concerning the environment in which the softwarsuigposed to operate:

» the software has to be written in Java. The IT supdepartment at EduForYou is
familiar with the Java programming language and thble to maintain the software
after delivery.

» the software has to store its data in a mySQL @asabThe customer EduForYou
already has other software using a mySQL databadedaes not want to maintain

several different database systems.

Documentation
The customer is very concerned about the project&s with respect to its progress. To be
able to easily access the latest builds of thenswé and the current cost of the project, the

project group agreed to provide several web pduygsare updated every Friday.

The agreement between EduForYou and DevForYou gespthe following requirements for
project documentation web pages and the underlgnger. The should be one web page for
each programmer and one main web page for the wiroject. The main web page should
contain 3 sections, one section with links to tlagep of each individual programmer, one
section describing the project’s cost so far, and eection allowing the download of the
latest build of the developed software.

Individual programmer’s page Each individual pragraer's page should contain a short
description of the programmer, the accumulated dpigme for that programmer, and a field
to request contact information for that programmido contact information should be
provided directly on the web page to prevent sparante exploit that information. The
contact information request should work as folloiMse web page contains a field to enter an
email address. After entering an email addresspaiagsing a "commit” button the contact
information is mailed to the entered email addieasd only if the computer which was used

to enter the email address is within Karlstad ursig's network. The IP address, the
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hostname, and the number of requests for eachdfesslis recorded in a database on the web

server side.

The chef of DevForYou sees the development of thase of services as potential future
enterprise and wants all programmers to have tba/ladge and ability to develop these kind
of service and requests therefore that each proagmndevelops and maintains such a page

by herself.

Moreover, since the team is new to the XP paradigmchef wants to be able to follow the
guality of the XP development. To do so, each iillial programmer’s page should show for
each iteration the probability that the programifuéills the time estimates for her tasks. An

expert, Catrin Bergkvist, is available for quest@oncerning the statistics involved.

Project’'s cost The main page should present thenaglated cost of the project for the

completed iterations.

The chef of DevForYou delegated the tasks to ifiemtnd present relevant factors for the
calculation of project’s cost to the team itselivdl experts, Anette Hedbern and Margareta

Bjurklo, are available for questions concerningehenomics involved.
Download Links to all releases (1 jar file for ttleent and 1 jar file for the server) should be

provided on the main web page. The download shbeldsecured by a login. The login

information has to be communicated to the custandrwithin DevForYou.
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C Appendix Survey 1

The value in each field represents the numbersgfaeses in the given category.

This survey is part of our (Christian and Mathiles}kel D dissertation "Case Study on teaching XRic&this survey is only for
evaluation it has no influences on your grade arsfrictly anonymous. After every question therghiert space to comment your
answers if you want. In the case that the spanetienough you can continue on the last page. dowaswer in Swedish, English or

German.
Not
Question VX?” V’:l/gfl Neutral | Well \V/\z?ll
All
1. How well did you understand all practices? 3 7
2. How well do you think the practice "sit togethierapplicable during the project? ‘ | | 1 ‘ {1 #5
3. How well did you understand the practice "sgether"? | | | 1 | 5 | 4 |
4. How well do you think the practice "informatiwerkspace" is applicable during the projecf? | |3 4 2 | 1 |
5. How well did you understand the practice "infative workspace"? | | | 1 | 6| 3|
6. How well do you think the practice "energizedrik/as applicable during the project? ‘ | | 5 ‘ 15 ‘
7. How well did you understand the practice "erszdiwork"? | | | 5 | 4 | 1 |
8. How well do you think the practice "pair progmaimg" is applicable during the project? | | | l| |4 ﬁ
9. How well did you understand the practice "paoggsamming"? ‘ | | ‘ 5 | 5 ‘
10. How well do you think the practice "stories'ajgplicable during the project? ‘ | | 4 ‘ ‘il #
11. How well did you understand the practice "s®st? | | 1 | 3 | 2 | 4 |
12. How well do you think the practice "weekly oy/tls applicable during the project? | | :IZ 2| |4 |2
13. How well did you understand the practice "wgekicle"? ‘ | | 2 ‘ 5 | 3 ‘
14. How well do you think the practice "slack" jgpticable during the project? | | 2| 6 | 4 |
15. How well did you understand the practice "sl&ck ‘ | 3 | 1 ‘ 6 | ‘

16

. How well do you think the practice "ten minbigld" is applicable during the project? |

17.

Have you decided to embrace XP in the project?

18.

How well did you understand the practice "tenute build"? |
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19. How well do you think the practice "continuootegration” is applicable during the projec|t? | |1 3 | 3 | 3 |

20. How well did you understand the practice "ammbus integration"? | | 1| 3 | 3| 2|
21. How well do you think the practice "test-fipbgramming" is applicable during the projedt? | |2 5 ‘ 3 | ‘
22. How well did you understand the practice "fest-programming"? ‘ | 1 | 4 ‘ 2| 3‘
23. How well do you think the practice "incremerdakign” is applicable during the project? | | |1 4{ |4 1 |
24. How well did you understand the practice "inceatal design"? ‘ | | 3 ‘ 6| 1‘
25. How well do you think the practice "shared ¢adeapplicable during the project? | | | 4 | 13 #
26. How well did you understand the practice "stamede"? ‘ | 1 | 2 ‘ 4 | 3 ‘
27. How well do you think the practice "code arst'tés applicable during the project? | | | l| b b
28. How well did you understand the practice "cadd test"? ‘ | | 4 ‘ 4| 2‘
29. How well do you think the practice "single cdmse" is applicable during the project? ‘ | | 4‘ |4 ‘2
30. How well did you understand the practice "stngpde base"? | 1| 1| 2 | E{ ]l
31._How well do you think the practice "negotiagabpe contract” is applicable during the 1 6 2 1
project?

32. How well did you understand the practice "niget scope contract"? ‘ 1| ]l 6 ‘ jr 1.
33. How do you like the idea of having theoret®edsions on XP followed by performing the 2 1 5 2

theory into practical use?

Table 0-1 Responses to Survey 1
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D Appendix The Observation Protocol

Week 1

In the first week the students familiarized themesglwith the room, the equipment and the
software. On the first day of the week, the stusldmatd a planning day were they made story
cards which they put on the story wall; hence darmative workspace began to take shape.
The students also talked about writing some extrey sards that they might drop later on,
consequently integrating slack into their plannifige integration of slack was made without
any of the students actually being aware of thay gperformed the practice “Slack”, mainly
because none of the students even mentioned tleiceraSlack”. This became even more
obvious later the same day when they had a desegting with the boss and the customer.
The boss asked the students if they thought almoplementing slack into their system and
they all agreed that they should, so they put ttedess “on hold” to make use of the practice
“Slack”. During the project the students had adlittdocumentation on a common homepage
together with personal homepages. During the fiest some of the students worked on the
homepages, some tried to learn how Eclipse workedsame did activities not related to the
project at all. The students decided that they khbreak for lunch in two groups so that
some students were always present in the room.made the practice “Sit Together” hard to
follow since the communication path between the groups was stretched and the whole
team did not sit together. From the other poinviefv the students did separate into two

groups so that they are able to take lunch andistgsoups.

The second day started with a design meeting; hémeg made use of the practice
“Incremental Design”. After the meeting it seemkdttthe students had a clear view on their
roles in the project and on what had to be dongrddp of students went for a meeting with
an expert regarding their homepages and the da&tabag were going to use in their project.
The boss showed up before lunchtime and a smajkgirmeeting commenced where they
talked about the database design, once again tlale rase of the “Incremental Design”
practice. After the meeting new story and task €avere created. Some of the students began
working on the database using the Eclipse developevironment together with JUnit and

CVS. The students working on the database wrote texfore they wrote the code. The rest
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of the students worked on the homepages. None=déttidents made use of the practice “Pair
Programming”, instead two students worked alonmeso a group of four students and the

rest in a group of 3.

On the third day the students installed a meefafetin front of the story board, hence
enhancing their “Informative Workspace”. After sajt up the meeting table the students
began the day with a design meeting (incrementsigdg followed by a coding session. On
this occasion the students programmed in pairs thérexception of one group who consisted
of 3 students because only 9 students were prefhig.was a sign that the students had
thought about the practice “Pair Programming” inatytdid not follow the practice fully since
they did not switch pairs during their coding sessiSince the students who were working on
the database created tests before they wrote thal @aode, they used the practice “Test-First
Programming” and since they used CVS they automtizused the practice “Continuous
Integration”, “Shared Code” and “Single Code Bade”Eclipse they used the “automatic
build” function and when they timed the build tdyet with the tests, it took about 3 seconds,
therefore they did not break the ten minute liraitthe practice “Ten-Minute Build”. Some of
the students quit earlier that day because theHattthey had a lack of inspiration, thus they

made use of the practice “Energized Work”.

The fourth day was a holiday so none of the stigdemas present.

During the fifth day only 6 students were presente the rest of them had taken an
extended holiday. By doing so the students brokepitactice “Sit Together”. Two of the
students worked together on the homepages andofouhe code for the project. The two
students who worked on the homepages were spentisg of their time doing non-project-
related work. On every Friday the students shoakkEhmade a release, but since the students

more or less had concentrated on getting acquaantdéde project during the week, no release

was made.
# Practice Name Used Comments
1| SitTogether Partial Lunch at different hours, not all students
present on the last day
2 | Informative Workspace Yes
3 | EnergizedWork Yes |See Table 0-3
: : This practice was only used on 1 day of the
4| PairProgramming No week and they did not switch pairs
5 | Stories Yes
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6 | WeeklyCycle n/a |Could not be measured during the first week
7| Slack Yes
8 | Ten-MinuteBuild Yes
9 | Continuousintegration Yes
10| Test-FirstProgramming Yes
11 | IncrementalDesign Yes
12| SharedCode Yes
Documentation on statistics that did not concern
13| Code&Test No |code and tests were made on their personal
homepages
14| SingleCodeBase Yes
15| NegotiatedScopeContract| No The t_)oss gnd customer did not discuss this
practice with the students

Table 0-2 Recommended practices, used or not: Week

Student| 1 |2 | 3|4 |56 |7 ]8]9 /10| Group
Average |7.7|7.414.7|4.7|7.0/0.8|7.1]7.0/7.2|5.8| 6.0

Table 0-3 Average hrs/day: Week 1

As can be see in Table 0-3, the average workingshfiar each student were below the

recommended average of 8 hours per day which istrelard Swedish work model.

Week 2

On the morning of the first day, the students ha@sign meeting where they talked about
what had to be done and what they did the prewiaek. After the meeting a coding session
commenced with some of the students finishing thensonal homepages and the rest were
coding on the project. The students did not progmapairs with one exception. Once again
the students divided up into to groups when it time to break for lunch, although they used
the same room when they were working, the obsebalisve that the practice “Sit Together”
was used to its full extent because it can be oeglethat not all of the students were present
at the same time, such as when they broke for ltwohgroups took turn working in a two
hour period. It is hard to decide whether the stigléollowed the practice “Sit Together” or
not. In the afternoon the students had a meetitig the boss and the customer. They talked
with the customer about what they had finished ahédt to do for the second week. The
students seemed to be on schedule even thougth#itelgad performance problems with the
network connection at the university. They als&adl with the boss about adding tasks that
could be dropped or implemented if the studentslavbiave free time on their hands. The
boss, customer and the students all orally agreethe time, cost and quality to be spend on

each of the tasks. This meant that they made udeeqgiractice “Negotiated Scope Contract”.
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After the meeting the students continued with airgpdsession, once again some of the
students worked alone and some in pairs. Duringdloing sessions all students used Eclipse
and its support for CVS. This meant that they made of the practices “Continuous
Integration” and “Shared Code”. These practicesewesed automatically throughout all the
weeks the project took place. Since the studentkernae of the “build automatically” feature
of Eclipse, the students continuously checkedeirtbuild took “a long time” or not. At this
point the build took under 5 seconds and was hardficeable. The students who had little or
no knowledge of Java-programming did not write-testes before they wrote the actual code.
The observers think that this was understandableesihey wanted to concentrate on how
Java worked before they could get into the morbrteal aspects of Java such as writing test-
cases. The test-cases should also be made inAlastudents left a bit earlier due to fatigue.
Since they stopped working when they ran out ofgndat meant that they made use of the

practice “Energized Work”.

# Practice Name Used Comments
1/ SitTogether Yes Lunch at different hours, one student worked
at home
2 | InformativeWorkspace Yes
3| EnergizedWork Yes |See Table 0-5
4| PairProgramming No |Not svyitching pairs, some worked alone,
some in groups
5| Stories Yes
The activities on the second week did not
6 | WeeklyCycle No correspond to the activities on the first week
7 | Slack Yes
8 | Ten-MinuteBuild Yes
9 | Continuousintegration Yes
_ _ | Students working on the Graphical User
10 | Test-FirstProgramming Partial | Interface (GUI), found it impossible to write
test before writing code
11 [ IncrementalDesign Yes
12 | SharedCode Yes
13| Code&Test No |Documentation on statistics
14 | SingleCodeBase Yes
15 | NegotiatedScopeContract | Yes

Table 0-4 Recommended practices, used or not: ®eek

Day two started with a coding session followed bglesign meeting. Here the observers
think that it is clear that the students did ndloke a certain pattern. We had thought that they

would begin every day with a meeting, but instelbelythad meetings when the students
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themselves thought it was necessary. After the inge¢the coding session continued where
they worked in a “3-2-2-2-1" programming fashiohjst means that one student worked
alone, 6 students worked in pairs and 3 studentsidd one group where they worked
together. The coding session continued until ludter lunch the students worked together
in a “3-3-2-2" programming fashion. All throughoilteir coding sessions this day, only two
pairs used “Test-First Programming”. The rest & #tudents wrote code before they wrote
the tests. Five of the students went home aboutcam earlier, 3 students left about 30
minutes earlier and one student left at the entdeflay.

On the third day the students once again begananithding session followed by a design
meeting. On this design meeting only 5 studenendtd while the rest continued coding in a
“2-2-1" fashion. All throughout the day, the codimgs made in a “3-2-2-2-1" fashion with
no switching between the “pairs”. Again most of gtedents left earlier.

Student | 1|2 |3 |4 |5|6|7|8]9]10| Group
Average [6.0/6.2(/6.1/6.1/6.0/5.2{6.8/6.1/6.5/6.3| 6.1

Table 0-5 Average hrs/day: Week 2

Day four started with only two students programmitige rest of the students were
conducting activities not connected to the projdidt until two hours into the day was every
student working on the project. When all the stuslewere programming, they worked in a
“3-2-2-2-1" fashion. Five students left 3 hourslgawhile the remaining students had a small
design meeting followed by a coding session. Theairing students worked in a “3-2”
fashion. Half an hour before the day ended the m@n@students left.

On the last day of the week, one student had tékemlay off, one student was working
from home (which clearly was in conflict with theaptice “Sit Together”) and the rest
worked in a “4-4” fashion. After the students hadd®a their first release available for the
customer to download from their project homepagef ghe students left four hours early.
The rest of the students left for about three heardy. Since the students who worked on the
Graphical User Interface (GUI) were using a graghtool to build the GUI, they found it
impossible to write tests before they wrote the ec@ihce the code was automatically
generated. One way to conduct testing on the GUlldvbe to create classes that simulate
buttons being pressed, menu options being chosemuet the students thought that the time
for creating such classes would be greater thatngesut the functionality of the GUI

manually.
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Week 3

On the first day only four people showed up dueaofusion about whether it was a

Swedish holiday or not. The students that weregmtedecided to tidy the code and organize

the story wall. No meeting with the customer anel bloss was held during the day and the

students all left at lunch time. The second, thind fourth day, the students programmed in a

“3-2-2-2-1" fashion without switching “pairs”. Thetudents had design meetings when they

felt it was necessary, thus making use of the m@ctncremental Design”, and “as usual’

they left early all of the days. The meeting witke boss and customer was held on the second

day. New story and task cards were made and teeynaigotiated scope contracts. On the last

day of the week, three of the students began thevith doing non project related work.

# Practice Name Used Comments
1| SitTogether Partial Not all present on the first day, lunch at
different hours
_ On the second day the workspace was a bit
2 | InformativeWorkspace Yes |unorganized, but on th next day the
workspace was organized again
3| EnergizedWork Yes |See Table 0-7
4| PairProgramming No |No pai_r switching, some worked alone and
some in groups
5 | Stories Yes
6 | WeeklyCycle No Wee_k three did not correspond to the
previous week(s)
7 | Slack Yes
8 | Ten-MinuteBuild Yes
9 | Continuousintegration Yes
_ . | Students working on the Graphical User
10| Test-FirstProgramming | Partial | Interface (GUI), found it impossible to write
tests before the code
11 | IncrementalDesign Yes
12 | SharedCode Yes
13| Code&Test No | Documentastion on statistics
14| SingleCodeBase Yes
15| NegotiatedScopeContract | No No meeting with the boss or the customer

this week

Table 0-6 Recommended practices, used or not: \B/eek

The rest of the students were working in a “2-2:Zakhion to make a release. After the

release was made, two students were optimizingdlde and test so that the build and tests

would go as fast as possible. The total time fer tists and the build to run was about 13

seconds, well within the “Ten-Minute Build” praaticAfter lunch no work was done on the
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project and two students even went home for thekwBee rest of the students went a quarter

earlier than the recommended 8 hour working day.

Student| 1 | 2 [ 3|4 |56 |7 |8]9[10]| Group
Average |5.7(5.9/4.9/4.9|5.1|6.0|6.2|5.0/6.0/2.8| 5.3

Table 0-7 Average hrs/day: Week 3

Week 4

On the first day the students had a meeting wighbibss and the customer where all parties
agreed on new story and task cards. The studdseira voice of concern regarding the 200
working hours that they must have to complete therse. Due to the “Energized Work”
practice, the students found it nearly impossiblevork for 200 hours and still follow the
practice “Energized Work”.

# Practice Name Used Comments
The students were usually working together

1|SitTogether Partial | in the room, but broke for lunch in different
hours

2 | InformativeWorkspace Yes

3| EnergizedWork Yes |See Table 0-9

4| PairProgramming No |Not svyitching pairs, some orked alone and
some in groups

5 | Stories Yes

6 | WeeklyCycle No Week four did not correspond to the previous
week(s)

7 | Slack Yes

8 | Ten-MinuteBuild Yes

9 | Continuousintegration Yes

_ _ | Students working on the Graphical User
Test-FirstProgramming | Partial | Interface (GUI), found it impossible to write
tests before the code

[N
o

11 [ IncrementalDesign Yes
12 | SharedCode Yes
13| Code&Test No | Documentation on statistice
14| SingleCodeBase Yes

Decided on the meeting with the boss and

15 | NegotiatedScopeContract | Yes
customer

Table 0-8 Recommended practices, used or not: Week

The boss answered that the students could addftitmey thought about project solutions

when they were at home. This is in direct conflitth the practice “Sit Together” (i.e in the
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same workspace). After the meeting the students &adoding session where they
programmed in a “3-3-2-2" fashion. Once again thedsnts took lunch in two groups at
different hours.

Student| 1 | 2 | 3[4 |56 |7 |89 10| Group
Average |7.4|7.5/6.7|2.8|5.2/6.9|6.9/6.8/6.7|7.1| 6.4

Table 0-9 Average hrs/day: Week 4

When all the students had come back from lunchy firegrammed in a “3-3-1-1-1-1"
fashion. On this day the students left after wagkiior a full day (8 hours). The second, third
and fourth day were more or less the same. Onesstudas absent all three days. The
students had coding and testing sessions with aitoruilds. No real “Pair Programming”
was done in the sense that they were not switchaigs and that some worked alone and
some in groups of three or more. They took lunclifiérent hours and all of the days the
students left a bit earlier. On the fifth day aesde was made. After the release had been
made available on the project homepage, the stsidg@nt their time on doing non project

related work until they left for home an hour earlihan the recommended 8 hour work day.

Week 5

The first day of the last week began with a codiegsion. The coding session continued
until lunch where the students again divided théweseinto two groups who took lunch one
hour apart. The coding session continued afterhumtil the boss and customer showed up
for a meeting. During the meeting a small demohef product that the students had been
working on, was shown to the customer. The custosnggested some minor changes and
new story and task cards were written to meet tistomer’s demands. During the meeting
with the boss, they all talked about slack andgrering tasks that had been “put on hold”.
They also negotiated scope contracts orally for ey story and task cards. After the
meeting the students continued coding and applyirey changes that the customer had
suggested. During the second, the third and theHalay, the students had coding sessions
followed by short design meetings. On the lasttii@ystudents had a presentation and a demo

of their product for the customer, boss and sonte@gxperts.

# Practice Name Used Comments
_ | The students were usually working together
1|SitTogether Partial | in the room, but broke for lunch in different
hours
2 | InformativeWorkspace Yes
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3| EnergizedWork Yes |See Table 0-11

4| PairProgramming No |Not svyitching pairs, some worked alone and
some in groups

5 | Stories Yes

6 | WeeklyCycle Yes |Compareable to week four

7 | Slack Yes

8 | Ten-MinuteBuild Yes

9 | Continuousintegration Yes

_ _ | Students working on the Graphical User
10 | Test-FirstProgramming | Partial | Interface (GUI), found it impossible to write
tests before the code

11 | IncrementalDesign Yes
12 | SharedCode Yes
13| Code&Test No | Documentation on statistics
14| SingleCodeBase Yes

15 | NegotiatedScopeContract | Yes

Table 0-10 Recommended practices, used or not: Week

All parties were pleased about the product and antpuple of minor changes were made
before the students could put their final releageon their webpage for downloading
purposes. After the presentation and the demostiheents answered questions about the
project. All students thought it had gone well with major problems. The students also said
that they did not experience any major difficultigsrking with XP. One question about XP
that we found particularly interesting was: “Do ythink you would have followed XP
differently if you had not made a product that usedne of the XP practices?” And the
students reply was: “Not likely, since we did nealty think that much about following the
XP practices during the project. Eclipse with C\&#l a@Unit helped us perform some of the
practices automatically so that we did not everehavthink about some of the practices” In

Table 0-11 can be seen that the students workegdfearhours..

Student| 1 | 2 | 3|4 |56 |7 ]8]9[10]| Group
Average |5.7|5.6(6.0|6.0(3.8/5.9|6.0(5.7|5.4|/6.5| 5.7

Table 0-11 Average hrs/day: Week 5

All 5 weeks
# Practice Name Used Comments
The students were usually working together
1|SitTogether Partial in the room, but broke for lunch in different
hours and at one time one student worked at
home
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2 | InformativeWorkspace Yes
. See Table 0-13 Table 0-3 Table 0-5 Table
3| EnergizedWork ves 0-7, Table 0-9& Table 0-11
4| PairProgramming No |Not svy|tch|ng pairs, some worked alone and
some in groups
5 | Stories Yes
6 | WeeklyCycle No |Only the last two weeks were comparable
7 | Slack Yes
8| Ten-MinuteBuild Yes
9 | Continuousintegration Yes
Students working on the Graphical User
10| Test-FirstProgramming Partial | Interface (GUI), found it |mpos§|ble to write
tests before the code, others did the tests
before the code
_ Started out with designs meetings every
11| IncrementalDesign Yes | morning, changed to having design meetings
when the students felt it necessary
12 | SharedCode Yes
Documentation on statistics was kept, hence
13 |Code&Test No |the students had documentation not
regarding code and tests
14 | SingleCodeBase Yes
15| NegotiatedScopeContract | Yes This practice was only not used during the
first week

Table 0-12 Recommended practices, used or noWakks

Student| 1 | 2

314

516|789 10| Group

Average |6.5|6.5

5.7|4.9

5.4(5.0(6.6(6.1/6.4(/59| 5.8

Table 0-13 Average hrs/day: All Weeks
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E Appendix Survey 2

In this appendix the real survey sheet can be folihd numeracy that can be found in the

fields represents the amount of responses in thivagnt category.

This survey is part of our (Christian and Mathieskel D dissertation "Case Study on teaching XRic&this survey is only for
evaluation it has no influence on your grade arsdristly anonymous. After every question thershisrt space to comment your
answers if you want. In the case that the spanetienough you can continue on the last page. ¥ouaoswer in Swedish, English

or German.
Not
wel | ot | et e | ver
All

1. How did the project work out in your opinion? 1 3 6
2. How well do you think your team used the 15 pcas? | 1 | | 3 | 6 | |
3. Do you think XP is a good process to use irudesit project? | | | 3 | 5 | 2|
4. How well could you perform the practice "infortiva workspace"? | | | 2 | 2 | 6|
5. How well could you perform the practice "eneegizvork"? | 1 | 3 | 2 | 2 | 2 |
6. How well could you perform the practice "paiogramming"? | | 1 | 2 | 5 | 2 |
7. How well do you think XP worked in your project? | 1 | | 2 | 6 | 1 |
8. How well could you perform the practice "weekicle"? | | | 8 | 2 | |
9. How well could you perform the practice "slack"? | | 2 | 5 | | 3 |
10. How well could you perform the practice "temate build"? | 2 | 2 | 1 | | 5 |
11. How well could you perform the practice "contis integration"? | | | 3 | 5 | 2|
12. How well could you perform the practice "tasttfprogramming"? | 1 | 1 | 5 | 3 | |
13. How well could you perform the practice "incesrtal design"? | | | 4 | 4 | 2|
14. How well could you perform the practice "shacede"? | | | | 5 | 5 |
15. How well could you perform the practice "codel dest"? | | | 4 | 4 | 2 |
16. How well could you perform the practice "singtele base"? | | | 1 | 4| 5
17. How well could you perform the practice "negteid scope contract"? | | | 7| 3|

18. How well did the project work at all? | | | 2 | 5 | 3 |
19. Do you think the project would have worked better without XP? | 0 |><] 1 ><] 9|
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20. Do you think you would have worked in a differevay if you had not been observed by
us?

21. If you would do another project, do you thirduywould apply some of the XP practicesf? N |><] |0

22. If yes would you please list them on the o8ide of this sheet. |

23. How well could you perform the practice "sigéther"? | | 1 | 1 | 1 | 6|

24. How well do you think the work load was balahbetween the members of your team?| |3 |4 |2 |1 |

25. Are you happy with the way the project worked | 9 NXN 1 |

26. How do you like the idea of having theoretesdsions on XP followed by performing the | 2 | 3 | 3 | 2 |
theory into practical use?

27. How well could you perform the practice "stsl | | | 1 | 6 | 3 |
28. How well do you think XP works in a student eomment? | | 1 | 5 | 3 | 1 |

Table 0-14 Responses on Survey 2

Answers given on the request with the number 2urvey?2:

e 10mbuild, pair programming, eg work, info workspasegle code base, shared
code

« Pair programming, Energized Work, Sit Together

* It's no use to list them, but the style in which dRes on with communication and
ownership by all is the most valuable asset XP has.

» All of the practices, I like XP

* | believe that most parts will be of use. Many aatural while some such as test
first, slack, 10-minute build are a little morefdi@lt to absorb. However | would
use most of the parts.

» Pair programming = good, testing = good

* As many as possible

» No answers

« Student did not respond that he will apply any ficac

» Sit together, pair programming
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F Appendix The CVS Log Files

Week 1
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Figure 0.1 Day Commits: Week 1
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project
Activity by Haur of Day
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Figure 0.2 Time Commits: Week 1 average

The number of commits made to the CVS repositodjcates the activity made by the
students on writing tests and code. The figuresvgiwp the commits do not show other
activities concerning the project such as desigetimgs, since no documentation regarding
design was made and kept in the CVS repository.fijuees are an indication of the project
activity performed by the student group. In thestfiweek, commits to the CSV repository
were only made on Tuesday and Wednesday (see Figlir@nd the biggest average number

of commits per hour on these two days were at 16dd0s (Figure 0.2).
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Week 2
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Figure 0.3 Day Commits: Week 2
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Figure 0.4 Time Commits: Week 2 average

On the second week, commits to the CVS repositoeyewnade from Monday until

Thursday (Figure 0.3). As we can see in Figure thd,average number of commits varies
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from the different hours of the week. The low numb& commits between 8:00 and 9:00
hours is due to design meetings and the low nuab&2:00 and 13:00 hours is due to lunch

breaks.

Week 3
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Figure 0.5 Day Commits: Week 3
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project
Activity by Day of Week
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Figure 0.6: Time Commits: Week 3 average

During week three, commits were made from Tuesahly Thursday. In Figure 0.5 can be
seen that the number of commits descend and ind-@6 that the highest average number of

commits per hour, was between 8:00 and 9:00 hours.
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Week 4

project
Activity by Hour of Day

125

100
75
e
" I I
D ihlil..

LT ST TR TS ST T T I T, - S R R B S, S

Comimits

Figure 0.7 Day Commits: Week 4
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Figure 0.8 Time Commits: Week 4 average

111



In Figure 0.7 we see that the number of commitgégularly distributed over the week and
the average number of commits distributed over hbars is also irregularly distributed
(Figure 0.8). One possible explanation for thegutar distribution over the hours may be due
to the fact that the students had design meetingmwhey felt it to be necessary instead of

having an hour at the beginning of each day.

Week 5
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Figure 0.9 Day Commits: Week 5
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Figure 0.10: Time Commits: Week 5 average

In Figure 0.9 can be seen that the most commite wexde on the first day of the week to
later drop for the other days. In Figure 0.10 carséen that most commits were made in the

morning and then to even out for the rest of therio
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All 5 weeks

project
Activity by Haur of Day
176

150

125
100
75
&0
25
e L

L S T - S T T T T S B S, B

Commits

Figure 0.11 Day Commits: Average for all weeks
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Figure 0.12 Time Commits: Average for all weeks
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In Figure 0.11 we see that someone had workedSatwday, this was the boss testing out
the CVS repository so it has nothing to do with stedents. The same goes for Figure 0.12,

where the boss made commits at midnight and a&®01lhours to test the CVS repository.
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G Appendix Summary of the meeting 050309 16:00-17:45

Present: Christian Becker, Mathias Wagnsson  (“Cltarsis”)
Tim Heyer, Mari Goransson (“Customers”)
Donald F. Ross (Supervisor)

Project: Measurement of certain (15) XP practicestudent lab exercises for the
Software Engineering course in the Department om@gder Science at
Karlstad University.

1. The project will be carried out as a case studgdgigation requirement).

2. The current version of the specification needsetadbded to the project web page
— see http://www.cs.kau.se/cs/education/coursed&2AVT05/CBMW/

3. The project consists of 3 phases

= a pre-survey of the students to ascertain theiietseand conception”
of the 15 XP practices to be studied

= measurements (in the lab/using s/w tools) of wihatstudents actually
do

= conclusions from the survey and a comparison ofrtbasurements
with the “beliefs” (expected behaviour) from thestudy

4. The 15 practices (of 24) which form the basis & tneasurements are listed on
the course home page — see ??7?.

5. Measurement may be automatic (using s/w tools ou@ld — theconsultants
have to decide which are feasible and how the nmeasents are to be made.
Several alternatives should be presented.cliseomerswill make the final
decision.

6. Lectures start week 17 and the students start wesk 18 — theonsultants
should present their proposals sufficiently ahefaihwe that the measurement
processes are agreed upon before then.

7. Points in the case study to note are

= The pros and cons of case studies — these aspecis be clearly
documented in the report.

= The level of “intrusion” caused by the measurements

= The risks of affecting the results involved in measy

= There is no compulsion on the students to useeit@mmended XP
practices.

8. Mari G. should be present at each meeting betweendnsultants and the
supervisor

9. For the next meeting (050323) the consultantsegaired to produce

= A table describing the 15 practices in detail (&l @s a textual
description of each practice)
= A new time plan showing expected milestones.

Donald F. Ross
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