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Preface

This was the first year that the European Software Process Improvement Conference —
EuroSPI — had a separate research track with its own proceedings. The EuroSPI confer-
ence is in its eleventh year, and has become the main meeting place in Europe for the
software industry and academia to discuss software process improvement. The confer-
ence deals with software process improvement in a broad sense, investigating organiza-
tional issues as well as methods and tools for software process improvement.

EuroSPI is an initiative financed by a consortium of Nordic research centers and user
networks (SINTEF, DELTA and STTF), ASQF, a German quality assurance association,
and ISCN in Ireland, the coordinating network partner.

The research papers describe innovative and significant work in software process
improvement, which is relevant to the software industry. The papers are readable for
a scientific and industrial audience, and support claims with appropriately described
evidence or references to relevant literature.

Thirty-one papers were submitted in this year’s research track, and each paper was
sent to three or four members of the program committee or additional reviewers. Papers
were evaluated according to originality, significance of the contribution, quality of the
written and graphical presentation, research method applied, and appropriateness of
comparison to relevant research and literature. Almost 100 reviews were received and
18 papers were selected for presentation in the research track, giving a rejection rate of
42%. Many high-quality submissions had to be rejected because of limited space in the
conference program.

The selected papers cover a wide area in software process improvement, from im-
proving agile development methods, techniques for software process improvement, and
knowledge management in software companies to effort estimation and global software
development.

I would like to thank the paper authors for providing papers of high quality, and the
program committee and additional reviewers for critiques, praise and advice on how to
make the papers even better.

For further information about future EuroSPI conferences, see www.eurospi.net.

August 2004 Torgeir Dingsgyr
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On-Site Customer in an XP Project:
Empirical Results from a Case Study

Juha Koskela and Pekka Abrahamsson

VTT Technical Research Centre of Finland
P.0.BOX 1100, FIN-90571 Oulu, Finland
{Juha. Koskel a, Pekka. Abr ahansson} @tt.fi

Abstract. Extreme programming (XP), similarly to other agile software devel-
opment methods, values close collaboration with customers. One of the XP
practices suggests that the customer should be 100% available for the develop-
ment team. Anecdotal evidence suggests that the XP customer role is costly,
difficult and demanding. However, very few empirical studies have been pub-
lished on the role of customer in an XP project. The results of this controlled
case study are in line with the common belief that the on-site customer’s role is
indeed demanding, requiring a strong ability to resolve issues rapidly. Yet, the
study also offers contrasting findings in terms of required actual customer in-
volvement in the development project. This empirical case demonstrates that
while the customer was present close to 100% with the development team, only
21% of his work effort was required to assist the team in the development.
However, it is also shown that an on-site customer may create a false sense of
confidence in the system under development. The implications of these and
other findings are discussed.

Keywords: Extreme programming, on-site customer, customer involvement

1 Introduction

Extreme programming (XP), first introduced in [1], is focused on generating early
releases of working products and aims to deliver business value from the very begin-
ning of the project. The role of customer is highly valued in XP, and it is considered
important for the success of the project [2, 3]. The on-site customer practice of XP
suggests that the customer should be 100% available for the development team, so as
to be able to provide quick help in, e.g., answering questions and resolving problems.

This paper reports the empirical results from a controlled extreme programming
case study, where the customer was present close to 100% of the development time. A
team of four developers was acquired to implement a system for managing the re-
search data obtained over years at a Finnish research institute. Both quantitative and
qualitative data of the on-site customer role in XP is provided. The quantitative data
consists of customer effort usage and effort distribution. The qualitative data com-
prises development diaries maintained by the developers, a customer diary, post-
mortem analysis session recordings and developer interviews. It has been argued that
the XP customer role is demanding and that it requires lots of involvement [e.g. 4, 5-
7]. While this study supports these claims, it also yields contrasting results. It is
shown that the on-site customer offers the team a unique situation to consult him

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 1-11, 2004.
© Springer-Verlag Berlin Heidelberg 2004



2 Juha Koskela and Pekka Abrahamsson

whenever needed. The development team perceives this as a strong demonstration of
commitment to their work. The data also reveals that the on-site customer is in danger
to create a false sense of confidence in the remaining of the customer organization.
The results of this study offer empirical evidence to support the common belief that
the on-site customer role is demanding and requires a strong ability to resolve issues
rapidly. However, the empirical case demonstrates that although the customer was
close to 100% present with the development team, only 21% of his work effort was
required to assist the team in the development.

The paper is organized as follows. The following section introduces extreme pro-
gramming and the related research. This is followed by a description of research set-
tings, research methods and data collection methods. Section four presents the results
and in section five implications of these findings are discussed. Section six concludes
the paper.

2 Extreme Programming

This section introduces extreme programming and related research, focusing on the
on-site customer.

Agile methods have gained a significant amount of attention in the field of soft-
ware engineering in the last few years. Currently, extreme programming (XP) is the
best-known agile method. XP is primarily designed for object-oriented projects using
a maximum of a dozen programmers at one location [3]. This kind of situation is
called “agile home ground” by Boehm [8]. The XP process is characterized by short
development cycles, incremental planning, continuous feedback, and reliance on
communication and evolutionary design [2]. The core of XP is made up of a simple
set of common-sense practices. These practices are planning game, small releases,
metaphor, simple design, testing, refactoring, pair programming, collective owner-
ship, continuous integration, 40-hour week, on-site customer, coding standards, open
workspace and just rules. For more information about XP and an overview of other
agile methods readers are referred to [e.g. 9, 10].

From the viewpoint of this study, the most interesting XP practice is the on-site
customer. It has been suggested that the customer should be available for the devel-
opment team throughout the project, to answer questions and resolve problems, for
example. In XP, the customer is the person who sits with the project team, generates
and prioritizes stories, provides acceptance tests for each release, and makes the final
business decisions [11]. Therefore, the on-site customer delivers the requirements and
represents all the knowledge that must be available for the development team. Despite
this important role, there are only few empirically validated studies focusing on the
on-site customer available.

Wallace et al. [12] list three possible customer locations: on-site customer, off-site
customer and remote customer. According to XP literature [e.g. 2, 3, 13], the cus-
tomer optimally works in the same room with the developers. However, this is not
always possible; for example, the customer may be too valuable to be on-site [3].
According to Jeffries et al. [3], an XP project may survive even without customer
presence, but the project will go faster and smoother if the customer is on-site. If the
project team does not include a customer, they have to plan further in advance, which,
for its part, adds the level of risk in the project [2].
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Yet, it is not only the customer working on-site that makes an XP project success-
ful. According to XP literature [e.g. 2, 11], it is also important to have a customer who
plays the role well. According to Beck and Fowler [11, p. 18], a good customer un-
derstands the domain, is aware of how software can provide business value in the
domain, can make decisions about what is needed at a given moment and what is
needed later, and is willing to accept ultimate responsibility for the success or failure
of the project. Martin et al. [4] established three research hypotheses covering the
characteristics of the customer, the skills of the customer, and the location of the cus-
tomer. They found the role of XP customer a very demanding one, requiring, e.g.,
preparation, skills, attention to detail, and the ability to make critical decisions. Martin
et al. [4] report that even an ideal preparation for the customer role may not be suffi-
cient to ensure success in the XP customer role.

Farell et al. [5] describe a successful XP implementation from the viewpoint of the
customer. According to Farell et al. [5, pp. 4], “it is critical to have a high degree of
customer involvement in the process.” Griffin [6] has also come to similar conclu-
sions regarding XP implementation, recommending the key customer contact(s) to be
placed close to the development team. Nawrocki et al. [14, pp. 294] argue that “a
close, personal contact with customers and their instant presence is a must for XP-like
processes”. Lippert et al. [15] have written a book in which they describe their experi-
ences of XP practices. The authors emphasize the importance of smooth communica-
tion between development team and customer. Stephens and Rosenberg [7], for their
part, provide a critical viewpoint towards XP in their book. According to Stephens
and Rosenberg [7, pp. 133], “the trouble with on-site customer done the XP way is
that if the on-site customer is a single person, she becomes a single point of failure in
an incredibly difficult, stressful, high-profile position of great responsibility”. Table 1
summarizes the most critical arguments of related research.

3 Research Design

This section describes how the research design for the study is laid out.

3.1 Research Setting

A team of four developers was set up to implement an intranet application (called
eXpert) for managing the research data obtained over years at a Finnish research insti-
tute. The four developers were 5t to 6% year university students, all with 1 to 4 years
of industrial experience in software development. The team members were well-
versed in the Java programming language and object-oriented analysis and design
approaches. Two weeks prior to project launch, the team performed a self-study ses-
sion by studying two basic books on XP [i.e., 2, 3]. A two-day hands-on training on
XP practices, development environment and software configuration management
(SCM) was organized to ensure that the team had a basic understanding on XP issues
and the specific technical environment used. As development environment, an Eclipse
integration framework (http://www.eclipse.org) was used, which is an open source
initiative supported by major software engineering tool manufacturers. CVS (Concur-
rent Versions System) was used as project SCM tool and the JUnit testing framework
for unit testing. Both CVS client and JUnit are integrated as a default in the Eclipse
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Table 1. Summary of related research

Claim, iargument sk Description References
suggestion
= hlgh‘ degree of e It is critical to have a high degree of
tomer involvement is F ; [S, 6, 14]
; customer involvement in the process
required
The role of on-site cus- | XP customer role is highly demanding,
tomer is very demand- requiring, e.g., preparation, skills, atten- 4, 7]
ing tion to detail, and ability to make criti- '
cal decisions
The customer should Optimum conditions for an XP project
work in the same room | are provided by the customer sharing [2-4]
with developers the same workspace as developers

environment. The application was written in Java and JSP (JavaServer Pages) and it
used the MySQL relational database in storing link data. In addition, the Apache
Tomcat 4 Servlet/JSP container was used because of its implementation of the JSP 1.2
specifications of Java Software.

The team worked in a co-located development environment. The customer (i.e., the
first author) shared the same office space with the development team. The office
space and workstations were organized according to the suggestions made in the XP
literature to support efficient teamwork.

3.2 Research Method

A detailed description of the general research method, i.e., the controlled case study
approach, utilized in this study can be found in [16]. The controlled case study ap-
proach strives for replication (experimentation) and in-depth data collection (case
study) and it also has the ability to change the process (action research) in a close-to-
industry setting in which also business pressure is present [16]. The first author was in
the role of on-site customer, participating in planning game, acceptance testing, post-
mortem analysis, project meetings and coaching activities. On average, he spent over
80% of his work time in the same room with the developers. The second author was
acting in the role of management in the study, mediating the release post-mortem
analysis [17] sessions, which were performed after each software release. These post-
mortem analysis sessions served as a process change mechanism, where the project
team could propose changes to the implementation process.

3.3 Data Collection

Both quantitative and qualitative data were collected. Quantitative data consisted of
customer effort usage and effort distribution. Qualitative data included development
diaries maintained by the developers, a customer diary, post-mortem analysis session
recordings and developer interviews. The developers and the customer were updating
their diaries continuously during the project, tracking time and filling in observations.
As indicated by XP principles [2], the customer organization placed explicit value on
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data collection, thus ensuring alignment with agile software development principles
(http://www.agilemanifesto.org).

4 Results

This section presents the results of the study, including both quantitative and qualita-
tive data concerning the on-site customer role in XP. Table 2 provides basic informa-
tion about the size and schedule of the eXpert project. The system development was
carried out in six iterations, of which the first three took up two weeks of calendar
time, the next two one week, while the sixth iteration was a two-day correction re-
lease. The developers were mainly working six hours a day for four days a week.
Detailed data of the eXpert project can be found in [18].

Table 2. Background information of the eXpert project

Collected data R1 R2 R3 R4 RS R6 Total
Calendar time 2 2 2 1 1 0.4 8.4
(weeks)

Total work effort (h) | 195 190 192 111 96 36 820
# User stories imple- 5 9 9 4 3 4 34
mented

# Tasks defined 10 30 18 21 19 9 107

4.1 Customer Effort Usage and Distribution

Figure 1 shows the customer presence for each release (i.e. the time the customer was
spending in the same room with the developers). As it can be seen, the customer was
present at an average of 83%. Figure 1 also reveals that customer presence was at its
highest in the first iteration, while decreasing to iteration three, and increasing to the
average level in the forth iteration. The change of course can be explained by the
change in iteration length from two weeks to one week. When the customer saw that
everything was happening at a faster pace, he was trying to be present as much as
possible. In the third iteration, the customer presence was at its highest in hours (59
hours), but lowest in percentage (72%). This results from a fragmented presence of
the developers during the third iteration. At that time, the developers were working at
more differing times compared to the first two iterations, for example.

Figure 2 shows the actual effort the customer spent in performing project activities
in each release (i.e. the time the customer spent in XP activities). Despite the high
customer presence percentage values, the actual customer involvement during the
releases was ranging from 17.4% to 25.0%, with an average of 20.6%. As it can be
seen from figure 2, the actual customer involvement was higher in shorter iterations
(two week iterations vs. one week iterations). However, a nearly 100% present on-site
customer with an actual involvement rate as low as this is a significant result, since
the on-site customer is one of the most controversial topics in extreme programming.
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100,0 %
+ 90,0 %
+ 80,0 %
70,0 %
60,0 %
g 50,0 % g
40,0 %
30,0 %
20,0 %
10,0 %
i - 0%
R1 Rz R3 R4 R5 RE Total .
(2wks) | (2wks) | (2wks) | (1wks) | (1wks) |(0.4wks)
mm Hours: 55 51 59 32 26 12 39
——% 91,7% | 797% | 720% | 865% | 788% | 89,5% | 83,0%
Release

Fig. 1. Customer presence during the project

12,0
10,0

4,0 fid

0,0 - ! g ATl i -4 | 0,0%
R1 R2 R3 R4 RS A6 Total
(2wks) | (2wks) | (2wks) | (1wks) | (1wks) |(0.4wks)
[— Hours 9,6 10,9 1,0 8,0 6,1 29 81
|-—.—% 174% | 214% 186% | 250% | 234% | 243% | 206%
Release

Fig. 2. Actual customer involvement during the project

From the viewpoint of customer effort distribution, participation in planning game
and acceptance testing were the two major activities requiring customer’s effort (fig-
ure 3). Planning game sessions took 42,8% and acceptance testing 29,9% of the total
effort. Post mortem sessions [17], which were held at the end of each release cycle,
took up 13,4% of the customer effort. The share of project meetings, i.e. planning
sessions with the development team during the iterations, and amounted to 8,2% of
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the total effort, while 5,7% was required for team coaching activities, due to the cus-
tomer having the best knowledge of XP and its practices at the beginning of the pro-
ject. Coaching was needed during the first two iterations, in particular, when develop-
ers had something to ask, concerning, e.g., continuous integration or unit testing.

Planning game; 42,8

Acceptance testing;
299

Fig. 3. Customer effort distribution (%)

4.2 Customer Perceptions

The customer did his actual work in the same room with the developers according to
the suggestions of XP literature. During the project, the customer made observations
of this way of working. It was found out that pair programming generates much more
noise than solo programming. In the pair programming mode, the developers read the
code out loud and solve problems discussing actively. In solo programming, the de-
veloper does not generally share his or her thoughts out loud, thus operating in a more
silent mode. During the project, there were usually two pair programming pairs work-
ing at the same time and, therefore, the level of noise was always quite high. This was
considered to have a disturbing influence on the customer’s actual work, especially if
the customer was accustomed to work alone in a quiet office space. The second find-
ing was that the developers had quite a low threshold to ask questions when the cus-
tomer was present on-site. This situation was considered to have both positive and
negative effects. According to XP literature, smooth communication between devel-
opers and customers is important for project success. On the other hand, if the devel-
opers are asking something all the time, the customer may find it hard to concentrate
on his actual work. In this kind of development arrangement, the XP customer role
should, of course, have the highest priority among the duties of the customer.

In XP literature, the role of XP customer has been argued to be highly demanding.
In this particular project, the customer completely agreed with this argument. It was
found out that the role of an XP on-site customer requires a strong ability to resolve
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issues rapidly. Usually, when developers were asking something, they were also ex-
pecting to get their answers straight away. The most common questions and requests
were as follows: “What do you think of this implementation?”; “...but the customer
decides how we should do this.”; and “When you have time, could you test this and
that feature?”

4.3 Project Team Perceptions

In the post-project interview, the developers were asked how important they per-
ceived the on-site customer practice. As shown by the following extracts from the
interviews, the presence of the customer was highly appreciated:

“Very good. If there is some kind of problem, one can just sing it out. There
is no need to send any emails or drop in somewhere.”
“Got answers fast, if there was something to ask.”

The developers evaluated the on-site customer practice as one of the top 5 positive
experiences during the project. For further details on other positive findings, see [19].
It was also looked into whether it was necessary for the customer to be in the same
room with the developers. One of the developers answered as follows:

“The customer could work, for example, next to the project room. However,
it should not take any longer than a couple of minutes to contact the cus-
tfomer.”

Daily participation was also perceived to be highly important. The developers were
asked if, e.g., one day a week would suffice:

“No, [one day a week] is not enough.”
“The customer should be present at least once a day.”
“Not necessarily the whole day, but he should be present every day.”

5 Discussion

The results presented in the previous section revealed some important findings regard-
ing the role of an XP on-site customer. XP literature [e.g. 2, 3, 15] generally empha-
sizes the importance of high level customer involvement during an XP project. How-
ever, many authors [e.g. 4, 5-7] also claim that on-site customer involvement is often
difficult to realize or even unrealistic due to the required customer work effort. A
contrasting result offered by this study was that while the customer was present with
the development team at an average of 83%, only 21% of his work effort was required
for assisting the development team in the actual development work. The customer
effort distribution was quite expected, consisting mainly of planning game sessions
and acceptance testing. According to XP literature, these are the main activities of the
customer in an XP project.

During the project, the on-site customer found pair programming rather a noisy ac-
tivity, which may have a disturbing influence on the customer’s real work, especially
if the customer is accustomed to work alone in a quiet office. This problem could be
solved by moving the customer’s place of work to a location close to the XP project
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room. This solution was also supported by the developers. However, the developers
emphasized that it should not take more than a couple of minutes to contact the cus-
tomer. Moreover, the customer should pay daily visits to the project room. According
to Lippert et al.’s experiences [15], this kind of solution is not a problem if there is an
agreement that developers can talk to the customer at any time.

Anecdotal evidence suggests that the XP customer role is costly, difficult and de-
manding. The results of this study support the common belief that the on-site cus-
tomer’s role is demanding and that it requires a strong ability to resolve issues rapidly.
Usually, when developers were asking something, they were also expecting to get the
answers straight away. The collected data demonstrated that the on-site customer
practice offered the team a unique situation to consult him whenever needed. The
development team perceived this arrangement as a strong demonstration of the or-
ganization’s commitment to their work. The project turned out to be a software engi-
neering success. In fact, the team delivered 250% (i.e., 12 user stories identified ini-
tially, 34 delivered) more value for the customer organization than originally planned.
Furthermore, all this was achieved within the defined delivery schedule. Yet, the
developed solution has not been used as actively as intended. The reason for this can
be attributed to the relatively poor usability of the system. Yet, all the related stake-
holders were happy with the solution when it was under development. The on-site
customer also had a lot to say on how the system should function. Consequently,
while the experiences were mostly positive, the data also reveals that the on-site cus-
tomer practice is in danger to create a false sense of confidence towards the system
under development. The customer e.g., needs to invest in user-centered design (UCD)
activities as the development team may not require them to be conducted.

Table 3. The findings of eXpert case study

Claim, argument or
suggestion

High degree of cus-
tomer involvement is

eXpert case study findings

This study offers contrasting result regarding this argument. While
the customer was nearly 100% present with the development team,

required [5, 6, 14]

only 21% of his work effort was required to assist the development
team in the development.

The role of on-site
customer is very
demanding [4, 7]

The study strongly supports this argument. It was found out that the
role of XP on-site customer requires a strong ability to resolve
issues rapidly. Usually when developers were asking something

and they were also expecting to get the answers straight away.

The development team perceived the on-site customer as a strong
demonstration of the organization’s commitment to their work.
However, the customer found pair programming rather a noisy and
disturbing activity.

Customer should
work in the same
room with develop-
ers [2-4]

Table 3 presents the main findings of the eXpert case study. Based on these find-
ings, it is suggested that customer could work near to project room, but not necessar-
ily in the same room with the developers. This kind of modified on-site customer
arrangement would take both developers’ and customer’s viewpoints into account;
developers could still contact the customer easily and the customer would be able
work in a more silent workplace. The customer should also reserve, for example, a
one hour per day at the appointed time to discuss face-to-face with the development
team.
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6 Conclusions

Agile methods have gained a significant amount of attention in the field of software
engineering in the last few years. Extreme programming, similarly to other agile
software development methods, values close collaboration with customers. The XP
on-site customer practice recommends for the customer to be 100% available for the
development team. Anecdotal evidence suggests that the XP customer role is costly,
difficult and demanding. However, very few empirical studies have been published on
the customer role in an XP project. This paper reports the empirical results from a
controlled extreme programming case study, in which the customer was present close
to 100% of the development time. The results support the common belief that the on-
site customer’s role is demanding and that it requires a strong ability to resolve issues
rapidly. One of the findings indicates that while the customer was nearly 100% pre-
sent with the development team, only 21% of his work effort was required to assist
the development team in the development. However, it is also proven that the on-site
customer offers the team a unique situation allowing to consult him whenever needed.
The development team perceives this as a strong demonstration of commitment to
their work. The data also reveals that the on-site customer is in danger to create a false
sense of confidence in the remaining of the customer organization. In addition, the
customer found pair programming rather a noisy activity, which may have a disturb-
ing influence on the actual work of the customer, especially if the customer is accus-
tomed to work alone in a quiet office. Based on these findings, it is suggested that the
customer should work close to the project room, but not necessarily in the same office
space as the developers. This kind of modified on-site customer arrangement would
consider both developers’ and customer’s viewpoints; developers could still contact
the customer easily and the customer would be able work in a more peaceful work-
place.

There are several threats to the validity of the results. First, the customer was also
one of the researchers, which is why his analysis of the results may not be completely
objective. However, the customer did not perform the interviews and the developers
could thus freely express their views and feelings. Second, the study was based on the
analysis of just a single XP case project. However, very few empirical studies have
been published on the customer’s role in an XP project and, therefore, the data and
findings presented in this study can be considered to be valuable for practitioners and
researchers in the field. Third, the developers received only a two-day training for the
XP method, which can not be seen as sufficient for truly understanding how the
method operates. This study is of exploratory nature and aims at gaining a better un-
derstanding of the role of the on-site customer for future studies. The findings pre-
sented here therefore should be of interest for novice XP teams and customers.
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Abstract. Software engineering literature and practice have shown that efficient
requirements management forms the essence of a successful software project.
When the requirements are volatile and the development environment is unsta-
ble, Extreme Programming (XP) methodology provides efficient means to cope
with requirements through the onsite customer practice. However, for many
software companies, having an onsite customer present is difficult to achieve.
To solve this problem an Offsite Customer Process Model has been proposed
earlier. This paper reports results from a study of a mobile application devel-
opment project where the model was empirically evaluated. The findings show
that the model itself is context-dependent and it has to be adapted to the under-
lying development process. Based on these findings, an improved model is in-
troduced. It is shown that the new model proved to work efficiently and im-
proved the developer-customer communication mechanisms.

1 Introduction

Research and practice have shown that active customer participation, effective soft-
ware requirements engineering and requirements management are essential for the
success of a software project [1-6]. Extreme Programming (XP) addresses these goals
through one of its key practices. On-site customer practice requires the customer to
participate actively to the development process, by being always available to answer
questions and steering the project to success together with the developers [7-9]. While
e.g. the pair programming practise has gained significant interest in the research
community [e.g., 10, 11], the onsite customer (or the lack of thereof) has not been
under an extensive research, even though the onsite customer is one of the most es-
sential practices of the XP process [8].

Practice has shown that it is sometimes impossible for the customer to participate
in the XP project as expected. There can be many reasons for this. Customer can be
too valuable to be onsite, or the distance between the customer and the development
team is too long [8]. The lack of onsite customer does not automatically lead into a
failure, but it does decrease the development pace [8] and increases the project risks,
since the planning has to be done further into the future than XP process normally
expects [7]. Also in aforementioned situations, the identification and validation of
customer’s requirements are becoming more important [12].

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 12-22, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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Some solutions for the lack of onsite customer problem have been proposed [see
e.g. 8, 13], but these suggestions are not designed to provide a systematic approach to
be applied, when the customer is unable to participate to the development as stated by
XP. A systematic approach was introduced recently and applied in a small software
project with promising results [12]. The aim of this paper is to reassess and improve
the Requirements Management Process for an Offsite Customer, based on the results
derived from a mobile application development project where the business customer
was only partially present.

The results show that the model itself is context-dependent and it has to be applied
to the underlying software development process whether it is XP or any other meth-
odology. Based on these results several enhancements and changes to the model are
suggested. These enhancements and changes aim to improve the model to be more
suitable for a wider context of development processes.

The remaining of the paper is organized as follows. The following section intro-
duces the Requirements Management Process for an Offsite Customer. This is fol-
lowed by a description of the research design, case study results and a section summa-
rizing the improvements to the model and discussing the future research.

2 A Model for the Requirements Management Process
for an Offsite Customer

This section briefly introduces the Requirements Management Process for an Offsite
Customer, referred from now on as Offsite Customer Requirement Elicitation Process
(OCREP), which was used as the baseline for the empirical study reported in this
paper. The motivation for the OCREP is the need for a systematic approach for the
offsite customer situation in XP. The following picture provides an overview to the
model. Detailed description of the baseline model and its tasks, theoretical underpin-
nings and the results from the preliminary test can be found in [12].

In Identify Essential Requirements- phase, the customer and the developers identify
the essential functionalities and concepts by informal interviews. This phase includes
also contractual tasks. After this, the requirements are discussed together with the
customer and enhanced user stories are evaluated and implemented in the Evaluation
and Implementation of Enhanced User Stories- phase. Enhanced user stories are de-
tailed descriptions of the requirements of the system, containing also the acceptance
tests. This phase of the model serves similar purpose as the Planning Game- practice
of XP [7]. The features providing most business value are selected in each iteration by
the customer. Since the customer is offsite and thus cannot give instant feedback
when it is needed, these features must be discussed carefully. Discussions are sup-
ported with user interface illustrations and the acceptance tests are defined together
with the customer. Finally, the workload estimates are prepared as in XP [7]. If the
customer defines new requirements during the iteration, they are recorded and dis-
cussed in the next Evaluation and Implementation of Enhanced User Stories- phase.

After the requirements for each iteration are selected, discussed and correctly un-
derstood, they can be implemented using the XP practices. During the implementation
period, a daily status report is sent to the customer. These status reports aim to pro-
vide a brief description of the progress of the project and they contain also descrip-
tions of the implemented features and possible technical problems. If the implemented
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Idertify essential
requirements

Essertial requirements
identified

tteration results
accepted

Ewvaluation and
implementstion of
enhanced User
Stories

teration
acceptance

Selected reguirements
discussed and written

Selected requirements
implemerted

Implement, report and
feedback

Fig. 1. The Offsite Customer Requirements Elicitation Process [12].

features contain user interfaces, screenshots of those views are attached to the report.
The purpose of commenting is to explain the meaning of ambiguous elements to the
customer. The customer gives feedback about the implemented features, and thus
guides the development and validates whether the features are implemented correctly.
At the end of the each iteration the customer personally verifies the implemented
requirements, and either accepts the results or proposes necessary changes. The con-
tent of the next iteration is also agreed in this phase. If change requests emerge, the
workload of the required changes is estimated and the changes are implemented be-
fore the implementation of new features. The phases, excluding Identify Essential
Requirements, are repeated iteratively until the end of the project.

3 Case Study Results

This section presents the principal findings that emerged during the application of the
model. The findings related to the different phases of the model are discussed in detail
in the following subsections. Originally, the project had one customer, from here on
referenced as the original customer. Later two other customers joined the project,
forming a customer proxy called a customer group together with the original cus-
tomer.

The research design was as follows: A team of 5 developers were assigned to im-
plement a stock exchange software for a mobile phone. The code name for the project
was zOmbie. The target of the project was to incorporate an access to Helsinki Stock
Exchange in to the mobile terminal. The application should enable the user to view,
select, browse and sell stocks as well as to display business news. The development
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technology was mobile-java. The development team used a development approach
specifically developed to support the mobile application development [14] called the
MobileD. MobileD contains all of the XP practices as is supplemented with (except
for onsite customer). The project lasted 8 weeks in calendar time and the total effort
used by the developers was close to 1000 person hours. The reported data is based on
empirical results derived from a research journal, interviews and personal on-site
observations. This data was used to adjust and evaluate the model shown in the earlier
section. The research was conducted as a single case [15] action research study [16].
The model was continuously adjusted and improved throughout the project based on
experiences and data.

3.1 Phase 1: Identify Essential Requirements

The development started by agreeing with the communication method and the prac-
tice for verifying the results of each iteration. The daily customer communication was
done by email and the results were presented at the facilities of the development or-
ganization. After the contractual issues were agreed the original customer described
the system, dividing its requirements in four major areas of functionality: see stock
prices, trend of a chosen stock, follow stock prices in real time and trading of the
stocks. The team experienced that the informal description of the needed functionality
was a working technique for identifying the essential requirements and concepts of
the system. It should be noted that only one interview was required to attain the level
of adequate accuracy, which supports also earlier findings [12]. For this type of appli-
cation domain, one interview may therefore be enough to form the “big picture” to get
started.

Due to the problems concerning complex features encountered in [12], a crisis
communication method task was added in the tasks of the Identify Essential Require-
ments- phase in order to ensure that the problems could be solved together with the
customer as soon as possible. Ideally the customer should participate to the problem
solving session personally as recommended by Wallace et al. in [13]. If the customer
is too remote to participate personally, teleconferencing (or a telephone) could be
used as a tool of communication as proposed in [13].

Soon, it turned out that it was impossible for the original customer to participate to
the development due to other responsibilities. The team did not receive any feedback
from the original customer, thus leaving the group to refine the requirements alone.
This had a negative impact on the development team as they interpreted the situation
as reluctance from the original customer to fulfil the stated responsibilities. This re-
sulted into a forming of a customer proxy, consisting of two other customers together
with the original one. This was organized by the organization’s management since
they saw that the team needed the feedback and the original customer was not able to
deliver that. The original customer had never participated to an XP project before and
had the perception that after having stated the basic requirements, the team should
deliver the product within the agreed timeframe. He did not want to have close com-
munication with the development team. The forming of a customer group proved to
be a better solution, since at least one customer representative was always able to
participate in different phases of the product development. The importance of cus-
tomer groups is also emphasized in [6]. The establishment of a customer group also
increased the developers trust for the success of the project and resulted in better vali-
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dation of the requirements. Without a customer group the development decisions
would have based on too much guessing. Based on these findings, forming of a cus-
tomer group was added as a task into Identify essential requirements- phase.

As defined in the baseline model, the development team reported their progress on
a daily basis. During the project, the customers’ side reported that the content of the
daily status reports were not understood since they were filled with technical details.
Customer group was missing the big picture from the daily reports. Thus, the reports
were changed so that the implemented tasks related to a specific user story were iden-
tified and reported at a higher level of abstraction. The customers were pleased with
this new format of the reports. It is suggested, therefore, that the level of reporting
should be decided together with the customer right from the start. The customer can
then decide, whether he wants a detailed version of the reports, including the imple-
mented tasks and commented screenshots which are described in [12], or just a gen-
eral description with or without the screenshots. This division serves only as a guide-
line, since detailed categories are not yet defined. Based on the findings, the Agree
with the feedback level- task is added to this phase. These findings further demon-
strate that the baseline model itself is context-dependent. It cannot be presumed that
the techniques presented in [12] can be applied as defined, but the level of feedback
and a forming of a customer group must be taken into account before the actual im-
plementation can begin. In summary, the improvements for the baseline model are as

follows: 1) Define crisis communication method, 2) Form a customer group, 3) Agree
with the feedback level.

3.2 Phase 2: Evaluation and Implementation of Enhanced User Stories

As already hinted in [12], the Enhanced User Stories proved to be too rigid, since they
were not used in their original purpose. They were originally used as a means of
communication, and the developers, based on their ideas of what the functionality of a
certain requirement should be. This was based on the presumption that the customer
can be too busy to write user stories, or even does not know how to write them as
discussed in [17], even though learning is also embraced in XP [8]. Because the En-
hanced User Stories were found unworkable, they were discarded. In this research, the
discussed requirements were processed into user stories and tasks as defined by Beck
in [7].

The procedure in which the selected requirement is discussed together with the
customer as stated in [12] was experienced extremely important because of the cus-
tomer feedback. The team discussed about the prioritised requirements together with
the customer, and used graphical support material to clarify the functionality. The
team and the customer made illustrations of the user interfaces related to the feature
currently under discussion. The user interface illustrations were drawn on 4x6 Post-it
notes, each note representing a single view. This technique created lively discussions
and exchange of ideas between the developers and the customer, integrating the cus-
tomer to the development process. If the team did not understand something that the
customer wanted, the customer was asked to illustrate the user interface and explain
the functionality at the same time. Otherwise the team was responsible for creating
the user interface illustrations based on the conversations. These illustrations were
discussed together with the customer. These user interface illustrations were proven
useful, which is in line with the results concerning the usefulness of the paper proto-
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types [e.g. 18, 19]. It was experienced that the user interface illustrations clarified
both the user interface and functionality of the software, since the team was able to
identify necessary classes and functions that were needed in order to perform the
discussed operation. These user interface illustrations improved also reusability and
workload estimates. The workload estimates were improved also by the fact that it
was possible to identify all the user interface screens required by the feature before
the actual implementation. User interface illustrations were also found as an excellent
communication method, but it was also mentioned that they did not serve any other
meaning than to just illustrate the user interface. Based on these findings, the user
interface illustrations can be considered as a useful technique that manages to clarify
and validate software requirements. This finding supports the results presented in
[12]. After the selected requirements were discussed, they were processed into user
stories and further into tasks by the development team.

The essential findings in this phase are: 1) Ul-illustrations are an excellent com-
munication mechanism, 2) Ul-illustrations provide deeper understanding to the func-
tionality ofthe system, and 3) Ul-illustrations improve both reusability and workload
estimates and they manage to clarify and validate requirements.

3.3 Phase 3: Implement, Report and Feedback

While some problems existed (as was shown above), the daily reports provided a very
good view of the progress to the customers. This is also in line with the findings pre-
sented in [12]. The commented screenshots were not attached to the daily reports
because the customer did not want them to be used, despite their usefulness shown in
[12].

In spite of this, the team experienced that their usage could have uncovered espe-
cially cosmetic errors from the application. Significant amount of deviations found by
the customer were cosmetic, e.g. the names of the actions were different from those
that the customers expected or wanted. Since the project was completed in time with-
out using the commented screenshots, their usage can be considered unnecessary.
While commented screenshots were not applied as suggested, the empirical findings
from this project, and the results presented in [12] show that commented screenshots
could be used as a requirements validation technique, and thus they remain as a poten-
tial means of communication in the model.

The writing of the daily reports took between 5 to 15 minutes per day. The project
manager however felt that it was not worthwhile. This was because the reports were
written at the end of the day, and it was difficult for the team to decide what to put
into those reports. One possible solution to solve this issue is to assign one of the
workstation as a repository for reports, and individual developers can then update the
reports. The reports can then be sent at the end of the day, but constructed along the
day. There is however no results to be shown about this approach, since it was not
applied in the project because this issue emerged after the project at the final inter-
view.

Despite the fact that customers found the more general level reports excellent for
providing an overview to the progress, which proved that the reports were read, the
team did not receive any feedback based on the reports from the customer. Customers
perceived that Because the reports only described the implemented features and the
possible problems without any specific questions,. Therefore, the customers experi-
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enced that they did not had any reason to give feedback about these general descrip-
tions. A simple template for the reports was formed during the project. This template
simply consisted of list of tasks related to the user stories that were under implemen-
tation, and of miscellaneous issues and possible problems.

The relevant findings in this phase are: 1) Daily reports are excellentfor providing
an overview to the projects progress, 2) Writing ofthe reports is not time consuming,
3) Screenshots are not essential for the success of the project, 4) Do not expect cus-
tomer feedback without asking specific questions.

3.4 Phase 4: Iteration Acceptance

At the end of the each release, the customers validated the correctness of the software
requirements and functionality by performing tasks that the contents of the iterations
were to provide. The validation was performed against the defined acceptance tests,
which are identified by the customer and the team in the Evaluation and Implementa-
tion of Enhanced User Stories- phase of the presented baseline process [12]. Defects
and improvement suggestions were written down, and the customer and the develop-
ers then agreed on the order of the corrections. It is recommended in [12] that the
content of the next iteration is also decided in this phase. However, the requirements
to be implemented next were decided after the Iteration Acceptance- phase in a sepa-
rate meeting, based on the underlying development strategy. In addition, the found
errors were corrected after the content of the next iteration was accepted. These find-
ings further support the context-dependent point of view to the model, since the appli-
cation of the model must be adjusted to fit the practices of the organizations software
development projects.

The customers’ personal participation was experienced mandatory by the team. It
was mentioned that the customers’ presence at this phase caused pressure for the team
to complete the iteration with all the promised requirements. This pressure was ex-
perienced as a positive issue. The customers found errors from the software, gave
necessary comments and feedback and constructive criticism to the team about the
implemented features, thus validating the results of each iteration. It was also stated
by a team member that the personal participation, comments and feedback indicated
that the customers really cared about the team’s efforts and work.

All the possible defects and issues should be recorded properly. In this project, the
development team had problems understanding some of the findings, since they were
not reasonably well documented, even though they made the notes themselves. In
addition, the findings must be categorized as defined by the development organiza-
tion. It must also be decided together with the customer about the order of the correc-
tions. The improvements to the model are: 1) Document defects and other issues with
care and categorize them, 2) Decide when to make corrections, 3) Agree with the
order of the corrections, and 4) Agree when the contents of the next iteration is de-
cided.

4 The Improved Model and Future Research

The baseline model presented in this paper was improved based on the empirical
findings throughout the project. Figure 2 shows the new model. In addition, the cus-
tomer groups and developers are described. The developers are shown as, filled fig-
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ures, and unfilled figures represent the customer. Two figures indicate that they are
multiple entities, i.e. many developers and a customer group. Since the Enhanced
User Stories were discarded, the name of the Evaluation and Implementation of En-
hanced User Stories- phase was changed to Refine Requirements. Implement, Report
and Feedback- phase is divided, in order to emphasize that the customer’s main role
in the phase is just to give feedback from the implemented features and thus to steer
the development. Naturally the customer can identify also new requirements during
the iteration. These requirements are discussed together in the Refine Requirements-
phase as defined in [12]. The contents of all phases are summarized in corresponding
tables. The practices modified from the original ones are marked with (¥), when (!)
indicates completely new tasks.

Enter development

Reration acceptance  f----c-ccccacaaaaaaaaaaa, S

Fig. 2. The improved Offsite Customer Requirements Elicitation Process.

Table 1 summarizes the tasks, actors and outcomes of the Identify essential re-
quirements-phase.

The tasks of the Refine Requirements- phase are summarized in the Table 2.

Table 3 summarizes the tasks of the Implement, Report and Feedback- phase.
Since a crisis communication method is defined, and it’s purpose is to establish a
communication channel through which the problems are solved together with the
customer as soon as possible, the recommendation about refactoring and testing in
situations which the development might halt [12], is removed from this version of the
model. Task descriptions differ from the previous, but their contents and purpose
remain the same.



20

Mikko Korkala and Pekka Abrahamsson

Table 1. The tasks, actors and outcomes of the Identify Essential Requirements- phase.

Task Actors Outcome

Agree with the communication Customer, Communication method is agreed
method (1« interview) developers

Presentation of the iterations results | Customer, Presentation method is agreed.
(1sinterview) developers

Describe customer and developer Customer, The rights are understood

rights (1sinterview) (*) developers

Define crisis communication
method

(1% interview) (1)

Customer, develop-
ers

Crisis communication method is
agreed

Establish a customer proxy (1)

Customer

Customer group is formed

Agree with the feedback level (1)

Customer, developer

Feedback level is agreed

Informal interviews

Customer, develop-
EIs

The essential requirements are identi-
fied

Attain the level of adequate accu- Developers The adequate accuracy level is attained

racy

Define system metaphor Customer, System metaphor is defined
developers

Table 2. The tasks, actors and outcomes of the Refine Requirements- phase.

Task

Actors

Outcome

The customer prioritises the identified
requirements

Customer

Prioritised requirements

The evaluation of selected require- Customer, developers | Requirements are discussed and
ments understood

Refine selected requirements to user Developers User stories and tasks

stories and tasks (*)

Prepare workload estimates Developers Workload estimates

Table 3. The tasks, actors and outcomes of the Implement,

Report and Feedback- phase.

problems with the customer

Task Actors Outcome

Implement the user stories Developers Implemented user stories
Prepare and send status report to the Developers Report is prepared and sent
customer

Feedback about the features Customer Customer feedback

Make necessary changes based on the Developers Changed are made
customer feedback if needed

If stories are not understood, ask for Customer, developers | Support request and problem
immediate support and solve the solving

Table 4 summarizes the tasks of the Ilteration Acceptance- phase.
The model will be further developed and validated in other mobile application de-
velopment projects in spring and fall 2004.

5 Conclusions

The lack of an onsite customer is a problem for most agile software development
projects. This is the case in both large and small development endeavours. While
other XP practices have received a great deal of attention, the onsite customer practice
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Table 4. The tasks, actors and outcomes of Iteration Acceptance- phase.
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Task Actors Outcome
Release the implemented features Customer, developers | The features are accepted or
changes are proposed.

Record the possible errors and catego-
rize them (!)

Developers

Categorized error log

If change requests emerge, decide
when to make changes. (*)

Customer, developers

The time for change implementa-
tion is decided

Agree with the order of the corrections
®

Customer, developers

Correction order is decided

Decide the contents of the next itera-
tion as in Refine Requirements, or
agree when the contents is decided (*)

Customer,
developers

The content of the next iteration is
decided.

has been less studied. An Offsite Customer Process Model [12] has been proposed
earlier. This model was applied in a mobile application development project and
based on the empirical results, an improved model was suggested. Based on the re-
sults of this research and the results presented in [12], the model should be useful to
companies using agile methods in their projects. Further evaluation in an industrial
environment is however needed.
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Abstract. Global software development becomes one of the most significant
trends in the information technology market expansion. This research paper
deals with the difficulties and risks examined in global projects in one of the
software development companies in Latvia. The research uncovers areas of
concern and aims to develop a standardized framework for global project man-
agement overcoming the problems brought by distance between the parties in-
volved. The author emphasizes the necessity of unified process framework in
global project management and provides her research approach on the way to a
deep understanding of global software development.

1 Introduction

In the rapidly changing information era there is always a necessity for new knowledge
and resources. Therefore, software development outsourcing becomes a significant
challenge of reaching mobility in people and knowledge resources as well as increas-
ing operational efficiency.

Outsourcing as a concept is not a new one. Information system (IS) outsourcing
originates from the professional services and facility management services of the
1960s and 1970s in the financial and operation support areas, when computers were
very expensive and physically large [12]. Outsourcing nowadays has many different
areas (e.g. business process outsourcing, application service provider outsourcing,
software development outsourcing, etc.), shapes and models (on-site — on the cus-
tomer’s premises, off-site — on different premises, offshore — in a country with lower
taxes), involving two, three or more parties in joint projects.

The author’s research field is a narrowing of the versatile topic of outsourcing —
software development outsourcing world wide which is well known also as global
software development (GSD). Most of the research papers on GSD address the ques-
tions of whether to outsource or not ([4], [20], [22]), who, what, why, where and
when to outsource, including topics on contractual management ([1], [4], [10]) and
risk management ([2], [3], [5]). By this time the question of how to outsource is
poorly explored ([14], [21], [18]). Jae-Nam Lee notes that information technology
outsourcing has long played an important role in the field, yet outsourcing trends are
little understood [11]. Despite its popularity, no research could determine the exact
recipe for effective outsourcing performance [14]. According to Jae-Nam Lee, strate-
gic view focuses on competitive advantage, without considering how relationships
between an organization and its external environment are managed [11], In addition
most of the researches contribute the general outsourcing service receiver interests

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 23-33, 2004.
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whereas the outsourcing providers are competing among each other and accepting the
conditions offered by the partner.

Although in many cases global software development can bring the diminishing of
the expenses and other benefits as a better knowledge base, extra resources and shared
responsibility, entrusting the core strategic values to an external supplier may cause
difficulties in the performance, safeguarding of key process confidentiality, a worse
control over the project realization and the maximization of the risks of developing
dependencies towards an external supplier. That’s why one of the major trends in
global software development is partnership ([10], [12]). This predicts sharing goals
and risks, implementing a unified process management and improving quality of the
interactivities.

The background of this research is a survey on global software development proc-
ess improvement in a software development company in Latvia. The aim of the re-
search is to organize the interdependencies between the company and its partners in
other countries into a standardized framework and to improve the software develop-
ment project performance.

The paper is organized as follows. In the beginning research objectives, back-
ground, structure, and approach are described. Then the paper deals with preliminary
survey findings. Finally, the author concludes the lesson learned and draws the field
for further observation.

2 Research Overview

The research described in this paper is an ongoing project aiming to develop a frame-
work for GSD projects in a Latvian software development company, XYZ. The name
of the company and location of its partners are anonymous because of sensitive in-
formation of the research.

XYZ is one of the leading software development companies in Latvia with more
than 350 employees. The company is oriented towards international market, partici-
pating in global projects with partners and customers in Western and Eastern Europe,
Baltic and Scandinavia since 90s. Software produced by XYZ is focusing on public
sector, telecommunications, insurance and banking, tourism and logistics.

A driving force for this research is a strong need in improving the company’s
global software projects and achieving effective project performance. The author is
involved in ongoing XYZ projects as a specialist responsible for project measure-
ment. Therefore, the research is taking place in a close connection with practitioners.
This expands an opportunity of receiving fast feedback from theoretical solution im-
plementation and provides a realistic view on its benefits.

In this chapter the author provides information on the research approach, method-
ologies used and the structure and aims of the research stages.

2.1 Research Approach

The research approach chosen for the global software development management im-
provement in XYZ is an action methodology — “learning by doing”. Action research
methodology aims to contribute both to the practical concerns of people in an imme-
diate problematic situation and to further the goals of social science simultaneously
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[17]. In practice action research contains sequential cycles each consisting of four
steps: plan, act, observe, and reflect [15].

In this case, the author plans to observe global projects, indicate risks and failures,
develop a set of preventive actions and guidelines, test the guidelines in the ongoing
projects, measure the results of guidelines implementation, improve the guidelines,
etc. (see Fig.1 step Nr.3).

There are several techniques used for data gathering at each stage of the research as
observation and case study, measurement through interviews and surveys, documenta-

tion analysis.

The expected result of the research is a standardized framework describing global
project performance and management. Indicators for measuring research achieve-
ments are Client satisfaction; Project completion on time; Project completion on
budget; Successful risk management; Process audit appreciation.

2.2 Research Structure

The research can be divided into several stages (see Fig. 1).

@ Preliminary survey

@ Developing a common procedure for project data gathering
and measurement

@ ¥

. GSD process

£ Guidelines | Progress verification;
improvement implementation | Process observation
=_—~,—.7-—T.. Sy e R SRR ST T .h' Homereea: R
Guidelines; New processes Guidelines success/failure; :
Tests for progress  set up New risks |

verification
@ Project management supporting tool development and
implementation :

Fig. 1. Research stages

The table below gives an overview on each research stage description, objectives
output and current status (see Table 1).

3 The Preliminary Survey Findings

The first stage of the research aims to deepen the understanding of present situation in
global project performance in XYZ and consists of several steps as follows.
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Table 1. The objectives, output and status of research stages

Research stage Objectives Qutput Status
Preliminary Aims to deepen the under- Detailed report on In progress
survey standing of the present situa- XYZ global projects

tion in global project man-

agement in XYZ
Developing a Aims to define and establish Procedure describing  Developed;
common proce- the procedure for project data  data scope, data submitted
dure for project gathering and success meas- obtaining sources, for ap-
data gathering urement. Prepared using IEEE  responsibility distri- proval.
and measure- recommendations [7], ISO bution, metrics calcu-
ment requirements [8] and other lation, reporting

software engineering best sequences.

practices ([9], [16], [19]).
GSD process Aims to develop a framework  Guidelines, knowl- Planned
improvement for GSD projects, accumulat- edge database, proc-
cycle ing best practices and develop-  ess descriptions.

ing guidelines for software

development processes and

project management.
Project man- Aims to connect all the parties  Supporting tool; data  Planned
agement involved in GSD and relieve collected by the tool

supporting tool

development and

implementation

communication and knowl-
edge share between them.

for project measure-
ments, analysis and
monitoring.

1. Formal XYZ documentation (quality management reports, audit reports) explora-
tion in order to point out problems and non-compliances.

2. XYZ questionnaire consisting of a combination of quantitative and qualitative
questions, covering all the project stages, indicators, risks and communication liai-
sons and aiming to understand the present situation in XYZ global projects.

3. Interviews with experienced project managers.

4. Questionnaire for other global software development companies in Latvia.

By this time XYZ documentation exploration and project questionnaire have been
conducted. The following chapters provide the findings made during these steps.

3.1 Formal XYZ Documentation Exploration

The author examined documentation containing XYZ software development process
and project external and internal audits reports as well as inspection findings from one
of the major XYZ external partners in Western Europe.

Most of the internal audit notes concerned a gap in process description (Independ-
ent software product testing — 2 notes; Quality system and document management — 6
notes; Software project management — 1 improvement request, 2 notes). In it’s turn
there was 1 improvement request and 2 audit notes uncovered during the two quality
management system external audits according to ISO 9001:2000 standard and TickIT
Guide 5 requirements in 2003. All the remarks received during external audits applied
to Western Europe projects and concerned gaps in process documentation and quality
reviews.
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There was a review conducted in 2003 by XYZ major partner management repre-
sentatives from Western Europe. The review determines areas for project improve-
ment and hence how could the involved parties de-risk the chance of failure. Summa-
rizing the review results, the partners pointed that XYZ teams are working extremely
hard, and have significantly improved the capability to complete the work, but are too
optimistic in their planning and ultimately are expected to require more time than the
current targets allow. A gap in business perspective understanding by testing teams is
marked as a serious fault. Project planning is described as extremely high risk and
optimistic. As for communication partners noted that the telephone is little used and
too much reliance is placed on e-mail that causes delays in turnaround times for solu-
tions. One area of concern is lack of analysis reviews and improper requirement
specifications usage that might cause rather serious problems of specific requirement
omission. Another remark concerned a gap in problem prioritization during software
testing and maintenance stages.

This review was conducted by means of interviewing using standard checklists of
issues to cover and ad hoc questioning based on the answers received. In addition,
there were breakaway sessions organized to evidence the processes. The author
evaluates these findings as one of the most valuable sources of global project explora-
tion at first hand.

3.2 XYZ Questionnaire

The aim of the project questionnaire is to understand the present situation in XYZ
global software development projects in order to examine the risks and weak spots of
project management. The questionnaire covered the following areas using open-ended
and data gathering questions:

Basic project information;
Success indicators;
Methodologies used;
Responsibility share;
Development process statement;
Risks and problems;
Communication tools used;
And other.

The author gathered information about 19 global software development projects.
By this time the number of projects explored didn’t reach the statistical minimum,
therefore, the preliminary survey findings cannot be used as comprehensive. Never-
theless, this report serves multiple functions, including summarizing the information
collected, facilitating the appropriation of the basic characteristics of the case, point-
ing the major trends in the company’s project management risks and challenges and
preparing the input for the further research. The result of this questionnaire is a de-
tailed report on XYZ global software development projects.

The characteristics of the projects can be observed in the table below (see Table 2).

The characteristics of projects being examined allow to conclude that there are
several different models of collaboration with the external partners, in particular XYZ
being a partner, a contracting party and a direct supplier. In addition, there were pro-
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Table 2. Project questionnaire — Observed project characteristics

Characteristics Values Number of projects
Project status Active 12 63%
Finished 6 32%
Stopped 1 5%
Customer location Western Europe 9 47%
Central Europe 8 42%
Scandinavia and Baltic 2 11%
Project type Software development 13 68%
Software improvement 4 21%
Software implementation 1 5%
Software maintenance 1 5%
Collaboration models XYZ as a collaboration partner 8 42%
XYZ as contracting party 6 32%
XYZ as a direct supplier 4 21%
Other 1 5%

jects where XYZ was not the only supplier party involved; there were projects involv-
ing XYZ developers in on-site development (on the partner’s premises); some of the
projects were set as time&material, other as fixed price projects. There is a set of
detailed observations resulting from the survey in the following chapters. The author
deals with only core conclusions because of limited scope of this paper.

3.21 Organizational Structure

The first step setting order in project management addressing XYZ global software
development projects with the major partner in Western Europe was made by devel-
oping organizational structure for software development projects. The structure was
presented in a regulative document. According to this document, co-operation process
regulation might be implemented by means of organizational structure comprising of
the following units:

o Steering Committee (SC), whose main task is strategic and six month project as-
signment planning, as well as overall co-operation process monitoring;

e Upper Level Change Control Board (UCCB), whose main task is operational
planning, Statement of Work co-ordination and project performance monitoring;

¢ Project Level Change Control Board (PCCB), whose main task is to ensure quali-

tative and punctual work in compliance with the requirements stated in Statement
of Work, as well as change control.

The questionnaire results appeared to be surprising — the regulations are ignored by
more than half of projects (see Table 3).

Table 3. Project questionnaire —~ Organizational structure implementation

Organizational structures Inplace  Missing

Project Manager on XYZ side 94% 6%

Project Manager on the other side 68% 32%

SC 32% 68%

UCCB 26% T4%
_PCCB. _21%  19%
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Specifying the results the author would like to note that there was only one project
with all organizational structures implemented. As for the Western Europe projects
there were no projects with SC, UCCB or PCCB in place. It is surprising because
these regulations were developed specially for these projects. In addition, there were
XYZ project managers who were not aware about the existence of such structures and
their members. The possible problem might concern light-minded attitude of the de-
veloper level towards quality management implementation. Wanda J. Orlikowski [18]
names “knowing the players in the game” a key factor for successful GSD. In XYZ
this appears to be a burden.

The next issue of the questionnaire covered information about XYZ and other side
participation in each of the software development processes (systems analysis, design,
coding, testing, delivery, and maintenance). The results demonstrated a diverse pic-
ture in personnel distribution and participation. This appears to be a field for a deeper
examination that will take place during further observation of the global projects by
means of interviewing. Author’s intention is to find a common way of distributing
processes across geographic boundaries in order to perform effectively.

3.22 Quality Management
The questionnaire aimed to figure out if global projects explored follow any quality
management system. The results of the survey uncovered that most of the projects are
held under XYZ Quality Management (37%) or under an adjusted Quality Manage-
ment (32%). Partner’s Quality Management is used in 21% of the projects and only in
10% of the cases each partner uses its own Quality Management.

Further analysis of the survey results revealed that lack of quality management at
the partner side appears to be a serious risk.

3.2.3 Communication

Communication is a mediating factor affecting many sides of relationship among
remote teams involved in GSD. Erran Carmel [3] considers that given the critical role
of effective communication in the successful orchestration of a global software pro-
ject, it is not surprising that new tactics for addressing distance are being adopted.
Therefore, the author aimed to observe communication tools being used in XYZ
global projects. The survey results are as follows (see Table 4).

Table 4. Project questionnaire — Communication tools being used

Communication tool Every day Often Seldom Never
E-mail 58% 42% 0% 0%
Voice mail 5% 5% 5% 84%
On-line discussion groups 0% 10% 21% 68%
Telephone 5% 63% 26% 5%
Audio conferences 0% 10% 10% 79%
Video conferences 0% 0% 0% 100%
Meeting in person 5% 16% 68% 10%

The survey results confirmed the remarks received from XYZ Western European
partner concerning a gap in using telephone that causes delays in information turn-
around. E-mail appears to be the most common mean of communication (100% of
participants uses e-mail either every day or often), while telephone communication
follows with only 5% of participants using it every day and 63% of often usage.
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The author would like to emphasize that using e-mail as a prior mean of communi-
cation between the parties involved in GSD leads to misunderstandings and delays in
information turnaround as noted previously. According to Erran Carmel a small issue
can take days of back-and-forth discussions over email to resolve, but a brief conver-
sation can quickly clarify the problem before it becomes bigger [3]. The author dis-
cussed communication manner problems with experienced global project managers
and in many cases they admitted it to be a culture manner problem too. E-mail usage
was justified by “totally Baltic” nature — less talking, more doing. In case of global
projects, where personal communication is almost absolutely excluded, telephone and
electronic means of video and audio conferencing bring humanity in relationship
between the distributed teams. Christof Ebert and Philip De Neve summarizing their
experience in global software development [5] suggest providing development teams
with sufficient communication means, such as videoconferencing or shared work-
spaces and global software libraries. Nevertheless, the results of the XYZ survey
uncovered a seldom application of modern collaboration tools which is often estab-
lished by the foreign partners.

After the survey the author observed an ongoing European project where videocon-
ferencing is used as the main mean of everyday communication between the remote
teams. Both sides involved in the projects evaluate videoconferencing as the best way
to manage remote development and progress, and to discuss problems connected with
the work being done. Besides it is cheaper then telephone calls and needs few re-
sources for implementation.

Of course, there might be a debate on choosing the best way of communication.
Some find sufficient modern electronic means of communication ([3], [5]), other
emphasize the importance of face-to-face communication ([18]). Nevertheless, build-
ing social networks is generally recognized to be essential in GSD.

3.24 Risk Factors
The next step to a deeper understanding of global software projects was achieved by
analyzing risk factors and their impact on the project success estimates.

One of the most important factors affecting GSD project success is the quality of
systems analysis. The questionnaire results showed that 75% of the participants
evaluated the systems analysis results as weak and 10% — as the reason of failure. The
quality of systems analysis can be explained by the fact that in many cases the process
of requirement gathering is made by on-site team but development by the remote team
offshore. Half of the development teams have never met the end-customer during the
project development. It claims to a conclusion, that separating systems analysts from
the development teams makes the mutual communication and the process of devel-
opment more complicated, as well as requirement understanding less achievable. A
survey on GSD projects conducted by Richard Heeks and his colleagues showed that
the most successful projects were those involving members of the remote develop-
ment team traveling to the customer site for requirements capture [6]. Furthering the
research the author will explore problems of systems analysis and requirement trans-
fer between remote teams aiming to develop a common approach to overcome misun-
derstanding and imperfection.

The questionnaire also aimed to receive evaluation on a set of risks based on ex-
tended research papers on risk management in GSD ([2], [3], [5], [18]). The question-
naire provided the following evaluation (see Table 5).
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Table 5. Project questionnaire — Risk factor evaluation

Risk factor Important ~ Medium Unimportant
Important
Time zones 5% 21% 74%
Low language skills (XYZ) 10% 47% 43%
Low language skills (other side) 0% 5% 95%
Terminology differences 0% 32% 68%
Lack of understanding of tasks assigned 0% 63% 37%
Organization culture differences 16% 37% 47%
National culture differences 5% 32% 63%

Taking in account location of the customer, the relationship with the partners near
shore demonstrated relative coherence (risks evaluated as medium important or unim-
portant). On the contrary the greater is the distance between the partners the more
important become the risk factors. Project manager working with partners in a dis-
tance of 4’000 km named a set of additional risk factors important in her case, such as
lack of quality management, different understanding of cooperation approach, differ-
ences in supporting the customer, disagreement on marketing activities.

The most important risk factor according to the questionnaire results is organiza-
tion culture differences (16% important, 37% medium important) concerning difficul-
ties provided by different organizational structure and responsibility sharing, compli-
cated management levels and other obstacles. Many organizations involved in GSD
are not ready to change their internal structure and processes along with new partners.
International relationship according to XYZ appears to be an occurrence that needs
more attention in contractual management and risk assessment, but not as a driving
force for organizational changes, new management approach invention, and process
improvement. Therefore, many researches on this field regard partnership and joining
values and objectives to be the most beneficial way of managing GSD ([10], [13]).

The factors to pay attention to are also low English language skills of XYZ em-
ployees, lack of understanding of tasks assigned, national culture differences and
terminology differences.

The author concludes that in global projects where XYZ is involved in GSD as a
subcontractor or a partner for a foreign company that coordinates the projects, XYZ is
given less responsibility on the project results than so called general entity. Therefore,
the attitude of the general entity towards risks and threats that are brought by global
appearance may show different results and uncover new areas of concern. Accord-
ingly, the further steps of the survey aim to observe XYZ major partners involved in
GSD as general entities.

4 Conclusion and Further Research

This paper deals with a research in progress on global software development. The
purpose of this research is to develop a standardized framework for globally distrib-
uted project management.

Project management is a great challenge in global software development. There is
a plenty of studies on usual software development project management, it seems that
everything is well known to any experienced project manager. Unfortunately, there is
a number of unexplored and hidden risks that influence project success. To overcome
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the problem of distance in GSD, various managers are experimenting and quickly
adjusting their tactical approaches [3]. But there is still a gap in a standardized ap-
proach and view of global software development process management and problem
solution. A common orientation to getting GSD project work done shared across all
levels of the company and partners abroad is the key factor for successful perform-
ance [18]. It’s a great challenge to achieve overall agreement on development meth-
odology across distributed teams as a common ground on which GSD can be imple-
mented for sharing values, goals, and expectations.

The preliminary survey of global projects has shown that distance brings difficul-
ties that are uncommon for on-side development, such as culture, organizational and
terminology differences, language skills, communication weakness, and differences in
quality management. The main conclusions made by the author are the following:

e there are communication manner problems and undesirability to use new means of
interactive collaboration by XYZ employees;

e the distribution of personnel and processes between XYZ and its partners change
from project to project, causing problems connected with wrong approach in pro-
ject process distribution that influence the project results;

e most of responsibility lies on GSD general entity; therefore the achievement of
shared goals is complicated;

¢ informal meetings with project managers have shown that the knowledge and prac-
tices used by ones are not being shared across projects and departments, that pre-
cludes building and sustaining common ground for GSD.

Deepening the understanding in GSD project management the research will cover
the major areas of observation, which as follows (see Fig. 2).

Communication

Liaisons
People N i
G % Responsibili
Resource < > B8B < | pShare ¥
Allocation "1 T

Development Process
Distribution and Management

Fig. 2. Areas for developing a common approach

Generalizing conclusions of this research in progress paper the author emphasizes
the necessity of a common approach and guidelines for global software development.
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Abstract. In today’s software development organizations, methods and tools
are employed that frequently lack sufficient evidence regarding their suitability,
limits, qualities, costs, and associated risks. The need to select the best-suited
method, technique or tool in a given business context is becoming more and
more important. From a business perspective the trade-off between time-to-
market, quality, and cost is a crucial factor for the decision process. While new
findings from research await their transfer into industrial practice, systematic
assessment, selection and infusion of these findings with regard to business ob-
jectives and context is lacking. This paper presents ongoing research towards
the development of a decision support system that aims at improving software
engineering technology selection by software managers with regard to business
goals. The focus of this paper is on presenting the problems at hand, the idea for
a comprehensive decision support, and discussing the results of the require-
ments analysis process.

1 Introduction

It is widely accepted today that software process improvement (SPI), similarly to
software development has to be performed in a systematic and managed way. Unfor-
tunately, at least for SPI, this is often not done. For example, it is reported that due to
various shortcomings, SPI initiatives often fail. Debou et al. [1] describe three major
causes for SPI failure: (1) lack of management commitment, reflected through too few
or inappropriate resources, (2) delayed impact upon projects, both for daily practice
and performance, and (3) lack of software management skills. Birk [2] reports that
SPI initiatives often do not yield the expected results (level of improvement or bene-
fit), because they are (1) performed in an isolated, non-coordinated way, (2) viewed
outside their initial context, or (3) not supported by management or individuals.
Within SPI, decisions must be taken regarding Software Engineering (SE) tech-
niques, methods, and tools that have a potential to yield significant improvements. To
date, there have been few attempts reported on how to support SPI-managers in their
task of decomposing strategic business objectives into activities on a SPI related op-
erational level. The question of which SE technique, method, or tool will fit best into
the actual organizational context, is addressed either with support from external con-
sultants, and/or based on the expertise and belief of the manager him-/herself. To find
adequate answers, it is, beside other things, necessary to keep track of the state-of-the-
art in SE, which is one of the basic “features” of a system in support of SE Decision

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 34-45, 2004.
© Springer-Verlag Berlin Heidelberg 2004



Towards Comprehensive Experience-Based Decision Support 35

Support (SE-DS). SE Decision Support Systems (SE-DSS) in general should imple-
ment the generation, evaluation, prioritization, and selection of solution alterna-
tives [3].

1.1 Decision Support in Software Engineering

As a consequence, SE-DS is an emerging field [3, 4]. One of the major goals of SE-
DS is to support software managers in selecting suitable SE technologies. Suitability
implies the existence of a defined level of evidence about the effectiveness of a spe-
cific SE technology in a given context. Similar to work done in the area of empirical
SE, SE-DS implies data collection, analysis, and modeling. In addition, SE-DS in-
volves model application, possibly supported by software infrastructure.

In the past, research in both empirical SE and SE-DS has focused on evaluating
technologies in isolation (e.g., empirical research on inspection techniques [5]). This
has produced many results that help software managers to better understand the effec-
tiveness of SE technologies in a stable — but undefined — context. Moreover, much
effort has been invested into analyzing results from different empirical studies [6]
focusing on the same type of techniques, e.g., [5, 7], hence increasing the level of
evidence about the local effectiveness of SE methods, techniques, and tools. This
evidence can be used for local SE-DS.

Unfortunately, by relying on nothing but a body of knowledge with — mostly iso-
lated — pieces of local evidence, conclusions about the effectiveness of combinations
of SE technologies can hardly be derived without further methodological and tool
support. Why is this a problem? It is a problem because

e managers are often not interested in the number of defects that a particular QA
technique might potentially find;

e managers are interested in the impact of a particular QA technique on the overall
project goals (which include many issues, e.g., functionality, quality, time-to-
market, budget constraints, etc.).

e One can even go one step further and say that managers are only interested in the
impact of a particular SE technology on the overall business value.

In order to address these broader questions, methods and systems that support
comprehensive (instead of local) SE-DS are needed. To give an example, comprehen-
sive SE-DS answers questions of the following type: Which combination of inspec-
tion techniques (incl. requirements, architecture, design, code inspections) and test
techniques (incl. unit, integration, system, acceptance test) shall be selected in a given
business context? In other words, it is not sufficient to compare the effectiveness of
different types of code inspections, but the effectiveness of combinations of a specific
type of code inspection with other SE techniques along the whole development life
cycle [8] must also be taken into account.

One step towards comprehensive SE-DS emerged from the process simulation re-
search community. By emulating the project context with the help of generic process
simulators that are instantiated by adding SE technology specific information as
needed, many questions similar to the example question above can be answered [9,
10, 11]. There is, however, a practical limitation to this approach. Even though much
progress has been made in the last couple of years, it is still very difficult and costly



36  Andreas Jedlitschka and Dietmar Pfahl

to come up with company-specific generic process simulators that are sufficiently
flexible and valid at the same time.

Therefore, in this paper, we rely on a new approach to comprehensive SE-DS that
does not require process simulators but enhances the power of existing SE-DSS that
are limited to providing local evidence. Examples of such systems include the
ESERNET web-based repository [12].

This paper presents the vision of comprehensive SE-DS, i.e. DS that serves soft-
ware managers in making context-sensitive SE technology selection decisions aligned
to project goals and organizational business objectives. Moreover, as a first step to-
wards realization of a related comprehensive SE-DSS, results of a pilot study on re-
quirements elicitation are presented.

The structure of the paper is as follows. Section 2 briefly summarizes the state-of-
art of SE-DS. Then, Section 3 sketches our vision of an improvement framework for
comprehensive SE-DS. Section 4 presents both the process and the results of our
initial step towards eliciting specific requirements of a comprehensive SE-DSS. The
paper concludes with a brief discussion of the results and an outlook to future work.

2 Related Work

We have identified four main areas affecting our work: (1) strategic management,
which is most influential for all business-oriented activities, (2) experimentation in
SE, (3) decision support and decision support systems in general, for SE, and more
specifically for improvement management, and (4) software process improvement and
improvement management as application areas of the planed SE-DSS.

2.1 Strategic Management

As mentioned earlier, many improvement activities fail due to a lack of business ori-
entation. Tools from strategic management like the Balanced Score Card (BSC) [13],
which is used to break down strategy into operative goals, metrics, and responsibili-
ties through cause-effect-chains, could be used to find interfaces between general
improvement driven through Total Quality Management (TQM) [14], the European
Foundation for Quality Management - EFQM-model for excellence', or “six sigma””.
The goal-question-metric (GQM) approach [15] can be seen as one possible candidate
for interfacing business excellence with SPI. Eventually, this can lead to improved
management commitment. In industrial practice, a combination of management “phi-
losophies” like TQM or EFQM with strategic approaches like BSC as the “steering
wheel” and “six sigma” as implementation is proposed (e.g., by Toepfer [16]).

2.2 Experimentation in Software Engineering

The aim of SE experimentation is to provide facts for the suppositions, assumptions,
speculations and beliefs that abound in software construction [17, 18]. In other words,

"http://www.efqgm.org/model_awards/model/excellence_model.htm
2 http://www.ge.com/sixsigma/
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experimentation is the scientific approach to systematically evaluate a SE method,
technology, or tool with respect to predefined hypotheses using sound empirical
methods. Zelkowitz et al. [19] classify the methods in (1) observational, like project
monitoring, case study, and assertion, (2) historical, like literature search, legacy data,
lessons learned, and static analysis, and (3) controlled, like replicated experiments,
synthetic environment experiments, dynamic analysis and simulation. Other classifi-
cations are described by Kitchenham [20], Basili [21], and Travassos [22]. Based on
Basili’s classification, Travassos proposes the use of in vivo, in vitro, in virtuo, and in
silico. In this paper we use the word experiment as the generic term for controlled
experiment, case study, survey, pilot project, and project.

2.3 Decision Support

Decisions have to be made every day by everyone. They are made based on the ex-
perience, attitude, and intuition of the decision maker. They heavily depend on the
context, such as the budget and time available and other environmental restrictions or
requirements. Additionally, the information at hand can influence the decision. To
give an example: it should be easy for someone visiting a known city with lots of time
to decide whether to take the first or the second turn, especially if a map is available,
but it would be more complex if one is dropped of in a desert without any water. The
complexity of decision-making grows with the impact a decision might have on the
decision maker and the environment. This is the case when introducing a new SE
technique into the established software development process or building a nuclear
power plant.

For an unknown number of years, different research disciplines have looked at de-
cision making in general (e.g., psychologists, system theorists). With the advent (and
availability) of computers, more than thirty years ago, the interest in supporting deci-
sion making with information technology also arose. Power [23] proposes a matrix
with five broad categories of DSS that differ in terms of technology component:
communication-driven, data-driven, document-driven, knowledge-driven, and model-
driven DSS. Additionally, he distinguishes between user groups, purposes, and ena-
bling technologies.

In SE, many different areas for decision-making can be found along the software
life cycle. Ruhe gives an overview on recent research related to SE-DS [3]. He de-
scribes five areas in which SE-DS research is progressing, i.e. requirements, architec-
ture and design, adaptive and corrective maintenance, project planning and control,
and verification and validation.

For the area of systematic improvement, Birk describes how to use so-called tech-
nology experience packages (TEP) in support of technology selection [2]. TEPs are a
specific representation of software project experience. Based on a two-step context
evaluation with respect to the given situation, appropriate TEPs are ranked and se-
lected by the decision maker. The content of the TEPs can initially be acquired from
literature and iteratively be adapted to the specifics of an organization.

Pfahl proposes an integrated approach to simulation-based learning in support of
strategic and project management [10]. Following a systems dynamics approach, he
shows, that “based on simulations, managers can explore and analyze potential im-
provements before implementation and empirical evaluation of the related process
changes in a pilot project”.
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Raffo suggests an approach to SE-DS based on Task Element Decomposition and
discrete-event simulation [11].

In the area of inspections, Biffl et al. propose a Knowledge Management (KM)
framework to support software inspection planning on three different managerial
levels, quality management, inspection manager, and inspector [24].

Our initial work towards comprehensive SE-DSS, which we present below, can be
characterized as follows. We aim at the development of a data-driven DSS focusing
on project planning and control. We are investigating the usage of enhanced TEPs but
don’t consider simulation of any type (at least in the initial stage). Instead of develop-
ing a new framework, or adapting KM frameworks from specialized application do-
mains, such as the one proposed by Biffl et al., the comprehensive SE-DSS will be
methodologically backed-up by an improvement framework which is bases in the
well-known Quality Improvement Paradigm (QIP) [25].

24 Software Process Improvement

In contrast to the mass production of goods, software development projects are more
or less unique. Consequently, improvement approaches that are valid in production
are not applicable without adaptation to the needs of software developing organiza-
tions. Generic frameworks for Software Process Improvement (SPI) are the Software
Engineering Institute’s (SEI) Capability Maturity Model® (CMM) [26] or more re-
cently the SEI Capability Maturity Model® Integration (CMMI) [27], 1SO9000:2000°,
and the Software Process Improvement and Capability Determination (SPICE) [28].
These frameworks are standards for assessing organizational and software process
maturity. They can be used for benchmarking against an ideal set of requirements. But
they do not propose concrete SE techniques to be used in specific project situations.

The most prominent continuous SPI approaches are SEI's IDEAL Model [29] and
the QIP, which can be seen as the software engineering equivalent of TQM. The aim
at continuity is reflected through the cyclic nature of the above mentioned improve-
ment approaches.

Although SPI can be considered well investigated, many SPI initiatives fail due to
various shortcomings. The most critical one is missing commitment from manage-
ment and missing integration into the overall strategic improvement of the organiza-
tion.

3 Comprehensive Decision Support

Comprehensive SE-DS, i.e. selecting most suitable SE techniques along the whole
software development project life cycle, requires information about (1) the conditions
that have to be fulfilled before a specific SE technique can be applied (precondition)
and (2) the project status that is achieved after application of the SE technique. The
trade-off as compared to using process simulators is that technology interaction and
development context can only be modeled in a black box like manner via pre/post-
conditions. Based on the sets of pre-/post-conditions, a graph showing the interplay

3 http://www iso.ch/iso/en/is09000-14000/is09000/is09000index.html
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between various connectable SE techniques can be drawn. Figure 1 gives an example
of the interplay between SE techniques via the pre-/post-condition interfaces.

3.1 A Model for Comprehensive Decision Support

In this example, a company is using an object-oriented software development process,
which requires UML diagrams at the end of the design phase. Technology cluster X
consists of inspection techniques. Based on results from some empirical studies, a
specific inspection technique specifically developed for object-oriented design docu-
ments is proposed, e.g., OORT (object-oriented reading technique). Empirical results
have shown that OORT finds 75% of the defects of type A+B and 50% of the defects
of Type C. Dynamic defects are not found at all.

A - /‘} Precondition [Ti+l Postcondition .i—_...
.'_Ee.c_o_m?!r*_oﬂTi['P_oszf_i?zd'_m_n(< e

\i .Precondilion |T]+Z Poslcond?tior;‘f_."'"

[ Technology Cluster X | FSlediitylinion ]

Fig. 1. Interplay between technologies via pre-/post-conditions

The most interesting point is not the effect of inspections as such (local viewpoint),
but the impact of inspections on the outcomes of the complete development process
(comprehensive viewpoint). In other words, the task is to select that inspection tech-
nique which combines best with other QA techniques, i.e., the testing technique.If it is
possible to find empirical studies on testing techniques using a similar or the same
defect classification, an answer to the selection problem seems to be possible.

Continuing the example of Figure 1, assume that technology cluster X+1 represents
testing techniques. Ti+1 be a testing technique that typically finds 75% of type A+B
defects and 60% of type C defects, while testing technique Ti+2 typically detects 50%
of defect type A+B but 95% of defect type C. Both testing techniques detect 87% of
the remaining dynamic defects. In a local decision situation, i.e., if comparing only
between testing techniques, one might choose Ti+1. Taking a more comprehensive
viewpoint, i.e., considering the combination with the inspection technique Ti, it might
be more promising to investigate a combination of Ti and Ti+2, because they produce
more synergy with regards to defect detection than the combination of Ti and Ti+1,
and also detect more defects than a single SE technique alone.

3.2 Example Schema

To allow the investigation of technology interplay it is necessary to find elements
with identical definition in the related experiments. For example, it is only possible to
compare certain types of defects between different experiments if the types are the
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same. Even in the few existing preliminary guidelines on how to perform [30] and
also on how to report experiments [30, 31] this fundamental requirement is not men-
tioned.

Table 1. Example attributes of a schema for experiments in the area of defect reduction

Element Attribute Example
Name of Study Name
Object of Study Object In: tion
| Purpose Purpose Evaluation of sequentially performing code inspections and structural testing
Object (Technique) It .. Ti Code Reading, Structural Testing
Quality Focus QF1 .. QFi (cost-) effectiveness; efficiency; defect coverage
Subjects Number of 20
Type of Students
Experience Graduate
Material Number of 1
Type of C Code (262 noncommented lines of code) 13 defects (11 failure, 2 cosmetic)
Complexity na
Hypotheses (Ho) HO1 .. HOi HO1: subjects applying code reading within ...H02: Teams applying code
|_Controlled Variables CV1.. CVi Experience with C; inspections; testing
Dependent Variables DV1 .. DV Individual/team defect detection {effectiveness; efficiency],
Defect Type DT1¥% .. Dti* Control flow, cosmetic, initialization, data
Cost e.g. Effort spent on object: 1.5 hrs
Results related to the RHO1 ..RHOi Code reading outperforms suuctural testing for defect detection {effectiveness,
Hypotheses efficiency }
Significance SHOI .. SHO: Yes
Validity of the results Intemal History, Maturation, Selection
External Representative suhjects, code module
Lessons learned LLI.LLi Structural testing may still be considered worthwhile if it focuses on defects of a
particular defect class that were missed by inspection
Context Precondition* Code available
Application domain Statistics
Project Size Small
Project (Process) phase After Coding
Postcondition® X% defects of type A detected
Y% defects of type B detected
Publication Publication Laitenberger, O.: Studying the Effects of Code Inspection and ST ..
Replication of Link to parent na
Aggregation of Link to children n.a

We claim that results from experiments can only contribute to the body of SE
knowledge, i.e., the core set of theories about the context-sensitive efficiency and
effectiveness of SE technologies, if it is possible to aggregate them with the existing
body of knowledge. Therefore, reporting procedures have to follow some minimum
requirements, like describing a minimum set of elements and attributes in a standard-
ized way. Experience with a knowlegde management process addressed to solve some
of the aforementioned issues is reported, for example, in [12, 32].

In order to come up with an initial proposal for a minimum set of elements that
should be reported by experimenters, we surveyed a number (20 out of approx. 500
studies in the area of defect reduction) of experiments on inspection techniques [33].
We found some common elements, which would help to classify the experiments and
allow for aggregation of information. Triggered by a similar idea, Vegas et al. [34]
describe and evaluate a process for developing characterization schemas to create
experience bases, especially suited for testing techniques. By combining our results
with those from Vegas et al., we derived a schema for reporting results from experi-
ments in the area of defect reduction. Table 1 gives an overview on such elements
with associated attributes. An asterisk indicates attributes that are not commonly
available, but would be useful to have; they are considered as part of the initial re-
quirements for future experiments in the defect reduction area, analyzing the com-
bined application of inspection and testing techniques along the SE development life
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cycle. To alleviate the filling of the repository the process should be as automatic as
possible, e.g., by using text-mining approaches.

For other techniques, e.g., for the design phase, similar schemas have to be devel-
oped. Finally, all those schemas have to be merged, or at least an interface between
the schemas has to be defined. Also, other kinds of studies like post-mortems or ex-
perience reports have to be considered if the whole body of knowledge is to be aggre-
gated [12].

4 Requirements Elicitation for a Comprehensive SE-DSS

Several authors have proposed sets of requirements for SE-DSS on various levels of
abstraction. Ruhe, for example, suggests nine categories of SE-DSS requirements [3].
The focus of his analysis is on requirements “that combine the intellectual resources
of individuals and organizations with the capabilities of the computer to improve
effectiveness, efficiency and transparency of decision-making”. In addition, Ruhe
defines associated functional components and proposes a generic SE-DSS architec-
ture.

Biffl et al. describe functional and non-functional requirements of a knowledge
management system that builds upon a framework to support software inspection
planning [24].

All these proposals from literature were a good starting point for our research, but
in order to come up with a set of empirically-based requirements specifically aiming
at a comprehensive SE-DSS, more work had to be done.

An alternative to Ruhe’s architecture, which mainly gives a hierarchy of compo-
nents related to the requirements (process view), is the standard three-tier architecture,
which consists of (1) the user interface layer, (2) the process management layer, and
(3) the data management layer.

In this section, we present the results of our requirements elicitation process for a
tool in support of SE technology selection [35]. It consisted of (1) expert interviews
that were conducted in order to elicit specific requirements for a comprehensive SE-
DSS, and (2) deriving additional requirements from lessons learned of a European
research project that aimed at establishing an international repository of experience on
the effectiveness and efficiency of SE technologies [12, 32, 36, 37]. Based on these
two sources of requirements, we order the requirements according to the standard
three-tier architecture, and according to Ruhe’s generic requirements categories.

The expert interviews were used to elicit requirements of potential end users of a
comprehensive SE-DSS, i.e., software managers. Additional requirements that relate
to the needs of content (data) contributors, administrators, and the sponsor of the
comprehensive SE-DSS were derived from lessons learned we gained with setting-up
and running web-based repositories.

Table 2 lists the requirements derived from the pilot study and combines them with
the additional requirements. The set of requirements is grouped into five categories:
user interface (UI), presentation (PR), content (CO), experience management (EM),
and repository (RE). The first two categories correspond to the first layer of the stan-
dard three-tier architecture, the third category corresponds to the second layer, and the
fourth and fifth category corresponds to the third layer.
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Table 2. Requirements for a comprehensive SE-DSS

# User Interface

11 |Support for several kinds of graphical / textual presentations

|UIZ |Low interaction, easy access

UI3 |Goal-oriented interaction support

UI4 | Alternative interaction modes

Presentation

IPR1 | Transparency of decision process (reduction of alternatives, priorities)

PR2 |Goal/problem-oriented aggregation of information

IPR3 |Understandable, self-explaining

PR4 |Presentation in diagrams, tables, text

Content

ICO1|Effectiveness/efficiency with respect to quality aspect

CO2|Costs for introduction/applying the technique

ICO3 [Preconditions that have to be fulfilled prior to the application of the technique

ICO4|Context information

COS5|Structured meta information for the content

Experience Management

IEM 1| Support for distributed contribution

IEM2|Support for distributed quality assurance (distributed content management)

[EM3| Support for export of repository data to organizational improvement management systems

[EM4|Multi-role management

Repository

RE1 |Cross-linking of experience items

RE2 |Case-oriented storing

Table 3. Mapping to Ruhe’s idealized requirements

Ruhe’s Framework [3]

Specific user requirements
for comprehensive SE-DSS

(R1) Knowledge, model and experience management

EMI1-EM3, CO1-CO5

(R2) Integration into organization

EM3-EM4, REI

(R3) Process orientation CO3-COs5, PR1-PR2, EM4
(R4) Process modeling and simulation CO3-CO5

(R5) Negotiation --

(R6) Presentation and explanation PR1-PR5

(R7) Analysis and decision PR1-PR2, RE1-RE2

(R8) Intelligence RE1-RE2

(R9) Group facilities EM1, EM2

Table 3 shows the mapping of the requirements for the comprehensive SE-DSS to
the framework “idealized” requirements (R1-R9) suggested by Ruhe [3]. The instan-
tiation depends on our concrete problem topic, i.e., comprehensive SE technology
selection, and usage scenarios, i.e., on-line, individual and strategic decision support
for project, quality, and product management. One lesson we learned was that the
framework was sufficiently generic to incorporate all of our specific requirements.

The following remarks are helpful for interpreting Table 3.

(R1): We assumed that this generic requirement exclusively focuses on the manage-
ment of the content. We moved requirement related to retrieval, presentation, and
explanation — which are often associated with knowledge and experience management

— to other generic categories.
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(R2): Since we aim at a web-based implementation of the comprehensive SE-DSS,
interfaces for export have to be provided to allow for integration into an organization-
specific improvement management infrastructure.

(R3): In the envisioned SE-DSS, the decision process will be supported by goal-
oriented and problem-oriented interaction facilities.

(R4): Since we do not plan to support simulation, all listed requirements relate to
process modeling.

(R5): Since the scenarios offered to the interviewees aimed at individual decision-
making, no requirements related to negotiation-support functionality were provided.

(R6): All requirements listed in this category reflect the needs of our target SE-DSS
users.

(R7): Since the underlying comprehensive SE-DS was not presented to the interview-
ees, no specific requirements were given. Nevertheless, we listed those requirements
that potentially have an impact on the underlying method.

(R8): Idem.

(R9): The listed requirements stress the distributed character of web-based compre-
hensive SE-DSS.

The mapping of “our” requirements to both Ruhe’s Framework and the generic
three-tier architecture did not yield surprises with regards to their type and novelty.

S Summary and Future Work

In this paper, we have presented a vision for a comprehensive SE-DSS that supports
the selection of appropriate SE techniques by not only looking at a single technique in
isolation, but also trying to aggregate information about the impact of the technique
on other, related techniques in the software process at hand. It should be mentioned,
however, that some of the interviewed subjects were skeptical if they generally would
use a DSS, as they felt unable to estimate the actual power of such a system in sup-
porting them in their job. This partly seems to reflect the common fear that informa-
tion sources potentially create information overload.

There is further research necessary to evolve the vision into a working SE-DSS.
So, future work is dedicated to the incremental development of the comprehensive
SE-DSS. At each stage, the underlying method and the resulting tool will be evaluated
through controlled experiments and surveys among experts from academia and indus-
try. Issues to be evaluated include effectiveness and efficiency of the method and tool
support, as well as validity of the delivered information and completeness of the data-
base. At this time a two-step evaluation is foreseen. First, a controlled experiment
with students as subjects will be used to get an idea of the efficiency and effectiveness
of the approach. A survey among defect reduction experts and consultants should
clarify whether, for example, the “base” is representative and whether the approach is
able to complement state-of-the-practice with dynamic state-of-the-art information.
We plan to report findings from these investigations in the near future.
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Abstract. Post-mortem project reviews often yield useful lessons learned. These
project reviews are mostly recorded in plain text. This makes it difficult to derive
useful overall findings from a set of such post-mortem reviews, for example to
monitor and guide a software process improvement program. We have developed
a five-step method to transform the qualitative, natural language type information
present in those reports into quantitative information. This quantitative informa-
tion can be analyzed statistically and related to other types of quantitative project-
specific information. In this paper we discuss the method, and show the results of
applying it in the setting of a large industrustrial software process improvement
initiative.

1 Introduction

Most software project management methods recommend that projects be evaluated.
Although the advice to perform project evaluations is sound, most project management
methods offer no guidance as to how to analyze the data collected. This paper fills this
gap and describes an exploratory data analysis method to extract useful information
from qualitative post-mortem project evaluation reports.

Two kinds of project evaluations can be distinguished [ 1 |: intermediate project eval-
uations that take place periodically during the course of the project, and post-mortem
project evaluations that take place at the end of a project, when the actual task of the
project has been finished.

The objectives of these evaluations differ. Intermediate evaluations are used by se-
nior management to periodically assess whether the project’s goals and objectives are
still relevant [1] and to monitor project risks [2]. Post-mortem project evaluations on the
other hand have the objective “fo evaluate past experience and develop lessons learned
for the benefit of future projects” [1]. The context of this paper is project post-mortem
reviews as a means to develop lessons learned for future projects.

The insights gained in the course of the project are made explicit and are recorded
in the post-mortem project evaluation report. This evaluation can be useful to the people
that have been directly involved with the project, but also to the organization at large.
People directly involved in the project may gain an understanding of the factors that
attributed to and/or undermined the project’s success. One of the strengths of post-
mortem project evaluations is that they force people to reflect on their past work and at
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the same time the evaluations also provide feedback from other team members. These
lessons learned can also be used outside the group of people directly involved in the
project, to reuse improvements and to avoid pitfalls in future projects throughout the
organization.

Before insights from project evaluations can be used by the rest of the organiza-
tion, they first need to be packaged for reuse [3]. For the organization as a whole post-
mortem project reports usually contain too much project specific details. Therefore, the
information in post-mortem project reports needs to be consolidated before it can be
quickly understood and used throughout the rest of the organization. The consolidation
of project evaluations is usually based on software metrics, since software metrics allow
for easy consolidation.

Software metrics, both objective and subjective, can be used to evaluate projects.
The advantage of objective metrics is that they do not require the judgment of an expert.
However, their formal definitions usually require strict adherence to a measurement pro-
cedure and frequently require a lot of data to be collected and aggregated in order to
measure the attribute. Without the required data no measurement for the attribute is pos-
sible, which explains why for many projects not all potentially useful objective metrics
are available. Subjective measures on the other hand require no strict adherence to mea-
surement rules, the judgment of an expert suffices. This explains the higher availability
of subjective measurements of projects [4].

Even when resorting to subjective measurements for project attributes the distilla-
tion of knowledge from past experience is not easy. Without carefull up-front [5])design
of the subjective metrics, chances are that the scales of the subjective measurements are
meaningless. On top of that potentially interesting project attributes are often missing
from the metrics database. This leaves the analyst with missing data and measurements
that are meaningless.

To solve the stated problems we propose a new method to explore potentially inter-
esting relations present in project evaluations. Instead of limiting ourselves to just the
project metrics database we propose to use the natural language post-mortem project
reports as an additional source of data. Using Ishikawa or fishbone diagrams [6] we are
able to recede the qualitative information in the post-mortem project reports into quan-
titative information. This quantitative information can be analyzed statistically to dis-
cover correlations between factors. This proposed method has been tested extensively
in a case study invovling 55 projects at the internal IT department of a large financial
institution.

The remainder of this paper is structured as follows. In Sect. 2, we discuss some
related work in this area. We present our method in Sect. 3, and Sect. 4 contains a case
study in which we applied the method to a substantial set of real-world post-mortem
review reports. We end with our conclusions in Sect. 5.

2 Related Work

Wohlin and Andrews [4] have developed a method to evaluate development projects
using subjective metrics about the characteristics of a project, collected using a ques-
tionnaire that can even be conducted at the end of the project. They have created a
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predictive model for certain success indicators, based on subjective metrics of project
factors. Our work differs from their work in that our approach does not even require
the collection of subjective measurements at the end of the project. Instead, we extract
subjective metrics from qualitative data as found in post-mortem review reports.

As our method places lower demands on the required information, the method pro-
posed in this paper might be applicable to an even wider range of projects than Wohlin
and Andrews’ method. On the other hand, as our data has less structure, our method
results in a large percentage of missing data, which limits the analysis that can be per-
formed on the data (regression model building and principal component analysis are
not feasible when our method is used).

Damele et al. have developed a method to investigate the root causes of failures dur-
ing development [7]. Their method uses questionnaires to obtain quantitative informa-
tion on failures, which are analyzed using correlation analysis and Ishikawa diagrams.
Their method differs from ours in that it uses Ishikawa diagrams to present the results
of the analysis and we use the diagrams as an intermediate structuring technique.

In [8] we used Grounded Theory to interpret and analyze data from a large set of
semi-structured interviews with practitioners in the area of software architecture. The
Grounded Theory method is a qualitative approach to inductively distill theory from a
dataset [9]. This approach is not meant to test an existing hypothesis, but provides a
method for emerging a theory from collected data. The basic idea of Grounded Theory
is to read and reread some textual database, and iteratively ‘discover’ and label a set of
concepts and their interrelationships. In the research described in this paper, we apply a
method related to Grounded Theory when populating the fishbone diagrams [6].

3 Method

Before we can describe the analysis method and insights the method attempts to spot,
we first need to introduce some definitions. These definitions follow the definitions
given by Wohlin and Andrews [4]. A factor is a general term for project aspects we
would like to study. Factors are either project factors or success factors. Project factors
describe the status, quality, or certain characteristics of a project (e.g. as the testing tool
used and team morale), and their value can either be determined prior to starting the
project or during the execution of a project. Success factors capture an aspect of the
outcome of a project (e.g. the timeliness of a project).

The method described below attempts to expose the effects of project factors on the
success factors of a project. The method could try, for example, to discover the effect
of using a certain programming language (which is a project factor) on the productivity
of those projects (which is a success factor). Our method for discovering insights in
natural language post-mortem evaluations consists of the steps listed in Table 1.

3.1 Identify Success Factors

To determine whether a project is a success or a failure, one needs to know what the
important aspects (or factors) are of a project in the eyes of the stakeholders. Examples
of success factors are timeliness, productivity and stability. Success factors can both be
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Table 1. Analysis process to discover relations in post-mortem reports.

Process steps

Identify success factors. Identify the factors that determine the success of a project in the eyes
of the stakeholders.

Select project evaluations. Select project evaluations for further analysis. To obtain meaning-
ful results, one might select projects with extreme values along certain success factors.
Identify project factors. Identify repeating patterns in project factors by screening a subset of

the selected projects (from step Select project evaluations).
These repeating patterns will be structured using an Ishikawa diagram.

Interpret project evaluations. Read and interpret all project evaluations (from step Identify
project factors) using the Ishikawa diagram created in the previous step. After the inter-
pretation, the project is evaluated on the project factors that are present in the Ishikawa
diagram.

Analyze correlations. Analyze correlations between project factors and success factors.

Sort through the correlations between the project factors to find interesting results.

measured objectively and subjectively. The success factors we used in our case study
are listed in Table 3.

3.2 Selection of Project Evaluations

Within the scope of an analysis, it might not be feasible to analyze all projects of which
a post-mortem project evaluation is available. Therefore we first need to stratify the
projects based on success factors identified in the previous step. The stratification pro-
cess selects a proportion of projects that score high or low on the the success factor and
another proportion of projects that score average on the success factor. The stratification
selects a disproportionately large group of projects that are an extreme case for one of
the selected success factors, as these projects yield most information.

In the stratification process projects with the most extreme values on certain dimen-
sions are found by selecting those projects that deviate more than X standard deviations
from the average for that dimension. X is chosen such that the manageable number of
projects are selected.

The stratification should not lead to different conclusions than an analysis of a ran-
dom sample, since stratification does not disrupt the coefficients in a regression equa-
tional model as long as the other assumptions of the regression model are not violated
[10].

3.3 Identify Project Factors

The open questions in project evaluations do not have numerical answers. We thus
have to look for a transformation from the natural language texts available to numerical
scores on project factors, which can subsequently be analyzed. We use fishbone dia-
grams to bring structure in the remarks in the project evaluations to find the underlying



50 Joost Schalken, Sjaak Brinkkemper, and Hans van Vliet

Processes Tools

test tooling used

Success Factor

cooperationin IT team

cooperation
communication —
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Fig. 1. Example of fishbone diagram containing project characteristics.

project factors in the answers to the open questions. The project factors that are iden-
tified as relevant in this step, will be used in the next analysis step to code all selected
project evaluations.

Fishbone diagrams, also known as Ishikawa diagrams, are a well-known technique
from quality management to detect the causes of disruptions and production problems
[6]. To fill the fishbone diagram, we take a sample (say, 30%) from the set of selected
project evaluations. From this small set, we select those keywords which best charac-
terize the project factors in the project evaluations. To identify which project factors are
relevant we do not need to examine the full set of projects that will be used in the next
analysis step, as we expect relevant project factors to occur frequently.

Next, we replace keywords that describe the same pattern by a more general key-
word, one which represents all observations from that category. As a rule of thumb for
the granularity of keywords we use the following: each keyword must be observed in at
least four projects, and at most 50% of the projects must score either positive or nega-
tive on this keyword. The reason for the latter restriction is that only keywords which
discriminate projects are interesting. We can’t learn much from the observation that,
say, “user involvement is a crucial factor” if this remark is made for almost all projects.

The keywords found are placed in a fishbone diagram. The main categories we used
to organize the diagram in the case study are: processes, tools, people, and environment,
see Fig. 1. Our top-level structure was derived from a classification from Balanced Score
Card [11] schemes used elsewhere within the company. If no such structure is available
up front, it can be obtained as a byproduct of a Grounded Theory-like investigation.
The keywords describe the answers to the open questions listed in Table 2. Since these
keywords classify the answers to the questions, and not the questions themselves, these
keywords do not have a one-to-one relation to the open questions. For reasons of space
(we distinguished over 80 categories in the case study), the list of categories is not
included in the paper. Figure 1 contains a few typical sub categories (such as: test tooling
used) and subsubcategories (such as: cooperation in IT team) we used. Please note that
the organization of the fishbone diagram only reflects the classification of the remarks
in the project evaluations and does not imply any causal links between project factors
and success factors.
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3.4 Interpret Project Evaluations

After the keywords and patterns have been distilled from the project evaluations, the
subjective interpretation can start. During the subjective interpretation step, selected
project evaluations are read by the researcher. This researcher interprets in which cat-
egories from the fishbone diagram the remarks from the evaluation fit. Next, it is de-
termined whether the project scores positive or negative on this category. For example,
one of the categories we distinguished is change management. A project evaluation re-
port may for instance contain phrases that pertain to the notion of change management.
From these phrases, the researcher may deduce that change management has been im-
plemented well for the project, or that problems with respect to change management
occurred during the project. Using Likert scaling, we transform natural language text in
the answers to open questions into numerical information. For each project, the scores
of each category are included in a spreadsheet, together with information from other
sources on project aspects. This leaves us with a concise numerical characterization of
each project.

3.5 Analyze Correlations

The interpretation of the post-mortem project evaluations yields a spreadsheet with a
quantitative encoding of the information from the project evaluation database. As said
above, this spreadsheet may be coupled with other numerical information from the
project administration database. Using a statistical package, we may next determine
correlations between the project evaluations on the one hand, and other quantitative
information on the other hand. In our case study, we had quantitative information on
productivity, conformance to budget and schedule, and satisfaction of different sets of
stakeholders.

The matrix that results from the subjective interpretation of the project evaluations
unfortunately has a high number of variables in relation to the number of observations.
Normally we would use a technique such as principal component analysis to reduce
the number of variables. However in our case a large percentage of the data is missing,
which makes principal component analysis infeasible.

Instead of first reducing the number of variables in the data matrix, we directly
measure the correlation between the project factors (the independent variables) and the
success factors (the dependent variables). This leads to a matrix of correlations between
project characteristics and success indicators. We used Kendall’s tau [12] measure for
the correlation, since this measure is suited for ordinal data. We use pair-wise deletion
when encountering missing data, instead of list-wise deletion [10], to make optimal use
of the available data.

The correlation coefficients in the matrix are not all based on the same number of
observations. Correlation coefficients that are based on a larger number of observations
offer more certainty that the observed correlation is really present in the underlying pop-
ulation. This certainty is shown in the level of significance of the correlation coefficient,
which can be calculated by statistical packages [13].

Rather than examining the correlation coefficients for all identified project factors,
we may opt to restrict ourselves to the most significant coefficients. As the sheer amount
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of numbers in the correlation matrix can distract attention from the most influential
project factors. The factors can either be selected based on the highest overall level of
significance or based on the highest level of significance on a single factor. To calculate
the overall significance of a project factor the average is taken of the squared correlation
coefficients between a project factor and all success factors.

Note that the statistical significance observed in this type of analysis often is not
very high, due to the small sample sizes. As we make multiple comparisons we should
apply a Bonferonni or Sidak correction to compensate for the multiple comparisons if
we want to use the technique as a conformatory instead of a exploratory technique. As
the statistical significance of the results is rather low, we need to have a theory for the
correlations observed, in order to derive useful information. Correlation by itself does
not imply the direction of the causality.

4 Case Study

In this section we discuss a case study in an organization in which we performed the
method described above.

4.1 Context of Case Study

This study has been performed within an internal Information Technology department
of a large financial institution. This department employs over 1500 people. The or-
ganization primarily builds and maintains large, custom-built, mainframe transaction
processing systems, most of which are built in COBOL and TELON (an application-
generator for COBOL). Besides these mainframe systems, an extensive variety of other
systems are constructed, implemented, and maintained by the organization. These sys-
tems are implemented in various programming languages (such as Java and COOL:
Gen), run under a variety of operating systems (such as Microsoft Windows and UNIX)
and are distributed over different platforms (batch, block-based, GUI-based and
browser-based).

4.2 Evaluation Process

The organization has developed its own post-mortem project evaluation method. The
evaluation method consists of an online administered questionnaire composed of both
open and closed questions. In the evaluation process three groups of stakeholders are
addressed: the customer who has commissioned the project, the IT personnel that par-
ticipated in the project and the involved middle management of the IT department.

At the end of each development project a mandatory evaluation cycle is initiated by
the IT project office of the organization. Upon request of the project office the project
leader invites involved stakeholders by e-mail to fill out the evaluation questionnaire.
When a sufficient number of stakeholders has filled out the questionnaire, the project
leader activates an evaluation consolidation routine in the evaluation programme, which
anonymizes the responses and calculates averages of all the closed questions.

The evaluation questionnaire contains both open and closed questions. The open
questions in the questionnaire are listed in Table 2. As there are over 150 closed ques-
tions in the questionnaire, only the categories used to group the closed questions are
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Table 2. Case study: Open questions in project evaluation questionnaire.

Question

— What are the 3 most positive points of the project?
Explain them.
— What are the 3 most important learning points of the project?
Explain them.
— Can you give 3 suggestions by which the project could have been carried out (even) better?
— Was there sufficient input documentation at the beginning of the functional design phase?
Which inputs were not available? Indicate the reasons.
= Which testing tools were used?
What were the ad ges and disad ges?
— Was test ware available?
If not, what were the reasons?
— Which configuration management tools were used?
‘What were the advantages and disadvantages?

included in this paper. The categories of the closed questions are: Time Management,
Risk Management, Project results, Project Task (Work), Organization, Work environ-
ment, Quality/scope, Project management, and Information, Project. The categories of
the closed questions originate from a Balanced Score Card[11] initiative that has been
conducted at the organization.

4.3 Bottlenecks

Although the organization has invested large amounts of time in both developing the
original evaluation method and evaluating the projects themselves, the organization was
unfortunately not able to fully benefit from the lessons learned that lie hidden in the
more than 600 evaluation reports that are stored in the project evaluation database.

The organization used the complete information in the project evaluation only as
feedback to the project leader responsible for the project. The organization outside the
project used the project evaluations only as Balanced Score Card indicators of satis-
faction of the commissioning customer and the satisfaction of the IT employees. These
overall, consolidated satisfaction ratings made it hard to pinpoint what is going wrong
when e.g. the employee satisfaction drops.

The inability to use the project evaluation database can be attributed to four major
reasons:

— The database system containing the evaluation database was not available elec-
tronically. Manual copying of the data from the database to a statistical tools was
required. This made analysis a labour-intensive task.

— As the evaluation method included open questions, some of the answers contained
textual answers instead of quantitative data. Textual data is inherently harder to
analyze than quantitative data.

— The wording and grouping of the closed questions was inadequate. The grouping of
the questions, that was derived from the Balanced Score Card items, was such that
many of the categories measured simultaneously different concepts, which makes
the interpretation of the average on a category infeasible.
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Table 3. Case study: Selection criteria for inclusion of project evaluations.

Selection criterion Number of
projects selected
Extreme budget under spending/overspending 10
Extreme planning deviations (finished early and late) 8
Extremely high and low productivity 10
Using COBOL/Telon programming environment 4
Using Java programming environment 4
Using Cool:Gen programming environment 4
Average productivity, no extreme budget or planning deviations 15
Total 55

— As the individual answers on closed questions contribute to the average customer,
employee or management satisfaction, one cannot state that the scores on individ-
ual questions are independent from the satisfaction measurements. These scale-
subscale dependencies make the interpretation of correlation coefficients difficult
at least.

The low quality of the closed questions and their clustering combined with the prob-
lem of scale-subscale correlations led to the decision to extract project characteristics
from the answers to the open questions, using the method outlined in the previous sec-
tion. Analyzing the open questions had as an added advantage that the answers from
every respondent were available, which gave insight into the degree to which the stake-
holders in the project agreed on certain issues.

4.4 Experiences

For the analysis of the project information database 55 project evaluations have been
selected out of a database containing over 600 project evaluations. The selection of
projects included ‘normal projects’, projects with a specific programming environment,
and projects that deviated on: productivity, conformance to budget or conformance to
schedule. For the deviant projects, an equal ratio of overperforming and underperform-
ing projects has been selected. The exact distribution of the number of projects on the
selection criteria is given in Table 3.

4.5 Results

The result of the analysis steps performed in the case study can be found in Table 4. The
table contains both the Kendall’s tau correlation coefficients between project factor and
success factor, as well as the p-values of those correlation coefficients. The correlation
coeffients indicate if there is a strong positive (1), or negative (-1) relation between
the factors, or no relation (0). The p-value indicates the strength of the evidence of
the relation between the factors, varying form O (indicating very strong evidence) to 1
(indicating very weak evidence).

To reduce the correlation matrix we have sorted the factors with respect to the high-
est overall level of significance. Having sorted the project factors we selected the top
20% from this list.
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Table 4. Case study: Results of the correlation analysis on the evaluation matrix.

Conformance to Satisfaction

Factor name Productivity Budget Schedule Duration Management Employee Customer
change management 005 -0.18 -0.20 020 0.33 0.51 0.40
p=0.71 p=0.16  p=0.11 p=0.11 p=0.006 p<0.001 p=0.004

project management -0.13 012 039  -0.26 0.39 0.45 0.10
p=035 p=032 p< 0.001 p=0.02 p<0.001 p<0.001 p=0.42

quality planning 016 0.13 0.34 -0.20 0.43 0.27 0.10
p=0.30 p=036  p=0.01 p=0.14 p=0.001 p=0.04 p=048

quality schedule 041 024 0.23 -0.06 0.10 0.29 -0.19
p=0.02 p=0.13  p=0.13 p=0.69 p=0.52 p=006 p=030

project control 028 017 029 034 0.08 039  -0.33
p=0.08 p=0.25 p=0.04 p=0.02 p=0.56 p=0.008 p=0.04

testware reused -0.11 050 0.53 -0.38 -0.17 0.39 0.20
p=0.66 p=0.02 p=0.008 p=0.06 p=0.39 p=005 p=043

quality infrastructure architecture 0.52 0.37 -0.33 0.50 0.08 -0.24
p=0.05 p=009 p=0.13 p=0.02 p=070 p=0.36

communication efficiency 0.01 -0.36 -0.26 0.30 0.16 0.33 0.25
p=094 p=0.06 p=0.14 p=0.10 p=0.38 p=0.07 p=020

cooperation 008 -0.20 025 -026 0.22 0.40 0.27
p=0.58 p=0.13  p=0.06 p=0.04 p=0.08 p=0.002 p=0.08

cooperaton within IT 039 -0.13 0.46 -0.24 0.59 0.20 0.44
p=0.03 p=0.45 p=0.006 p=0.15 p<0.001 p=023 p=0.04

appropriateness team size 012 -0.51 -0.93 0.84 -0.14 -1.00 -1.00
p=0.71 p=0.11 p=0.004 p=0.008 p=0.65 p=0.005 p=0.005

team stability -0.58 0.14 -1.00 0.50 -0.36 0.36 0.18
p=0.10 p=0.62 p<0.001 p=0.08 p=0.21 p=021 p=0.56

team stability organisation 0.25 036  -0.13 -0.61 -0.27 -0.57
p=0.31 p=0.13 p=058 p=0.009 p=0.24 p=0.02

testtool expediter used 027 029 0.58 -0.34 -0.03 0.11 -0.11

p=0.03 p=0.01 p=<0.001 p=0.001 p=0.76 p=030 p=035

The analysis has given us a lot of insight into the quality and organization of the set
of closed questions used sofar, and suggested a number of additional closed questions
one might ask. This will be used to update and improve the questionnaire, so that, for
future evaluations, more quantitative information will be directly available.

At a concrete level, the study showed some interesting, albeit weak, relations be-
tween project characteristics and success indicators. For example, high productivity
occurs frequently when there is a good cooperation within the team, and when the in-
frastructure architecture is elaborated well. These relations need further study, though.

5 Conclusions

We have presented a method to analyze qualitative, natural language information as
often encountered in post-mortem project reports. The method has five steps: identify
success factors, select project evaluations, identify project factors, interpret project eval-
uations, analyze correlations.

This method provides a structured way to deal with qualitative information such as
present in post-mortem project reviews. This information can next be related to other,
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quantitative, information present in the company’s project database, such as informa-
tion related to schedule and cost. Information gained from this analysis can be used to
improve closed questionnaires that might also be in use, and it gives additional clues
that provide useful guidance in a process improvement initiative.

Note that the statistical significance observed in this type of analysis varies, due to
the exploratory nature of the analysis. So we need to have a theory for the correlations
observed or confirm the results using experiments. Correlation by itself does not imply
causality.
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Abstract. Many universities are trying to convey practical experiences to stu-
dents by conducting software projects. There are many variations of these pro-
jects but often the main focus is teaching programming skills and other techni-
cal aspects. Most often, the development process is neglected. Because of this,
students often experience a “shock of practice” because the industrial daily
business depends on many non-technical problems and appropriate skills. These
skills have not been taught in university very often and so companies must con-
vey these skills to their new employees.

It would be a better solution if students could experience some or most of these
aspects in their education. We think that not all of these can be experienced in
the setting of a university. But some of these experiences can easily be made by
students. In this paper we present our concepts for conveying these skills within
a software project, including techniques like quality gates, walk-throughs and a
time-voucher system to simulate the pressure of time in our software project.
The project’s tasks are a careful mixture of funny and motivating yet very seri-
ous aspects. The first phase of the project has already attracted many students’
interest.

1 Introduction

In general, software projects being offered by universities cannot give a real impres-
sion of the industrial process of software development. There always remain some
aspects, which cannot be simulated well in the environment of an university. For
example, the missing financial background for such projects is one difference to real-
ity. Most students have other motivations in mind like getting a certificate for the
successful participation in the software project. Therefore some way has to be found
to motivate students on the one hand and simulate a real development process as good
as possible at the same time on the other hand.

In this paper we want to present our ideas and concepts for our software project for
students. First we want to give a short impression how the process of software devel-
opment was taught so far in universities and which problems exist in teaching. In the
next section we reflect our own goals and students’ goals for the software project. In
the fourth section we describe the constraints in which our software project is set in.
Besides, we also give a short overview of previous software projects being offered by
the University of Hanover. The fifth section is the core section of our paper, because
it contains our concepts and ideas for the software project. The next section explains
how we want to elicit experiences from students (e.g. for future project set-ups). In
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the seventh section we give a summarization of similarities and differences between
real and simulated software projects. The eight and final section discusses our con-
cepts and contains first reactions of students to these concepts.

2 An Old Problem: Conveying Practical Experience

The problem of teaching good development skills is probably as old as software de-
velopment itself. The main problem is the difference between the problems develop-
ers face in practice during their education: During projects conducted for educational
purposes the main problems are technical ones while working on real-life projects,
there are various difficulties inherent to communication between different parties and
time problems inherent to fast markets.

Although teaching software engineering practices has been subject to lots of re-
search, till today practical courses often focus on teaching basic programming skills,
like how to develop graphical user interfaces or connect to databases. Although uni-
versities intend to improve the educational process, the situation in university soft-
ware development labs has mostly remained the same: Often students get a set of
tasks to complete, which may only include programming tasks, like solving one or
more specific problems. Better tasks include other complementing processes besides
the coding, like for example requirements gathering, documentation and unit testing.
The students have a specific time-line until when they have to present their solutions.
The instructors will approve the solutions afterwards. In terms of support, the univer-
sities are trying to organize as much support for students as possible to help them
during their projects because more support is considered to be better education. Be-
cause of this, research still continues and new ideas are developed even nowa-
days [1, 2].

Comparing these set-ups with the constraints and set-ups of real-life projects, one
will find many differences, which lead to completely different experiences for the
students. First of all and probably most important is that the instructor does not be-
have like a customer. He spends much more time with the students and normally has
not an own inherent interest in the tasks. For example, in real-life projects, the way a
problem is solved is not as important as the fact that the customer profits from the
project. Furthermore the instructor has more technical skills and often influences the
development techniques used for solving the problems. His experiences even lead to
a more exact and technical-oriented problem description. In contrast, customers in
real-life projects often do not know anything about software design or programming
languages. They can only describe what problem they want to have solved and often
this description is only sufficiently precise after long discussions. Another difference
is the interest of the customer for the project because he has a need for the project
which justifies the development time and costs; in university the given programming
tasks are normally only fictional tasks which will not be used afterwards. Therefore,
the instructors do not have an inherent interest in the solutions.

One possible way to solve these discrepancies is by introducing real-life experi-
ences into the curriculum: Students have to work in industrial projects. While this
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scenario allows students to learn real-life problems, it falls short in educational terms.
Students can normally only work as programmers and are not allowed to carry out
organizational nor management tasks and there is no reflection about used methods
and the project cycle afterwards.

Some further possible problems of software engineering teaching in universities
have been outlined by Guy Keren [3], which especially include the problem that uni-
versity staff itself might have too little itself and that the example projects are too
small to show the possible effects of software engineering decisions. Because most of
our staff has real-life experience and participated in software projects, we want to use
our experiences to address these problems.

Beware of these problems some universities also have started to look into possi-
bilities how to improve their teaching. For example, the Georgetown University [4]
experiments with setting up a project with many roles. Students get assigned one role
and will take part in this project by working in that special field. A completely differ-
ent approach has been taken by the MIT [5] where software engineering courses fo-
cus on web development and related techniques because of the actual importance of
that topic.

3 Our Goals, Student Goals

Our software project shall cover different aspects of software development and teach-
ings in university. Especially, we have educational and research goals in mind.

First of all we want to offer students an experience being near to industrial reality,
because most students did not take part in industrial software projects before. They
never worked in teams and with an economical background in mind. Many students
were never confronted with challenging technical software exercises and a time
schedule for a development process. We want to give them some insights to these
aspects.

Furthermore, we want to offer students interesting software projects which they
should develop during the software project. All of our software products contain
some interesting design concepts or technical aspects. We want to use all of the fin-
ished products for research, teachings and the organization of our department. There-
fore, no finished product should be in vain.

We also want to get some research results on how to simulate a software project in
university. We plan to realize some concepts to get a software project being nearer to
reality always having in mind, that we can not simulate reality in all its facets. At the
end of the software project we would like to get some experiences and feedback from
students in order to improve our teaching in the next year.

The goals of students differ from our goals. Many students are only interested in
getting a certificate for software project. Some other students would like to take a
closer look in the process of software development or are interested in technical as-
pects.

So it is sometimes difficult to match students’ interests with our own goals. There-
fore, a well-balanced path has to be found how to motivate students and satisfy our
goals at the same time.
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4 Constraints and Previous Project Set-Ups

The department of computer science of the University of Hanover offers a software
project for students being in their fourth semester and studying computer science or a
related course of studies. Students taking part in this software project can acquire a
certificate and nine ECTS credit points. The certificate only approves the successful
participation in the software project and therefore students do not get a mark. The
goal of the software project is to improve the students’ skills which they got by at-
tending previous lectures: In the first two semesters, the students of computer science
at the University of Hanover have two programming classes in which they should
learn how to deal with the technical side of programming languages: The first class’
subject is the Scheme programming language and in the second class Java is taught.
In the third semester the lecture Software Engineering I deals with processes and
basic techniques like tests etc.

While students can choose to do one of the classical-style software projects, which
are offered by the other department, they can also opt for our approach, which aims to
simulate the most important aspects of real-life software projects.

In the summer semester of 2004 approximately 110 students will participate in the
software project. Because of our limited resources we can only support 46 students in
our department, so we have to cooperate with another department in the university
and distribute students between these two departments. In this document we only
describe our own concepts.

The entire software project is chronologically limited by the length of the summer
semester. Therefore students have only 13 weeks time to complete their task. An
extension of this given time is not possible.

During the summer semester students also have to attend different lectures in uni-
versity. Thus time is very limited for students participating in the software project and
attending lectures at the same time.

There are no requirements for the participation in the software project. Any student
can take part in it. The organizers cannot reject students, so also students having less
knowledge and experience in software development and programming take part in the
software project.

Most students are only interested in getting the certificate for the software project
being necessary for the completion of their studies. Therefore motivation among
some students is low.

There were software projects in previous semesters in the department of computer
science for some years. Some projects only concentrated their attention on the solu-
tion of difficult technical aspects. Other projects laid their attention on the process of
software development.

Also the project management differed from project to project. In the last two years
the software project was very restricted. Students of computer science got every two
weeks a new exercise to enhance a given software product. Thus creativity and per-
sonal contribution to the final software product was quite low.

Some other projects offered students a lot freedom and creativity. Often an inaccu-
rate exercise was given and students had to develop a software product by discover-
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ing the mayor demands of the customer who was simulated by the organizers of the
software project. In this kind of software projects students were grouped in teams of
five to six people. Each group was coached by a teacher giving them some assistance.

5 Our Concepts

The Virtual Company

Our primary set-up is the virtual company “Fungate” specialized in producing games.
The students have to work for this virtual company and must solve one of the com-
pany’s projects. The company’s projects will be called tasks in the following to dis-
tinguish them from the overall software project. The tasks will be completed by teams
of five students each. The students are able to subscribe to one task and therefore
build the teams themselves. One student of each team gets elected as the team leader.
The team leader is responsible for keeping in contact with the university teachers.
The role can be handed over to another team-member during the project, thus allow-
ing all students to learn and experience management roles. Important to note is that
building teams really means team-work: The organizational nature of this software
projects means that either the whole team passes or fails because the project was
finished successfully or not.

The three responsible teachers for the software-project are also participating in this
game and therefore are participating in a certain role: For each project there is a cus-
tomer, a quality manager (QA expert) and a software engineering expert (SE expert).
But, as in real life, their time is limited. This is simulated by issuing vouchers which
can be used to talk to the experts and to the customer. For example, the students are
allowed to talk to the QA manager for 90 minutes, i.e. they have six vouchers with 15
minutes time each. The roles of all participating persons and their relationship can be

seen in figure 1.
Teachers

Support for questions

Requirements gathering ol egarding software design

Student-Team Students

External Simulated Company

Fig. 1. Roles in our software project

Our project set-up consists of some restrictions which are packaged as require-
ments of the virtual company. Otherwise, the students are free to solve the tasks as
they wish to. Everything which is not explicitly prohibited is allowed.
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For example, these restrictions are inherent by templates for the different docu-
ment types to which the teams have to adhere because they are a company standard.
However, they are free to insert any contents into these templates as they wish. Any
questions regarding what we expect to be in these documents will be rejected by the
teachers; the students will get no specific guidance. This is in clear contrast to a pre-
scribed, fine-grained software process as advocated by Schmedding [6].

The tasks to solve were chosen because we are able to use them for our lectures
and they are motivating because of being game-related. The quite unusual and playful
set-up was chosen to motivate students to participate. However, the projects we chose
are meant serious:

— GameFrame, a framework for developing jump ‘n’run games,
— NetPong, a multiplayer and network-enabled game,
— Risk Manager, a risk assessment and management tool

Each project has been chosen because we need the product for our own work. For
example, the GameFrame framework will be used in lectures and for further projects,
the game NetPong has been chosen because it can be used as an example for software
which is not really unit-testable and the risk tool has been chosen because we want to
introduce risk assessment in further software projects and needed a simple tool for the
students. While all these projects can be put in one virtual company without any
problems, the projects were carefully selected to offer a broad set of different tasks so
that everyone can find a project which he or she likes.

Furthermore, the projects were chosen in such a way that the solution can be effi-
ciently implemented in the Java programming language which the students already
know, so that in this practical course the focus can be on social- and process-related
problems.

Because we need to support more than forty students with only three teachers, we
offered each project three times so that three teams solve the same task. An advantage
of this is that even if one group should fail we get the results we already have planned
to use in further lectures and projects.

Development Process

Each team starts with a kick-off meeting. During this meeting the project organization
will be explained by the customer to the team members. The customer, the QA man-
ager and the SE expert are all attending this meeting. The students’ team is allowed to
ask any question during this meeting concerning the organization. This meeting is for
a long time the only way for the team to speak with all three staff members at the
same time. Afterwards, everyone will only be responsible for responding to question
concerning his role. For example, if the team has questions regarding quality and the
requirements, the team coordinator has to go to two different persons, namely the QA
manager and the customer.

To make the situation more realistic, each contact person will pursue different
goals: The customer tries to get a solution as fast as possible while the QA manager
will insist on a quality solution and the SE manager will demand the best software
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design possible. This role-splitting has turned out to be difficult for the teachers be-
cause they must concentrate on their simulated interests and knowledge. However, all
contact persons will do their best during the time they have to bring the project to a
good end.

Requirements Analysis

| 2 weeks |QG| 1 week |QG|
Design phase
[ 4-5 weeks |QG 1 week |QG|

Implementation phase

I 3-4 weeks ‘QG 1 week [QG]

Improvement, if necessary

Fig. 2. Project Phases

In order to formalize the process and minimize the projects’ and customers’ risks,
there are fixed quality gates which are dividing the projects into multiple phases
which are illustrated in figure 2:

— Analysis phase,
— Design phase, and
— Implementation phase.
After each phase the quality gates as illustrated in figure 3 ensure, that the deliv-

ered work-unit for that phase has a minimum quality. If a team does not pass a quality
gate it has one week to improve its work and the work will hopefully pass the quality

l

Collection of Documents
(as specified in check-list)

[:‘ QGate-step
i:' Project-progression
(individualy)

Session

- Collection of findings
- Decision

- Signature, Protocoll

Stop
Project cancelled

Correction
Of old phase
(with feedback)

Temporarily deferred
OGale passed But procead with work Do not proceed with next phase
Proceed with work.

Fig. 3. Process of a quality gate
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gate. For each quality gate there is a checklist of items which have to be fulfilled by
the delivered work-unit. This list is known by the student-teams and can be used as a
quality guideline by them.

In order to improve the students’ social skills, especially the ability to criticize and
get criticized, the second quality gate implements a walkthrough of the design docu-
ments, which requires a team of students to read other team’s documents and issue
improvement recommendations.

Student Support

By using the voucher system and the strict phases with defined quality gates, stress in
terms of time is imposed on the students simulating one of the most inherent prob-
lems in software projects today.

However, for offering all students the same opportunities to pass, they can receive
unlimited technical support for the development environment Eclipse and other rec-
ommended tools by a teaching assistant. We also offer an one-hour introduction to
Eclipse.

To help a little bit and to set some standards which the teaching assistant can sup-
port, we compiled a CD-ROM containing open-source software which can be used
and installed on as many computers as the students wish. This CD-ROM contains the
Eclipse development environment including plug-ins for UML-diagrams and a GUI-
editor.

6 Reflection and Experience Taken Seriously

The above concepts have been applied to plan and set up our software projects. Most
of those concepts were selected in order to make the projects feel more “practical” or
more “real” to participating students. In addition to those concepts, we decided to
emphasize two aspects far beyond (real) industry projects: reflection-in-action [7] and
conscious exploitation of experiences [8].

In a typical software project, most energy and effort are devoted to producing the
product. Students may spend several weeks or even months in a company, run into
different problems, and still not gain many insights. Reflection on reasons and ex-
periences is often considered overhead.

We try to emphasize reflection and to value experiences: Unlike a typical com-
pany, we encourage students to reflect on their experiences. We consider this empha-
sis on reflection an important educational value added on top of “being part of a
realistic project”. Lewerentz reports on a University projects that exercises even more
reflection [9]. Our tight schedule did not allow for such an intense reflexion scheme.

We refer back to Schon’s groundbreaking work on “breakdowns” that cause “re-
flection in action” [7]. Roughly speaking, practitioners of demanding disciplines (like
software engineering) need to be stopped in the middle of their work and forced to
reflect when they are still mentally involved. The closer reflection is tied to working
(action), the more authentic and useful its results.
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Cockburn [10]compares software projects with playing a game and argues each
project must both (1) win its actual game and (2) prepare for the next. Reflection is
one approach to do the latter, and to stay successful in the long run.

Reflection-in-action is a concept to elicit experiences. Our previous work in sys-
tematic learning from experience [11, 12] has taught us lessons and mechanisms on
what to do with insights and experiences once they have surfaced.

The primary technique we will use to activate [13] and elicit experiences is LIDs
[14]. LIDs was developed at DaimlerChrysler Research and Technology and has been
applied there. It is a light-weight approach to support a group of peers in capturing
and documenting their (common) experiences gained in a common task. The group is
guided through a sequence of topics. Participants are asked to talk about their activi-
ties and their experiences in chronological order. Associated documents that are men-
tioned are linked and, thus, contextualized. The entire approach is highly optimized to
be easy, fast, and in line with the cognitive needs of all stakeholders. All steps and
details of LIDs are described in [14].

We emphasize reflection and we support it through LIDs. We want (1) students to
think more about reasons; (2) we want them to practice reflection and see LIDs as a
simple way to support it; and (3) we want to learn from students’ experiences in order
to further improve our project set-up.

In future research we want to interpret the LIDs within the FLOW project, analys-
ing experience, knowledge and project flows and study how to improve the project
setup by modifying them.

7 Real, Simulated, and Dissimilar Project Attributes

We claim to make our student projects more “realistic” than many typical University
projects. However, we want to provide more learning opportunities than a typical
industry project. We have selected a small set of aspects to make the projects feel
“real”: some of them just happen to be similar to real projects anyway. Other aspects
would be dissimilar at a University, but we decided to simulate reality through simple
mechanisms (like vouchers). Many other aspects were considered too difficult, too
costly, or not important enough to reward simulation. They were accepted to stay
dissimilar.

Table 1 lists a number of crucial aspects. For each, we indicate how similar our
projects will be to real Industry software projects. Some are similar by themselves;
others are made somewhat similar through simulation; and a third group is not even
attempted to be made similar. We provide rationale for our choice.

8 Discussion and Conclusions

Software projects are a good and widely-used possibility to convey practical elements
of software development to students. Because of this they are included in most cur-
riculums. We developed a new concept to conduct these projects and are using it in
our own teaching: by using some focused activities and simulations we want to con-
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Table 1. Handling project aspects that determine how “real” a project feels

Aspect Similarity | Remark/Reason

Motivation Dissimilar | Money/Promotion cannot be offered at a University.
Students could choose the project “they liked” (intrinsic
motivation). Nine Credit Points towards their degree
was their main extrinsic motivation.

Work Environ- Dissimilar | Most students work at their Laptops and from home. A

ment co-located office environment could not be offered.

Reflection in Dissimilar | Educational purpose — would be beneficial to Industry

student projs. projects, too!

Customer is not Simulated Through (artificial) separation of roles that are often

Supervisor merged in University. Very important for realistic inter-
actions in requirements engineering.

Limited Cus- Simulated University staff tends to be “always available”. Custom-

tomer Contact ers are not. It is easy to simulate a real situation, and it
makes a big difference.

Internal Quality | Simulated Companies have quality departments. We installed a

Organization person (an advisor) for each project to represent “inter-
nal quality assurance and management”

Customer needs | Simulated ‘When University generate “synthetic project tasks” or

Product just adopt and repeat “real” projects, genuine interest of
customers (often: supervisors) is lost. We accepted only
projects that the “customer” needed for his work.

Quality Gates Similar Many projects and their progress must be monitored by
a few quality people. Comparable criteria call for gen-
eral mechanism, such as quality gates.

Strict Deadline Similar Simply do not use potential mechanisms to relax the
deadlines (a frequent temptation at Universities)

Responsibilities | Similar Teams receive some templates, a few deadlines and
standards. There is a project leader. Teams are free to
organize as they wish. They are responsible for result.

Heterogeneous Similar Student teams, as well as professional software projects,

Teams showed very different skill profiles.

vey as many interesting and useful experiences as possible with maintainable effort.
Simulation in this concept is important to bridge the gap between the conditions in
reality and those which are predominant in universities.

Our students have accepted our concept and are eager to profit from the aspects
relevant to practice. Their first feedback and our first impressions were positive:

— Students positively mentioned that the simulation aspect is interesting and will
prepare them better for their work. Also, they assume that the supervision and sup-
port they will receive will be better than with standard set-up projects,

~ Students attended very well prepared to each costumer meeting making the meet-
ing very straight-forward and productive. This included question lists and even the
usage of voice recorders to save a transcript of the meeting.
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However, the vouchers had some unforeseen implications so far. Because the tasks
are not completely documented and the teams have to gather requirements, they per-
ceive time as very limited and are using vouchers with too much care. This leads to
very short and hectic meetings and teams interrupting the customers during their
presentation of ideas.

Especially interesting for us was to see, if our game projects really motivated the
students. Our expectation was that developing a game is more interesting for students;
however, this aspect was mentioned only rarely as a motivating one. One student
even opted for the risk management tool because she does not like games at all.

While planning the role system we assumed that this would be an easy element of
our simulation, but in practice it has been very difficult for us: The customer role
implicitly requires that the customer does not know anything about technical aspects
and must therefore redirect such questions to the QA/SE-expert. But we do have the
knowledge in these areas and must be very concentrated to deny any requests for
aspects not included in the specific role. Students do not have such problems here,
although they always try to ask their questions to any person because they are used to
do so and normally can ask everyone.

Although the project has not finished yet, the initial feedback was very positive
and we think our approach will prove to be of value. But we must never forget that
we have to reflect after each conduction and fine-tune the simulation. This is espe-
cially true for the voucher system where we have to change it in a way that hectic and
time-awareness is reduced to a normal level.

From our point of view team-work with groups of five students and the diversifica-
tion of roles is especially useful. As an orientation for students and for us to see, if the
teams are still on target, the concept of a schedule with phases and quality gates
seems to be supporting and offer guarantees.

Important for the supporting teachers is the new climate of support they give the
students. At the beginning there were lots of short but very demanding meetings re-
quiring a high level of concentration. However, in the long run we expect that the
time dedicated for student support is the same as in classical software projects.

For companies it would be really interesting to analyse if time spent with custom-
ers is so important and not available or if other restrictions are more dominant. Ac-
cordingly we could adjust these restrictions and simulate it with our voucher system.
The reflection within companies could easily reveal more or other critical aspects of
projects. Especially simply the knowledge of resource-restrictions can improve effi-
ciency; the limitations imposed by us led to a high awareness and careful usage. The
same holds up for other resources like time in companies.

All in all, we would recommend our project set-up for conveying project experi-
ences to students. It certainly has to be adapted to the environment where it is con-
ducted but the general impression is a very positive one.

Our simulation furthermore revealed that students appreciate courage for more
playful set-ups, take it seriously and consequently profit from it. For further im-
provement of our set-up we welcome any comments and suggestions!
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Abstract. Software Process Improvement (SPI) has been proven to increase
product and service quality as organizations apply it to achieve their business
objectives. Improvement needs of small organizations are same as larger or-
ganizations, i.e. they want to achieve better results in software projects, product
quality, and customer satisfaction and put an end to the project overruns and
failures. However the resources of the small company for SPI-work are often
limited and external support seems to be essential. Companies are lacking ex-
perience and knowledge how to define and implement appropriate improvement
plans and actions. The paper presents current results of software process as-
sessment and improvement work done at University of Joensuu in cooperation
with small and medium-sized software companies.

1 Introduction

Software process assessment and improvement is widely acknowledged as one of the
most important means for achieving competitive and effective software industry.
Different organizations have published and supported state of the art approaches like
ISO 15504 [12], CMMI [4] and Bootstrap [18]. One of the goals of these models is to
support transition of best practices into software industry. However, among the small
and medium-sized organizations the awareness of these models has been weak and
even if a small company knows the models and recognizes the improvement needs,
their resources - both financial and personnel related - are often limited. Typically
small companies are also lacking experience and knowledge on how to define and
implement appropriate improvement plans and actions. They encounter difficulties
applying these models to their software process improvement (SPI) work because
models reflects the software practices of large software organizations [2]. Thus ap-
propriate tailoring of these models is needed [2].

During the years many SPI models for small businesses have already been devel-
oped (see, for example [1,2,10,16,20,23]) but the implementation of software process
improvement itself is often difficult. Many studies have reported success factors and
implementation issues for SPI (e.g. staff and management commitment, business
orientation, measurement) in large organizations (see, for example, [6, 21, 22, 26])
and also in small organizations (see, for example [6]).

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 69-78, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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A number of studies have also investigated the state of the practice of software de-
velopment work and impacts of software process improvement. A good general over-
view of the state of the practice of software engineering, mainly in large software
businesses, can be found on IEEE Software (November/December 2003), special
issue for software engineering state of the practice [11]. Also many large organiza-
tions have reported their experiences of SPI (see, for example, [5, 7, 8, 17]) and a
number of studies have reported experiences of SPI work in small companies (see, for
example, [3, 9, 15]).

This article presents the process and results of an empirical study of software proc-
ess assessments in tSoft-project [25]. The goal of the tSoft-project is to improve the
productivity and competitiveness of small and medium-sized software companies in
Eastern Finland by assisting them to improve their software engineering processes
and working practices. tSoft offers SPI-consultation, education and technology watch
services for the participating companies. The focal areas of consultation are software
process assessments, assistance in improvement planning and implementation of new
practices and processes. Other project’s major areas, technology watch and education,
are targeted to support process improvement and implementation by updating person-
nel skills and knowledge on software engineering methods and technologies. The
project is managed by the department of computer science at University of Joensuu.
Industrial partners are small and medium-sized software companies from Northern
Carelia region in Eastern Finland. At the moment the project is at the end of its first
phase and participating companies are implementing their planned improvement
actions according to their software process improvement plans.

The rest of this paper is as follows: In Chapter 2 we will describe the profiles of
the participating companies and in Chapter 3 we will present the assessment process
used. Then in Chapter 4, we will present assessments’ main findings and study the
software process strengths and improvement opportunities for the participating com-
panies. Finally in Chapter 5 we will draw some conclusion and present future direc-
tions for the tSoft-project.

2 Profiles of the Participating Companies

Altogether eight software enterprises participated in the assessments during the year
2003. Following background information is collected by using questionnaire forms
which company representatives independently filled and returned to the authors.

The companies represent different sizes, ages and application domains of software
industry. Six of the companies were small independent software houses and one was
a unit of larger software organization. The eighth participant was a software depart-
ment of an industrial manufacturer. The total number of software work-related em-
ployees in participating companies was 92. The smallest software personnel was 3
and the largest company had 35 employees in software. The average number of soft-
ware workers was 11.5. In 2002 the total revenue of the organizations was circa EUR
9 million excluding the industrial manufacturer. The total average revenue per com-
pany was circa 1.5 million EUR.
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In the year 2002 companies had typically 5 software projects and the average team
size of the projects was 3-5 employees. Most of the organizations and projects had
one physical location. The total percentages of production activities of organizations
were as follows: new development 40%, maintenance 32 % and other 28 %.

Types of software systems and applications the organizations were developing var-
ied. Most companies (6) developed application software for others, but five of the
organizations had also distinct software products of their own and/or they developed
commercial software for open markets. The more detailed breakdown (%) is as fol-
lows: Company representatives were able to select as many application types as ade-
quate for company development work.

Application software for other companies (75 %)
Commercial software for open market (63 %)

Application software for internal customers (50%)
Application software for own purposes (38 %)

Embedded software for own system products (38 %)
Embedded software for customer’s system products (25 %)
Subcontractor (13 %)

Other (13 %)

Typically the companies’ key customers operated in the sectors like education,
municipal services and construction industry, but companies had also markets from
state authorities, agriculture and food products, military and customer services (retail)
sectors. The typical number of production versions of companies’ software was one
(in four companies) but some of the companies had also more production versions
(three companies had 2-5 versions). The most typical development model used was
rapid prototyping and incremental or evolutionary model, but also classic waterfall
model existed widely. Most used tool of the tool usage in software development were
related to documentation (all of the companies used) and project management (in 7
out of 8 companies). Only one of the companies used tools for testing.

3 Assessment Process

In order to study current state of processes and practices in the participating compa-
nies, we conducted software process assessments. Process assessment examines the
processes used by an organization to determine whether they are effective in
achieving their goals [13]. The results of assessments may be used either to drive
process improvement activities or process capability determination. This is done by
analyzing the results in the context of the organization’s business needs and
identifying strengths, weaknesses and risks inherent in the processes.

In our case the main goal of the assessments was to find out improvement needs of
the organizations and support their process improvement work. The assessment
process contained five basic activities: planning, data collection, data validation,
process rating, and reporting. A set of templates were also prepared for assessment
process including an assessment plan, kick-off presentation, assessment report, pres-
entation of the assessment results and feedback form. Assessment forms used during
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on-site assessment sessions were acquired from Finnish Software Measurement As-
sociation [24]. In the planning phase of the assessments, survey-forms were also used
to study improvement needs and priorities of the companies. Assessments consisted
two different parts. In the first part the organizations made self-assessments using
KYKY model, and in the second part SPICE-assessments were conducted by trained
assessors (authors) in co-operation with software professionals of the companies. The
assessments were run during spring 2003.

The KYKY model is an overview of organizational or project level quality and pro-
cess management practices. The model is developed by STTF [19] using ISO9001,
SPICE, CMM 1.1 and various other sources. It covers seven process areas and con-
tains 46 questions. Each question were assessed by company representant using a
SPICE scale of N (not achieved, <15 %), P (partially achieved, 15 %-50 %), L
(largely achieved, 51%-85%), and F (fully achieved, >85 %). The process areas are:

Process oriented operation (8 questions)
Customer-supplier processes (6 questions)
Software engineering processes (6 questions)
Project management processes (7 questions)
Support processes (6 questions)
Organizational processes (5 questions)
Process improvement (8 questions)

We used the model as an overview study of software company’s quality and proc-
ess management practices at an organizational level. We asked the representative of
an organization to fill in the KYKY form. Then we analyzed the answers and wrote a
report which included also a comparison with the other participating companies. The
KYKY assessments were done before the SPICE-assessments and it helped also to set
constraints for the SPICE assessments.

SPICE (ISO 15504) [12] is an international standard for process assessment. We
used SPICE-conformant assessment method from Finnish Software Measurement
Association in our assessments. The method used is based on the technical report
version of the SPICE standard [13, 14] published in 1998. The SPICE-assessments
produced both an analysis of current capability level and improvement opportunities.
A total of 24 people from the companies participated in the SPICE-assessments dur-
ing the spring 2003. Main data collection methods during assessments were document
reviews, interviews and discussions with companies’ software professsionals. Be-
cause we didn’t want to consume too much of the company time, we set out to per-
form assessment in one day, we had to restrict the assessment scope. We selected five
key processes as follows: project management (MAN.2), software requirements
analysis (ENG.1.2), configuration management (SUP.2), quality management
(MAN.3), and subcontractor management. As a rough guidance for process selection
we used level 2 processes from staged CMMI model [4] for software because it pro-
vides a good roadmap for improvement. Another constraint for assessment was the
capability level of the processes. We performed questions and ratings relating only to
levels 1 and 2 although ISO-15504 provides rating levels from O (incomplete) to 5
(optimizing).
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4 Assessment Findings

In this section the main findings from the assessments, both KYKY and on-site
SPICE assessments, are reported but first we present the results from the survey
which was done before assessments. These results describe the strengths, weaknesses,
improvement priorities and risks of the organizations in their own opinion and ex-
perience.

Before the assessments company representatives were asked to fill a questionnaire
which inquired which three processes or activities were most important strengths and
weaknesses of the company. Figure 1 presents the most frequently mentioned issues
of the survey. The competency of company personnel was a critical strength of the
companies. Project management activities were also considered as well as technical
know-how of the personnel. Three most important weaknesses were in the areas of
testing, product management and project management. The improvement opportuni-
ties the companies were interested in were related to testing, requirements manage-
ment and customer cooperation. The three main risks were unsatisfied customers
because of defects, schedule and cost overruns and possible changes in personnel.

Strengths

— Know-how of the personnel (experience
and education)

Weaknesses
— Testing
— Product management (e.g. documentation

— Project management (planning and fol-
low-through)
— Technical know-how

and change management
— Project management (resources and mile-
stones, customer management}

Improvement ideas
— Requirements management
— Customer cooperation

Risks
— Personnel changes
— Cost and schedule overruns

— Testing — Unsatisfied customers because of defects,

schedule and cost overruns

Fig. 1. SWOT-chart of the tSoft companies

In the KYKY assessment the strongest process areas were customer supplier proc-
esses, project management and software engineering processes. Most of the assessed
practices got grade F or L in these process areas, but there were differences between
companies. According to the KYKY results, the main improvement opportunities
were support processes, process improvement and process oriented operation. In the
above mentioned process areas most of the questions were assessed to P or N. For
example in support process, improvement opportunities were noticed in documenta-
tion and release practices.

Table 1 summarizes the SPICE assessment’s main findings. To preserve confiden-
tiality, companies are referred to as Company A, B, C etc. in Table 1.

In the SPICE assessments the following key strengths and weaknesses were identi-
fied at participating companies.
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Table 1. Capability levels of the companies process instances

Company

Process ASBs EMiDECER R G
Project management 1 4 4 1 2 4 2 2
Software requirements analysis 11 2 0 1 1 2 -
Configuration management 11 1 0 1 1 0 2
Quality management o 0 0o 0 1 0 1 2
Subcontractor management = 1t 0 - - - 1 -
Levels: 0 incomplete, 1 performed, 2 managed, - not assessed

Project management process was performed at level 1 in all companies. One of the
main strengths was that a project plan was generated in every assessed project. Gen-
erally the scope of work and the main achievements of the project were well defined
and also a development strategy was described in the project plan. Software lifecycle
model for the project was mainly iterative or incremental in nature, but also classic
water fall model was used. Responsibilities of the project’s tasks were normally well
defined both internally and externally.

Although the project management process was performed at level 1 in all compa-
nies, some improvement opportunities were identified. Project’s workload and time
estimates were normally based on solely project manager’s experience and no formal
methods e.g. for product size estimation were used. Also project’s activities and their
associated tasks were often described very roughly. Generally there were no formal
procedures for project’s risk or quality management and project’s quality and risk
plans were missing in most cases. Also project’s monitoring practices need more
attention because of e.g. comparization between planned and used mandays or calen-
dar time were rarely done. Communication and human resource management were
among of the most mentioned improvement areas during different assessments.

Software requirements management process vary from one company to another.
Three of the companies had formally defined requirement management process, but
the rest of the companies gather and manage requirements more or less unsystemati-
cally. One of the companies didn’t have any kind of requirements specification. Gen-
erally companies had some kind of requirement documents and especially functional
requirements of the software were often defined. Requirement baseline documents
were also reviewed together with the customer. However, in this process there were
generally many things to improve in assessed projects except those three companies
who followed their described process. First, requirements, like performance, usability
and interface were rarely documented. Second, requirements change management
was poorly organized in most of the companies. Often requirements document was
not updated after first accepted version and sometimes incoming changes were stored
only in the email or yellow notes. Third, tracebility of the requirements were also
poor because of lack of documentation and tool support of requirements change man-
agement.

In configuration management process base practices of the companies varied
mostly. The companies seemed to understand the basic activities of the configuration
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management (i.e. version control, change management and release management) but
the implementation of these activities were between ad hoc and performed in most of
the assessed projects. Only two of the assessed process instances achieved level 1
base practices fully, four largely (just) and two of the processes were at level O be-
cause the results were only partially achieved. One strength of the configuration man-
agement process in most of the companies were the code version control which was
handled by version control tool (e.g. cvs). However, in most of the cases, the tool was
not used for the documents, which were handled manually. For change management
purposes some of the companies had developed their own tool which was used for
managing customer requests and defects. In all assessed projects some kind of project
folders and files hierarchies was created, but the naming and the structure of the fold-
ers and files were often unsystematic. Delivery of the products was handled well in
all cases.

The key weaknesses of the process were related to the following issues. First, the
identification of the components which belonged under product management. In
many cases it seemed that it was not clearly decided which of the work products
(specifications, plans etc.) should be under version control and maintenance. Second,
the instructions and guidelines for configuration management were lacking and mem-
bers of the project group had shortage of information how to handle, for example
release of the product. Third, the change management of different components was
often poorly handled. Especially documents were seldom updated and the version
history of them was lacking or defective. Also the responsibilities in the area of con-
figuration management should have been assigned more clearly.

Results of quality management process were mostly at ad hoc level and base prac-
tices of level 1 only partly achieved. One of the assessed process instances achieved
level 2, two achieved level 1 and the rest were at level 0. One of the assessed com-
pany has a ISO 9001 certification, but others were not largely aware about software
quality aspects and there were no formal procedures for quality management. Despite
of the non-systematic quality management process companies did perform informally
some quality activities like testing and reviews (e.g. for code). However, these activi-
ties were not systematically planned and requirements for the quality of the work
products were lacking. The following improvement opportunities were identified.
These improvement opportunities do not concern the ISO9001 certified company.

At the first, companies should start to think, what quality means to them and to set
general goals for quality management and assurance. After that they should think
what are the quality goals for products and processes at the project level and start
tailoring the quality goals according the project. To achieve this it means that compa-
nies should start the planning for quality. Also the activities of how the project will
meet the required goals should be planned and implemented. E.g. checklists for dif-
ferent purposes and reviews at the right places of the project life cycle could help to
meet goals. Well-planned and implemented testing is also one of the key activities for
good product quality. After that, the continuous monitoring of quality situation
should be arranged.

Subcontractor management process was assessed only in three companies and the
results include only three process instances. Two of these instances achieved level 1
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and one had partly achieved rating. General strengths of the process were definition
of the scope of work and the evaluation and selection of the partners. The selection of
the partners were often made based on former experience of partner and no formal
capability evaluations were used. The needed contracts were well handled. Some
risks and improvement opportunities were also identified. The systematic practices
for checking and acceptance of work were lacking. For example, testing, versioning,
virus control and checking against specification, could help. The practices for moni-
toring the subcontractors work and progress were insufficient. Progress report tem-
plates or reporting tool for this purpose could help. Also the specification of work and
risk management practices should improve.

Conclusions

In this paper we have described software process assessment work and results at
tSoft-project with 8 small and medium sized software organizations in Eastern Fin-
land. We conducted software process assessments to examine the processes used by
an organization to determine whether they are effective in achieving their goals and
the results were used to drive process improvement activities.

Most of the current processes and practices in participating organizations are far
from being well defined and systematically implemented and managed. We found out
that competency of company personnel was a critical strength of the companies and
therefore the personnel changes are a great risk for small organization.

Identified weaknesses were, for example, systematic project’s work load and time
estimation practices that were lacking, requirements change management was poorly
organized and organizations were not largely aware about software quality aspects
and there were no formal procedures for quality or configuration management. How-
ever organizations performed many of the base practices of the assessment model in
different processes and achieved level 1 in several assessed process instances. Espe-
cially project management practices were generally handled well in assessed projects.
Also functional requirements of the software system were often defined and version
control tool for code was in use.

We believe that after assessments the organizations are now more aware of soft-
ware process improvement topics and the work towards culture of quality has began.
As a result of the assessment process, key findings were selected for improvement
and constituted the basis for SPI projects of the companies. SPI projects were kicked
off in companies during autumn 2003 and spring 2004. At the moment companies are
implementing planned improvement projects and we have already seen the first re-
sults. We follow and support these improvement actions very closely and we hope to
report the more detailed results later. We believe that this study provides an interest-
ing insight into the state of the practice of small software enterprises in presented
process areas.
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Abstract. The software process measurement plays an essential role in order to
provide the quantitative basis necessary for software process improvement.
Traditionally, this measurement has been focused in the project and product
measurement, but nowadays software process models (SPM) are entities very
relevant due to the increasing number of companies which model and manage
their processes in order to reach high maturity levels. We have defined a set of
metrics for software process models in order to evaluate the influence of the
software process models complexity in their maintainability. These metrics are
focused on the main elements included in a software process model. To demon-
strate the practical utility of the metrics proposed a replica of an experiment has
been achieved which has allowed us to obtain some conclusions about the in-
fluence of the metrics proposed on two sub-characteristics of the maintainabil-
ity: understandability and modifiability, which besides confirm the results of a
set of experiments previously performed in the context of a family of experi-
ments.

1 Introduction

Software process improvement has obtained a great attention in companies in the last
few years. Companies are becoming more and more concerned about the improve-
ment of the quality of their processes in order to promote the final quality of the soft-
ware products obtained. As a matter of fact, the continuous software process im-
provement is a fundamental objective for organizations that desire to reach higher
levels of maturity according to standards and proposals like CMMI [14] and the ISO
15504 [10]. Within the context of these initiatives, to reach the aims of each level of
maturity the processes have to be improved by understanding, controlling and apply-
ing improvement actions.

The successful management of the software process is necessary in order to satisfy
the final quality, cost, and time of the marketing of the software products and to carry
out this management, four key responsibilities need to be assumed [7]: Definition,
Measurement, Control and Improvement of the process. Taking these responsibilities
into account, it is very important to consider the measurement of software processes

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 79-90, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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to establish the quantitative basis necessary for the identification of the areas which
are candidate for the improvement. One of the main reasons of the growing interest in
software metrics has been the perception that software metrics are necessary for soft-
ware process improvement [6]. Measurement is essential for understanding, defining,
managing and controlling the software development and maintenance processes [12].

In the measurement of software processes the following basic kind of entities can
be identified:

— Software Process Model. The models constitute the starting point in order to
understand and carry out the software process through its enactment in concrete
projects. Software process modeling has become a very acceptable solution for
treating the inherent complexity of software processes, and a great variety of mod-
eling languages and formalities can be found in the literature, known as “Process
Modeling Languages” (PML). With a software process model (SPM) the different
elements related to a software process are precisely represented, without ambigu-
ity.

— Software Projects. They are concrete enactments of software process models and
their measurement is fundamental in order to know their performance measured
mainly through schedule and cost metrics.

— Software Products. As a result of carried out software projects different products
could be obtained and these are also candidate for the measurement. The quality of
the process has to be reflected in the products obtained and for this reason it is
necessary to measure the software products.

In the literature, the research on the software process measurement has been fo-
cused in the measurement of the projects and products, but explicit metrics on soft-
ware process models have not been defined. Due to the importance of software proc-
ess models in the improvement of software processes it is important to consider the
influence on the processes of the quality of their models.

With this aim in mind, we have defined a representative set of metrics for software
process models in order to evaluate the influence of the complexity in the software
process models in their maintainability (see Table 1). The metrics are focused on the
main elements included in a SPM and may provide the quantitative basis necessary to
choose the model with the most easiness of maintenance among semantically equiva-
lent SPM in organizations which are changing their models to improve their proc-
esses. It can greatly ease the evolution of their SPM.

The metrics defined are indicators of a software process model structural complex-
ity, and they could be every useful as maintainability indicators, taking into account
that a software process model with high degree of complexity will be much more
difficult to change, and this can affect to their maintainability [3].

The metrics have been defined following the SPEM (Software Process Engineer-
ing Metamodel) terminology [15] by examining its key software process constructors,
but they can be directly applied to other process modeling languages. The metrics
defined are Model Scope Metrics (see Table 1), because they measure the structural
complexity of the overall software process model.



An Experimental Replica to Validate a Set of Metrics for Software Process Models 81

Table 1. Model Scope Metrics

Metric Definition
NA(PM) Number of Activities of the software process model

NPR(PM) Number of Roles which participate in the proccss e
 NDWPIn(PM) Number of input dependences of the Work Products with the Activities i in n the process

NDWPOut(P  Number of output dependences of the Work Products with the Activities in the proc-

M) ess
NDWP(PM) Number of dependences between Work Products and Activities
NDWP(PM )= NDWPIn(MP)+ NDWPQut (MP)
NDA(PM) Number of __p_mcedenoe dependences between Activities
NCA(PM) Activity Coupling in the process model.
NCA(PM) = MAERE),
NDA(PM)

RDWPIn(PM) Ratio between input dependences of Work Products with Activities and total number
of dependences of Work Products with Activities

WP
RDWPIn(PM) = NDWPIn(PM)
NDWP(PM)

t(P Ratio between output dependences of Work Products with Acuvmes and lotal num~ B
ber of dependences of Work Products with Activities

RDWPOut(PM) = YOWPOut(PM)
NDWP(PM)

RWPA(PM) Ratio of Work Products and Activities. Average of the work products and the activi-
ties of the process model.

RWPA(PM) = YWP(EM)
NA(PM)
RRPA{PM) Ratio of Process Roles and Activities
NPR(PM
RRPA(PM ) = RLEM)
NA(PM )

To demonstrate the practical utility of the metrics proposed as maintainability indi-
cators a replica of an experiment has been carried out which has allowed us to obtain
some conclusions about the influence of the metrics proposed on two sub-character-
istics of the maintainability: understandability and modifiability. In the following
section we present the empirical validation we have performed in the context of a
family of experiments. In Section 2.1 we describe the results obtained in the previous
experiments performed and then (section 2. 2) we describe with detail a replica of the
last experiment. In Section 2.3 the results of the third experiment and its replica are
compared. Finally, some conclusions and further works are outlined.

2 Empirical Validation of the Model Scope Metrics

In order to prove the practical utility of the metrics it is necessary to run out empirical
studies. In this section we describe an experiment (replica of a previous experiment)
we have performed to empirically validate the proposed measures as early maintain-
ability indicators. This experiment is part of a family of experiments we are carrying
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out, according to the guidelines provided in [2], in order to establish if there is rela-
tionship between the metrics proposed at model scope (which evaluates the structural
complexity of SPM) and the SPM maintainability measured through the understand-
ability, modifiability and analysability (dependent variables).

2.1 Previous Experiments

In the experiments previously performed in the context of the family of experiments
we provided the subjects 18 SPM and they rated their maintainability. These experi-
ments can be classified in the following two groups:

— Subjective Experiments. In these two experiments the subjects (students, re-
searchers and assistant professors) rated each of the three maintainability sub-
characteristics according to a scale composed of seven linguistic labels (from ex-
tremely easy to extremely difficult for each sub-characteristic). The results ob-
tained in these experiments [8] reflect that several of the model level metrics (NA,
NWP, NDWPIn, NDWPOut, NDWP y NDA) were highly related to software
process models maintainability.

— Objective Experiment. Even though the results of the subjective experiments
were good, we were aware that the way of measuring the dependent variables was
subjective and relied solely on judgment of the users, which may have biased the
results. Therefore, we decided to carry out another experiment [9] in which the
subjects were professionals of a software company and we measured the depend-
ent variable in a more objective way. In this experiment the dependent variables
considered were the understandability and the modifiability of the SPM. To meas-
ure these variables the subjects had to answer five questions and perform four
modifications on the models. We obtained the time the subjects spent answering
the questions (understandability time) and the time subjects spent carrying out the
tasks required (modifiability time) in order to demonstrate if there was relationship
between the metrics and the understandability and modifiability time. As a result
of this experiment we could validate some metrics (NA, NWP, NDWPIn,
NDWPOut, NDWP and NDA) respect to the understandability time, but we could
not demonstrate any relationship between the metrics and the modifiability time.
We think these results were produced because the subjects — before performing the
modifications — had previously answered the questions related with the under-
standability. This fact was taken into account in the planning of the 4% Experi-
ment.

2.2 Description of the 4™ Experiment

The experiment described in this section is the fourth experiment of the family and it
is a replica of the last one. To carry out this experiment we have followed some sug-
gestions provided in [16][11] [4] and [5] on how to perform controlled experiments.
In the following subsections are described the results obtained according to the for-
mat proposed in [16].
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2.2.1 Definition

Using the GQM template [1], for goal definition, the experiment goal is defined as
follows:

Analyse Software process models (SPM) structural complexity metrics
For the purpose of Evaluating
With respect to their capability of being used as software process model main-

tainability indicators
From the point of view of  Researchers
In the context of Students of third course of Software Engineering

222 Planning
The planning was carried out according to the following steps:

— Context selection. The context of the experiment is a group of undergraduate
students and hence the experiment is run off-line (not in an industrial software de-
velopment environment). The subjects were two groups of students enrolled at the
Department of Computer Science at the University of Castilla-La Mancha in
Spain. The first group was composed of forty-six students enrolled in the final-
year (third) of the Computer Science (BSc) in the speciality of Management and
the second group were forty-one students enrolled in the final-year in the Systems
speciality of the Computer Science (BSc). The experiment is specific since it is fo-
cused on SPM structural complexity metrics. The ability to generalize from this
specific context is further elaborated below when discussing threats to the experi-
ment. The experiment addresses a real problem, i.e., what indicators can be used
for the maintainability of SPM? With this end in view it investigates the correla-
tion between SPM structural complexity metrics and two maintainability sub-
characteristics (understandability and modificability).

—~ Selection of subjects. The subjects have been chosen for convenience, i.e., the
subjects are students who have experience and knowledge in software product
modelling (UML, databases, etc.), but they have not experience or knowledge in
the conceptual modelling of SPM.

— Variables selection. The independent variable is the SPM structural complexity.
The dependent variables are the understandability and the modifiability.

— Instrumentation. The objects have been 10 SPM belonging to different standards
and methodologies. These models are a representative subset of the 18 original
models provided in the previous experiments of the family which were selected to
avoid the fatigue effects because in this experiment the subjects were students. To
select this representative subset we considered for each model its structural com-
plexity (metrics values) and its understandability time obtained in the previous ex-
periment. The independent variable has been measured through the metrics pro-
posed at model scope (see Table 1). The dependent variables have been measured
by the time the subjects spent in carrying out the exercises included in each model,
which could be one of the following: answering five questions related with the un-
derstandability of the model (understandability time) or carrying out four modifi-
cations activities on the model (modifiability time) (see Appendix A). Our assump-
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tion here is that, the faster a class diagram can be understood and modified, the
easier it is to maintain.
— Hypotheses formulation. We wish to test the following two set of hypotheses:

1) Null hypothesis, H,: There is no significant correlation between structural
complexity metrics and the understandability time.
2) Alternative hypothesis, H,,: There is significant correlation between struc-

tural complexity metrics and the understandability time.
3) Null hypothesis, Hy,,: There is no significant correlation between structural

complexity metrics and the modifiability time.
4)  Alternative hypothesis, H,,: There is significant correlation between struc-

tural complexity metrics and the modifiability time.

— Experiment design. We selected a within-subject design experiment, i.e., all the
tests (experimental tasks) have had to be solved by each of the subjects. The sub-
jects were given the tests in different order and the ten models selected respect to
the original material [9] were grouped in the following way: Group X: Models 1,
2, 3,9 and 10; Group Y: Models 4, 6, 7, 12 and 17.

For each model two exercises sheets were prepared: one in which it was required
to answer the understandability questions (X, Y,) and another one containing the

modification exercises (X, Y ). To distribute the material, and considering that

we had to provide ten SPM for each subject (five with understandability exercises
and five with modifiability exercises) we decided to provide to the subjects of the
Management Group the material packages X, Y, and to the subjects of the Sys-

tems Group the material packages Y, and X,...

2.2.3 Operation
It is in this phase where measurements are collected, including the following activi-
ties:

— Preparation. The experiment took place in the same day but in different timetable

for each group of subjects (management and systems). Subjects were given an
intensive training session before the experiment took place. However, subjects
were not aware of what aspects we intended to study. Neither were they aware of
the actual hypotheses stated. We prepared the material handed to the subjects con-
sisting of ten SPM and one example solved. These models were related with dif-
ferent universes of discourse but they were general enough to be understood by the
subjects. The structural complexity of each diagram is different, because as table 2
shows, the values of the metrics are different for each model.
Each model had an enclosed test (see appendix A) that included one of the follow-
ing two sections: the first composed of five questions related with the model and
the second composed of different steps to perform for the modification of the
model. Depending on the model and the group of subjects (management or sys-
tems), each subject had to answer the questions or perform the modifications
specified. The modifications to each SPM were similar, including adding and de-
leting of activities, work products, roles and their dependences.
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Table 2. Metric values for each model

= E = ‘5

= = E a = e < o

T <« FE & 2 2 2 53 5 & 2 s £

= z z z z z z z z = § e o

1 6 6 3 5 6 11 6 1.000 0.455 0.545 1.000 0.500
2 5 6 4 5 5 10 4 1.250  0.500 0.500 1.200  0.800
3 2 13 2 12 3 15 1 2.000 0.800 0.200 6.500  1.000
4 9 25 9 25 21 46 11 0.818 0.543 0.457 2778  1.000
6 4 11 4 14 9 23 3 1.333 0.609 0.391 2.750 1.000
7 8 17 1 15 11 26 9 0.889 0577 0.423 2,125 0125
9 7 12 1 12 11 23 6 1.167 0.522 0.478 1.714 0.143
10 24 37 10 72 40 112 24 1.000  0.643 0.357 1.542 0417
12 ¥ 8 3 6 4 10 1 2.000 0.600 0.400 4.000 1.500
17 4 24 1 20 11 31 3 1.333 0.645 0.355 6.000 0.250

— Execution. The subjects were given all the materials described in the previous
paragraph. We explained how to do the tests. We allowed one hour and a half to
carry out the experiment (we previously performed a pilot experiment to determine
the average duration). We collected all the data consisting of the times of under-
standing and modification, the understandability answers and the modifications
performed on the models.

— Data Validation. Once the data was collected, we have controlled if the tests were
complete and if the modifications had been done correctly. We discarded the tests
of one subject in the management group because the times in three models were
missing. Therefore, we have taken into account the responses of 45 subjects in the
group of management and 41 subjects in the group of systems.

224 Analysis and Interpretation

We had the metric values calculated for each SPM (see table 2), and we have calcu-
lated the mean of the understandability and modifiability time. So these are the data
we want to analyse to test the hypotheses stated above. We have applied the Kolmo-
gorov-Smirnov test to ascertain if the distribution of the data collected was normal.
As the data were non-normal we have decided to use a non-parametric test like Spear-
man’s correlation coefficient, with a level of significance o = 0.05, correlating each
of the metrics separately with understandability time and with modifiability time
(table 3).

For a sample size of 10 (mean values for each diagram) and o = 0.05, the Spear-
man cutoff for accepting Hg, and Hy, is 0,6320 [17]. Because the computed Spear-
man’s correlation coefficients for the understandability time (see table 3) for the met-
rics NA, NWP, NDWPIn, NDWPOut, NDWP, NDA and NCA are above the cutoff,
and the p-value < 0,05, the null hypothesis Hy,, is rejected. Hence, we can conclude
that there is a significant correlation between these metrics and the understandability
time. Respect to modifiability time there is relationship between the metrics NA,
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NWP, NDWPIn, NDWPOut and NDWP and the mean time required to perform the
modifications required on the models.

Table 3. Spearman’s correlation coefficients between metrics and understandability and modi-

fiability time

Metric Spearman’correlation coefficients  Spearman’correlation coeffi-
understandability time cients modifiability time
___________________ NAPM) 0841 p=0002 _  0.640p=0046
NWP(PM) 0.826 P=0.003 0.650 p=0.042
NPR(PM) 0.074 p=0.838 0.377 p=0.283
NDWPIn(PM) 0.786 p=0.007 0.738p=0015
IIIIIIIII NDWPOQut(PM) 0.886 p=0.001 0.791 p=0.006
NDWP(PM) _ 0893p=0001 0.707 p=0.022 i
NDA(PM) 0.821 p=0.003 0.599 p=0.067
NCA(PM) -0.752 p=0.012 -0.44 p=0.203
RDWPIn(PM) 0.79 p=0.828 i _0.115p=0751
__RDWPOut(PM) 0.79p=0828 -0.115 p=0.751
RWPA(PM) -0.116 p=0.751 -0.30 p=0.934
RRPA(PM) -0.560 p=0.092 -0.141 p=0.697

2.2.5 Validity Evaluation

We will discuss the various issues that threaten the validity of the empirical study and
how we attempted to alleviate them:

— Threats to Conclusion Validity. The size of the sample data (860 values, 10

models and 86 subjects) constitutes a significant size that allow us to obtain a con-
clusion validity.

— Threats to Construct Validity. The dependent variables we used are understand-
ability and modifiability time, so we consider these variables constructively valid.
— Threats to Internal Validity. Seeing the results of the experiment we can con-
clude that exists empirical evidence of relationship between the independent and
the dependent variables. We have tackled different aspects that could threaten the
internal validity of the study, such as: differences among subjects, knowledge of
the universe of discourse among SPM, precision in the time values, learning ef-
fects, fatigue effects, persistence effects and subject motivation. With respect to
the previous experiment with professionals, in this experiment we specially fo-
cused in the subjects motivation by giving them a special lecture about software
process modeling and technology and we reduced the average duration of the ex-
periment to avoid fatigue effects.

Threats to External Validity. The following threats to external validity that have
been identified which could limit the realism of the experiment [13]:

» Materials and tasks used. In the experiment, we have used software process
models based on standards and methodologies found in the bibliography and
tasks representative of real cases, but more empirical studies, using real soft-
ware process models from software companies, must be carried out.
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= Subjects. The experiment has been performed by students and for this reason
we could not generalize the results in the same way that in the previous ex-
periment with professionals. However, the results obtained in this experiment
has confirmed the results obtained in the experiment with professionals.

* Environment. The experiment was done by using pen and paper. In future ex-
periments we could consider the use of software tools to perform the activities
required in order to provide a more realistic environment.

2.3 Comparison of Results

In table 4 we summarize the results we have obtained from the third experiment and
its replica in order to select the metrics that influences in the understandability (Und)
and modifiability (Mod) of SPM:

Table 4. Metrics validated in the 3rd and 4th experiments

NA NWP NDWPIn NDWPOut NDWP NDA NCA
v v v v

Und v v
rd
E
i Mod
4th Ex P Und v + v v v v v
(replica) Mod v v v v v

As we can observe in table 4, the results of the replica confirm the results obtained
in the previous experiment because the metrics NA, NWP, NDWPIn, NDWPOut,
NDWP and NDA are related to the understandability. Besides, with the carrying out
of the replica it has been possible to demonstrate the relationship between some met-
rics (NA, NWP, NDWPIn, NDWPOut and NDWP) and the modifiability. These
results confirm our conclusion at the end of the third experiment that the understand-
ability tasks had influence in the time used by the professionals to perform the modi-
fications required [9]. Also, as a result of the replica seems that there could be a rela-
tionship between the metric NCA and the understandability. It is necessary to confirm
this in future studies.

3 Conclusions and Future Work

Software process measurement plays an essential role in order to provide the quanti-
tative basis necessary for software process improvement. Traditionally, this meas-
urement has been focused in project and product measurement, but nowadays the
software process models (SPM) are entities very relevant due to the increasing num-
ber of companies which model and manage their processes in order to reach higher
maturity levels.

In this work we have proposed a set of representative metrics to provide a quantita-
tive basis to evaluate the influence of the SPM complexity in the quality of the proc-
ess. These metrics are based on the main elements included in a SPM and may be
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very useful to evaluate software processes evolution in companies with high maturity
levels.

In order to evaluate the relationship between the structural complexity of the soft-
ware process models, measured through the metrics proposed, and their maintainabil-
ity we have carried out a replica of an experiment to select the metrics related with
the time necessary to understand and modify a software process model. This replica
has allowed us to confirm some conclusions about the influence of the metrics NA,
NWP, NDWPIn, NDWPOut, NDWP, NDA and NCA as good understandability
indicators and the metrics NA, NWP, NDWPIn, NDWPQOut and NDWP as good
modifiability indicators. These results confirm the results obtained in the experiments
previously performed in the context of a family of experiments.

Although the results obtained are encouraging, we cannot consider them definitive
results. It is necessary elaborate new experiments centered in the evaluation of con-
crete metrics we consider relevant like the metrics NCA and NPR. According to the
issues previously identified, we can point out the following lines for improvement in
future studies:

— Carrying out new experiments focused on the evaluation of concrete metrics we
consider relevant (NPR, NCA) and that according the experiments of the family
performed until now seem not to be clearly correlated with the maintainability of
software process models.

— Carrying out case studies using real software process models.

— Consideration of other views related with the modeling of software processes, like
for example roles and their responsibilities on work products, in order to define
and validate new possible metrics.

Acknowledgements

This work has been funded by the MAS project partially supported by “Direccién
General de Investigacion of the Ministerio de Ciencia y Tecnologia” (TIC 2003-
02737-C02-02).

Appendix A

Management Group:
SPM 1. (see Figure 1). Answer the following questions:
Write down the starting hour (indicating hh:mm:ss):

1. Can the Technical Designer Define the User Interface?

2. Is it possible to initiate the activity Refine the User Interface before the activity
Define the User Interface?

3. Is it necessary to use the product User Work Processes for the activity Refine the
User Interface?

4. Is the product User Interface (refined) output of the activity Design Process
Model?
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5. When the activity Refine User Interface is carried out, have the Technical Re-
quirements been produced?

Write down the ending hour (indicating hh:mm:ss):

Systems Group:

SPM 1. (see Figure 1). Carry out the necessary modifications to satisfy the following
requirements:

Write down the starting hour (indicating hh:mm:ss):

L. It is necessary to use the product Requirements Preliminary Information for the

execution of the activity Define Requirements.

It is not necessary to finish the activity Define Requirements to start the Defini-

tion of the User Interface, but it is necessary the Definition of the User Interface

to be executed after the activity Design the Process Model.

3. It is desired to include the new activity Final Review, after the Building of the
Application. This new activity receives as input the Application and produces an
Approval Document.

. The Programmer is responsible of the Final Review and also participates in the
Building of the Application.

2.

Write down the ending hour (indicating hh:mm:ss):

Analyst
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Fig. 1. Example of a Software Process Model represented with SPEM
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Abstract. One of the challenges for software engineering is collecting meaning-
ful data from industrial projects. Software process improvement depends on
measurement to provide baseline status and confirming evidence of the effect of
process changes. Without data, any conclusions rely on intuition and guessing.
The Team Software Process™ (TSP™) provides a powerful framework for
data collection and analysis, in addition to its primary goal as a basis for highly
effective software development. In this paper, we describe the experiences of,
and benefits realized by, a team using the TSP for the first time. By reviewing
how this particular team collected and used data, we show features of the TSP
that make it a powerful foundation for software process improvement.

1 Introduction

The Capability Maturity Model® for Software (SW-CMM®) [7] is one of the earliest
and most influential models for software process improvement. Because it focuses on
the organizational level and describes “what” rather than “how”, the model can prove
challenging to apply, particularly to small organizations or projects. Humphrey [3]
developed the Personal Software Process®™ (PSP*) using all the applicable SW-
CMM practices up through level 5 to demonstrate how the principles are just as appli-
cable to individual software engineers.

Humphrey then developed the Team Software Process (TSP) [1, 4, 5] to build and
sustain effective teams using the PSP. TSP creates self-directed teams with a defined
process and responsibility for improving it. It also provides a practical measurement
framework. For most organizations, TSP “out of the box” is a significant improve-
ment over their current practice, but it incorporates a continuous improvement phi-
losophy that encourages tailoring based on personal and team experience.

Our goal for this paper is to demonstrate how the TSP provides a framework for
data collection and analysis for industrial software engineering projects. To do this,
we describe a project at a multi-national company who worked with the Software
Engineering Institute to pilot test the TSP. As we describe the project from start to
completion, we explain what the TSP is, and the types of data that are collected and

SM Personal Software Process, PSP, Team Software Process and TSP are service marks of
Carnegie Mellon University.

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 91-101, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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analyzed in a TSP project. This particular project was chosen because complete pro-
ject data exist, from the initial TSP launch through to project completion. This pro-
ject also illustrates typical problems faced by software projects and how the TSP data
help the decision making required to overcome such problems. A more complete
description of the project is available in [1], which also contains results from multiple
TSP projects from multiple organizations.

The paper is organized as follows: Section 2 provides background information on
the PSP and the TSP, Section 3 describes the TSP launch for the project while Section
4 describes the evolution of the project through to its completion. Section 5 reflects on
the project outcomes by looking at both quantitative and qualitative information.
Section 6 concludes the paper by reviewing how the TSP can be used as a foundation
for software process improvement and empirical software engineering case studies.

2 Overview of the PSP and the TSP

Most software engineers do not plan and track their work, nor do they measure and
manage product quality. This is not surprising, since typically engineers are neither
trained in these disciplines nor required to use them. The dilemma is that until they try
using disciplined methods, most software engineers do not believe that these methods
will work for them. They will not try these methods without evidence, and they can-
not get the evidence without trying the methods. This dilemma applies to software
process improvement in general [9].

The PSP addresses this dilemma by putting engineers in a course environment to
learn the methods. The engineers use the methods in the course and can see from their
personal and class data that the methods can and do work for them. In this way, the
PSP is software process improvement at the individual level. The positive impact of
the PSP has been analyzed by Hayes and Over [2] and replicated by Wesslén [11].
The objective of the TSP is to provide a team environment that supports PSP work
and to build and maintain a self-directed team.

2.1 The PSP

The PSP course is composed of ten programming assignments and five reports. The

PSP methods are introduced in six upwardly compatible steps in which the engineers

write one or two programs at each step, gathering and analyzing data on their work.

They use their data and analyses to improve their work.

The PSP planning and quality principles [4] are:

e Every engineer is different; to be most effective, engineers must plan their work
and they must base their plans on personal data.

e To improve their performance consistently, engineers must measure their work and
use their results to improve.

e To produce quality products, engineers must feel personally responsible for the
quality of their products. Superior products are not produced by accident; engineers
must strive to do quality work.

o [t costs less to find and fix defects earlier in a process than later.

o [t is more efficient to prevent defects than to find and fix them.

o The right way is always the fastest and cheapest way to do ajob.
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Using the PSP, engineers collect three basic measures: size, time, and defects. For
the purposes of the PSP course, size is measured in lines of code (LOC). In practice,
engineers use a size measure appropriate to the programming language and environ-
ment they are using; for example, number of database objects, number of use cases,
number of classes, etc. To ensure that size is measured consistently, counting and
coding standards are defined and used by each engineer. Derived measures that in-
volve size, such as productivity or defect density, use new and changed LOC only.
“New and changed LOC” is defined as lines of code that are added or modified; exist-
ing LOC is not included in the measure. Time is measured as the direct hours spent on
each task and does not include interrupt time. A defect is anything that detracts from
the program’s ability to meet the users’ needs completely and effectively. A defect is
an objective measure that engineers can identify, describe, and count.

Many other measures are derived from these three basic measures. Both planned
and actual data for all measures are gathered and recorded. Actual data are used to
track and predict schedule and quality status. All data are archived to provide a per-
sonal historical repository for improving estimation accuracy and product quality.

2.2 The TSP

Prechelt and Unger [8] observe that PSP training does not ensure that engineers apply
these methods to their work. The TSP aims to encourage adoption by establishing the
necessary peer encouragement. The TSP is based on the following principles:

The engineers know the most about the job and can make the best plans.
When engineers plan their own work, they are committed to the plan.
Precise project tracking requires detailed plans and accurate data.

Only the people doing the work can collect precise and accurate data.
To minimize cycle time, the engineers must balance their workload.

To maximize productivity, focus first on quality.

The TSP has two primary components: a team-building component and a team-
working or management component. The team-building component of the TSP is the
TSP launch, which puts the team in the challenging situation of developing their plan.

The TSP Launch. A TSP launch is the first step in a project. The team, led by a
qualified TSP coach, reaches a common understanding of the work and the approach
they will take, produces a detailed plan to guide the work, and obtains management
support for their plan. A launch is composed of nine meetings over four days as
shown in Fig. 1.

Meeting 1 helps the team understand what they are being asked to do. Marketing
(or a customer representative) and management meet with the team and describe their
product needs and the business needs respectively, as well as any constraints under
which the team will have to work. In the next seven meetings, the team develops an
engineering plan to meet the business and product needs before reporting.

In meeting 2, the team organizes itself and its goals. Team members take on team
roles to create individual responsibility and interdependence within the team. In meet-
ing 3, the team determines its overall project strategy based on a conceptual design. In
meeting 4, the overall team plan is developed by estimating the size of the various
products to be produced, identifying the tasks to be performed, and estimating the
required effort. The plan for the next development cycle (typically 2-3 months) is
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Day 1 Day 2 Day 3 Day 4

1. Establish
Product and
Business
‘Goals

4. Build Top- 7. Conduct 9. Hold
down and Risk Managemant
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Fig. 1. The structure of the TSP launch
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* Conceptual strategy = Schedule roles plan = Alternative
design * Team plan « Task plans plans

= Planned products  defined * Earned- « Earned-

» Size estimates process value plan value plan

Fig. 2. The TSP launch products

elaborated to tasks of about ten hours or less. A schedule is created of the team’s
available work hours week by week for the complete project.

In meeting 5, the team defines a plan to meet their quality goals by estimating the
number of defects injected and removed in each phase and calculating the defect den-
sity in the final product. For teams new to the TSP, parameters for the quality plan
can be derived either from the team’s PSP data or from the TSP guidelines provided
by the SEL

In meeting 6, tasks in the next development cycle plan are allocated to team mem-
bers. Each team member creates an individual plan based on their own historical data
and available hours per week for this project. The team reviews the individual plans to
ensure that the workload is balanced. Then the individual plans are consolidated into
the team plan that is used to guide and track work during the next development cycle.

In meeting 7, project risks are identified and their likelihood and impact are as-
sessed. In meeting 8, the team prepares a presentation of the team’s plan for manage-
ment. If the team plan does not meet management’s goals, the team includes alterna-
tive plans derived, for example, by adding resources or reducing functionality.
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In meeting 9, the team presents its plan to management for approval. The alterna-
tive plans provide management with options and their consequences in cases where
the primary plan does not meet the business needs. At the end of a TSP launch, the
team and management agree on how the team will proceed. The team has a plan it
believes in and can track against. The launch not only creates a plan (see Fig. 2 for the
plan components), it also builds a cohesive team.

After completion of major project milestones, or whenever the team finds that its
existing plan no longer guides its work, the team uses the TSP relaunch to develop a
revised plan for the next set of detailed near-term tasks for the project. A TSP re-
launch has a similar structure to the original launch but without meetings 1, 8 and 9.
A relaunch is a convenient event for introducing new members to a project team.

After the Launch. The TSP includes guidance for ensuring that the energy and
commitment generated by a TSP launch are sustained as the team does its work. A
TSP coach works with the team and the team leader to help the team collect and
analyze data, follow the process defined by the team, track issues and risks, maintain
the plan, track progress against goals (especially the team’s quality goals), and report
status to management. The TSP uses the same basic measures of the PSP — size, time,
and defects — and adds task completion dates. For all measures, planned and actual
data are collected at the individual level. The TSP measurement framework
consolidates individual data into a team perspective. The data collected are analyzed
weekly by the team to understand project status against schedule and quality goals.
The TSP measurement framework also provides other views of the data, such as by
sub-product or sub-part, by phase, by task, by week, by day, by individual, or by any
set of individuals on a team. Personal and team data are archived to provide a
repository of historical data for future planning purposes.

The team conducts weekly meetings to report progress against their plans and to
discuss team issues. They also use their TSP data to make accurate status reports to
management on a regular basis. Because management can rely on the data, their job
changes from continuously checking project status to ensuring that there are no obsta-
cles impeding the team’s progress. Management is also able to make sound business
decisions, based on accurate engineering data. For example, when management is
confident in the team’s estimate, management can decide how to allocate resources to
obtain a schedule that best meets the business needs. When a team commitment is in
jeopardy, the team solves the problem or raises the issue with management as early as
possible. In all cases and at all levels, decisions are made based on data.

3 The Project: Launch

Less than one month after completing the PSP for engineers training, the first TSP
project in this company was launched. The team consisted of five team members,
including the team leader. The team leader was open-minded about the TSP and fully
supported its use. Of the other four team members, one had fully embraced the PSP,
another felt comfortable using disciplined processes, and the other two were skeptical.

At the first launch meeting, senior management explained the importance of the
product to the business and their expectation that the software be delivered to the
testing group in nine months (36 weeks). In the same meeting, a marketing represen-
tative discussed the product needs with the team. The subsequent meetings proceeded
mostly as expected. There was some impatience to get to what the team considered
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“real planning” or who does what when. However, they agreed to follow the TSP
process. The conceptual design stage took extra time to complete as the team wanted
to go into more detail than necessary at this point of the launch.

The plan developed by the team (Table 1) showed software delivery to the test
group eleven weeks after management’s schedule goal. Some team members were
concerned about giving bad news to management so the launch coach asked each
team member if they thought the plan was too conservative. Every team member
agreed with the 47 week schedule.

In meeting 9, the team leader presented the plan to management who asked ques-
tions and expressed concern about the planned task hours per team member per week.
After discussions, management accepted the team plan and challenged the team to
improve its planned task hours per week.

Feedback from the team at the launch post-mortem included remarks about how
much they had achieved in three days and how the launch process had guided them
step by step. Team members would have liked more time prior to the launch to work
on a conceptual design and more time to do size estimating in meeting 4. The TSP
launch coach as a neutral facilitator was also seen as a positive influence.

Table 1. Project Plan Summary

Delivery to testing group Week 47
Ready to release Week 58
Effort estimate 2814 hours
New and changed LOC 14.5 KLOC
System test defect density 0.36 defects/KLOC
Average task hours per team member per week 15 task hours/week

4 The Project: Executing the Plan

Like most software projects, this team encountered obstacles as it started executing its

plan: some risks were realized, some tasks were underestimated, and requirements

changed and grew. Snapshots of the project are presented at:

e Week 13, just prior to the first relaunch,

o Week 46, prior to the original date the team committed to deliver the software to
the test group,

o Week 49, the week the team delivered the software to test, and

o Week 62, the week the product was ready for release.

4.1 Week 13

During the launch, the team identified as a high impact risk the possibility that exces-
sive work on legacy products might reduce available hours to work on the new prod-
uct. As shown in Table 2, this risk was realized. By Week 13, the team was about
15% behind in task hours (planned 650 hours vs. actual 565.1 hours) and had underes-
timated the work by 38% (plan of 306.6 hours for work completed vs. actual 497.8
hours). They had earned only half of the planned earned value. If the project contin-
ued at the current rate, the schedule exposure was at least six months.
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Table 2. Team status at Week 13

Plan Actual | Plan/Actual
Project hours to date 650.0 565.1 1.15
To-date hours for tasks completed 306.6 497.8 0.62
Earned value to date 46.9 23.8 1.97

In response to this data, management added three new team members to the project
at the relaunch in Week 15. Based on lessons learned from the first fourteen weeks
and the new team members, the team created a new plan with an effort estimate of
3328 hours (15% increase) but an unchanged release date (Week 58).

4.2 Week 46

Team data at Week 46 (Table 3) shows the original commitment to deliver the prod-
uct to the test group was 3% behind schedule (96.5 planned vs. 93.6 earned).

Table 3. Team status at Week 46

Plan Actual | Plan/Actual
Project hours to date 3319.2 | 3829.8 0.87
To-date hours for tasks completed 3051.7 3715.9 0.82
Earned value to date 96.5 93.6 1.03

The earned value chart (Fig. 3) predicted completion by Week 49, two weeks be-
hind the date committed to at the original launch, rather than the six months predicted
in Week 13.

Cumulative Earned Value

—a— Cumulative Planned Value

—i— Cunulative EV

Eamed Value

—a— Curmulative Predicted Earned
Value

+—— -
2 2 5 &5 8 8 88 ¢ 92 9
Weeks

Fig. 3. Cumulative earned value through Week 46
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This improvement was achieved through:

o adding three new team members and a co-op student (on placement in industry),

e continual monitoring of status and taking corrective action as required, and

e improving average task hours per person as shown in Fig. 4 (Week 18 was the

Christmas week).

The task hour improvement was not achieved by accident or by working overtime;
rather it was planned during the relaunch and by increasing uninterrupted time on task
by adopting a quiet time policy, streamlining necessary meetings, and eliminating
unnecessary ones. Through task hour management, team productivity increased by

28% (Table 4).

Average Weekly Task Hours Per Team Member
25
20
g 15
2
2 10
[
5
5 .
- - -l
Week
Fig. 4. Average weekly task hours per team member
Table 4. Average task hours per engineer per week
Before relaunch (weeks 1-14) 11.36
After relaunch (weeks 15-49) 15.77
4.3 Week 49

The team delivered the software to the testing group in Week 49. About a week prior
to this, the team was asked to implement an additional requirement. The team esti-
mated that the new requirement would take 252 task hours. Management did not want
to affect the release date of Week 58. Using their historical data, the team believed
they could develop the additional functionality while the testing group tested the ini-
tial functionality, since they were confident the project was of high quality and they

expected to spend little time fixing defects found in system test.
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44 Week 62

As with typical software projects, testing proved to be an unpredictable activity. Even
though very few defects were found during system test, one defect was found only in
a “last-minute” regression test. The product was released in Week 62, four weeks
beyond the date the team had committed to over a year earlier, and with more func-
tionality than originally planned. The final project status is shown in Table 5. Com-
pared to a previous release of a similar product, these results represent:

e aten times reduction in the number of problems logged by the testing group,
e an eight times reduction in system test duration.

Table S. Final project status — plan vs. actual

Plan Actual

Delivery to testing group Week 47 Week 49
Product ready to release Week 58 Week 62
Effort estimate 2814 hrs 3670 hrs
(not including functionality added in Week 48)

New and Changed LOC (KLOC) 14.5 28.9
System test defect density (defects/KLOC) 0.36 0.44
Average task hours per team member per week 15 14.5

5 Project Reflections

This was a typical project in terms of size and expected duration for this part of the
organization. The original criterion for success was to meet the ship date, which this
project missed by four weeks, a 7% deviation. However, the ship date was slipped
with full knowledge of and approval from management, because the team was able to
keep management informed of the latest project status at all times. Also, the team
delivered additional functionality. It is important to realise that the criteria for success
normally changes as a project progresses: as the team and the organization learn
more, requirements change, other unforeseen events occur. As long as the change is
managed and expectations adjusted in line with the changes, the project meets its
success criteria.

This project illustrates many problems faced by software projects: initial estimates
wrong, requirements change and grow, and the team continually interrupted with
work that is not directly related to the project. It is impossible to identify any one
thing as “this is why the project succeeded”. Certainly, the team has to know as early
as possible when there is a problem. TSP teams collect data daily and review schedule
and quality status weekly. This allowed this team to recognize in the early weeks of
the project that they were falling behind schedule.

In addition, the team must understand what is causing the problem. For this team,
the work required was underestimated and the available task hours overestimated. The
project data allowed management to make a decision to allocate extra resources to the
project and the team to change its work practices to increase their actual task hours.

Another contributor to the team’s success was its focus on quality, which was not
abandoned under schedule pressure. By actively managing quality, the team produced
a high quality product and did not get into repeated test-and-fix cycles. The team
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spent more than one third of their total development effort on quality enhancing ac-
tivities such as design, personal reviews, and team inspections (Fig. 5). Prior to sys-
tem testing, 945 defects were removed, leaving less than 0.44 defects/KLOC to be
found in system testing.

25.00% -

20.00% -

15.00%

10.00%

5.00% -

Fig. 5. Effort distribution

While the importance of disciplined methods cannot be underestimated, the intan-
gible human elements of a team also determine whether a project succeeds or fails.
The launch process helps the team establish shared goals, identify the interdependen-
cies between team members, build a believable plan, and make commitments explicit.
The TSP project process helps the team track their work relative to their plan, and
adapt as circumstances change. All team members said that they enjoyed working on
this project. The manager of the testing group said it was one of the most stable re-
leases that his group had ever tested.

6 Conclusions

For organizations that develop software, the TSP offers a quantitative approach to
managing their software projects. Based on experiences to date [1, 6], significantly
improved software quality and ability to meet schedule are also likely outcomes. TSP
is a structured approach to organizing software projects, but it strongly encourages
adaptation by the project team as circumstances change or the team identifies new
methods of working. This is consistent with the concept of high maturity in software
processes where continuous process improvement is enabled by quantitative feedback
and from piloting innovative ideas and technologies.

For software engineering researchers, the TSP provides a valuable base for indus-
trial experimentation. Generally, empirical studies of industrial software projects are
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considered difficult and expensive to arrange [10]. The TSP shows that collecting and
analyzing data need not be an overhead; rather it can add to the effectiveness of the
software project team by focusing their attention on what is really happening and
allowing them to adapt in a timely manner. If a project is using the TSP, the impact of
new techniques or tools can be assessed much more easily than in the typical envi-
ronment where no data is available on prior performance. Standard TSP data about
the product (size and defects by phase of injection and removal) and the process (time
by phase) allow numerous hypotheses to be explored. The TSP also offers the signifi-
cant advantage of consistency of data definition and collection, which assists with
replication of experiments.
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Abstract. SPI paradigm is dominated by improvement based on quantitative
process metrics. The assumption behind this research is that improvement
should be based, not just on insight in quantitative data about development
processes, but also on insight in how developers think about system develop-
ment: Software is developed by people, and it is the developers’ perceptions,
experience and thinking about system development that guides their behavior.
The present research develops an approach based on causal maps and counter-
factual thinking that supports developers in learning from individual system de-
velopment projects. The research adds to the body of knowledge concerning
management and learning in system development practice.

Keywords: System Development, Project Management, Organizational Learn-
ing, Reflection.

1 Introduction

Software Process Improvement (SPI) is concerned with improving general develop-
ment and management processes. Organisations are advised to establish processes that
incorporate best practices within software engineering, and to improve these proc-
esses incrementally using quantitative data about productivity and quality (e.g. Hum-
phrey, 1989). The present research address two closely related concerns that are ne-
glected by the mainstream SPI literature. First, collecting data about what system
developers think about system development practice is important because developers
behavior are guided by their perceptions of, experience with and thinking about sys-
tem development. Schoen (1983) argue that practitioners solve problems primarily by
relying on personal experience. System developers acquire knowledge about how to
practice by encountering certain types of situations again and again, and by building a
repertoire of examples, images, understandings and actions. New situations are per-
ceived as unique but at the same time seen as something already present in the devel-
opers repertoire of past experience, and seeing as leads to doing as. It is the profes-
sionals’ reflective capacity to see unfamiliar situations as familiar ones, and to do in
the latter as they have done in the former that enables them to exploit past experience.
Guindon, Krasner and Curtis (1987) has described how experienced designers uses
their repertoire of past design-schemas and adapts the most relevant to the needs of
the present situation to come up with solutions.

Second, improving developers’ reflective skills is important because system devel-
opment is not accomplished just about following pre-defined processes or best prac-
tices, and because performance-improving lessons do not emerge just by gathering
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quantitative process data. According to Schoen (1983) professional practice depends
on individuals reflective skills to define the problems that needs to be solved, solve
the problems, deal with unexpected events and to correct over-learning. Over-learning
happens when development practices are stable and becomes tacit, taken for granted,
and beyond discussion. Lyytinen and Robey (1999) argues that system developers not
only are bad at learning from past failures, they actually learn to fail: System devel-
opers internalise practices that in many cases leads to unsatisfactory results. Through
reflection system developers can attempt to surface and evaluate these tacit under-
standings and practices and create suggestions for improvement. There is little sup-
port for this kind of reflection in the system development literature, and very little
room for this kind of reflection in system development practice. To change this situa-
tion two issues needs further attention:

e How to support system development practitioners in explicating how they under-
stand key issues in their own system development practice.

¢ How to use this understanding to come up with new alternative practices that might
improve the situation.

These two issues are addressed in this research. Section 2 describes the research
approach, section 3 describes a new approach that system development practitioners
can use to learn about and improve development practice, and section 4 describes the
experiences from using the approach. Section 5 outlines the further implications.

2 Research Approach

The research builds upon literature studies, lab and field experiments (Gill and John-
son, 1997). The literature study identified relevant contributions within related areas.
Based on these contributions an approach to support learning from system develop-
ment projects was defined, tried and refined during lab experiments involving 40
university students working with small development projects (5-7 persons working
together for 4 month). Finally the approach was tried and further refined trough field
experiments involving two projects groups (4-6 persons) in a small system develop-
ment organisation. The organisation had initiated a in SPI project, and the field ex-
periments took place within the context of the overall SPI project. During these ex-
periments data was collected by having participants document individually lessons
learned about the system development events under investigation both before and
after using the approach, by video taping the sessions and by interviewing the partici-
pants about the approach a few days after the sessions. Each session took 4 hours.
The participants pre and post lessons made it possible to evaluate if the sessions made
any difference. The data collected by videotaping the sessions was used to identify
problems and opportunities for improvement, while the data from the interviews was
used to collect the participants’ qualitative experiences with the approach.

3 Practice Learning

The approach suggested here is a four step process that can be used e.g. as part of a
post mortem review in a system development project: Setting up the context, Select-
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ing an issue, Building a map and Learning from the map. The steps are described in
the following subsections.

3.1 Setting up the Context

Successful learning in development organisations depends on the context. Organisa-
tions must provide the needed resources (e.g. people, time, money, facilitator skills,
processes and guidance), valid and timely feedback about development practice, they
should design the specific learning practice in a participatory manner to get commit-
ment from developers, establish a blame-free atmosphere were information about
mistakes and failures can be shared, and they should integrated new learning practices
with the existing ways of learning and knowledge sharing in the organisation (Peder-
sen 2004). Furthermore it is important to create realistic expectations. Learning from
one’s own development practice is quite challenging, and the best outcome is reached
if the effort is guided by specific learning goals, if there are established ways to en-
sure that lessons learned are shared and exploited, and if resources are used on under-
standing the issues with the highest degree of relevance for future development pro-
jects in the organization (Pedersen 2004).

3.2 Selecting an Issue

Each of the participants list issues from the project that they would like to learn from.
Based on the list the participants choose one or two issues that have a high degree of
relevance for future development efforts. Everybody should feel comfortable taking
part in the investigation, and participants are allowed to reject issues they find un-
pleasant to discus in public.

3.3 Building a Causal Map

The purpose is to surface the basic assumptions that shape development practices.
One way of doing this is to use causal maps. Causal maps have been used in different
contexts to explicate how people claim to perceive causal relationships. Recently
causal maps has been used to explicate tacit knowledge (Ambrosini and Bowman,
2001) and to build an understanding of software operations support expertise (Nelson
et. al., 2000). Other kinds of maps (Lanzara and Mathiassen, 1985) has been proposed
to support reflection within system development as well. Traditionally causal maps
have been used to study the belief system of politicians and managers (Nelson et. al.,
2000). The “real” causal maps or theories-in-use, that guide developers behaviour are
only accessible to the degree that developers are able and willing to share them with
other people. What we are able to map is therefore called revealed causal maps and
contain causal assertions as expressed by the participants. A context that is perceived
to be unsafe by the participants, or where competition, political games, being polite
etc is more important than honest communication will refrain the participants from
expressing what they believe to be true.

The starting point is the issue selected in the previous step. In this step the partici-
pants builds their own collective theory that explains why this specific issue or event
turned out the way it did. The theory is modelled as a revealed causal map using a
simple graphical notation.
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Fig. 1. Causal map

Figure 1 contains parts of a map constructed by the author during an investigation
of a development project he took part in. An oval illustrates a cause or an effect and
an arrow illustrates a causal relationship. The starting point is a specific question like
“Why was the first construction phase in our project 2 weeks delayed?” When trying
to answer this question a map is drawn that illustrates the cause-effect relationships as
perceived by the participants, focusing on the actions, events, conditions etc that
shaped the outcome of the task. By systematically adding further detail to the map,
investigating the “causes-of-causes” a richer understanding of the situation emerges.

The causal map is validated using available quantitative and qualitative data, and
the different perceptions of the problem as experienced by the participants. For each
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causal relationship, we ask ourselves why we believe this to be true. Some issues are
easy to settle. In figure 1 one of the causes is “Stable requirements”. By studying the
project data about the number of requirements changes, it was easy to verify that this
was actually the case. Other relationships are more difficult to validate. “Lack of
overview of own tasks”, meaning that one of the reasons for not “knowing true pro-
gress” was that individual developers lacked overview of the tasks they were sup-
posed to do, and therefore rather late in the development process discovered that they
were seriously behind schedule, was more difficult to verify.

Different biases makes it difficult for us to draw valid lessons when something
goes wrong. The biases depend on our position in the organisation. Managers con-
fronted with poor subordinate performance, are biased for attributing poor perform-
ance to group members, whereas group members are likely to attribute it to external
or situational factors (Hofman and Stetzer, 1998). At the individual level there is a
tendency to overlook failures. Individuals are more biased for attributing their suc-
cesses to their own excellence, and their failures to bad luck than the other way
around (Levinthal and March, 1993).

Two factors are important determinants for how much energy the participants
should devote to specific parts of the map: The perceived impact of a causal relation-
ship, and the perceived probability that the causal relationship will occur again. High
impact / high probability causes are more interesting than low impact / low probabil-
ity causes.

To visualise the perceived impact of a relationship positive or negative numbers
can be added to the causal connectors, using 3 to denote a strong relationship and 1 to
denote a weak relationship. By adding plus or minus signs in front of the numbers it is
illustrated whether the impact of the cause is evaluated to be positive or negative to
the effect. Evaluating the strength of the causal relationships is not an exact science,
butjust a simple way to focus the remaining part of the investigation.

To visualize the probability that a specific cause will happen again the ovals are
shown with dotted lines (low probability) and solid lines (high probability).

3.4 Learning from the Map

The completion of the previous step results in a revealed causal map that express how
the participants explain the issue under investigation. This map is valuable in itself,
e.g. in the example in figure 1, the map can be used when planning future projects.
The theory visualised in the map is insufficient from a positivist scientific perspective.
It is not general, it only includes what the participants choose to reveal, the partici-
pants might be biased by different interests, historically revisionism etc., and it is
biased towards unexpected and surprising causes. However the map can still serve as
a vehicle for learning. It can be used to elicit basic assumptions that are invalid be-
cause reality has changed, and it can be used to generate performance-improving
lessons.

34.1 Challenging the Basics: Why Did It Surprise Us?

Making a complete map covering all causes for even a simple event in a system de-
velopment project is impossible, and participants are likely to emphasise the causes
that surprised them. Investigating the causes that caught the participants by surprise is
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interesting and carries valuable lessons learned because they often express that some
deeply routed assumptions about the development practice turned out to be wrong.

In the example map in figure 1, the two causes “Large difference in individual pro-
ductivity” and “Lack of overview of own tasks” express that the project manager
relied on old management traditions in the company that was outdated. For many
years the development organisation had hired developers with an academic education
and the potential to become project managers. The unspoken expectation was that all
developers were able to manage a development project. For several reasons the com-
pany started hiring people with different backgrounds, but without project managers
fully understanding the management related implications.

34.2 Identifying New Ways of Working: How Can We Get a Better Result?
Another way to learn from the map is to use it to support systematic counterfactual
thinking (CFT) — wishful thinking about how things might have turned out differently
(Morris and Moore, 2000). CFT happens after the fact and works by having us con-
sider the factors (conditions, events, actions etc.) that are temporally antecedent to the
outcome and have impact on the outcome. From the counterfactual thoughts lessons
are constructed linking a change in one or more factors to a difference in outcome,
this way serving as a lesson to be used in future similar situations. This kind of reflec-
tion can promote performance-improving lessons if focused in the right direction, but
it also offers the tempting opportunity to attribute the disappointing outcome to some
external factor far from ourselves and out of our control, thereby avoiding blame and
guilt (Morris and Moore, 2000). Figure 2 uses the example from last section to illus-
trate the different categories as defined by Morris and Moore (2000). The vertical
dimension illustrates that CFT can be upward or downward.

Upward CFT compares the actual outcome with a better outcome, and focuses on
how a better result could have been achieved by changing one or more of the antece-
dent factors (Nasco and Marsh, 1999; Morris and Moore, 2000).

Downward CFT compares the actual outcome with a worse outcome, and focus on
what changes in antecedent factors that could have lead to this even worse outcome.
Downward comparisons increases our satisfaction with the actual outcome because it
show us that it could have gone even worse, while upward counterfactual compari-
sons help us draw performance improving lessons for the future (Morris and Moore,
2000). Self-efficacy — a person’s expectations of being able to successfully implement
the selected actions — has impact on a person’s feelings about upward and downward
CFT. Low efficacy and upward CFT makes persons feel worse, than high efficacy and
upward CFT (Sanna 1997). The horizontal dimension illustrates that our counterfac-
tual thoughts can be focused on our selfor on others. Self-focused CFT is about what
the individual person, or team, doing the thinking could have done that would have
resulted in a different outcome, while other-focused CFT is about what other persons,
systems, organisations etc. could have done that would have resulted in a different
outcome. In general other focused comparisons do not promote performance-
improving lessons for the individual team, because these comparisons naturally leads
the team to focus on factors they have limited influence on. On the other hand, when
we use self-focused CFT we are more likely to generate a performance improving
lessons because we focus on the factors that we actually are able to change, and by
engaging in this kind of thinking we also develop productive intentions about what to
do differently in the future.
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Of the four combinations upward and self-focused CFT provides the best opportu-
nities to generate performance-improving lessons for the future (Morris and Moore,
2000).

The previously constructed causal map can support the process of stepping through
the causal chain in order to generate alternative realities where the real outcome is
changed by mentally changing antecedent factors. In figure 2 a single cause from the
causal map in figure 1 (Developers not available on time) has been subject to counter-
factual thoughts, but this could have been done for all the causes leading to a list of
lessons that could be used to improve performance in future similar situations. The
focus should be on the causes that have the biggest impact and highest probability to
occur again.

doing detailed planning and track-
ing, we would have been even
more delayed.

Self focused Other focused

Upward CFT: If we had been more aware | CFT: If the development manager
of the other projects and their | had kept the other projects under
problems, we would have made a | control, we would have got new
different and more flexible project | people on time.
plan.

Downward | CFT: If we had been less thorough | CFT: If the development manager

had not reacted fast by hiring new
developers when the other projects
failed to release people as origi-

nally planned, we would have been
even more delayed.

Fig. 2. Four categories of CFT

There is a problem though: Upward self-focused CFT is inhibited by the high de-
gree of accountability to hierarchical managers that characterises many organisations
(Morris and Moore, 2000). If we are kept responsible for failures, are punished, or
suspect that we might be punished, for failures, it is unlikely that we will engage in
upward self-focused CFT because these thoughts are self-critical and put us in a vul-
nerable position. Even doing it in private is inhibited because we, with out being
aware, are severely constrained by the surrounding social context (Morris and Moore,
2000). Furthermore engaging in upward CFT has emotional cost, and can lead to
distress, dissatisfaction, disappointment and self-blame (Nasco and Marsh, 1999).

The bottom line is that self-focused upward CFT leads to intentions to change and,
in some cases, to actual improvement (Morris and Moore, 2000), but also that this
kind of thinking is inhibited by a high degree of accountability to hierarchical manag-
ers, and that it can make us feel less comfortable with ourselves.

4 Experiences so Far

The approach has been used to facilitate learning processes in development projects
conducted by experienced system developers as described in section 2. Given the
limited number of experiments it makes no sense to use advanced statistically meth-
ods to evaluate the results and because it is field experiments a lot of factors were not
controllable, and it is impossible to accurately determine what actually caused the
effect. However, the sessions resulted in a significant number of new lessons learned,
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the project members refined and elaborated existing lessons learned based on discus-
sions with the rest of the project group, and some existing lessons learned were re-
jected. There was a difference between the lessons formally agreed upon in public,
and what the participants noted in the individual responses to what they themselves
had learned from taking part in the investigation. People draw different lessons from
the same events, and creating a shared understanding is not accomplished by using 4
hours to investigate a problem.

Besides measuring whether the sessions lead to new lessons learned, the partici-
pants was interviewed to collect data about the perceived usefulness of the approach.
The manager in charge would have preferred to use less time on mapping and more
time on generating counterfactual lessons. He liked the idea of generating perform-
ance-improving lessons that were relatively easy to implement because they focused
on what the people involved themselves could do differently. However the ordinary
developers involved appreciated the opportunity to improve their understanding of
events they had struggled with during the development projects.

The following sections report the results from using the approach in two system
development projects. Compared to the minimal resources required and the simplicity
of the approach the experience indicates that it is clearly worthwhile.

4.1 The Customer Didn’t Understand Our Design

The first field experiment involved a project that recently had delivered an upgrade of
a standard application to a foreign customer. The project group had worked hard on
improving the analysis and design process and the resulting specifications, but the
delivered system didn’t comply with the customers needs. From the project group’s
point of view the problem was that “The customer didn’t understand the design
document”. In order to understand the problem and improve future development prac-
tice the project group developed a causal map trying to identify the causes that created
this problem, and engaged in systematic counterfactual thinking about what to do
differently in the future. A total of 32 contributing causes were identified and related
in a causal map. The mapping process involved a lot of discussions among the par-
ticipants, and these discussions helped identify major break downs in terms of basic
assumptions about development practice that turned out to be false. The lessons stated
here are the participant’s lessons, not the researchers, but all participants did not share
all lessons.

4.1.1 Specifications, Specifications and Specifications

The participants’ initial perception were that there was one best practice for analysis
and design work: Disciplined use of detailed specifications. Having specifications was
necessary for contractual and technical reasons, and the participants had not consid-
ered whether other approaches would be better in the situation at hand, or whether the
inevitable specifications should be supplemented by prototypes. Year’s back the or-
ganization had improved by enforcing a strict specification practice, but the imple-
mentation was almost too successful in the sense, that it now was difficult to suggest
other practices. During the investigation all the participants acknowledge that using
prototypes would have reduced some of the problems, but more important that the
project group needed to define method selection as a explicit activity in future pro-
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jects in order to better adapt the development process to the characteristics of individ-
ual projects, and that the organisation needed to establish new principles, standards
and methods, and to invest in further education in analysis and design work.

4.1.2 It Is Sufficient to Get the System Requirements

The organisation delivered individual solutions based on a standard application also
developed by the organisation. As a consequence many of the customer’s require-
ments were formulated as low-level technical changes to the existing standard system
e.g. “We need two more fields — x and y - on window z”. One of the consequences of
communicating about requirements this way was that the developers involved never
got a deeper understanding of why the requirements were relevant, how important
they were, or how the customers work processes actually took place, and this lack off
knowledge made it more difficult for the developers to help the customer getting the
requirements right. During the investigation the participants acknowledged that they
needed to get a deeper understanding of the customer organisation, and to document
this knowledge e.g. as workflow descriptions in order to share it with other develop-
ers, and in order to make it the consequences of the design more transparent for the
users.

4.1.3 Standards Can Secure a Uniform Level of Quality

The organisation had invested resources in establishing design standards to ensure a
uniform and consistent design across the system and to support inexperienced devel-
opers. Even though standards were necessary, the project also realised that standards
couldn’t compensate for differences in individual skills and knowledge. In order to
deal with the situation the organisation could either accept that developers had differ-
ent competencies and assign them to the tasks that best suited these competencies, or
improve their competencies through existing initiatives e.g. placing them at a cus-
tomer site to see how typical customers worked or new initiatives e.g. courses in
analysis and design work.

4.1.4 If It Passes the Internal Review It Must Be OK

As part of the project the developers implemented a review process with internal
participants. During the investigation the participants acknowledge that the reviews in
some cases had resulted in a false feedback about the quality of the design, because
the reviewers didn’t have sufficient understanding of the customers needs and work
processes. The reviewers focused on the issues they were knowledgeable about: tech-
nical issues and compliance with standards. What the participants learned during the
investigation was that a design review is meaningless if the participants don’t have the
proper background.

4.1.5 If the Customer Accepts the Document It Must Be OK

During the design phase the design documents were reviewed and approved by the
customer. These reviews contributed to the overall quality of the design, but still too
many design errors slipped through. According to the team the major causes were that
the document was written in too technical terms, didn’t communicate the design in
ways that were understood by users, the users trusted the developers and if something
was hard to understand the reaction was “even if I don’t understand it, it is probably
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ok”, the design document was written in English (which were neither the first lan-
guage of the developers nor the users), and finally the users didn’t differentiate be-
tween what had been discussed and what was actually put into the design document.
Specifications would always be necessary for contractual reasons, but the project
acknowledged that the situation could be improved, by improving developers’ skills
in writing with the users in mind, and by training users in reading and understanding
design documents, and in taking part in future design processes.

4.2 Why Don’t We Succed in Knowledge Sharing?

The second field experiment involved a project in the same organization. The partici-
pants wanted to improve their learning and knowledge sharing capabilities. The pro-
ject was the first project to use a specific technology, they wanted to share their ex-
perience with other projects, but felt that their effort to do so had failed. In order to
get a deeper understanding of this a causal map including 24 causes was developed
and discussed. The data from the session indicates that the participants learned quite
different lessons, and little consensus was achieved.

4.2.1 If Nobody Reads the Standard, It’s a Waste of Time

As part of the effort to share knowledge about how to use the new technology one of
the team members developed a standard to be used by future projects. The project
group’s perception was initially that doing so had been a waste of resources because
nobody seemed to read the standard. Performing a deeper inquiry revealed that people
were actually using the knowledge in the standard, they just didn’t do it by reading the
document. They used the knowledge by asking and seeking help from the developer
who wrote the standard, and by looking at the programs he developed using the stan-
dard. Writing a standard could rightly be perceived as a way to legitimise using time
on thinking and refining past experiences, and the standard was valuable as a body of
knowledge possessed by the expert, but valueless as a document, because nobody
read it. Writing the standard made the expert an even more qualified expert.

4.2.2 Knowledge Is Only Properly Shared Through Documents
and the Formal Systems

When examining the causal map developed by the team it turned out that they had
actually succeeded in spreading a lot of knowledge about their experiences throughout
the small development organization, but they had never perceived it as knowledge
sharing. In their perception knowledge sharing was mostly about publishing official
documents and presenting their findings at department meetings, and not about the
informal and almost invisible knowledge sharing that took part as an integrated part of
being a member of the organization. During the investigation several informal ways
of knowledge sharing was recognized e.g.: Socialising, discussing problems during
lunch, physical proximity, collaborative problem solving, participation in more than
one project, helping each other dealing with technical problems, copying other devel-
opers code etc. Actually the organization had a quite efficient informal system for
knowledge sharing, while the more formal and planned approaches like department
meetings, standards, presentations etc were less successful.
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The two field experiments here illustrate the kind of lessons that can be expected
when using the approach: It is an investigation of how the participants think about
development practice, and what consequences this thinking have for their actions, not
an investigation of general processes.

5 Implications

For more than a decade frameworks for understanding and improving system devel-
opment practice have been dominated by guantitative approaches and by a strong
focus on processes. Within system development research it is generally recognised
that both quantitative and qualitative research methods are needed to understand all
aspects of development practice (e.g. Mingers, 2001), and that the outcome of system
development projects depends heavily on the individual developers (e.g. Boehm,
1981). The way developers work depends on how they think about system develop-
ment. This indicates that mainstream SPI frameworks might benefit from adopting a
more balanced focus including qualitative approaches that focus on developers, how
they think about system development and the basic assumptions that shape their de-
velopment practice. The present research contributes to system development practice
and research by suggesting such an approach. The preliminary results from using the
approach indicates that it is possible to surface some of the basic assumptions that
shape development practice by using causal maps, and that these maps serves as an
excellent starting point for systematic and productive counterfactual thinking. Besides
offering some specific techniques, the research has some more general implications:

e Organisations engaged in SPI can benefit from a balanced focus that includes
collecting qualitative data about how developers think about development.

¢ Improvement requires that individual developers think different and act different.
In order to achieve this developers’ basic assumptions about system development,
their theories-in-use, must be made explicit and subject for discussion.

e Lessons learned are not automatically performance improving. In general upward
and self focused lessons are the most productive, and we are most likely to pro-
duce such lessons when the context is perceived to be psychological safe.
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Abstract. For process models to be useful, increasingly more software compa-
nies not only tailor their process models to the specific needs of the company,
but also make them available on the company’s intranet. In this paper, we try to
understand what characterizes the use of an electronic process guide among de-
velopers in a medium sized Software House. We describe the findings that
emerged from a grounded theory study. The results show that implementing an
electronic process guide is not a straight forward process. The insights gained
from this study can be used as recommendations for other medium sized Soft-
ware Houses when implementing electronic process guides.

1 Introduction

Effectively disseminating process knowledge to process participants is crucial in any
software process improvement (SPI) effort. Process participants need effective guid-
ance when process conformance is important, when a process changes frequently, and
when new personnel join a project.

Traditionally, this has been the realm of large organizations, and the way of de-
scribing and communicating processes has focused on printed standards and hand-
books. However, such handbooks are often of limited use as SPI facilitators, and es-
pecially so in small and medium-sized companies.

For process models to be useful, increasingly more software companies not only
tailor their process models to the specific needs of the company, but also make them
available on the company’s intranet. This way the traditional process handbook shifts
from a bulky pile of paper to a flexible on-line structure allowing easy access to all
relevant information by means of an electronic process guide (EPG) [6], [9].

An EPG can be seen as a structured, workflow-oriented, reference document for a
particular process, and exists to support participants in carrying out the intended proc-
ess [5]. A process guide typically includes the following basic elements:

e Activities: descriptions of “how things are done”, including an overview of the
activities and details regarding each individual activity.
e Artifacts: details regarding the products created or modified by an activity, either

as a final or intermediate result of the activity or as a temporary result created by
one of the steps.

® Roles: details regarding the roles and agents involved in performing the activities.

e Tools and Techniques: details regarding the tools and techniques used to support or
automate the performance of an activity.

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 114-125, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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Based on these elements, Kellner et al. [5] have proposed a set of basic require-
ments and design principles for EPGs. Most importantly, an EPG should provide all
the information elements and relationships contained in a good paper-based process
guide. In addition, it should capitalize on diagrams, tables, and narrative to provide an
effective user interface. Also, it should make extensive use of hyper-links to support
flexible navigation and direct access to supporting information such as examples and
templates.

However, the potential of EPG’s can only be realized when key capabilities are not
only adopted, but also infused across the organization. This dichotomy between sys-
tem availability and system use has been noted by Fichman and Kemerer [4], who
distinguished between a firm’s adoption of a technology and its assimilation of it. At
the individual level, there is also a growing body of studies focusing on the determi-
nants of technology acceptance and utilization (e.g. [3], [7], [11]).

New information technologies, such as an EPG, represent innovations for the po-
tential adopters. Consequently, much of the research on individual adoption of infor-
mation technologies derives its roots from the diffusion of innovation literature, in
which individuals’ perceived characteristics of innovating (PCI), among other factors,
are posited to be significant influences on user acceptance ([7], [8]).

Other models that attempt to explain the relationship between user perceptions, at-
titudes, use intentions, and eventual system use include the technology acceptance
model (TAM) [3], [11], the theory of planned behavior (TPB) [1], and the model of
personal computer utilization (MPCU)[10].

The motivation for the work described in this paper has been to understand the
adoption and infusion of EPGs in companies with voluntary use. The core research
question has therefore been: What characterizes the use ofan EPG among developers
in a medium sized Software House? In answering this question, the paper is organized
as follows: the next section describes the research methodology and the research site
that we call Company X, section 3 describes the findings that emerged from the
grounded theory study, followed by discussion and conclusion in section 4.

2 Research Method

The research method followed in this study is that of grounded theory as described by
Strauss and Corbin [12]. Grounded theory is a research method that seeks to develop
theory that is grounded in data systematically gathered and analyzed. It is a form of
field-study that systematically applies procedural steps to develop an exploration
about a particular phenomenon. As Strauss and Corbin [12] explained: A grounded
theory is one that is inductively derived from the study of the phenomenon it repre-
sents. Theory is derived from data, systematically gathered and analyzed through the
research process.

In grounded theory, data collection, analysis, and eventually theory stand in close
relationship to one another. A researcher does not begin a project with a preconceived
theory in mind (unless his or here purpose is to elaborate and extend existing theory).
Rather, the researchers begin with an area of study and allow the theory to emerge
from the data. Theory derived from data is more likely to resemble the “reality” than
if theory derived by putting together a series of concepts based on experience or
solely through speculation (how one expects things to work). Grounded theories,
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because they are drawn from data, are likely to offer insight, enhance understanding,
and provide a meaningful guide to action. Although grounding concepts in data is the
main feature of this method, creativity of researchers also is an essential ingredient.

2.1 Study Context

The context for this research is Company X, which is a medium-sized software com-
pany with approximately 150 employees in six organizational units. A separate group
within Company X, called the SPI group, is responsible for building competence on
software development processes, methodology and supporting tools. This group also
has responsibility for coordinating the use of processes, methodologies and supporting
tools across Company X projects. This responsibility includes the development, sup-
port and institutionalizing of the company’s EPG. The EPG has been developed in
close cooperation with the intended users through small workshops and meetings
were the company’s best working practice has been mapped. The EPG has been intro-
duced to the employees through department meetings, and through training and direct
support from the SPI group. The EPG is mainly supplementary to the company’s
work procedures based on ISO standards and, thus, of a voluntary nature.

The specific EPG examined in this research consist of custom-created process
models for the company’s internal use to provide process directions for the complete
software life cycle. The EPG use fundamental concepts from the Capability Maturity
Model (CMM), Microsoft Solution Framework (MSF) and Rational Unified Process
(RUP). The model is meant to be scalable to both minor and larger assignments.

The EPG is web-based and available through the Intranet, reflecting the company’s
best working practices. The model defines a series of work phase definitions provid-
ing activity descriptions, flow charts, guidelines, procedures, standards, checklists,
and templates for deliverables. Verification and validation requirements and criteria
for approval of project deliverables are included in the definition of milestones and
decision points.

The researchers were not involved in developing or introducing the EPG in Com-
pany X. The EPG was introduced two years before this study started.

2.2 Data Sources

Data were gathered through semi-structured interviews. We used the following ques-
tions as a starting point for the interviews: How often do you use/access the Process
Guide? Do you like using tools like the Process Guide? Have you used tools like the
Process Guide previously? If yes: purpose, frequency, how was it? What do you see
as the main purpose with the Process Guide? Who do you think benefits mostly from
using the Process Guide? What features of the Process Guide do you use most? What
tasks do you use the Process Guide to help you with? Do you find using the Process
Guide beneficial to your work? If yes, what were the benefits? Do you think there are
disadvantages with the Process Guide? if yes, in what settings? What do you think
should be improved about the Process Guide?

If the person interviewed did not use the Process Guide we added the following
questions: Why do you not use the guide? Do you use any other resources to support
your work?
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We planned to interview 20 persons. Five department leaders was asked to point
out two persons from their department they thought preferred to use the EPG, and two
persons they thought did not use it or were against using it. One person could how-
ever not attend the interview. This selection was done to find out why people use the
EPG, and why they don’t use it. Because of this selection strategy, it is not possible to
say anything about the average users of the EPG. The interviewer did not know which
person belonged to which category. The interviews lasted 20-30 minutes, and have
been recorded and transcribed in full for the analysis.

Eighteen of the subjects had software development as their primary job function,
while one worked with administrating the databases. Four of the developers were also
project leaders. Five of the subjects worked alone or together with another person on a
project, eight persons worked in projects consisting of three to six persons, two per-
sons worked on projects with six or more people, and four persons did not work in
projects.

2.3 Data Analysis

In the data analysis we first used open coding followed by axial coding, and then
selective coding [12]. Open coding is the analytic processes, through which concepts
are identified and their properties and dimensions are discovered in data. Events,
happenings, objects and actions/interactions that were found to be conceptually simi-
lar in nature or related in meaning, were grouped under more abstract concepts termed
“categories”. A category stands for a phenomenon, that is, a problem, an issue, or an
event of a happening that is defined as being significant to respondents. The product
of labeling and categorizing are the basic building blocks in grounded theory con-
struction.

After the open coding, where we created concepts and categories; it was time to
create connections between categories and its sub-categories. This is called axial cod-
ing. In this study we used a computer program called NVivo [13] for the qualitative
data analyses. During the selective coding, where we integrated and refined the the-
ory, the matrixes generated by NVivo were very important. We use quotes from the
interviews in the presentation of the results.

3 Research Results
3.1 What Is the Intention of Introducing the EPG in the Company?

When asked about the intention of introducing the EPG in Company X, several inter-
viewees said that the EPG would make it possible to deliver faster, work more effi-
cient, and to lead the projects better. One said that “It must be to deliver faster, better,
and with better quality, than if you did not use it. You will produce projects that are
similar to each other, and this makes it easier for new people to join the project and
do ajob”. It was also commented that the EPG makes it easier to learn from former
experience.

The interviewed subjects also meant that the EPG helps the developers carrying out
their work, by describing how they can perform their job. It was also stated that these
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descriptions help them work more similar. One said: “Get betterflow in the project,
make us work more similar, and then you don’t forget the things you need to do”.
Another said “You need it in big projects, where several people work together, and
you need to disseminate knowledge, or should I say that we are able to understand
each other”.

Another commented that “it makes the workday easierfor us, you get good tem-
plates, and it is pretty obvious what you need to do in which phase. You use the check-
lists to make sure you don’t for get things, and then you do it the right way.”

Everyone stated useful aspects of the process guide independent of use level. The
perceived usefulness is discussed later.

3.2 Who Needs the EPG Most?

The Project Leaders and Department Managers

It was a common opinion that the project leaders and department managers need the
EPG the most. A developer said: “I see the needfor a process model, but what I really
need as a developer is the help with using less time documenting what we do. The
EPG helps you documenting the process, and this is very helpfulfor the project lead-
ers”. Another said that “The project leaders are sitting closest to the project model,
hence the project leaders will use it most”.

Another comment was: “It is very important for the project leader, but it is also
important that the project leader communicate the EPG as a positive thing to the
developers, and not as some garbage we have to use. This is important. But I think it
is more useful for the project leaders, because they enter the EPG, use the checklists
and verify that the phases are completed as planned.”

The developers not using the EPG also meant that project leaders were the main
target group of the EPG.

People Working Together

Several of the interviewed subjects meant that developers working in team benefit
from the use of the EPG. One said “People working together benefit from using it,
because they need to work in the same way”. Another said “it is developed for the
persons developing products, which means it is useful for everybody involved in the
project. But I suppose it is more usefulfor the project leader.”

Developers
Some meant that the EPG is most useful for the developers. One said “we (the devel-
opers) have most use of it, since we don’t have to find all the documents ourselves.”

Customers

It was also commented that the customer would benefit from the EPG. One said “If
gives the customer an opportunity to understand how we work, and that is very useful.
I have used the EPG in meetings, just to tell them how we work together on a pro-
ject”.
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3.3 What Is Used in the EPG?

Use Level

Six persons claimed they did not use it at all, and only two persons answered that they
used it several times a month. Four persons used it four times a year, but one of them
used it daily in the previous project. Four persons used the guide once a month. The
three last persons used an alternative model because this was required by the cus-
tomer. The alternative model only consists of a few templates, and is therefore not
used frequently. We were a bit surprised by the low use level of the guide.

Templates and Checklists

It was a common opinion that the templates and checklists were used most frequently.
One said “I download the template, and then I write the vision. I also use the check-
lists”. Another said: “I have a few entries when I need the checklist for the Freeze
process.” And another said that “I don’t use the checklists, only the templates. It is
especially in the beginning ofthe project, where I need the templates.”

Also persons claiming that they did not use the EPG reported using the templates.
One said “I continually collect the templates from the guide”. Another said: “The
only thing I know is that I'm supposed to write the three documents. I collect the tem-
plates from a place on the intranet”.

Other Functionality
In addition to templates and checklist, it was reported usage of coding standard, tips
and tricks, good advices, and user documentation for the test system

Alternative Sources

The subjects with no or low use reported that they used alternative sources/techniques
when they needed support. Talking to other developers was the most important
method. One said: “the coding standard is oral. People talk in the corridors, and
there is a person that most people listen to, and he acts like the oracle. Another said:
“... it is important that you know people. You must know whom to talk with ifyou are
going to have a chance ofknowing how to solve the tasks. ...if you are new here, you
are not helpless, but it takes a while before you are up and running.

3.4 Perceived Usefulness

We wanted to explore how useful the EPG is perceived by the developers. Perceived
usefulness is defined as the degree to which the subjects believe that using the EPG
would enhance his or her job performance. In other words: How does the EPG affect
the job performance, productivity and quality of work? Does the EPG influence how
easy it is to do the job, and do the advantages of using the EPG outweigh the disad-
vantages?

Productivity

Some of the interviewed subjects claimed that the EPG decreases the productivity.
One said “I think it steals focus away from the tasks that are to be done. On the small
projects that [ work on it is better to have a good dialogue with the customer.”
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Several developers argued that it decreases the productivity, since you have to pro-
duce a lot of documentation that is not really needed. One said “You have to produce
a lot ofpapers, and perhaps nobody reads them later”. Another said “A lot is written
in all the documents, and there is little information in connection to the project. I'm a
typical realist, and I'm not fond of writing a lot. I like lists of keywords and checklists.
I have seen a lot of documents with a lot of words and little content”.

One stated that the EPG decreases the productivity in the beginning of a project:
“In my opinion, the EPG is very useful. There are more advantages than disadvan-
tages. But it is very hard to get the entire company to use the tool, because in the
beginning you need to invest more time than you get back. You need to use it in the
entire project before you understand the usefulness of the EPG.”

EPG Makes Work Easier

It was a common opinion that the EPG makes the work easier, since it supports a lot
of useful checklists, and helps finding the right documents and filling them out. One
said “You have a template to follow....Youdon’t need to think about what you should
do”. Another said “It gives you a very good start on the document. All the things you
need are written there”. But there was an uncertainty about the value of the documen-
tation produced. One stated “It is useful for the developers, since we do not need to
find all the documents ourselves. The question is: Who reads them? People mostly
want Power Point presentations.”

Some stated that the EPG makes it easier to perform quality assurance in the pro-
ject. One said “As I mentioned earlier, this is quality assurance in a positive direc-
tion. It is much easier than big Quality Assurance documents that never get updated,
and are only taking up place in your shelf”.

The EPG also makes it easier to get an overview of the development process. One
said “it helps giving you a good project overview. Since all projects are performed
the same way, it is easy for me to look into another project to find information I
need”. Another said “It is very useful to have an overview of the different documents
that need maintenance in connection withfreeze and delivery. Then the modeljustifies
it selves.”

Some stated that the EPG makes it easier to follow the process, but does not in-
crease the productivity. One said “I'm not a formal person. There are a lot of really
good documents in the EPG, but there are also some documents that are NOT very
good. The good documents are those describing the process, but the developers need
help documenting what they do. We need help to write system documentation.”

Quality of Work

The EPG was also perceived to increase the quality of work, since it gives instructions
on what you need to remember. One argued that “I see it as a useful tool. You have a
customer, and then it is important not to make a blunder. It is OK to have the tem-
plates you can access, to clarify scope, risk and such things, and that you agree with
the customer what you are intended to produce”.
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3.5 Perceived Compatibility

Perceived compatibility is defined by Rogers [8] as the degree to which an innovation
is perceived as being consistent with the existing values, needs, and past experience of
potential adopters.

Compatibility with Project of Different Size

The majority of the interviewed persons had the opinion that the EPG was not suited
for smaller projects. They thought the use of EPG would cost them too much, and that
it draws focus away from central activities in the project. One said: “in small projects,
I'm squeezed on how many hours I can use... ...t takes focus away from writing good
code. One other said: “We have the big documents including everything, but we also
need the smaller documents telling us what is required as a minimum when you have
a small project”.

It was the opinion among several of the interviewed persons that the EPG sup-
ported bigger projects. One said “it is built for bigger projects. With bigger projects 1
don’t need to have a lot of people working on it, but it need to be a team working
together for a specific period of time”.

Compatibility with the Early Phases

It was the common opinion that the EPG is compatible with the early phases (before
programming starts). The most intensive use of the EPG is in this phase. One said
“you start with conceptual design and GUI prototyping, and then you go over to the
implementing phase, where you only write code, then you don’t use it any more.”

Compatibility with the Implementation and Maintenance

Several persons did not think that the EPG supports the implementation process. One
said: “After we start programming, we don’t use the EPG at all”. Another said: “The
developers need help documenting what we do. It’s not good at support system docu-
mentation.”

Another said that “as I earlier told you my opinion is that the implementing phase
has very little support. I think the ambition for the process model is very good since
the technology changes very quickly. It will not be easy to maintain templates and
documents describing the technology, because it will be outdated very soon.”

When it comes to maintenance some meant that the EPG did not support this
phase, and others meant it supported this phase good.

Compatibility with the Need for Documenting
The EPG only supports the manual part of the documentation process. It’s a strong
wish from the interviewed subjects that the EPG should automate the documentation
process. One said: “I was a bit disappointed in the beginning. I didn’t see it as a tool,
only as a pile of templates located in a fixed place. The glue is missing .... If you work
with different models in a project you need to cut and paste to update them in the
different word documents.”

It was also commented that “you need to write a lot of documents that may never
be read. You need a living design document that describes what should be in the
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product”. Another said “Of course we had used it more actively, if it had given some-
thing back, ifit had helped us besides being a guide that describes how we should
work.”

Possibility to Adapt the EPG to the Project
The majority of the persons meant that it was necessary to adjust the EPG to the ac-
tivities they performed. One said: “You need to do some work with the templates. The
development projects vary a lot here, if you are going to write a software component
with an interface and a GUI, compared with when you are supposed to write some-
thing that includes both hardware and software. Most of the templates are made for
software development.”

Another said: “If you are going to follow everything that is written there, sooner or
later you will get problems. There must be an opening to adapt to the task you are
performing. Therefore it is important that the EPG is more general”.

3.6 Perceived Ease of Use

Perceived ease of use refers to the degree to which a person believes that using a
particular system would be free of effort [3].

Several of the interviewed subjects stated that the EPG was difficult to learn. One
said “First time I used the EPG I used plenty of time to get into it and to understand
the systematic.”

Some claimed that it was easy to use and some claimed that it was a bit difficult.
One said “I think it is easy to use, you see a graphical representation of the whole
process, you just go were you need to go and click, and then you get to the document
you need.” Another said “If you are using a template, you need to read a lot before
you can start writing. You open it and start filling out the fields on the first page.
Author, title, and then you need to fill inn a lot of field codes. You have to do a lot of
manually operations. And then you think: Can’t they automate these operations ifthey
want this kind of documents. It is very irritation, can’t they fix this. It’s even more
irritating when you are working inside the document, and you still have to do a lot of
manual operations.”

Some commented that it was cumbersome to use. One said “It is too much paper
and they are to general, and you use a lot of time to understand the meaning of this
schema.”

3.7 Subjective Norm

Subjective norm is the degree to which software developers think that others who are
important to them think they should use the EPG. This suggests that perceived social
pressure to perform the behavior will influence a person’s intentions [1]

One of the department leaders preferred not to use the EPG. One said “It is decided
on the top level that we must have a process model, but my boss does not have the
same opinion. And since he think the guide is heavy and bureaucratic we don’t use it
much”.
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Some claimed that it was very important that someone really wants and needs the
produced documentation. One said “if they want people to use it someone have to
pressure our leaders, to get them to ask for the documentation we make. As long as
they don’t ask for the documents we are supposed to create, there will be a low use
level.

One said that “on external projects where I have been the only developer, and
where the project leader does not ask for it, we don’t use it.”

4 Discussion and Conclusion

A qualitative field study was performed to investigate what characterizes the use of
an EPG among developers in a medium sized Software House? Each department
leader pointed out two persons they thought preferred to use the EPG, and two per-
sons they thought did not use it or were against using it. Only half of the interviewed
subjects worked on medium sized or big projects. This was a low number consider
that the main activity in Company X is project work. The reason for the low number
could be the selection strategy.

It was a common opinion that the project leaders and managers are the user groups
that benefit most from using the guide. None of the developers in the “no use” group
see themselves as the primary target group for the guide, but several of the developers
using the guide meant that they were the target group for the EPG. This could mean
that some of the potential users don’t use the EPG because they do not think the guide
is made for them.

According to TAM, systems that are perceived to be easier to use and less complex
have a higher likelihood of being accepted and used by potential users. The EPG is
perceived as both useful and not useful. The checklist and templates are commented
as the most useful functionality of the EPG. Several of the interviewed subjects that
perceive the EPG as less useful, commented that they are missing integration with
other tools. Especially help with documenting and updating documents. We have
done a similar study’ in a company called Firm [6], and here we found one of the key
success factors for the EPG to be integration with other tools, e.g. a system for proc-
ess tracking.

Several had the opinion that that the EPG was not compatible with the implementa-
tion process, and therefore they did not need it for this phase of the project. One im-
portant observation was that none seemed to miss support from the EPG in this phase,
and therefore it is possible to conclude that the developers have the support they need.
Several of the subjects interviewed did not participate in the coding phase of the pro-
jects, and this of course influence the use level of the guide. When analyzing the
EPG’s compatibility with the different project types, it was found that several thought
the guide was primarily for bigger projects, and not for small projects or people not
working on projects. The majority of the people with no or little use did not work on
any project, or worked on really small projects. This could also be an explanation for
why some of the developers did not use the guide. On the other hand several stated
that it was easy to adjust the templates to the different project types.

Several persons reporting little use or no use at all said that they used several tem-
plates. They didn’t consider themselves as users, even though they were active users.
Maybe they did not have a clear understanding of what was meant with the EPG?
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One important finding that influences how the EPG is perceived and used, was that
one department leader did not fancy the guide, and that several felt that the leaders
really don’t read the documents or ask for the documents produced.

In [6] we found that it was important to involve the users strongly in developing
the EPG to succeed with institutionalizing. This was not the case of the persons inter-
viewed in Company X. Only two persons reported such involvement, and this could
explain the low use level.

We have found that implementing an EPG is not a straight forward process. To
succeed with the implementing process it is important to consider:

Use time and effort to advertise how usefulness the EPG will be for the target users
Templates and checklists are seen as very useful

Automation of the documentation process, and integration with other tools

In what degree support during implementation is necessary

Implementing functionality for tailoring the process to different projects types or
activities, if the whole development organization is going to use the EPG

e Anchor the EPG among the leaders and involve the users in the EPG creation proc-
ess

However, further research is needed to examine EPG usage in a wide variety of or-
ganizational settings. It will be important to study documentation from the projects
were the interviewed subjects has worked to find out more about how much the EPG
is used in the organization. It will be interesting to find the use level of those that do
not think they use the guide, but reported use of several templates.
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Abstract. Knowledge is a key parameter for software companies’ survival, as
the ability to continuously become better at producing services relies on the or-
ganisation’s abilities to develop and utilise the intellectual competencies, which
its employees possess. These abilities depend highly on the organisation’s ca-
pability to share knowledge and thus on the way knowledge flows in the organi-
sation. In this paper we present a knowledge management perspective on soft-
ware process improvement, and describe a technique for mapping the organi-
sational knowledge flows in a software company. The results show that the
technique successfully helps the organisation to select relevant focus areas for
planning future improvement initiatives. The study further explains four distinct
critical situations, which can be identified in a knowledge map; Hubs, Black
Holes, Springs, and Missing Links. Each covers potential problems in the or-
ganisational flows and therefore can provide guidance for organisational proc-
ess improvements.

1 Introduction

Knowledge management is a key concern for organisations because knowledge is the
primary asset in the post-industrial era [21]. The production environment and infra-
structure play a diminishing role and knowledge, intellectual capital, and the man-
agement of this knowledge, a growing one. This is also true for software companies:
their main asset does not consist of the technical development environments, tools
and platforms, but of the ability to develop and utilise the intellectual competencies
their employees have to create services of value for their customers. Software process
improvement (SPI) is concerned with strengthening the software development abili-
ties, which means that a primary task for SPI research is to strengthen the knowledge
managing abilities for software developing companies.

In this paper we present a knowledge management perspective on the software
process improvement and provide a means for identifying and analysing the knowl-
edge flows in an organisation. We do so by developing a technique for mapping the
knowledge flows between the organisational actors, and show how this technique is
applied within an organisation, and how it is used to analyse the organisation’s
knowledge sharing capabilities. The technique is used to point to areas where im-
provements are possible, and to locate ideas for how to make these improvements
happen.

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 126-137, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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The paper is structured as follows: In the following section the theoretical back-
ground for the mapping technique is explained. Section 3 describes the research
method, and section 4 provides a short description of the context, in which the study
is conducted. Section 5 gives a detailed description of the knowledge mapping tech-
nique. Section 6 describes the results of applying the knowledge mapping technique
in the organisation, and these results are discussed in section 7. The paper is con-
cluded in section 8.

2 Background

In the last decade the primary approach for strengthening the knowledge management
abilities has been by leveraging the organisational knowledge with an outset in previ-
ous experiences [1, 12, 15, 17]. In line with these more general knowledge manage-
ment methodologies, most SPI approaches base the improvement effort upon previ-
ous experiences [11, 22]. Different approaches to SPI focus on different origins for
this experience; either by concentrating on learning from the organisation’s own ex-
perience like the software factory approach [4] or by taking as its starting point a
model based on the empirical findings from the software industry at large like the
Capability Maturity Model [20] which provides a stepwise roadmap to improvement
based on a formal assessment of the organisation’s development capabilities. The
general idea is that by analysing the past it is possible to become better in planning
for the future by learning from experiences. This idea builds upon an assumption
about that even in a dynamic environment many factors are constant from project to
project, and by carrying out incremental improvements based on evaluations and
analysis of previous development, it is possible to improve future practises. A basic
requirement for experience based learning is that the knowledge-about-practice is
shared among the organisational members otherwise only those who were involved in
a particular project gain from the experience. Thus capabilities for sharing knowledge
are an important issue in SPL

3 Research Method

This paper reports on a study of a software company in Denmark. The overall study is
based on a close collaboration between the organisation and researchers and is in-
spired by Mathiassen’s “Collaborative Practice Research” (CPR) approach [18]. This
approach is based on a three step repeatable process with different research activities
addressing different knowledge types. The understanding of the subject area is
achieved through collection and interpretation of data about practice. On this basis
normative propositions to support practice can be designed, and through intervention
these propositions can improve practices. The outcome of the effort can then be used
as a basis for a new understanding and triggers further improvement cycles.

The study covers 10 months of work and the collaboration is arranged around a
steering committee in which two representatives from the organisation and six re-
searchers participate. The committee, which meets approximately bimonthly, func-
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tions as a planning forum, where new initiatives are planned and the results hereof are
discussed.

Several studies [3, 5, 9, 10, 16] have shown that actual practice, even in organiza-
tions with strong formal structures, often differs from what is described in formal
plans and guides. This implicates that to understand how knowledge flows it is neces-
sary to conduct an examination of the organizational practise as it is not enough to
rely on formal descriptions and organisational charts and plans.

Knowledge flows can take various shape including forms that the organisation’s
members not explicitly are aware of, which means that they are not easily observable.
Therefore to analyse the situation and to assist the planning and design of actual in-
terventions, we use a number of qualitative data gathering techniques that go beyond
formal assessment approaches, which only turn the attention to process problem areas
defined in their underlying model and do not support alternative views, like a knowl-
edge management perspective, and the identification of difficulties outside their scope
[13].

One researcher is present in organization once a week, which has provided the re-
search with detailed insight into many “taken-for-granted” situations. He has also
participated, both with active and in observing roles in a number of meetings and
employee courses. The researcher’s ability to ask “What happened just there?”, al-
lows to explore non-formal communications and practices, and gives a broader view
providing a more detailed understanding of the organisation. The information gath-
ered from the visits is documented in a diary and an encyclopaedia including organ-
isational constructs. The researchers have conducted eight semi-structured interviews
in three interview rounds with employees from all organizational levels. These inter-
views are based on an interview guide and are used to learn about the respondents’
interaction with other organisational members and units. They also focus on how the
different employees coordinate and organise a working day, and what tools and other
means of communication carry their interactions. The interviews were tape-recorded
and a resume was written afterwards. They were verified through discussions in the
steering group as part of the mapping process itself (see section 5.4).

Finally, the study included an analysis of artefacts in connection with the software
development processes, which in this context are templates for reports, manuals de-
scribing organisational processes, computer based tools used in the development
projects.

4 Context: The Case Company

The case organisation employs more than 300 people, mostly system engineers with
an academic background. All development is organised in projects and the project
teams are quite stable: most developers only work on one project at a time. The pro-
jects are large, 55% of them larger than 10.000 working hours. Continuously 20-25
customer projects exist simultaneously and the typical project develops new applica-
tions for one customer, but some of the applications are off-the-shelves products with
long lasting projects for maintenance and further development.
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The company is highly involved in developing their abilities to produce software,
and has 8 years ago adopted the CMM as their basis for conducting SPI efforts. At
the time of the intervention the company was at CMM level 3, but has now reached
level 4. The efforts are rooted in a SPI-team, which employs about 15 full time staff.
The improvement effort is mainly based upon the development and implementation
of a Business Manual (BM), which is an Intranet based manual describing how pro-
ject management and software development should be carried out. The SPI-team
participates in the education of the projects members in how to use the BM. The indi-
vidual projects have to comply with the BM, and are audited from time to time by an
internal auditor.

The company’s representatives in the research project’s steering committee are the
manager of the SPI-team, and the manager for the business area, in which the SPI-
team is located. The company management recognises the need for investing in initia-
tives for continuous organisational development from which it expects high returns
on investments. The company has implemented an extended measurement program to
establish ‘quantitative management’. This is integrated with a balanced score card
approach and documented in a yearly published “Intellectual Capital Report” audited
by a large consulting company. The organisation has been awarded with “Entrepre-
neur of the Year 2003” medal in Denmark and is recognised as a competent player in
the Danish market. Applying the learning organisation paradigm the company is
implementing a knowledge network initiative, which is based on formal professional
networks with the purpose to strengthen the abilities to learn and to “incubate” new
improvement initiatives.

The study takes it outset in a situation where members of the SPI-team have ex-
perienced occasions where knowledge does not flow as desired. In this context the
SPI team and the researchers wanted to perform a thorough investigation of in what
condition the organisation’s knowledge sharing capabilities are, to examine in which
areas improvements are possible, and to locate ideas for how to make these improve-
ments.

5 Knowledge Maps

To perform the desired analysis, we developed technique to map the organisation’s
knowledge flows. This technique has been inspired by existing techniques for ad-
dressing complex problem situations, namely rich picture drawing and problem map-
ping.

5.1 Rich Pictures

A known technique for understanding complex problem situations is Rich Picture
drawing [6, 19] where rich pictures are defined as “the expression of a problem situa-
tion compiled by an investigator, often by examining elements of structure, elements
of process, and the situation climate”. These pictures seek to outline a holistic draw-
ing of the problem area instead of focusing on specific problem situations. The build-
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ing blocks of a rich picture consist, besides the structural and process elements, of the
situation climate. The rich picture technique requires a thorough data collection e.g.
based on interviews with representatives of all different actors. A rich picture con-
tains different viewpoints, potential disagreements or conflicts allowing for multiple
perspectives at one time. The technique does not favour one way to actually drawing
over another, but leaves this to the picturemaker(s), but the basic elements have to be
visualised. The visualisation is an important feature as hereby the picture can be used
as a means of communication. The technique enables an outsider to draw a complex
human activity system in a holistic picture. People can easily comment on a picture,
maybe they do not understand it the same way as the maker or as it was intended, but
it suits as a conversation enabler or discussion starter, which may lead to a common
understanding of the problem situation.

5.2 Mapping Techniques

Various mapping techniques have been introduced to analyse problem areas, which
are not fully or differently understood by different stakeholders. Maps are defined as
being “an interpretive description of a situation” [14] and are as such an interpreted
model of reality i.e. a map consists of selections of relevant details of the mapped
situation and provides information about what the mapmakers find relevant. Maps
provide a possibility to gain an understanding of a complex problem situation and at
the same time facilitate a common understanding among different stakeholders. Dif-
ferent mapping techniques can be used in e.g. systems development projects to collect
and organize relevant knowledge [14]:

A diagnostic map consists of a presentation of the results of a root-cause analysis
in which the mapmakers discuss experienced problems and seek causes and effects to
find alternative approaches to avoid the problems. Ecological maps outline the con-
nections between problems and the organisational context of the problem. The map-
ping technique seeks to define which conditions influence the problem situation and
whether these are to be found within the project team or outside. Virfual maps outline
desirable future situations, and take their outset in asking “What do we want?” and
“How do we get there?”. Further different alternatives and their outcomes are consid-
ered, and the result is a description of different routes to achieve the desired out-
comes. Historical maps have a retrospective perspective in how they map the past: a
previous project is described with respect to its key events, and relates these to the
actions and conditions. Historical maps can be used to learn what might be critical
factors in a similar future project.

In our study diagnostic maps are especially of interest as they are used to under-
stand the current situation of the project or organisation and thereby provide an over-
view of the status. The mapping technique incorporates participant involvement as a
necessary condition to have any relevance or validity. The technique, besides finding
alternative approaches, also has a therapeutic effect, as the involved have to agree
upon, which problems are actual problems and how they affect them in their project
roles. Mutual understanding and knowledge sharing are elements in the technique,
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which makes it an integrated part of the problem solving method. The maps are not
the only outcome of the technique, the process of mapmaking is an important part of
the technique as well. The maps show important features of the organisation and the
analysis of the various flows and grouping of flows provide the input needed for
further action.

5.3 A Knowledge Map

For analysing the knowledge flows we utilise the strengths from each of the underly-
ing techniques. A knowledge map consists of the elements of structure, elements of
process, and a representation of the climate within these two exists, each of which
will be described below.

The basic elements of a knowledge map are the different actors involved in the
mapped situation. This comprises the formal organisational constructs like the organ-
isational units, project teams, individuals, etc. But also important artefacts regarding
the flows have to be considered. This could be reports created by some to be read by
others or software tools like an error reporting system. These elements constitute the
basic nodes of the map. The actual choice of drawing symbols is not important, it is
important to choose representations, which are understandable, and direct the
viewer’s thoughts to the relevant elements of the experienced reality.

Between the structural elements the knowledge flows represented by lines appear.
A flow comprises interaction between various structural elements, and can consist of
informal discussions as well as strictly formal half-year reports; what is important is
that some actor acknowledges it as means of knowledge exchange. Some flows are
bi-directional, and some unidirectional, and some might be both depending on who
defines them! The flows can differ with respect to their frequency and to the amount
of information they contain, both important features to provide an understanding of
the overall flow between various elements. It is useful to model what type of informa-
tion is contained in a flow. The importance ascribed to flows is also a significant
feature. A potential misalignment might show up, when climate of the interaction are
described which is the topic of the last element of the knowledge map.

The climate is a key information provider. It contains the expressions about the
circumstances under which interaction takes place. This contextual information is a
major indicator for pointing out problems, and contains multiple perspectives depend-
ing on the viewpoints brought forward. It can consist of the actor’s thoughts about
why a situation is experienced as good or bad, and thoughts of how this situation
could be improved, it can be the actor’s expressions of where conflicts arise, or it can
be other comments about the knowledge flows.

5.4 Knowledge Mapping
Our approach to using the technique consisted of two phases, a preparation phase

conducted by a mapmaker, and a collective mapping phase in which the steering
committee together created the actual map.
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The preparation phase was conducted by one of the researchers, the mapmaker,
who had conducted the data collection. He created a preliminary knowledge map of
the organisation. The primary reason for initial mapping was to let him prepare him-
self before the actual mapping. This generated map could be followed during the
mapping phase, and kept the task on track, even when discussions moved in different
directions. The map prepared in advance secured that the, for the original mapmaker,
relevant aspects were covered. It allowed the mapmaker prepare a note of questions
on topics, which he felt were not explained satisfactory in the collected data. Drawing
the map in advance also provided the opportunity to list what he saw as major prob-
lems and improvement areas. These were used as discussion topics, in situations
where the process needed stimulation. The secondary reason for letting him create a
map in advance was that it was done without interference from others members which
enabled him to record his understanding, and thus provided the whole mapping phase
with the quality of having an outsider looking at the organisational system; this exter-
nal input would not have been so clear, if organisational representatives would have
had the opportunity to align the mapmaker’s views along as they were presented.

The actual mapping phase, the joint creation of the map, was conducted in the
steering committee. It consisted of four steps and took place in a day long meeting.
The steps together functioned as verification, clarification, and extension of the map-
maker’s preliminary map. The various elements of the map were discussed in an open
atmosphere. The mapmaker was acting as the meeting leader and he introduced and
facilitated the process. He was responsible for leading the discussion, and for docu-
menting the results on a white board. The 1% step consisted of drawing all important
elements of structure on the white board. The mapmaker selected one area of the
organisation to begin with and started drawing organisational units, artefacts, people
etc. listed on the preliminary map. While doing this, he presented his understanding
of the role of each of these. This promptly initiated a discussion among the partici-
pants, because some of the descriptions were not correct accordingly to their opin-
ions.

To represent individuals we used “stick figures”, some with additional characteris-
tics because they represented individuals with specific roles and importance. We used
groups of stick figures to represent certain organisational units, like development
projects and sometimes we encircled these to mark specific boundaries with the con-
text. We used a picture of a document to represent written reports, and their formal
abbreviations to distinguish them. Furthermore we used different symbols for techni-
cal systems; these symbols were easy to understand for all participants, and were if
necessary, they were equipped with explaining text. The 2™ step consisted of describ-
ing all different knowledge flows. The meeting leader introduced a specific flow
between two or more people or artefacts, and described his understanding of it. This
quickly facilitated a discussion outlining special cases and corrections, providing
clarification and richness to the map. This step also introduced overseen people, roles,
and artefacts to map. In the 3™ step the climate resp. context was added by providing
statements identified during the data analysis. The step included a discussion of
which flows were found problematic, and which flows were missing. When we con-
ducted this step a lot of new problematic issues surfaced, and the organisation’s rep-
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resentatives became kind of defensive. The meeting leader directed the dialogue away
from this defensive position, and emphasised the opportunity to develop ideas for
improvements. The focus instead was directed towards addressing the question why
some members of the organisation experienced these problems, even if the SPI-
team’s representatives did not acknowledge them. Here the mapping technique
showed its value, since it was possible to show that some might experience problems
or conflicts, where others were not seeing them. We used a new colour to highlight
the problematic areas, and denoted them with a large exclamation mark. We also used
this step to indicate on the map where new ideas and initiatives originated by marking
these with a light bulb. The 4t step consisted of analysing the identified problems to
understand their roots and causes. This discussion supplemented the map with a list
of identified improvement areas. The map allowed the diagnosis of each problem
with its particular context with respect to structure and process, which made it easier
to identify what parts of the organisation were affected, and maybe should be in-
volved in the search for a solution. A primary result from the analysis pointed out,
that key information regarding development projects was collected in formal project
reports. The project managers responsible for creating these reports felt that these
reports never reached the SPI-team. As a result the project managers spent less time
providing this information, thus making fewer experiences available. On the other
hand the SPI-team felt that the reports offered very little relevant information, and
therefore did not spent much time analysing them. This example of a negative cycle,
which, if not taken care of, eventually would stop a means of knowledge flow, shows
the general idea and potential benefits from the mapping technique.

Even though the steps above are described as a linear process, the actual mapping
was characterised by letting the discussion follow interesting topics, and thereby
mapping larger organisational “chunks” rather than finalising each step at a time.
Thoughts were allowed to drift, and the discussion moved more iteratively from one
topic to another and the meeting leader had his own map to fall back on, when the
process needed to proceed. To allow for later analysis, the last item on the agenda
was the documentation of the result, which consisted of photographing the white
board.

6 Result

Beyond the above-mentioned example, an important result of our analysis, which
confirms the map’s function as a device to support understanding and consensus, was
the broader comprehension of the knowledge flows by and among the participants of
the session. When the participants were presented with other viewpoints than their
own, they had to reflect upon these, and this had an impact upon how they saw the
situation, and provided them with a better basis for an analysis in the future.

The use of the mapping technique has also led to the development and implemen-
tation of a new project evaluation concept, which integrates the diffusion of experi-
ences through the formal knowledge networks. Beyond this, we recognised four clear
categories of characteristic situations, which even in our complex map were rather
distinct.
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A specific individual or organisational unit with a large number of connecting
knowledge flows, we call a hub. In our case i.e. one person had several roles in vari-
ous parts of the organisation, which appeared in the map as many flows leading to
him. A hub might be a useful to have in an organisation, if it can cope with the
knowledge flowing to and from it, and can effectively use this information, but too
many flows ending in one place might easily create congestion and thus a hub might
end developing into a bottle neck slowing (or discharging) information, and thus
become a hindrance for the organisation’s ability to share knowledge

Black holes are places where no flows origin. This means that knowledge only
flows one way towards this area. This might not be problematic, but, learning from
experience is an important part of the organisational development, and when specific
parts of the organisation are not feeding experiences back, it is not possible for other
parts to learn. An example from our study showed that one of the organisation’s
knowledge sharing tools was not used by the employees making it a “write only”
asset from which no knowledge were fed back to the organisation.

Areas from where lots of flows origin, but none are going in are springs. These
might indicate potential innovative centres where lots of ideas are created and ex-
ported to the rest of the organisation. A spring might also point to an area, which is
not using others’ experiences. This is not necessarily a problematic situation, as it can
represent a highly specialised unit, which does not need any input, but it might as
well point to a potential problem. In our case the top management constituted a spring
by continuously feeding the organisation with new ideas and suggesting new initia-
tives.

Missing links describe situations where a link would be beneficial, but for some
reason is not there or not functioning satisfactory. As such missing links are more
problematic to spot in a map. Similar organisational units might achieve advantages
from having a close dialogue and sharing of their experiences, if no knowledge flow
exists between them, a potential benefit might be lost. In our study many projects
found it difficult to feed back their experiences to the SPI-team, which then had fewer
experiences to base their work upon.

7 Discussion

In the case setting the knowledge mapping technique provided useful results, but
there is no guarantee for success. An important factor, which supported the technique,
was that the mapmaker and the other researchers had been present in the organisation
for a long time. The members of the organisation knew the researchers well and
trusted them. The trust is important when comes to the discussion of confidential
information and an open-heartedly atmosphere is one crucial pre-requisite for a suc-
cessful outcome [18]. If the participants feel that they cannot address all aspects of
the organisation, and are afraid that some issues are not to be discussed, then the map
and the mapping process will be limited and critical areas might not be uncovered.
Besides this “open-dialogue” effect, the researchers’ long presence meant that the
discussion went well. Having cooperated with employees and participated in meet-
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ings and informal activities, the mapmaker and the other researchers knew the cul-
ture, overall values, the language, the artefacts and the tools used in the organisation.
During the mapping process the organisational members did not have to explain all
organisational concepts, and thus the conversation flowed easily and focused. The
mapmaker could use the basic understanding as it enabled him to see the larger pic-
ture, and therefore made him better in combining various elements in (or not in!) the
map. There is however a danger of working in the wrong belief of having a good
understanding of the organisation. If the understanding is wrong, the misconception
can lead to misunderstandings.

Our approach, which relies on and addresses all relevant personal to get a view of
the practice as perceived by all stakeholders, a view which might differ from the
official description, might be criticized as only SPI management and no actual project
participants were present at the mapping session. Only secondary project and man-
agement information were directly available and there was a danger of getting a dis-
torted picture. One might argue that involving more personnel in the mapping session
and providing more resources for the process could avoid this. This however might
increase the complexity of the process where an even richer picture might lead to
problems of identifying the relevant issues. In our case however, resources were lim-
ited and the SPI-team did not want to involve more employees in the mapping ses-
sions and the research team decided that for a pilot test of the technique a smaller
forum would be more adequate. Thus, the conflicting demands were balanced and
compensated by using a mapmaker, who was well acquainted with and trusted in the
organisation and a process with an outcome, which was not restricted by management
views and limited input was achieved. The resulting improvement proposals were
beyond the participants of the mapping sessions, welcomed by other members of the
organisation.

In this context the concepts of springs, hubs, black holes, and missing links have
been helpful to structure the (discussion of) knowledge flows. The learning from
experiences approach is a knowledge exploiting approach [8], which helps the or-
ganisation become expert in its field, but at the same time includes the danger becom-
ing “skilfully incompetent” [2]. Springs can be a means of supplementing exploita-
tion with explorative approaches. Another important aspect is the ability to identify
where knowledge does not flow as intended, bottle necks caused by hubs, which can
be a hindrance both for diffusion of new ideas, but also for feed back on effects of
innovations. The same is true for black holes and missing links, which “point” per se
to problematic areas.

The use of rich pictures also has to be considered carefully. Pictures can be easily
handled by some whereas others have problems drawing and discussing via pictures
[7]. Therefore it is important to facilitate the use of pictures by letting a meeting
leader do the drawing the first time the technique is used. In our case the researchers,
who all had experience with rich pictures, were present and could help the other par-
ticipants in the use of the technique.

During the actual session, we also noticed the following items, which in the future
might help to enhance and make the process simpler. A good idea is to use different
colours for the different elements on the white board, as it later is easier to distinguish
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between structure, flows and text. Another advice is to use a very large white board
as the map can to become very rich, and thus includes very much detail and data —
and it is much more difficult to embrace a white board very crowded with drawings at
one glance. Leaving space between the different drawings makes it easier to avoid
moving parts of the drawing, which can be quite problematic, when the process is
well underway — it is difficult to make certain that all flows are moved along, and it
can be very difficult to re-connect a flow later, if nobody remembers exactly what this
flow represented. We did not provide the flows with a description of what they repre-
sented, but this might be a good idea, if some flows prove to be more interesting, and
thus become the subject for a more thorough examination. By labelling the flows it
will also be possible to verify that the same flows are not represented twice in the
map.

Finally, it turned out to be helpful to start with the roles and units of the members
present at the mapping session, they, as expected, certainly had something to add or
correct, and this facilitated their involvement into the discussion.

8 Conclusion

Based on the insight that understanding the knowledge flows in an organisation will
support software process improvement activities we describe in this paper how we in
a close collaboration with the employees of a software company identified possibili-
ties for improvements. For this purpose, we developed a knowledge mapping tech-
nique based on using rich pictures as a tool, visualising the relevant organisational
units, individuals and artefacts, and their mutual communication streams or knowl-
edge flows, including the context surrounding these flows. We used a range of quali-
tative data gathering methods throughout a ten months period to inform the applica-
tion of the mapping technique in the organisation. We conclude that this mapping
technique provided a helpful means to understand the complexity of a software com-
pany with many simultaneous projects. The technique produced valuable results for
the organisation as it provided information about where and which improvements
could be relevant.

In the specific setting, where trust and mutual respect prevailed, the technique
proved useful and provided the organisation with valuable feed back, but the same
setting might not lead to the same success in another organisation or with other par-
ticipants. The technique as such is no silver bullet for creating improvement initiative
candidates in every context. Our description and analysis however contributes to the
existing body of knowledge in the field of knowledge-based software process im-
provement with a new promising support tool and can contribute as such to practical
improvement work. It should lead to further research testing the mapping technique
in different forms and within other contexts.
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Abstract. Successful software process improvement depends on the ability to
analyze past projects and determine which parts of the process that could be-
come more efficient. One typical data source is the faults that are reported dur-
ing product development. From an industrial need, this paper provides a solu-
tion based on a measure called faults-slip-through, i.e. the measure tells which
faults that should have been found in earlier phases. From the measure, the im-
provement potential of different parts of the development process is estimated
by calculating the cost of the faults that slipped through the phase where they
should have been found. The usefulness of the method was demonstrated by
applying it on two completed development projects at Ericsson AB. The results
show that the implementation phase had the largest improvement potential since
it caused the largest faults-slip-through cost to later phases, i.e. 81 and 84 per-
cent of the total improvement potential in the two studied projects.

1 Introduction

For many modern software development organizations it is of crucial importance to
reduce development cost and time-to-market while still maintaining a high level of
product quality. Such organizations seek specialized processes that could give them
rapid improvements. However, they often overlook existing routinely collected data
that can be used for process analysis [4]. One such data source is fault reports since
avoidable rework accounts for a significant percentage of the total development time,
i.e. between 20-80 percent depending on the maturity of the development process
[10]. In fact, related research states that fault analysis is the most promising approach
to software process improvement [5].

A software development department at Ericsson AB develops component-based
software for the mobile network. In order to stay competitive, they run a continuous
process improvement program where they regularly need to decide where to focus the
current improvement efforts. However, as considered a common reality in industry,
the department is already aware of potential improvement areas; the challenge is to
prioritize the areas to know where to focus the improvement work [12]. Without such
a decision support, it is common that improvements are not implemented because
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organizations find them difficult to prioritize [12]. Further, if a suggested improve-
ment can be supported with data, it becomes easier to convince people to make
changes more quickly [5]. As stated above, fault statistics is one useful information
source in software process improvement; therefore, the general research question of
this paper is:

How can fault statistics be used for determining the improvement po-

tential of different phases/activities in the software development proc-

ess in an organization?

A commonly used approach for fault analysis is classification of faults from their
causes, e.g. root cause analysis [9]. Although root cause analysis can provide valuable
information about what types of faults the process is not good at preventing/removing,
the technique is cost intensive and therefore not easy to apply on larger populations of
faults. Further, the classification procedure should not require advanced skills that
normally only professional analysts have; ordinary developers must be able to per-
form the classification [1]. Finally, and most importantly, root cause analysis does
not quantify what the improvement potential of different phases is.

In order to satisfy the above given requirements, this paper introduces a method in
which a central part is a ‘faults-slip-through’ measure. That is, the faults are classified
according to whether they slipped through the phase where they should have been
found. This approach to fault classification has been used before [1,6]; the main dif-
ference with the approach here is that it also calculates the improvement potential by
relating the result of the fault classification with the average cost of finding and re-
pairing the faults. From the classified faults, the method measures the improvement
potential by multiplying the faults-slip-through distribution with the average benefit
of finding a fault earlier. In order to verify the applicability of the method, the paper
also provides an empirical case study where the method is applied on the faults re-
ported in two finished development projects at Ericsson AB.

The paper is outlined as follows. Section 2 describes the proposed method for how
to determine the improvement potential of an organization. Section 3 demonstrates
the applicability of the method through an empirical case study. Section 4 discusses
the validity and implications of the results and Section 5 concludes the work.

2 Method

2.1 Estimation of Improvement Potential

The purpose of this paper is to demonstrate how to determine the improvement poten-
tial of a development process from historical fault data. This section describes the
selected method for how to achieve this through the following three steps:

1. Determine which faults that could have been avoided or at least found earlier
2. Determine the average cost of finding faults in different phases.
3. Determine the improvement potential from the results in (1) and (2).

In this context, a fault is defined as an anomaly that causes a failure [7].

When using fault data as basis for determining the improvement potential of an or-
ganization’s development process, the essential analysis to perform is whether the
faults could have been avoided or at least have been found earlier. As previously
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mentioned, the introduced measure for determining this is called ‘faults-slip-through’,
i.e. whether a fault slipped through the phase where it should have been found. The
definition of it is similar to measures used in related studies, e.g. phase containment
metrics where faults should be found in the same phase as they were introduced [6],
and goodness measures where faults should be found in the earliest possible phase
[1]. In practice, the only difference between the faults-slip-through definition and the
other definitions is when a fault is introduced in a certain phase but it is not efficient
to find in the same phase, e.g. a certain test technique might be required to simulate
the behaviour of the function. Table 1 provides a fictitious example of faults-slip-
through between arbitrarily chosen development phases. The columns represent in
which phase the faults were found (PF) and the rows represent where the faults should
have been found (Phase Belonging, PB). For example, 25 of the faults that were found
in Function Test should have been found during implementation (e.g. through inspec-
tions or unit tests). Further, the rightmost column summarizes the amount of faults
that belonged to each phase whereas the bottom row summarizes the amount of faults
that were found in each phase. For example, 49 faults belonged to the implementation
phase whereas most of the faults were found in Function Test (50).

Table 1. Fictious example of faults-slip-through data (nr. faults found, belonging /phase)

PF: | Design | Impl. | Function | System Total
PB: Test Test | Operation | belonging/phase
Design 1 1 10 5 1 18
Impl. “ 25 18 2 49
Function Test 1_5 5 4 24
System Test RN 13 2 15
Operation it .‘ o R o o g 0 0
[Tot. found/phase 1 5 50 41 9 106

When having all the faults categorized according to the faults-slip-through meas-
ure, the next step is to estimate the cost of finding faults in different phases. Several
studies have shown that the cost of finding and fixing faults increases more and more
the longer they remain in a product [3, 10]. However, the cost-increase varies signifi-
cantly depending on the maturity of the development process and on whether the
faults are severe or not [10]. Therefore, the average fault cost in different phases
needs to be determined explicitly in the environment where the improvement potential
is to be determined (see a fictitious example in Table 2). This measure could either be
obtained through the time reporting system or from expert judgments, e.g. a question-
naire where the developers/testers that were involved in the bug-fix give an estimate
of the average cost.

Table 2. Fictious example of average fault cost/phase found

Design | Implementation | Function test | System test | Operation
Average fault cost 1 2 10 25 50

Expert judgments are a fast and easy way to obtain the measures; however, in the
long-term, fully accurate measures can only be obtained by having the cost of every
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fault stored with the fault report when repairing it. That is, when the actual cost is
stored with each fault report, the average cost can be measured instead of just being
subjectively estimated. Further, when obtaining these measures, it is important not
just to include the cost of repairing the fault but also fault reporting and re-testing
after the fault is corrected.

The third step (e.g. the improvement potential) is determined by calculating the dif-
ference between the cost of faults in relation to what the fault cost would have been if
none of them would have had slipped through the phase where they were supposed to
be found. Fig. 1 provides the formulas for making such a calculation and as presented
in the table in the figure, the improvement potential can be calculated in a two-
dimensional matrix. The equation in the figure provides the actual formula for calcu-
lating the improvement potential for each cell (IP,,). PF, .., and PBx , . are calcu-
lated by summarizing the corresponding row/column. As illustrated rightmost in the
figure, the average fault cost (as discussed in the previous paragraph), need to be
determined for each phase before using it in the formula (IP,). In order to demon-
strate how to use and interpret the matrix, Table 3 provides an example calculation by
applying the formulas in Fig. 1 on the fictitious values in Table 1 and Table 2.

PF, PF, PBy AVFC
PB, P, P, PB| ion| PB, AVFC
PB, IP5 IPs; PBs1oml PB, AVFC
PFiom PF) pia PP o1 (PB/PF)ytal
PF = Phase found, PB =Phase belonging, AvFC=Average Fault Co
IP = Improvement potential
[P, = (Nr faults bel. (PBx) * PB; AvFC) — (Nr faults bel. (PBx) * PBXAVFC)

Fig. 1. Matrix formula for calculation of improvement potential

In Table 3, the most interesting cells are those in the rightmost column that sum-
marizes the total cost of faults in relation to fault belonging and the bottom row that
summarizes the total unnecessary cost of faults in relation to phase found. For exam-
ple, the largest improvement potential is in the implementation phase, i.e. the phase
triggered 710 hours of unnecessary costs in later phases due to a large faults-slip-
through from it. Note that taking an action that removes the faults-slip-through from
the implementation phase to later phases will increase the fault cost of the implemen-
tation phase, i.e. up to 49 hours (1 hour/fault times 49 faults that according to Table 2
belonged to the implementation phase). Further, System Test is the phase that suf-
fered from the largest excessive costs due to faults slipped through (609 hours). How-
ever, when interpreting such excessive costs, one must be aware of that some sort of
investment is required in order to get rid of them, e.g. by adding code inspections.
Thus, the potential gain is probably not as large as 609 hours. Therefore, the primary
usage of the values is to serve as input to an expected Return On.

Investment (ROI) calculation when prioritizing possible improvement actions.

When measured in percent, the improvement potential for a certain phase equals
the improvement potential in hours divided with the total improvement potential (e.g.
in the example provided in Table 3, the improvement potential of System Test =
609/1255=49%). In the case study reported below, the measurements are provided in
percent (due to confidentiality reasons).
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Table 3. Example of calculation of improvement potential (hours)

PF: Total
PB Design | Impl. [Function Test| System Test | Operation |PB/phase
1*¥1-1*1] 1*¥2-1%1 | 10*10-10*1 | 5%*25-5%1 1¥50-1%1
Design =0 =1h =90h =120 =49 260h
' 4%2-4%2 | 25%10-25%2 | 18%25-18%2 | 2*50-2%2
lmpl. =0 = 200h =414h = 96h 710h
7 15%10-15*%10| 5*25-5*%10 |4*50-4*10
IFunction Test =0 =75h = 160h 235h
13*25-13*%25] 2*50-2*25
System Test =0 =50h S50h
Operation ] : s 0 Oh
Total
[potential/ PF | 1h 290h 609h 355h | 1255h

In related work, calculations on the improvement potential from faults have been
applied by calculating the time needed in each phase when faults were found when
supposed to in comparison to when they were not [11]. Although the results of using
such an approach are useful for estimating the effect of implementing a certain im-
provement, they require measurements on the additional effort required for removing
the faults earlier. Such measurements require decisions on what improvements to
make and estimates of what they cost and therefore they cannot be used as input when
deciding in which phases to focus the improvements and what the real potential is.

3 Results from Applying the Method

The applicability of the described method was evaluated by using it on the faults
reported in two projects at a department at Ericsson AB. The projects developed new
functionality to be included in new releases of the two different products. Hence,
previous versions of the products were already in full operation at customer sites.
Further, the projects used the same processes and tools and the products developed in
the projects were developed on the same platform (i.e. the platform provides a com-
ponent-based architecture and a number of platform components that are used by both
products). The products were developed mainly in C++ except for a Java-based
graphical user interface that constitutes minor parts of each product. Apart from the
platform components, each product consists of about 10-30 components and each
component consists of about 5-30 classes. The reason for studying more than one
project was to be able to strengthen the validity of the results, i.e. two projects that
were developed in the same environment and according to the same development
process should provide similar results (except for eventual known events in the pro-
jects that affected the results). Further, two projects were chosen since the selected
projects were the only recently finished projects and because earlier finished projects
were not developed according to the same process. Thereby, it was the two selected
projects that could be considered as representative for the organization.

The reported faults originated from the test phases performed by the test unit at the
department, i.e. faults found earlier were not reported in a written form that could be
post-analyzed. Further, during the analysis, some faults were excluded either because
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they were rejected or because they did not affect the operability of the products, e.g.
opinion about function, not reproducible faults, and documentation faults.

3.1 Faults-Slip-Through

Fig. 2 and Fig. 3 present the average percent faults-slip-through in relation to percent
faults found and development phase from two finished projects at the department. The
faults-slip-through measure was not introduced until after the project completions,
and hence all the fault reports in the projects studied needed to be classified according
to the method described in Section 2 in retrospect. The time required for performing
the classification was on average two minutes/fault. Actually, several faults could be
classified a lot faster but some of them took a significantly longer time since these
fault reports lacked information about the causes of the faults. In those cases, the
person that repaired the fault needed to be consulted about the cause. Additionally, in
order to obtain a consensus on what faults should be considered as faults-slip-through
and not, a workshop with key representatives from different areas at the department
was held. The output from the workshop was a checklist specifying which faults that
should be considered to belong to which phase. When assigning faults to different
phases, the possible phases to select among were the following:

System Design (SD): Faults in the design of the external interfaces of the product.

Implementation (Imp): Faults found when implementing the components, e.g. low-
level design and coding faults as well as faults found during inspections and unit tests.

Integration Test (IT): Faults found during primary component integration tests, e.g.
installation faults and basic component interaction faults.

Function Test (FT): Faults found when testing the features of the system.

System Test (ST): Includes integration with external systems and testing of non-
functional requirements.

Field Test + 6 Months (FiT+6): During this period, the product is tested in a real
environment (e.g. installed into a mobile network), either at an internal test site or
together with a customer. During the first six months, most issues should be resolved
and the product then becomes accepted for full operation.

Field Test 7-12 Months (FiT_7-12): Same as FiT+6; however, after 6 months of
field tests, live usage of the product has normally begun.

As can be seen in the figures, several faults belonged to the implementation phase
(59, 66%). Further, in project A (Fig. 3), many faults were found in FiT+6 (29%). The
primary reason for this was that the field tests started before ST was completed, i.e.
the phases were overlapping which resulted in that ST continued to find faults during
FiT+6. These ST faults could for practical reasons only be classified as FiT+6 faults.

3.2 Average Fault Cost

When estimating the average fault cost for different phases at the department, expert
judgments were used since neither was the fault cost reported directly into the fault
reporting system nor was the time reporting system feasible to use for the task. In
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Fig. 2. Percent faults-slip-through in relation to percent faults found and development phase
(Project A)
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Fig. 3. Percent faults-slip-through in relation to percent faults found and development phase
(Project B)

practice, this means that the persons that were knowledgeable in each area estimated
the average fault cost. Table 4 presents the result of the estimations. For example, a
fault costs 16 times more in System Test (ST) than in System Design (SD).

Table 4. Average fault-cost/phase at the department (in relative terms)

Phase found SD | Imp | IT FT | ST FiT+6 | FiT_7-12
Average cost/fault 1 1.2 3 9.8 16 20 20

The performed cost estimations only include the time required for reporting, fixing
and re-testing each fault, which means that there might be additional costs such as the
cost of performing extra bug-fix deliveries to the test department. Such a cost is hard
to account for since the amount of deliveries required is not directly proportional to
the amount of faults, i.e. it depends on the fault distributions over time and the nature
of the faults. The reason why FiT_7-12 was estimated to have the same cost as FiT+6
was because the system was still expected to be in field tests although live usage in
reality actually might already have started. Further, during the first 12 months after
the field tests have started, few systems have been installed although the system be-
comes available for live usage already during this period. That is, the fault cost rises
when more installed systems need to be patched, but, in reality, this does not take any
effect until after FiT_7-12.
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3.3 Improvement Potential

Table 5 and Table 6 present the improvement potential of the two studied projects
from the fault statistics provided in Sections 3.1 and 3.2 , calculated according to the
method provided in Section 2. As can be seen in both tables, faults-slip-through from
Implementation comprised a significant proportion of the improvement potential
(81%, 84%); therefore, this is foremost where the department should focus their im-
provement efforts. Further, in project B, all the test phases had a significant improve-
ment potential, e.g. FT could be performed at a 32% lower cost by avoiding the
faults-slip-through to it. On the contrary, project A had more diverse fault distribu-
tions regarding phase found. The reason for this is mainly due to overlapping test
phases (further discussed in Section 4). Finally, it should also be noted that the total
improvement potential in relation to fault origin phase (rightmost columns) are similar
for both projects, which strengthens the assumption in that the improvement potential
is foremost process related, i.e. the faults-slip-through did not occur due to certain
product problems or accidental events in the projects.

Table 5. Improvement potential (Project A)

Phase found Total potential

Phase belonging FT ST | FiT+6 |FiT_7-12| /origin phase
SD 3.3%| 0.0% 0.6% 0.0% 3.9%
Imp 33% 5.6% 37% 5.4% 81%

IT 2.2%| 0.0% 0.5% 0.5% 3.2%
[FT 0.0%| 0.7%| 10.1% 0.6% 11%
ST 0.0%| 0.0%| 0.8% 0.1% 0.9%
Total potential/test phase 39%| 6.3% 48% 6.6% 100%

Table 6. Improvement potential (Project B)

Phase found Total potential

IPhase belonging FT ST FiT+6 | FiT_7-12 | /origin phase

SD 0.6%| 1.9% 0.0% 0.0% 2.5%

Imp 30% 14% 12% 28% 84%

IT 1.7%| 2.5% 2.2% 0.0% 6.4%
0.0%| 1.6% 1.3% 2.0% 4.9%

ST 0.0%| 0.0% 1.5% 0.8% 2.3%

Total potential/test phase 32%| 20% 17% 30% 100%

4 Discussion

4.1 Validity Threats to the Results

When conducting an empirical industry study, the environment cannot be controlled
to the same extent as in isolated research experiments. In order to be able to make a
correct interpretation of the results presented in Section 3, one should be aware of



146 Lars-Ola Damm, Lars Lundberg, and Claes Wohlin

threats to the validity of them. As presented below, the main validity threats to this
case study concern conclusion, internal, and external validity [8]. Construct validity is
not relevant in this context since the case study was conducted in an industrial setting.

Conclusion validity concerns whether it is possible to draw correct conclusions from
the results, e.g. reliability of the results [8]. The threats to conclusion validity are as
follows. First, when determining which phase each fault belonged to, several faults
were assigned to the implementation phase. However, some of these faults might as
well belong to System Design due to a lack of information on the causes of the faults.
That is, from a described fault cause, it was possible to determine that the fault should
have been found before testing started but determining whether a fault belonged to
system design or to implementation was sometimes hard since the fault description
did not state if the fault occurred due to a fault in a specification or in the implementa-
tion. Nevertheless, the practical effect of this uncertainty was small since the cost of
finding faults in these two phases was estimated as almost the same (see Table 3).
Second, in order to be able to draw conclusions from the results, the department must
have a common view on which phase each fault should belong to. That is, managers
and developers should together agree on which fault types that should be considered
as faults-slip-through and not. At the studied department, this was managed by having
workshops where checklists for how to estimate fault-slip-through were developed.
However, continuous improvements and training are required in the first projects in
order to ensure that everyone have the same view on how to make the estimations.
Further, regarding the average fault cost for different phases, the result was obtained
through expert judgments and therefore, the estimations might not exactly reflect the
reality. However, this was minimized by asking as many ‘experts’ as possible, i.e.
although there might be deviations, the results were good enough to measure the im-
provement potential from and hence use as basis for decisions. However, in the fu-
ture, direct fault cost measures should be included in the fault reports so that this
uncertainty is removed. Finally, since the improvement potential is calculated from
the faults-slip-through measure and the average fault cost measure, the accuracy of
the improvement potential is only dependent on the accuracy of the other measures.

Internal validity concerns how well the study design allows the researchers to draw
conclusions from causes and effects, i.e. causality. For example, there might be fac-
tors that affect the dependent variables (e.g. fault distributions) without the research-
ers knowing about it [8]. In the case study presented in this paper all faults were post-
classified by one researcher, which thereby minimized the risk for biased or inconsis-
tent classifications. Another threat to internal validity is whether certain events that
occurred during the studied projects affected the fault distribution, i.e. events that the
researchers were not aware of. This was managed through workshops with project
participants where possible threats to the validity of the results were put forward.
Additionally, since two projects were measured, the likelihood of special events that
affected the results without being noticed decreased.

External validity concerns whether the results are generalizable or not [8]. In this
case study, the results are in overall not generalizable since they are only valid for the
studied department having certain products, processes, and tools. However, since two
projects were studied and gave similar fault distributions, the results are generalizable
within the context of the department. Further, the results on average fault costs in
different phases (see Table 4) acknowledge previous claims in that faults are signifi-
cantly more expensive to find in later phases [3, 10]. Nevertheless, in this paper, the
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main concern regarding external validity is whether the method used for obtaining the
results is generalizable or not. Since the method contains no context dependant infor-
mation, there are no indications in that there should be any problems in applying the
method in other contexts. Thus, the method can be replicated in other environments.

4.2 Implications of the Results

The primary implication of the results is that they provide important input when de-
termining the Return On Investment (ROI) of process improvements. That is, since
software process improvement is about reducing costs, the expected ROI needs to be
known; otherwise, managers might not want to take the risk to allocate resources for
handling upfront costs that normally follow with improvements. Additionally, the
results can be used for making developers understand why they need to change their
ways of working, i.e. a quantified improvement potential motivates the developers to
cooperate [11].

Improvement actions regarding the issues resulting in the largest costs were imple-
mented in subsequent projects, e.g. more quality assurance in earlier phases. Besides
shortening the verification lead-time, the expected result of decreased faults-slip-
through percentages was to improve the delivery precision since the software process
becomes more reliable when many defects are removed in earlier phases [11]. The
projects using the method will be studied as they progress.

An unanticipated implication of introducing the faults-slip-through measure was
that it became a facilitator for discussing and agreeing on what to test when, e.g. im-
provement of test strategies. This implies that the measure could serve as a key driver
for test process improvement.

5 Conclusions and Further Work

The main objective of this paper was to answer the following research question:

How can fault statistics be used for determining the improvement po-
tential of different phases/activities in the software development proc-
ess in an organization?

The answer to the research question constitutes a new method for determining the
improvement potential of a software development organization. The method com-
prises the following three steps:

(1) Determine which faults that could have been avoided or at least found earlier, i.e.
faults-slip-through.

(2) Determine the average cost of faults found in different phases.

(3) Determine the improvement potential from the measures in (1) and (2), i.e. meas-
ure the cost of not finding the faults as early as possible.

The practical applicability of the method was determined by applying it on two indus-
trial software development projects. In the studied projects, potential improvements
were foremost identified in the implementation phase, e.g. the implementation phase
inserted, or did not capture faults present at least, too many faults that slipped through
to later phases. For example, in the two studied projects, the Function Test phase
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could be improved by up to 32 and 38 percent respectively by decreasing the amount
of faults that slipped through to it. Further, the implementation phase caused the larg-
est faults-slip-through to later phases and thereby had the largest improvement poten-
tial, i.e. 81 and 84 percent in the two studied projects.

The measures obtained in this report provide a solid basis for where to focus im-
provement efforts. However, in further work, the method could be complemented
with investigations on causes of why faults slipped though the phase where they
should have been found. For example, the distribution of faults-slip-through could be
related to different software modules in order to be able to focus more efforts on
modules that have a high faults-slip-through. Further, when using the method de-
scribed in this paper, it would be very interesting to be able to quantify what effect the
provided measures have on the development lead-time and delivery precision, e.g.
through fault prediction models. To clarify, it is quite obvious that an organization
that has a high improvement potential plausibly also has a longer development lead-
time than necessary. Further, when having a longer verification lead-time, the organi-
zation cannot be as certain about when the product will reach an adequate quality
level and thereby is ready to be delivered. The challenge is to be able to quantify this
relation.
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Abstract. We performed a gap analysis in an SME in order to identify SPI op-
portunities. One month later, we also performed a root cause analysis, based on
error report data, in the same company and with the same developers. Although
the two approaches are quite different, the end results turned out to be rather
similar. We should be careful when drawing general conclusions from one sin-
gle case study but the study indicates that for SPIL, the participants’ problems,
preferences and experiences are more important than the data collected in the
start-up phase.

1 Introduction

The opportunity to write this paper stems from a quite unplanned activity in the Nor-
wegian SPI program SPIQ [1] some years ago. Two teams of researchers had, quite
unintentionally and only a month apart, done some SPI work together with the devel-
opers in a Norwegian SME. One of the research teams first used a Pareto analysis on
the error report statistics and then a root cause analysis (RCA) to identify improve-
ment opportunities, while the other team used a gap analysis followed by a brain-
storming session. Since all material from both groups is available, it is interesting to
look at two research questions:

1. To what extent did the two approaches give the same results?
2. If we find large differences, what are their main causes?

We expected to find large differences — after all, the two SPI activities employed
dramatically different approaches and had different foci — future goals versus current
problems.

2 The Methods Used
2.1 Pareto Analysis

When using the RCA, we need to identify a starting point. In order to attack the most
frequent error causes, we started by using a Pareto analysis. Pareto analysis [2] is

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 150-160, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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named after the Italian economist Vilfredo Pareto, who discovered that 30% of the
families in Italy owned 70% of all wealth in the country. The Pareto principle is also
called the principle of the important few and the insignificant many. This principle
has turned out to have wide range of applications — 30% of the code in the system
takes care of 70% of the input, 30% of the errors are responsible for 70% of the re-
work costs and so on. The Pareto principle is not a law of nature; it is just a principle
that helps us to organize our observations.

If we want to know if the Pareto rule holds for our observations, we can sort the
observations according to their values — largest value first — and plot the data. If the
plot is concave, Pareto’s rule might hold. Compute the sum of all the factor values —
S — and the value of the largest third of the factor values — T. If we find that T is close
to 0.7*S, we probably have a Pareto distribution.

2.2 Root Cause Analysis — RCA

The root cause analysis [2] — RCA — is usually one of the last steps in the process of
identifying improvement opportunities. This does not imply that we always need the
RCA. In many cases, improvement opportunities can be identified during a GQM
feedback meeting [3] or in the post-it notes session of a post mortem analysis (PMA)
[4]. The setting is usually that we have identified a problem and want to find its root
causes.

The RCA diagram is also called the fishbone diagram for obvious reasons. When
constructing the Ishikawa diagram, we start with the problem we want to analyze at
the right hand side of the diagram and a horizontal line pointing to the problem. We
then ask, “What can be the causes of this problem?” The answers to this question, the
first order causes, are included in the diagram with lines — fish bones — pointing to-
wards the main line — the spine of the fish. We can then repeat the question of causes
for each of the first order causes and so on for as long as we feel necessary.

2.3 Gap Analysis

A gap analysis [5] builds on two pieces of information — where are we and where do
we want to be? There are several ways to do such an analysis, but the simplest way is
to use the following form:

Present strength - P Property Future importance - F
1 2 3 4 5 1 2 3 4 5

Each participant gets his own copy of the form to fill in. The results are summed
up in a bar chart — one set of bars for present strength and one set of bars for the fu-
ture importance. The bar charts are used as input to a feedback meeting. It is the par-
ticipants who should interpret the results. Even though it is a slight violation of the
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science of statistics to do so, we compute the average values for the strength and
future importance by treating the score values as values on an ordinal scale. We find
the priorities of the properties by sorting the table according to the differences be-
tween the two averages. The final priorities must, however, be decided by the partici-

pants. With the notation used in the table above, we can write the following expres-
sion:

> (F,— P)/(number_of _items) 1)

Gap analysis is simple, un-bureaucratic and efficient. It is useful for getting a first
set of priorities and setting the future course for the company’s SPI activities.

3 The Main Results — SPI Opportunities
3.1 Pareto and RCA

In this approach, the log of errors reported from the customer was our starting point.
The reports from the error-logging tool combined with a Pareto analysis gave us the
graph shown in Fig. 1. We see that the number of person days used for error correc-
tion is Pareto distributed. The graph is concave. We have six categories and of these
the first third — two categories — are responsible for 155 person days or 79% of all
person days used for error correction. In order to limit the amount of SPI opportuni-
ties, we decided to only look at the most important category — logical problems.
Pareto’s rule holds also for the distribution of causes for logical problems. Again the
graph is concave and a third of the categories — two categories — hold 81 % of all per-
son days used for error correction.
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Fig. 1. Distribution of problem sources and correction resources

Fig. 1 shows on the left side that logical problems are the most costly error cause
for errors. On the right side in Fig. 1 we see that “forgotten cases and steps” and “ex-
treme conditions neglected” are the most frequent cause for this error category. Thus,
in the RCA we focused on these two problem areas.
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All the developers participated in a RCA to identify the main causes for these two
error categories. The Ishikawa diagram for the first one of the two RCA analyses is
shown in Fig. 2 below. Each participant scored the main causes in both Ishikawa
diagrams according to their importance. The most important error causes from the
two Ishikawa diagrams were selected based on the sums of scores for each cause.
This gave the following results:

o Forgotten cases and steps
o Loss of oversight — how the customers use the product, lack of competence
transfer when people quit and too many states in the software
o Time pressure — quick design solutions and management doesn’t want to set
priorities.
o Old code is part of many new products — stable products versus new develop-
ment and too many changes.

e Extreme conditions neglected
o Lacking important competence — product design should reflect customers’ needs
and too complex code
o Error handling.
o Lack of design control — incomplete design before coding and the design solu-
Not discovered

tions are not flexible enough.
Laoss of
during review Lack of specification oversight

Responsibility divided
between FW and HW

Imitialisation of
global vanables

How to set priorities
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solution over redesign want to set priorities
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Fig. 2. Ishikawa diagram for “Forgotten cases and steps”

Prioritise simple

The problem causes from the Ishikawa diagram were used as a starting point and a
set of foci for a brainstorming session. As a result of this, we created the table of SPI
activities shown in Table 1 together with the developers.

All activities that received the votes of more than half of the participants — more
than three votes — were selected for implementation. If several activities received the
same number of votes, they all got the average rank of the activities with the same
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Table 1. Results from the RCA analysis — first phase

Activity Means Votes Priority
Focus on the right job — better, 6 1
more consistent prioritizing
Working module groups with Study groups 5 25
assign responsibilities '
Simplify and reduce the retry-
: i 2 75
algorithm for writing to tape
Better documentation of error | Define the error situations 1 10
situations during specification
Use experiences from several
R 12.5
disciplines
Increase observability of error | Better tracing 3 5
situations
More people to participate in
. 1 10
the design phase
Better coordination between
; 1 10
development and maintenance
Information development Cross-project reviews 2 7.5
Better motivation Need to understand what 3 5
motivates the developers
More communication between
A 3 5
marketing and development
Reduce the levels of ambition | Priorities functionality and
for functionality — it is risky to | perform a risk analysis 5 25
change old code
Improved product testing 1 12.5

vote. When we compare the output from the RCA and the gap analysis, we will only
consider the six activities with the highest number of votes.

3.2 Gap Analysis

The questions used in the gap analysis are adapted from an ESI survey from 1995 [5].
This analysis focuses on three main areas — competition, life cycle processes and
learning and process improvement — see the main categories in tables 3 and 4. In
addition to the questions from this survey, the participants also included some new,
company specific questions. All personnel in the group — developers, project and
group managers and marketing personnel — participated in the gap analysis. The areas
in the gap analysis were ranked according to their average shifts — see equation (1).
The bigger the average shift, the more important is the SPI activities that can be de-
rived from it. Most of the time, all three groups agreed on the size of the shifts.

The average shift value was not, however, the only input to the prioritizing proc-
ess. In addition, the participants took the company’s internal priorities into considera-
tion. For this reason, not all areas with large shifts got a top priority and some areas
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with a smaller shift — 14 and 1.5- got a top priority ranking. Based on the results
from the gap analysis, the company decided on the SPI activities shown in Table 2.

Table 2. Results from the gap analysis — first phase

Problem area Means Priority
Training of new employees The training of new employees must
start while those that are about to be 1
replaced are still working
Time pressure Marketing must not promise a delivery
Fail to deliver on time data without an OK from the develop- 2
ment group leaders
Cooperation, and discussions Review of the Overland case. What
when writing specifications for went wrong — and why? 3
new products
How do the customers use the Internal seminars to discuss how the
system? systems are used by the customers 4
Test the equipment on customer hard-
ware
Increase the flexibility of configu- | New procedures for configuration
ration management management 5
New procedures for handling version-
ing
Redesign of error prone modules | Identify error prone modules
Decide whether we will do a complete
; ; 6
redesign or redesign only for new
products.

The results in the table come from a combination of the output from the gap analy-
sis and the brainstorming session. The participants had the results from the gap analy-
sis with them during this session.

4 Comparing the Two Methods

The two methods have more in common than we thought at first glance. The first
thing to note is that both methods have a strong subjective component. The last step is
the same for both methods — we use personal experience plus information from ear-
lier parts of the process to identify improvement opportunities.

We will look at the differences between the methods at two stages in the process —
after the data collection and after we have identified the SPI opportunities. The results
from the data collection in the gap-analysis and the RCA are shown in Table 3. In
order to keep it simple, we used the categories from the gap-analysis as table catego-
ries. The gap-analysis data can then be inserted directly, while we need some
interpretation to decide the right row for the RCA data. In order to limit the size of
the table and to facilitate comparison with the RCA data, we used only the data
supplied by the developers and excluded the data from the management and
marketing personnel.
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Table 3. Results from RCA and gap analysis — first phase

Categories | Gap analysis | RCA

Competition

Market - -

Flexibility - -

Quality Prioritize long-term quality Quick design solution
before quick problem fixing Incomplete design before
To do the job correctly the first | coding
time irrespectively of time
pressure

Deliveries — —

Life cycle processes

Delivery processes

Marketing should know the
customers’ use of the product
Developers should know the
customers use of the product

How the customers use
the product

Product design — should
reflect customers’ needs

Development processes

Too complex code

Too many states in the
software

Too little focus on error
handling in the product

Support processes

Too many changes

Management processes

The developers get the re-
sources they need to meet their
goals

Management do not want
to set priorities

Organizational processes

Courses necessary to allow
each employee to do his job
Mechanisms that support coop-
eration between departments
Mechanisms that support coop-
eration between disciplines

Lack of competence
transfer when people quit

Learning and process improvement

Learning in the group

Learning from other groups

Software process improve-
ment — SPI

Testing of new technical
knowledge in new projects

Stable products versus
new development

Table 3 shows two things — firstly, the gap analysis and the RCA mostly agree on
what are the important issues. If we for instance look at the category “quality”, we see
that both methods identify time pressure as an important quality problem. The same
agreement is found for “delivery processes”, “management processes” and “software
process improvement”. The exceptions are the categories “support process” and “de-
velopment process”, which are not included in the results from the gap-analysis. The
reason for this is that these items have a high score for present strength (mostly above
3.0) and it is thus impossible to get a gap larger than 3.0 for any of these items. The
differences are as should be expected when using two rather different methods and
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foci. The agreement on “organizational processes” is only partial as the RCA did not
identify cooperation as an important issue.

The next phase, where the developers used brainstorming to identify SPI opportu-
nities, brought some rather interesting changes — see Table 4.

Table 4. Results from RCA and gap analysis — second phase

Categories | Gap analysis | RCA

Competition

Market - -
Flexibility - -
Quality Time pressure, fail to deliver | —

on time

Deliveries — —
Life cycle processes

Delivery processes

Cooperation and discussion
when writing specifications
for new products

How do the customers use the
system

More communication
between marketing and
development

Development processes

Redesign of error prone mod-
ules

Increase observability of
error situations

Reduce the level of ambi-
tions for functionality

Support processes

Increase the flexibility of the
configuration management
system

Management processes

Better, more consistent
prioritizing
Better motivation

Orﬁa.nizational processes

Training of new employees

Learning and process improy

ement

Learning in the group

Working module groups
with assigned responsi-
bilities

Learning from other groups

Software process improve-
ment — SPI

RCA: The items related to the “quality” category — time pressure — are gone, together
with the concern for too large change traffic in the “support processes”, and the prob-
lems pertaining to the SPI category — stable products versus the need to try out new
methods. The focus for learning has moved from competence transfer — part of the
“organizational processes” to the need for working groups with assigned responsibili-
ties — “learning in the group” — a concept not mentioned earlier in the RCA process.
The working groups as a means of learning were, however, used earlier in the com-
pany but were removed from the organization due to lack of developer interest. In the
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category “delivery processes” RCA proposed communication with marketing as a
solution to the previously mentioned problem — to reflect customer needs. The same
movement towards a practical solution can be seen in the category “development
processes”. Here the RCA propose solving the general problem of complex code by
increasing the observability error situations.

Gap Analysis: The concern for developer resources in the “management processes” is
gone, together with the SPI concern for formal mechanisms that can be used to test
new technologies in the development of new products. The latter is consistent with
the change in the RCA results. The most interesting observation for the gap analysis
is, however, the inclusion of two new items — configuration management and error
prone modules. Neither of these two items is mentioned in the form that the partici-
pants in the gap analysis used. They are, however, concrete solutions to real prob-
lems. In the “delivery processes” category, the gap analysis shifts from general
mechanisms used to support cooperation to the specific need for cooperation when
writing specifications for new products — again a low level concrete solution to a high
level abstract goal.

All changes in the RCA and the gap analysis can be explained by the need to move
from abstract goals and concrete problems to concrete solutions. Problems where the
developers saw no clear solution were removed. What these few data seem to say is
that the more the data are transformed in people-intensive, creative processes, the
more the real problems dominate, irrespective of the method used to collect the data
in the first phase of the process. The diagram shown in figure 3 shows the mecha-
nisms that are at work in both processes.

The diagram illustrates how the choice of method influences the subset of prob-
lems considered after the first phase. Thus, the results here will for instance depend
on whether we use an RCA or a gap analysis. In the next phase, however, personal
priorities are brought in and will be mixed with — and later dominate — the previously
selected subset of problems. In the end, personal priorities of the participants will
dominate the output and thus the identified improvement opportunities.

Method % @ K Problems

Subset of
problems

Improvement
opportunities

Personal
priorities

Fig. 3. The influence of methods used and perceived problem in an SPI process
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We have at least two scenarios that can give the observed effect, characterized by a
strong-headed consultant or by strong-headed developers respectively:

1. The consultant steers the process in the preferred direction — he has his standard
approach and the developers are moved towards this — nolens volens. A discussion
with the consultant that did the work in our case suggests that we can ignore this
possibility, since they had no preferred solution.

2. The developers have decided what their most important problems are and try to
solve these, irrespective of method and available data. Problems that cannot be
solved in the near future are removed. A good consultant will in this case function
as a catalyst for the solution.

The main question seems to be — who sets the course and who is at the helm? In
our case, the researchers that collected the data claim that they had no preferred solu-
tion or direction of results. Thus, we are left with scenario 2 — the developers were in
charge of the process and the results reflected in both cases their problems and
needed solutions. For a further discussion of this and related problems in an industrial
setting, see [6].

5 Conclusions

What is reported here is just one small case study and we should take care when ex-
trapolating the results. With this caveat in mind, it seems that:

e The SPI method used will mainly decide the data that will be collected.

e The differences between any two methods will decrease with the number of per-
son-intensive steps, for instance brainstorming activities.

e The ideas, experiences and opinions of the participants have a larger impact on the
identified opportunities than the method used. We should thus — ceteris paribus —
select the SPI method that creates the largest commitment in the company.

In some sense the results show the triumph of real problems over collected data.

Our results give three important insights:

¢ The participants will use the data as input and as a starting point, but the SPI rec-
ommendations that come out in the end will in either case be a combination of the
data and the company’s main problems and priorities.

e It is important to create a forum where SPI researchers and developers can ex-
change experience and information. It is important that the developers are in
charge of this forum.

e [f we are trying to identify improvement opportunities in a certain area, we need to
work hard to keep the focus throughout the process — for instance by using a fo-
cused PMA.

Finally, whatever process we choose for our SPI work, the process creates a forum
where developers and consultants meet to solve the problem at hand. My own indus-
trial experience has shown that an important component in this approach is that the
process works to legitimize a solution that the developers have already decided that
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they want. The process is needed because management is more willing to listen to the
consultants than to their own developers.
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Abstract. Requirements prioritization is recognized as an important but
difficult activity in product development. The literature offers methods for
requirements prioritization, but many authors report that practices in companies
are mostly informal. In this study, we evaluated two requirements prioritization
methods from the requirements engineering literature in industrial product
development projects. In the first case, the users of the system evaluated the
pair-wise comparison technique [5] for prioritizing user needs. In the second
case, practitioners evaluated Wiegers’ method [18] for change requests. The
findings from the cases provide information about the suitability of the
prioritization methods for product development work. In addition, our findings
indicate why it might be challenging for practitioners to employ a requirements
prioritization method.

1 Introduction

Requirements prioritization is defined as an activity during which the most important
requirements for the system should be discovered [17]. It is recognized as an
important, but, at the same time, challenging activity in requirements engineering
(RE). The origins of its importance are in limited product development resources,
since time and money are finite in practice. Only a limited set of requirements can be
implemented in one release, but the product should, however, meet the needs of the
customers and reach the markets in time [6, 16]. In practice, this means that trade-offs
have to be made during the development work. For example, Wiegers [18] points out
that priorities are necessary, not just so as to be able to ignore the least important
requirements but also in order to resolve conflicts and plan for staged deliveries.
Challenges in requirements prioritization mainly originate from the tough nature of
the issue. It is widely accepted that requirements prioritization needs complex
decision-making [3, 6, 11, 13]. In order to prioritize requirements successfully,
domain knowledge and estimation skills are required [8]. In practice, decision-makers
find that it is not easy to define the factors on the basis of which prioritization
decisions should be based, and it might be difficult to get real information that can act
as a basis for the decisions [11]. In addition, requirements depend on each other and
priorities are always relative. An important requirement in one release or to a certain
customer may not be as important in the next release or to another customer [3]. Even
the concept of prioritization is recognized as ambiguous in practice [11]. Our study
showed that the term “priority” was, in some cases, used, for example, as a quantity

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 161-170, 2004.
© Springer-Verlag Berlin Heidelberg 2004



162  Laura Lehtola and Marjo Kauppinen

meaning “the importance of a requirement to the customer”, while in other cases it
described how soon the requirement would be implemented [11].

Despite the challenging nature of the problem, there are several requirements
prioritization methods introduced in the literature (for example [2, 5, 6, 18]). The
high-level goal of this study is to investigate how two existing requirements
prioritization methods, the pair-wise comparison technique [5] and Wiegers’ method
[18], suit for real product development projects. As a contribution, we provide the
lessons learned for practitioners and for researchers.

This paper describes the lessons learned from one organization that tried to choose
a suitable prioritization method for their product development projects by evaluating
two candidate methods. The paper is structured as follows: requirements prioritization
methods from the literature are introduced in Chapter 2; the empirical study is
described in Chapter 3; the experience of the empirical evaluation of the methods is
described in Chapter 4, and the lessons learned from the cases are explained in
Chapter 5. Finally, we summarize the conclusions.

2 Requirements Prioritization Methods in the RE Literature

The requirements prioritization approaches introduced in the literature can roughly be
divided into two categories: methods based on giving values to different factors of
requirements and negotiation approaches. The division between these two approaches
is not very strict, but the main differences are discussed in the next two paragraphs.

The methods are based on the idea that a priority of a requirement is a combination
of the values given to the different factors affecting the priority. The methods can be
divided into two subcategories. The first subcategory consists of the methods in which
each requirement is processed uniquely (for example [4, 18]); the other subcategory
contains the methods that are based on comparing requirements with each other (for
example [5, 6]). Negotiation approaches encapsulate the idea that the priority of a
requirement is determined by reaching agreement between the different stakeholders.
Boehm’s WinWin model [2] suggests identifying key stakeholders, identifying their
win conditions, and negotiating about win-win reconciliations on that basis.

The origins of negotiation approaches are in contract situations, where developers
and their specific customers need to negotiate about the requirements for a specific
project. However, as the basic planning problems differ between traditional project-
oriented systems development and market-driven product-oriented development [3,
15], we do not deal with negotiation approaches in this study.

2.1 Priority Groups, the Pair-Wise Comparison Technique,
and Wiegers’ Method

Priority groups, in which requirements are put into categories, is the most traditional
and best-known requirements prioritization practice. For example, IEEE [4] recom-
mends ranking requirements according to their importance using scaling: Essential,
Conditional, and Optional, referring to the requirement’s contribution to the accept-
ability of the software. Kovich [9] introduces a slightly different approach in which
requirements are categorized on the basis of how perfectly they must be implemented.
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Karlsson’s pair-wise comparison technique [5] is based on the Analytical Hierar-
chy Process (AHP) [14]. In AHP, all possible pairs of hierarchically classified attrib-
utes are compared pair-wise, according to how well they contribute to the attributes in
the upper hierarchy level. In the pair-wise comparison technique, all requirement pairs
are compared according to their importance. The scale used in the comparisons is
basically the same as that employed in AHP: 1 (of equal importance); 3 (moderate
difference in importance); 5 (essential difference in importance); 7 (major difference
in importance), and 9 (extreme difference in importance). By means of the calcula-
tions introduced in [5], these comparisons lead to an understanding of what each re-
quirement’s share of the total value of the requirements is. In [6], Karlsson and Ryan
introduce the cost-value approach, which improves the pair-wise comparison tech-
nique by using cost and value as high-level factors against which each requirement
pair is compared.

Wiegers’ method [18] is based on the idea that the priority of a requirement can be
calculated by dividing the value of a requirement by the sum of the costs and techni-
cal risks associated with its implementation. The value of a requirement is seen as
being dependent both on the value the requirement provides to the customer(s) and
the penalty incurred if the requirement is absent. According to Wiegers [18], develop-
ers should evaluate the requirement’s costs and implementation risks, as well as the
penalty the developers may incur in customers’ eyes if the feature is missing. The
customers should evaluate the value the requirement provides for them. Each attribute
is evaluated on a scale from 1 to 9.

Table 1. Three existing requirements prioritization methods from the evaluator’s viewpoint

Method What the evaluator must do Scale

Priority groups Divide requirements into three | » For example: Essential,
categories according to a Conditional, Optional
criterion (usually “impor-
tance”).

Pair-wise comparison Compare each of the possible | e 1,3,5,7,9

technique requirement pairs and decide

how much more valuable the
other requirement is.
Wiegers’ method Evaluate each requirement e 19
according to its value to cus-
tomer, penalty if it isn’t im-
plemented, implementation
costs, and risks.

3 Research Methods

The experience drawn on in this research comes from work with an industrial partner
of the Qure' research project at Helsinki University of Technology. The high-level
research goal of the Qure project was to investigate how organizations can develop
products that better satisfy user and customer needs. This research activity was part of

I The Qure project was a research project funded by the National Technology Agency of
Finland (Tekes) and industrial partners.
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a subproject investigating how user and customer needs and requirements should be
prioritized.

The objectives of our research were to characterize the benefits and challenges of
existing requirements prioritization methods in product development work. In order to
clarify this area, we evaluated two prioritization methods, the pair-wise comparison
technique [5] and Wiegers’ method [18], in industrial product development projects.

3.1 Case Company

The research work was carried out in the R&D unit of a Finnish company developing
transportation systems for buildings. At the time of the study, there were 23,000 em-
ployees in the company. The case organization had invested a substantial amount of
resources in RE process improvement. At the time of this study, there was RE im-
provement project in progress. The idea of improving requirements prioritization in
the organization was one improvement action taken by the RE process improvement

group.

3.2 Research Steps

In order to improve the prioritization practices in the organization, an improvement
group was established in the case organization. The goals for this temporary group
were to find out a suitable requirements prioritization method from the literature,
evaluate it, and introduce and adopt it in the product development organization. The
group consisted of a usability expert, a visual designer, two project managers, and an
external researcher who worked as the facilitator of the group.

At the time of the study, the authors were active participants in the RE process im-
provement work in the case organization. This made it possible for us to use an action
research approach and, via that, to have a deeper insight into what the practitioners
do, not just what they say they do [1]. The practical role of the researcher in the
improvement process was to function as a kind of a facilitator or moderator. She
interviewed the usability expert before the improvement group was established, in
order to have a wider understanding of the situation in the organization at that time. In
addition, she introduced the prioritization methods to the improvement group,
gathered and documented the experience, presented the findings from the cases to the
group members, and supported the improvement work.

3.3 Data Collection

We evaluated two existing requirements prioritization methods, the pair-wise
comparison technique [5] and Wiegers’ method [18], in real development projects.
Both of the studies were performed in separate projects, which presented different
challenges. The two case projects were selected on the basis of their interest in
adopting a prioritization method. Both of the projects decided to try the prioritization
method that they thought would be the most suitable in their case.

In both cases, we selected relevant participants within or outside the project and a
subset of the project’s requirements. The participants prioritized the requirements
with the prioritization method according to the instructions given in the literature.



Empirical Evaluation of Two Requirements Prioritization Methods 165

However, the project managers were given the opportunity to make small adjustments
to the methods if they felt that something in the method would not be suitable in their
case. The cases are briefly summarized in Table 2.

Table 2. Case projects
Type of requirements | Users Prioritization method
Project A User needs 4 users of the system | Pair-wise comparison
technique
Project B Change requests Project manager Wiegers' method
Requirements engi-
neer

The role of the researcher was to provide help in the usage of the methods and to
collect the experiences by making notes and having discussions with the participants.
The researcher also interviewed the practitioners about the usage of the method and
how they felt about the prioritization results that the methods gave. In addition, the
researcher helped in calculating the prioritization results according to the data
collected and presented the findings to other improvement group members.

Case 1: Pair-Wise Comparisons for User Requirements
Project A was an investigation project during which the organization wanted to have
more information about real user preferences concerning one of the main products of
the company. At the time of the study, the practitioners involved had gathered a good
deal of data concerning user needs by performing a field study (introduced in [10])
and they were satisfied with their manifold new findings. However, all the user needs
had an equal value in the report and the practitioners did not know how to select the
most important needs for further recognition. They wanted to introduce a common
prioritization method to the project in order to systematically prioritize the user needs.
We invited four users of the product to prioritize the gathered user needs by means
of the pair-wise comparison technique [5], while the project manager wanted to know
which of the requirements are the most important to the users. We grouped the
requirements into ten categories of 20 or less requirements. The categories were such
as “Usability” or “Performance”. We predetermined all of the users to prioritize the
same four categories of requirements. However, we found with the first user that it
was impossible to prioritize the biggest category. That is why we left the biggest
category out with the next three users, but one new category in.

Case 2: Wiegers’ Method for Change Requests

In Project B, there were numerous change requests that had been gathered by a project
manager, but no ideas how to systematically prioritize these. The project manager had
tried to prioritize the requirements mutually, but felt that he needed a systematic way
to find which of the requests to implement first.

In this case, both the project manager and another project member prioritized 6
change requests using Wiegers’ method [18]. In this case, the practitioners wanted to
use the method as it is described in the literature. However, as they faced some
challenges concerning the usage of the method during the prioritization, the product
manager made his own adjustment to it. This is discussed in more detail in the next
chapter.
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4 Experience from the Empirical Evaluation of the Methods

The next two sections summarize the findings from the two cases. We especially
point out the challenges involved in order to gain a better understanding about the
limitations of the prioritization methods in real product development projects.

4.1 Pair-Wise Comparison Technique

In the pair-wise comparison case, the selected users were interested in sharing their
preferences concerning the product with the product developers and took the practi-
tioners’ interest in their opinions as an honor. The product developers, on the other
hand, found the idea of getting a list of requirements, put in descending order
according to their importance to users, attractive. From the methodological point of
view, the users found it quite easy to say which of the two requirements was more
important in each case. However, we found some challenges in the usage of the
method, which we describe in the following paragraphs.

Users found it difficult to estimate how much more valuable one requirement is
than another. Even though the users found it easy to decide the order of importance
of each pair of requirements, they had difficulties in nominating the extent to which
one is more important than the other. Karlsson [5] recommends using an importance
scale of up to 9 steps, but even 5 steps was too much for the users in our case. In addi-
tion to the verbally announced and observed difficulties, none of our users used more
than 3 importance steps (for example 3, 5, and 9) with one set of requirements.

Pair-wise comparisons with over 20 requirements were difficult in practice. After
working for half an hour with the same 20 requirements, our first user become so
irritated that she was not really concentrating on comparing the requirements. All she
wanted was just to finish the task fast. We had to change the research setting and
abandon this particular category of requirements with the other three users.

Requirements at different levels of abstraction caused trouble. According to the
preliminary nature of user requirements, the requirements in our comparison were at
quite different levels of abstraction from each other. Even though we had grouped the
requirements, there were, for example, requirements such as “The materials should be
of good quality” and “Stone should be one material alternative” in the same group.
“Stone” might be one component of quality, but in this case the users preferred the
more general “quality”. The prioritization results we got easily gave the illusion that
stone is not a good material alternative at all, but there were just no other material
alternatives in this comparison.

Some users conceived pair-wise comparisons as pointless. Two of the users com-
plained that the pair-wise comparisons were pointless. They felt that it would have
been easier for them just to select the most important requirements or put the re-
quirements in descending order without any pair-wise comparisons.

4.2 Wiegers’ Method

In the Wiegers’ method case, the practitioners were enthusiastic about the idea of
getting their manifold change request distributed to a continuum as an outcome. In
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addition, they found the idea of evaluating the requirements in a controlled way from
different viewpoints interesting. However, our findings concerning the method are not
only positive.

It was unclear for practitioners on what information they should base the
evaluations of the factors. It was unclear for practitioners what the real-life elements
of the value, penalty, cost or risk in their case actually were. “How do I evaluate a
requirement’s value to the customer or implementation costs if we do not have any
common basis as to what the terms “value” or “cost” mean? What is the information
on which I should base my evaluation?” complained one practitioner.

Practitioners found it difficult to estimate which number to give to factors. It was
not easy for the practitioners to decide what number to give in each case to the fac-
tors. “What does it mean if I give either number 3 or 57 What is the practical differ-
ence between them?” argued one practitioner. Both of the practitioners felt that they
were missing common guidelines regarding the meanings of different scale levels in
their case.

Practitioners created their own formulas in order to be able to evaluate the fac-
tors. In order to evaluate “value” or “risk” and attribute numbers to these factors, the
project manager decided to create his own mathematical formulas. On one hand, this
led to better understanding of the information that the evaluation should be based on
in their case, but on the other hand it also led to complicated and troublesome calcula-
tions without mathematical relevance.

Practitioners changed their estimates if the order of requirements emerged
‘“wrong”. Before the prioritization, the practitioners said that they were unsure about
the priority order of their requirements and were therefore enthusiastic about using
prioritization methods. However, we found that the practitioners had strong opinions
about the priorities and that in some cases they tried to use the prioritization method
in order to prove their existing views. For example, if a requirement they had
preferred got low priority according to the formulas, they changed their estimates so
that the preferred requirement became more important in the priority list.

5 Lessons Learned

The lessons learned from evaluating existing requirements prioritization methods in
the two case projects are summarized in bullet points below and described in Sections
5.1-5.4:

e Practitioners seem to mistrust the results they get with the methods

¢ A lack of clarity concerning the usage of the prioritization methods may affect the
prioritization results

Prioritization results may lead to a wrong impression of what to do on that basis
Practitioners need project-specific guidelines

5.1 Practitioners Seem to Mistrust the Results They Get with the Methods

Practitioners seem to mistrust the results they get by using prioritization methods. In
our cases, the practitioners were interested in using the methods and felt that they
would need one to make better prioritization decisions. However, if the priority order
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given by the method was contrary to their experience-based opinions, they felt that
the method was not working properly.

The mistrust of the methods was expressed differently in the two cases. In the
Wiegers’ method case, practitioners changed their estimates in order to get a “better”
priority order if the results given by the method seemed wrong. In the pair-wise com-
parison case, the users argued that pair-wise comparisons are gratuitous and that they
could just select the most important requirements without comparisons.

5.2 A Lack of Clarity Concerning the Usage
of the Prioritization Methods May Affect the Prioritization Results

Aspects of the usage of the prioritization methods that are unclear may lead to wrong
calculations and thereby be incorporated into prioritization results. In our cases, there
occurred some practical problems during the prioritization work. We found that these
affected the priority order of the requirements.

The prioritization results are never better than the raw data inserted. If a user
evaluates the factors in a hurry without careful consideration or cannot nominate the
extent to which one requirement is more important than the other, or if a practitioner
does not know what a requirement’s real value for the customer is, the prioritization
results are nothing more than just rough guesses. Getting exact numbers or fractals as
an outcome does not ensure the validity of the results, since the mathematical calcula-
tions cannot improve the quality of the raw data inserted.

5.3 Priority Results May Lead to a Wrong Impression
of What to Do on That Basis

Requirements prioritization methods give a priority list as an outcome. These lists
may, in some cases, lead to a false impression among the practitioners as to what one
should do on the basis of them. In our case, the practitioners found that it was not
possible to just select the first requirements from the priority list and be sure that these
are the most important requirements that should be implemented first.

In the pair-wise comparison case, it seemed that some requirements were getting
low priorities just because they were not compared to the other requirements of the
same level of abstraction. For example, in one requirements group, a more general
“quality” was prioritized over a specific material alternative when they were com-
pared. However, it would not be right to indicate on that basis that this material alter-
native could not lead to quality or be an excellent material alternative. In the Wiegers’
method case, we also found that taking value per cost plus risk ratio may lead to a
priority list that favours unremarkable requirements with both low value and costs and

undervalues important but expensive requirements (for example: 2/1 is a bigger num-
ber than 8/7).

5.4 Practitioners Need Project-Specific Guidelines

If an organization wants to use a prioritization method, practitioners need commonly
defined guidelines about the elements of the factors and usage of the scales. Practitio-
ners need to define, for example, what viewpoints should be taken into account when
evaluating the “value” and “cost”. In addition, they need to negotiate what the differ-
ence between, for example, the numbers 3 and 5 on a scale means in practice.
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In our cases the users of the prioritization methods lacked a common understanding
of the rules concerning the usage of the methods. This led to a situation in which all
the participants had their own understanding of the basis on which the factors should
be evaluated. In addition, every user used the scales differently, which made it diffi-
cult for them to combine their points of view.

6 Conclusion

In this paper, we evaluated two requirements prioritization methods, the pair-wise
comparison technique [5] and Wiegers’ method [18], in two industrial case projects.
On the basis of the study, we provide information regarding how these methods suit
real product development projects and discuss issues that practitioners should recog-
nize when using them.

The case organization of this study wanted to improve their informal requirements
prioritization practices by employing a systematic method. The lack of, and demand
for, systematic requirements prioritization practices in companies is recognized in the
literature as well [12, 6, 8]. Our study indicates that the evaluated requirements priori-
tization methods provide help for practitioners. However, requirements prioritization
seems to be such a complex decision-making problem that organizations cannot solve
it comprehensively by just employing one method.

According to our study, one possible benefit of using requirements prioritization
methods is that practitioners acquire a more controlled way of taking different view-
points into account during prioritization. Even rough considerations of, for example,
user preferences and implementation costs may provide help in decision-making. It
seems that the benefits of using a systematic prioritization method are not just getting
a priority list as an outcome. Similarly, Karlsson et al. [7] discuss positive side effects
occurring during their pair-wise comparison sessions, such as identifying ambiguous
requirements.

However, the practitioners in both of our cases faced practical difficulties with the
methods. For example, in order to prioritize requirements with the methods, the prac-
titioner has to evaluate factors such as “value” or “cost”. In our cases, it was not clear
for practitioners on what information they should base their evaluations of these fac-
tors. According to our findings, we would recommend practitioners to agree before
prioritization on what information the evaluations should be based on and how to use
the scales. For example, project members could agree that they should consider issues
such as importance for users, importance for customers, and importance of the re-
quirement’s original source when evaluating the “value” of a requirement.

One challenge in our cases was that the practitioners seemed to mistrust the results
they got by the methods. The experiments conducted by Lena Karlsson et al. [§]
reveal somewhat similar findings. Some of the evaluators of the requirements, in their
case, felt a loss of control over the prioritization process when they used the analytical
hierarchy process (AHP).

In summary, our study indicates that prioritization methods can provide help in
putting a set of requirements in order and the results of the prioritization may work as
a basis for discussion. However, there are practical difficulties in the usage of meth-
ods and therefore prioritization results should be taken more as being indicative than
as an ultimate truth. Because of the small sample of case projects and limited set of
prioritized requirements, the findings of our study may not be valid in all organiza-
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tions. However, our study provides directions for further investigation. One of the
research challenges in the future is to investigate if project-specific agreement on the
information that evaluation of the factors should be based on improves the use of
prioritization methods and affects the practitioners’ trust of the prioritization results.
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Abstract. The motivation for this work is derived from the current interest in
speeding up development schedules. A key implication of the shift to more
rapid development methods is the growing emphasis on fixed time and fixed ef-
fort delivered during such projects. However there appears to be little work that
addresses the impacts of dealing with bound effort levels. The result of binding
time and effort is to deprive project managers of the normal parameters that are
used in tradeoffs. The paper attempts to introduce a quantitative analytical
framework for modeling effort-boxed development in order to uncover the ef-
fects on the overall development effort and the potential leverage that can be
derived from incremental delivery in such projects. Models that predict product
size as an exponential function of the development effort are used in the paper
to explore the relationships between effort and the number of increments,
thereby providing new insights into the economic impact of incremental ap-
proaches to effort-boxed software projects.

1 Introduction

The popular computing literature is awash with stories of IS development failures and
their adverse impacts on individuals, organisations and societal infrastructure. Indeed,
contemporary software development practice is regularly characterised by runaway
projects, late delivery, exceeded budgets, reduced functionality and questionable
quality that often translate into cancellations, reduced scope and significant re-work
cycles [8]. Failures in particular, tell a potentially grim tale. In 1995, 31.1% of US
software projects were cancelled, while 52.7% were completed late, over budget (cost
189% of their original budget), and lacked essential functionality. Only 16.2% of
projects were completed on time and within budget; only 9% in larger companies,
where completed projects had an average of 42% of desired functionality [16]. The
1996 cancellation figure rose to 40% [17].

The cost of failed US projects in 1995 was $81 billion, in addition cost overruns
contributed an additional $59 billion (so that out of the $250 billion spent on 175,000
US software projects, $140 billion was spent on cancelled or over budget activities)
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[16]. In fact, Jones contended that the average US cancelled project was a year late
having consumed 200 percent of its expected budget at the point of cancellation [10].
In 1996, failed projects alone totalled an estimated $100 billion [12]. In 1998, 28% of
projects were still failing at a cost of $75 billion, while in 2000, 65,000 of US pro-
jects were reported to be failing [18].

The Standish Group makes a distinction between failed projects and challenged
projects. Failed projects are cancelled before completion, never implemented or
scrapped following installation. Challenged projects are completed and approved
projects which are over-budget, late and fewer features and functions than initially
specified. Most organisations are constantly searching for ways to improve their de-
velopment practice and reduce the likelihood of failures and the degree to which their
projects are challenged.

Typical projects entail a balancing act between the triple constraints of budget,
schedule and scope. Trade-offs and adjustments are therefore made by restricting,
adding to or adjusting the cost, time and scope associated with a project. Budding IT
project managers are introduced to the holy trinity of project constraints at an early
stage and are advised to balance the factors in order to define an acceptable compro-
mise.

Indeed the traditional triangle in project management is said to be concerned with
finding the balance between cost, time and scope (see Figure 1). For example, the
more that is requested in terms of scope (or arguably even the performance or the
quality) the more it is likely to cost and the longer the expected duration. If the client
needs to have a certain performance delivered very rapidly, this will increase the cost
due to the need to work faster and have more people involved in the development.
The more features expected from a system, the higher the cost and the longer the
expected duration. If the costs need to kept to a minimum, one may need to consider
the essential performance, or the overall scope, and compromise there.

Fig. 1. Budget, Schedule and Scope trade off

The three factors are obviously closely entwined and project managers are ex-
pected to balance the what (scope) with the when (schedule) and the how much
(budget). The trade-off between time, scope/performance and cost is essential in un-
derstanding the tension in a typical project management environment.

Many managers quickly discover that the triangle is not flexible. Performance and
scope are often pre-determined prior to the project. Moreover, project managers often
inherit the overall budget from the contracting activities that may even have imposed
a fixed-price contract structure. A fixed overall budget may also exclude the hiring of
specialists and the addition of human resources. The only remaining scope for lever-
age is in the schedule. However, this may also be imposed on a project through a
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fixed date for delivery with little regard to the complexity of the intended system or
the risks it embodies. Once both budget and schedule are fixed, there appears to be
little scope for compromises and tradeoffs.

The three factors play a key part in determining the degree to which a project is
challenged (or even deemed a failure), yet they may be uncontrollable by the project
manager. Indeed, Capers Jones observed that the most common constraints encoun-
tered are: fixed delivery dates; fixed-price contracts; staffing or team size limitations;
and performance or throughput constraints [11] i.e. fixed time, price, staffing level
(see Section 2), performance and scope. Many managers are thus looking to control
other factors that may alter the outcome of the project, especially as the constraints
often occur in concert. An alternative solution is to opt for iterative or incremental
delivery of partial, yet useful versions of the system. Such an approach can rely on
the success of earlier deliverables and build on them to upgrade the system. This can
be achieved within the overall timescale whilst adhering to the intended scope of the
system. The approach is useful in trying to mitigate the effect of failures by reassess-
ing the outcome after achieving each increment or deliverable milestone. It also em-
powers project managers by enabling them to operate and make decisions within the
traditional triangle of project management.

2 Working Incrementally

In many modern IT projects, the desire to avoid failures is further exacerbated by the
need to deliver almost instantaneous functionality in response to changes. The pres-
sure to collapse the schedule is typically due to the need to respond to opportunities,
time-to-market demands, the need to get there before the competition or the implica-
tions of technical obsolescence. As organisations race to ensure a functioning pres-
ence on the web, the new mode of operation is introducing additional constraints
forcing new working patterns. The market is fast-moving characterised by a dynamic
environment with high levels of uncertainty and risks. Customers appear more de-
manding and discerning expecting non-stop service around the clock. Service is being
judged according to overall traffic, frequency and duration of visits and loyalty.

The rate of change endemic to this environment leads to small and quick projects
with high frequency of release and smaller scope explored in each release (akin to
timeboxing). The scope is highly changeable over time to respond to competition and
opportunities. Time therefore becomes the critical factor: As the speed of release is
measured by getting there before the competition, project execution is measured ac-
cording to the shortest time to register a presence (often regardless of the quality).
Trade-offs can often sacrifice scope, cost, expectations or quality to accelerate the
speed of completion.

Most projects in this environment are new, innovative and difficult to estimate and
cost. The planning approach thus needs to focus on key milestones and targets, yet
remain flexible enough and responsive enough to cope with changing requirements,
delivery dates, release deadlines and new opportunities. Projects tend to be evolution-
ary and have short release cycles as they build on what already exists and are often
prone to scope re-adjustments in line with shifting knowledge and expectations.
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Incremental and iterative development approaches have long been recognised as
effective in reducing the risk of failure in such situations as they entail a more con-
trolled approach to development [2]. Incremental approaches emphasise phased de-
velopment by offering a series of linked mini-projects (referred to as increments,
releases or versions) [9]. Work on different parts and phases, is allowed to overlap
throughout the use of multiple mini-cycles running in parallel. Each mini-cycle adds
additional functionality and capability. The approach is underpinned by the assump-
tion that it is possible to isolate meaningful subsets that can be developed, tested and
implemented independently. Delivery of increments is staggered as calendar time
progresses. The staggered release philosophy allows for learning and feedback to
alter some of the customer requirements in subsequent versions. Incremental ap-
proaches are particularly useful when there is an inability to fully specify the required
product or to fully formulate the set of expectations under some budgetary control.

Note that the term ‘Incremental development’ as used here embraces the spectrum
of iterative development and delivery (ranging from the full product architecting and
design being performed upfront, to evolutionary methods and may also be extended
to refer to delivery modes in agile methods with little or no a priori product design).

Indeed in the context of managing projects within the triangle of constraints, the
adoption of incremental development, Rapid Application Development or the use
of agile methods enables project managers to gain flexibility within the pre-defined
boundaries of overall time and cost. These approaches are focused on the need to
deliver relevant working business applications quicker and more cheaply. The appli-
cation is likely to entail delivery in incremental fashion while maintaining user
involvement through the application of design teams and special workshops. Projects
tend to be small and limited to short delivery periods to ensure rapid completion and
are thus particularly suitable as controlled cycles of small implementation released as
part of a larger project. The management strategy utilised in incremental development
relies on the imposition of timeboxing, the strict delivery to target which dictates the
scoping, the selection of functionality to be delivered and the adjustments required to
meet the deadlines. Rapid Application Development and agile methods are particu-
larly useful in environments that change regularly and impose demands of early solu-
tions.

The motivation for this work is thus derived from the current interest in speeding
up development schedules. A key implication of the shift to more rapid development
methods is the growing emphasis on fixed time and fixed effort in projects. Going
back to the triple constraint, if time schedules are fixed by timeboxes and costs are
largely dictated by the availability of personnel to work within these imposed time
frames, the main variable is the scope that can be delivered. However, the scope (in-
cluding the actual delivered and useful functionality and the quality or usability of
that functionality) is the driving concern in many projects. Indeed, scope needs to be
handled with care as delivering partial functionality (e.g. the release of a sophisticated
order recording systems on the web a few weeks prior to Christmas without a corre-
sponding order fulfilment system capable of despatching the ordered goods).

Project managers respond to such constraints by trying to adjust the other parame-
ters of the project. However, assuming that overall cost, time and scope are fixed,
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which variable remains to be manipulated? Fixed time boxes in fixed time frames,
result in chunks of fixed person-months required to complete the task. The key ques-
tion is, given the reality of fixed chunks of person-months, are there any methods for
manipulating person-months in an attempt to address project objectives and leverage
off different arrangements? More crucially perhaps, we are interested in finding out
how much can be accomplished with such a given effort.

The current literature offers very little clues about what can be accomplished. The
Standish Group recommended that an ideal (and achievable) project would entail six
developers working for six months [16]. This confirms the notion of fixed developer
resources imposed on the project. These results are corroborated by a large study of
success and failure in over 1,000 UK IT projects which found that 90% of the suc-
cessful projects were less than 12 months long and 47% had a duration of less than 6
months [20]. Note however, that deploying a fixed team of six developers for six
months ultimately gives 36 PM as a fixed chunk of key project resources that can be
manipulated to ensure that the project does not get out of hand. Recently, the Standish
Group revised the figures to suggest an ideal team of four developers working for
four months, giving a much reduced total of 16 PM. (Note that a person-month is
defined in the computing literature as the amount of time one person spends working
on a software development project for one month.) Indeed, the Standish conclusions
assert that ‘shorter timeframes with delivery of software components early and often,
increase the success rate’ [18]. Moreover, they implicitly confirm that managers now
have a new type of resource to manipulate.

The interest in agile methods and smaller and rapid projects is driving down the
average duration and fixed level of resources and hence the project resource envelope
that can be utilised by project managers. Indeed, in Extreme Programming developers
often talk about even smaller chunks of development (measured in weeks and there-
fore totalling 1-4 months) while DSDM recommends timeboxes of three month dura-
tion [19]. The figures take us back to the all important question: ‘Does size matter?’

Earlier work attempted to explore the relationship between effort and the number
of increments [2]. A key conclusion of that work was the realisation that the ratio of
work (and hence the overall work) decreases as the number of increments increases.
Indeed, using multiple increments appears to offer great benefit compared to mono-
lithic development approaches. This work can now be extended to explore the impact
of dealing with fixed time, scope and effort parameters by dividing the fixed project
resource envelope authorised for a given project into a set of increments.

The rest of the paper will focus on providing a framework for evaluating the rela-
tionship between project size and the effort required to deliver it in the context of a
fixed effort level. The framework will then be populated with a range of values to
provide a sampling of scenarios for different project environments. These scenarios
offer an insight into the behaviour patterns expected under different conditions. The
paper concludes by drawing a set of observations from the results and commenting
about the implications of the results and about the ideal size and complexity relation-
ship, before finally re-assessing the issue of ideal size in order to provide practical
answers.
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3 Size of the Development Effort

Estimating the development effort for a software system is a long standing problem in
software project management. It has generally been noted that the effort (E) is
strongly correlated to the program size. A great deal of research has been carried out
to relate the effort empirically to the product size, with the effort being commonly
expressed in Project Months (PM) and the size in Kilo Lines of Code (KLOC) or in
Functions Points (FP). Typical models used to express this relationship are of the
form:

PM =c+ a Size’ 1)

where a, b, and c in equation (1) are determined by regression analysis using a collec-
tion of project outcomes. Some of the better known empirical models are highlighted
in Table 1 [3, 4, 14, 21].

Table 1. Effort estimation models

Author Original formula Inverted form
Halstead PM = 0.7 KLOC"™ KLOC = 1.27 PM**
Basic COCOMO organic PM = 2.4 KLOC'™ KLOC = 0.43 PM***
Basic COCOMO semidet.  PM =3.0 KLOC"" KLOC =0.37 PM***
Basic COCOMO emb. PM = 3.6 KLOC'® KLOC = 0.34 PM"*™
COCOMO I1.2000 PM =2.9 KLOC"" KLOC = 0.38 PM"™”
Walston-Felix PM = 5.2 KLOC*" KLOC=0.16 PM""
Bailey-Basil PM =5.5 KLOC"" KLOC =0.23 PM"*
Doty (for KLOC > 9) PM = 5.288 KLOC"*’ KLOC = 1.27 PM*™
Albrecht and Gaffney PM =-13.39 + 0.0545 FP FP =245.7+ 18.35 PM
Kemerer PM = 60.62x7.728x10° FP°  FP = 59.76 PM"”

Column three of Table 1 is derived from column two by solving for Size in terms
of PM. The models are seen to vary considerably and can be expected to give differ-
ent results in individual estimation cases. The estimation accuracy is improved by
setting a number of parameters to reflect the situation at hand regarding the product,
process, platform, and people involved as is done for example in COCOMO II [4].

The terminology used in this paper is that of the COCOMO II model [4].
COCOMO II represents an update to the original COCOMO 81 work [3] to account
for contemporary development practices. The paper builds on earlier work [2, 6] that
utilises the notation as a quantitative analytic framework for evaluating software
technologies, project decisions and the economic impacts in terms of the resulting
projects. The focus in this work is on relating the Size of the outcome of a develop-
ment project to the input effort. Column three of Table 1 gives expressions for this
relationship. Note that the Size (KLOC or FP) is an exponential function of PM with
the exponent being less than or equal to one in all but the Walston-Felix model. The
relation that will be exploited here is of the form

Size=cPM* (2)
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which is in line with all of the above mentioned models except the Albrecht and
Gaffney model which has a constant term.

4 Size in Incremental Development

Suppose that PM, the total allocated project effort, is fixed for a given development
project (e.g. following the recommendation of the Standish Group or as proposed by
the proponents of agile methods and DSDM) and that the nature of the project is such
that it can be broken into a sequence of n increments. The effort exerted in the indi-
vidual increments is denoted by PM,, PM, ,PM_  where

PM =) PM, 3
i=1

While incremental development aims towards a target functionality, there has to be
some additional effort used for the integration of the different increments. The term
used for this in the COCOMO models is breakage as some of the existing code and
design has to be mended to fit a new increment in. The breakage effect will be ac-
counted for by reckoning that some fraction of PM,, the incremental effort exerted in
increment i, is gained as system enhancement. This fraction is termed Gain Multiplier
(GM). The net effort is expressed as GM, x PM..

Kan asserted that 20% of the added code in staged and incremental releases of a
product goes into changing the previous code [13]. Cusumano and Selby reported that
features may change by over 30% as a direct result of learning during a single itera-
tion [7]. In a recent paper the authors argued that the incremental integration break-
age can be expected to lie in a range from 5% to 30%. This relates to the range in
Gain Multipliers of 95% down to 70% in approximate terms [2]. Thus a Gain Multi-
plier can assume a range of values. The GM will equal / when all of the gross work
delivers new functionality. Where some gluing, integration or refactoring effort is
needed the efficiency will be reduced below /. The gain factor can exceed / in the
case of marked code reuse (thus suggesting negative entropy and a major benefit
from the application of reuse). One might ask if the Gain Multiplier can be negative
in which case adding an increment is counterproductive — i.e. more code needs to be
mended than has been written. This interesting pathological case is outside the scope
of this work. It is therefore assumed here that GM>0.

The net incremental effort exerted for increment i is GM, x PM, . The Size, of a de-
veloped increment is then derived from expression (2)

Size, = ¢,(GM, PM,)" C)

This relation does not hold if the increments are “too small”. For example, the
COCOMO formulation stipulates that the size has to be larger than 2 KLOC (which
roughly equates with 6 PM). Note also that for one-off development n=17 and GM=1
which is consistent with expression (2).

When the outcome of the individual increments is accumulated the total developed
size Size, is
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Size, =) Size, (5)

and by combining (4) and (5)
Size, =Y c,(GM, PM)" (6)

When the development context is uniform (i.e. one and the same team throughout as
well as homogeneous project and process properties) then the ¢ and d parameters in
(6) are taken to have constant values across the increments i.e.

c,=cand d=d for i=1..n
and then expression (6) simplifies to

Size, =c) (GM, PM,)* (N

Expressions (6) and (7) are seen to represent a general way of estimating the
outcome of incremental development projects.

The following question arises: Does the number of increments matter for the re-
sulting product size? Expression (7) will be explored below in a search for an answer
to this question.

First, the one-off case (expression (2)) is employed to normalize expression (7) re-
sulting in what is termed here the Relative Productivity (RLPR) that is
RLPR = Size, [(c PM ). By combining (2) and (7)

RLPR=Y" (GM,PM,/ PM)* (3

The multiplier ¢ in (2) and (7) has been factored out in the normalization. RLPR is
seen to give clear indications of productivity in incremental development - for RLPR
>] the productivity has increased while for RLPR < I the productivity has decreased
as compared to the one-off case.

Second, suppose that the total effort exerted in the n increments is equally divided.
In other words, the work is effort-boxed. In this case PM, = PM / n for all i. Then
expression (8) simplifies to

RLPR=n""Y" (GM,)’ 9

As mentioned earlier effort-boxed development is gaining in popularity. Evidence of
this trend can be seen as a result of wide adoption and interest in agile methods and
extreme programming as well as the use of the effort-box notion in IT projects.
Moreover, improved failure statistics in failure surveys is directly attributable to the
increasing proliferation of mini projects.

Third, a parameter termed the Cumulative Gain (CG) is now defined as

CG=1/n) (GM)* (10)

CG is a function of n. For d=1 (the linear case) CG gives the arithmetic average of
the GM, values. For a constant GM across the increments denoted as GM then
CG=GM’. In general CG can be expected to be a complex function of a) the devel-
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opment context of a project, b) the number of increments, and c) the extent of reuse.
Expressions (9) and (10) combined yield the following compact expression for the
Relative Productivity:

RLPR=#"CG (1D

The parameter d is taken to be restricted to O<d<I (see Table 1 Column 3). In the
case where CG is constant, then expression (11) is seen to be a monotonic increasing
function of n i.e. the productivity increases with increasing number of increments.

Note that the underlying assumptions in this expression (11) are a) effort-boxed
increments and b) uniform development context. This expression will be exploited in
the next section in the quest for gaining additional insight into the behaviour of the
incremental development model.

5 Discussion

Table 2 shows sample computations of RLPR using expression (11). Relative Produc-
tivity values that are less than 1 are italicised. For these values there is no gain in
using incremental development in terms of reduced development effort. Below the
italicised region, RLPR > I and the productivity increases as compared to the one-off
development.

Table 2. Relative Productivity RLPR for the exponent fixed at d = 0.833

CG Cumulative Gain
n 1 0.9 0.8 0.7
1 1.00 0.90 0.80 0.70
2 1.12 1.01 0.90 0.79
4 1.26 1.13 1.01 0.88
6 1.35 1.21 1.08 0.94
8 1.42 1.27 1.13 0.99
10 1.47 1.32 1.18 1.03
12 1.51 1.36 1.21 1.06

The productivity is seen to increase down a column for constant Cumulative Gain
as has been observed. However, for a particular project, a planning scenario could
possibly yield the incremental alternatives presented in Table 3. The planning alterna-
tives that could be utilised by the project
manager are the (n, CG) pairs (4, 0.9), (6, Table 3. A planning scenario with d = 0.833
0.8), and (8, 0.7) and expression (11) (or

¢ : n__ CG__RLPR
indeed Table 2) has been used to find the 4 09 113
corresponding Relative Productivity. Here 6 08 1.08
the n=4 alternative is the most productive 8 07 099

case — the one with the fewest elements.
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The above discussion sheds some light on one of the highly debated issues of to-
day: “Is XP a better development method than the traditional approaches?” One of the
cornerstones of XP is incremental delivery with a large number of increments. Kent
Beck [1] states that the technical premise for this is that the cost of fixing defects rises
slowly in time. This is reflected in a slowly increasing Cumulative Gain, in which
case productivity is expected to rise significantly with an increasing number of in-
crements as deduced from Table 2. However, the traditional view has been that the
cost of fixing defects rises sharply with time [3, 5]. If this is the case then increasing
the number of increments could possibly reduce productivity as demonstrated with
the planning scenario of Table 3.

It is also interesting to investigate the effects that the exponent d exerts on the
Relative Productivity. Table 4 exemplifies the effect of varying d in a case where the
number of increments is fixed at 24. (The values of d chosen here correspond to the
scale factors in the Basic COCOMO model as seen in Table 1 where the 0.833 value
corresponds to the embedded model, 0.893 to the semidetached model, and 0.952 to
the organic model which can be viewed as a set of representative values for projects).

Table 4. Relative Productivity RLPR for n fixed at n = 24

CG Cumulative Gain

d 1.0 0.9 0.8 0.7
0.833 1.70 1.53 1.36 1.19
0.893 1.41 1.26 1.12 0.98
0.952 1.16 1.05 0.93 0.82

An interesting pattern emerges here: The lowest values of d yield the highest gain
in productivity (RLPR). It is to be noted that a low value of d signifies a difficult
development context with low overall productivity.

The line of Table 4 for d = 0.952 shows that RLPR < I for the 0.8 and 0.7 values
of CG indicating that there is a loss in productivity in this case as compared to the
one-off development. For the higher values of CG there is a productivity gain. High
values of d (e.g. 0.952) in the COCOMO II model is the result of project parameters
of high precedence in project type, flexible documentation, well conducted risk reso-
lution, high team cohesion, and high process maturity [5]. In this type of development
instance the Cumulative Gain can be expected to be high as well.

6 Conclusion

IT projects continue to provide challenging tradeoffs for project managers. The ten-
dency to pre-determine many of the key variables (including budget, schedule and
scope) prior to project launch leaves managers with few tradeoff options. As a partial
response to project failures, many organisations have adopted timeboxing notions to
ensure successful completion and delivery. The resulting impact is in creating effort-
boxes which project managers are expected to balance and control. These can be
likened to a project resource envelope which determines the key parameters of a
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project. To date there has been little effort to understand this phenomenon and to
reason about the methods required to control it.

Advice regarding projects is sometimes delivered in the form of the overall effort-
box required to increase the likelihood of successful completion (i.e. six people for
six months or four people for four months). Table 1 reworks typical estimation mod-
els to reflect size in terms of the required effort so that Size = ¢ PM . The required
effort can equate to the project resource envelope, or the effort-box.

The key implication is that the overall project effort is fixed. In other words, re-
sources are determined for the duration of the project. This represents a shift from
organisational and project structures that allow the project managers to call on a vari-
ety of skills as and when needed thus implying that whilst specialist resources are
perhaps no longer obtainable, the project manager is at least dealing with unchanging
resource levels. Fixed resource levels eliminate many tasks associated with resource
management. Besides reducing the need for comprehensive resource estimation, cal-
culation, levelling, optimisation and smoothing, which often prove to be time-
consuming activities, the new arrangement removes the reliance on external availabil-
ity of resources suggesting that the focus is on the internal project team. The remain-
ing flexibility can be derived from dividing the given total fixed effort into segments
for incremental delivery as described in Expression (3) and in trying to maximise the
output values made possible through this division.

The paper investigates the implications of working on projects with a fixed-effort
level where increments may be utilised to obtain additional, or perhaps the only lev-
erage, for project managers. The productivity gain from incremental development in
fixed effort situations comes when relative productivity RLPR>1 as this is where the
productivity is increased compared with a single delivery project.

The most difficult and complex environments with high rates of change and asso-
ciated low productivity rates provide the best candidates for incremental develop-
ment. The lowest values of d yield the highest gain in productivity (RLPR). High
level environments are less likely to show a direct benefit in terms of productivity
from adopting an incremental approach (possibly even indicating a loss of productiv-
ity compared to the one-off model).

The analytic framework explored in this work provides a new method of reasoning
in the increasingly common situations where effort is fixed (along with time, cost and
expected scope). The framework enables project managers to explore the impact of
adopting incremental delivery practice thereby enabling them to obtain insights and
as a result derive leverage from using increments as part of the limited tradeoffs pos-
sible under such fixed constraints.

Most of this work makes the simplifying assumption that a uniform development
context is maintained throughout the duration of the project. Indeed, significant
changes to the context or to the development environment will invalidate most esti-
mation and planning methodologies.

The work reported in this paper can be extended in a number of directions to ex-
plore a range of potential avenues. In particular, the authors are interested in address-
ing a number of emerging challenges that include:
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e Collecting empirical data on incremental development to validate the postulated
formulation

e Analysing the relationship between incremental delivery and team size

¢ Relating the findings to factors expressed in alternative estimation models

o Utilising aricher estimation model to conduct deeper analysis of the cost/duration
implications of incremental development

¢ Investigating the relationship between incremental development and the ‘evolvabil-
ity’ of systems

¢ Providing a basis for reasoning about continuation and cancellation of projects (or
deliverables) and conducting trade-offs between time, effort and increments in dy-
namic projects

It is therefore hoped that the work put forward in this paper will serve as an open-
ing for further discussion and investigation. The opening of a new perspective can
also stimulate additional insights needed to bridge the gap in the analysis of the eco-
nomic impact of non-conventional development approaches on the product, process
and project.
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Abstract. Timing is one of the most critical factors of software size estimation.
We need to know quite a bit about the software project to make a meaningful
size estimate. However, most of the software estimates should be performed at
the beginning of the life cycle, when we do not yet know the problem we are
going to solve. In the literature, there are few early size estimation methods.
This study demonstrates the results of size estimation methods utilized on a
large software intensive military application within the boundary of a project
for Request for Proposal (RFP) preparation.

1 Introduction

Software size estimation is an important practical problem in software engineering.
Estimation errors are essential cause of poor management which usually results in
runaway projects that spiral out of control [1]. Whatever they produce is frequently
behind schedule and over budget, and most often they fail to produce any product at
all.

There are various approaches to software size estimation. However, size estimation
is still considered as “poor” by many people. Today’s metrics and methods are criti-
cized by the general difficulty of the estimation process and the immaturity of the
measurement science for the software engineering [2], [3], [4]. Major difficulties can
be listed as; unclear theoretical basis, lack of standards on methods, insufficient vali-
dation of metrics, inconsistent development phase and product coverage of the esti-
mation models, and estimation timing.

Among those difficulties, estimation timing is one of the most significant. In order
to make a meaningful estimate, we need to know quite a bit about the project. How-
ever, to be able to respond to contracts and plan in advance, the software estimates
should be performed at the beginning of the life cycle, when we do not yet know the
sufficient details of the problem. This is the size estimation paradox [5]: Size meas-
urement would be necessary when we do not have enough information and early es-
timation methods to obtain it. When we can measure with the greatest accuracy, we
do not need that information for effort and duration prediction purposes any more.

In fact, most of the recent researches have concentrated on relatively later phases
of software development such as software requirements specification, or preliminary
design phases by which time; anywhere between 15-40% of the total work effort
might have already been expended [5].

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 184-194, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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In this paper, we will discuss the results obtained by the application of different
size estimation methods at different phases of a large software intensive military ap-
plication within the boundary of a project for Request for Proposal (RFP) preparation.
The estimations are made during the early phases of the system analysis process. The
methods used are Mark II FP, Jones Very Early Size Predictor, and Early Function
Point Analysis (EFPA). Among those, Jones Very Early Size Predictor is used to
estimate the size of the whole development project at the feasibility study phase.
Mark II is used to estimate the size of the whole project after the detailed system level
functional requirements are defined, and EFPA is used to estimate a module of the
project at consecutive five stages of the requirements analysis phase.

In the second section, the background work on software size metrics and size esti-
mation methods that are applicable to early size estimation are summarized. In the
third section, the description of the case project and the application of Mark II FP,
Jones Very Early Size Predictor, and Early Function Point Analysis (EFPA) methods
to this case are discussed. The results of this study are given in the fourth section.

2 Background

Among the size estimation methods, Function Points Analysis (FPA) [6] is a popular
one designed especially for MIS domain software. FPA estimates the size of software
in terms of functionality from the users’ viewpoint. When compared to technical
measures of software such as Lines of Code (LOC), functional size measures can be
determined earlier, when details of functional user requirements are identifiable. On
the other hand LOC cannot be determined precisely until software coding has been
done, a point much later in the development life cycle.

After the original FPA method, variants of the method have been developed to
solve the issues of original FPA [7]. These can be listed as I[FPUG Function Point
Analysis [8], Mark II Function Points [9], Feature Points [10], 3-D Function Points
[11], Full Function Points [12] and COSMIC Full Function Points [13]. However,
since these methods are designed to estimate size after the software requirements
specification is complete, size estimation accuracy decreases if made during the ear-
lier phases such as system analysis and contract preparation.

Another widely referenced metric is Object Points (OP). OP Method was devised
at the Leonard N. Stern School of Business, New York University [14]. The concepts
underlying this method are very similar to that of FPA, except that objects, instead of
functions, are being counted. The software objects may be a Rule Set, a 3GL Module,
a Screen Definition, or a Report. Object Points have attracted interest as Object Ori-
ented Analysis and Design methodologies became more popular. Later a well known
cost estimation model, COCOMO 1I, has recommended Object Points as a way of
getting an early estimate of the development effort for business oriented information
systems [2]. Moreover, it can be easily understood by the estimators and the automa-
tion of this method is possible. There exists many variants of Object Points and there
is no standard established for counting. In addition, its usage is restricted to object-
based ICASE environments [15].

In the literature, there exist a few methods which have been developed especially
for size estimation prior to software requirements phase is completed. One group of
these methods (also called as “Rules of Thumb”) makes estimation based on expert-
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ence or on a speculative basis. One of these methods creates a very rough approxima-
tion of FP totals long before requirements are complete [16]. Project characteristics
and complexity were considered by including software development environment
factors that adjusted a preliminary size-based estimate. However, these methods are
stated to be very inaccurate for serious cost-estimating purposes.

In this context, another early estimation method; Early Function Point Analysis
(EFPA) technique was developed in 1997 [17] and subsequently refined [18],[19] to
estimate the functional size to be developed or maintained in the early stages of the
software project life cycle. The designers of this method stated that “EFPA is not a
measurement alternative to FPA method, but only a fast and early estimate of them,
obtained by applying a different body of rules”. EFPA combines different estimating
approaches in order to provide better estimates of a software system size. This method
makes use of both analogical and analytical classification of functionalities. In addi-
tion, it lets the estimator identify software objects at different levels of detail [20].
Since IFPUG FPA method is applicable to MIS software, so is EFPA.

After that, in 2000, a new size estimation technique, Early & Quick COSMIC-FFP
[5] was designed by the same research group. This early method is based on the pre-
sent COSMIC-FFP design [21] to help estimate functional size of a wide range of
software (i.e. real-time, technical, system and MIS software) at early stages of the
development life cycle.

3 Case Study

3.1 Description of the Case

We applied the estimation methods to a project which targeted the requirements elici-
tation for a model Command, Control, Communications, Computers, Intelligence,
Surveillance, and Reconnaissance - C4ISR sub-system for the Turkish Land Forces
Command. The project outcomes formed the major parts of the Request for Proposal
(RFP) currently issued by the Turkish Armed Forces. Some characteristics of the
related project are given below in order to better describe the application of size esti-
mation methods.

In this project we applied the requirements elicitation approach that we defined in
an earlier study [22]. The approach emphasizes business process modeling to elicitate
requirements. The life cycle we utilized is depicted in Fig. 1.

While modeling the business processes; organizational charts, function trees, and
Extended Event Driven-Process Chain (eEPC) diagrams were used as basic process
modeling notations. Each lowest level sub-process was modeled in terms of its proc-
esses, process flow, inputs, outputs, and the responsible bodies. Totally, 295 distinct
diagrams consisting of 1270 functions were created to model existing business proc-
esses of different levels of organization units by using the eEPC notation.

The project was started in October 2002 and completed in thirteen months. The
project staff consisted of 11 part-time persons. The total effort spent during the pro-
ject was 24 person-months. The project outcomes formed the major parts of the Re-
quest for Proposal currently issued by the Turkish Armed Forces.

By using the business process models generated during this project, in this study,
we used Mark II FP, Jones Very Early Size Predictor, and EFPA methods to estimate
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size of the project. Among those, Jones Very Early Size Predictor is used to estimate
the size of the whole development project at the feasibility study phase. Mark II is
used to estimate the size of the whole project after the detailed system-level functional
requirements are identified. Lastly, EFPA is used to estimate a module of that project
at five consecutive stages of the requirements analysis phase starting after the feasibil-
ity study until the system level requirements are generated (see Fig. 1).

cept Documents
ks, instructlons,

iness Procgss
Models of
SUp-preceste

Fig. 1. Requirements analysis life cycle

Mark II FP estimation was performed by the RFP preparation project team. The
staff involved in the Mark II FP size estimation process consisted of 4 software ana-
lysts who have the domain knowledge. It should be noted that, although they have
experience in using the method, they are not experts. One of the project team software
analysts, who is also an author of this paper performed EFPA and Jones Very Early
Size Predictor estimations.
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3.2 Application of the Methods
The applications of the methods are described below:

Mark II Function Points. Mark II FP Method aims to measure the information
processing. This method views the system as a set of logical transactions and calcu-
lates the functional size of software based on these transactions [9], [23].

In this study, the software requirements are generated from business process mod-
els with respect to 11 different subsystems as shown in Table 1. Original names of the
subsystems and modules in the project are not given due to security constraints.

Table 1. Size estimates of subsystems by Mark II

Subsystem Module Unadjusted FP
Al 2886.64
A A2 4882.10
A3 9281.55
8.48
185.34
3344.96
878.31
386.66
1000.00
1000.00
1000.00
200.00
400.00
Total Project Size 25454.04

A== |T|Q|m|m|T| 0=

While making the estimation by Mark II FP, the size of each subsystem is esti-
mated and then summed to compute the size of the whole development project. The
size of the software to be contracted for the whole development project is estimated as
25,454 FP by the project team. The difficulties faced during Mark II FP estimation are
discussed in the following paragraphs.

Since, the logical transactions can be correctly identified only after the completion
of the software requirements specification phase, and we are in an earlier stage where
each requirement might involve of more than one transaction; we classified the re-
quirements into three categories according to the kind of transactions it may involve.
These categories are “Copying”, “Preparation”, and “Determination”. “Copying”
involves the following transactions: viewing input(s), inserting these input(s) into the
database, CRUD operations (Create, Read, Update, Delete) on these data in the data-
base, and viewing the output(s). “Preparing” differs from “Copying” in that the
user(s) may add other input data by means of input form(s). For the requirements
which end up with the verb “Determine”, more transactions are involved in addition
to “Preparing” category. In fact, for most of the requirements, the type of these trans-
actions could not be determined definitely due to their high abstraction levels.

For each logical transaction, Input Data Element Types, Data Entity Types Refer-
enced and Output Data Element Types are determined. However, for some inputs,
outputs, and processed entities, we have insufficient information about their Data
Entity Types (DETs). Therefore, we made some assumptions about the number of
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DETs of some transactions. The percentage of such transactions is about 60% of the
overall.

The software requirements are generated from the business process models with
respect to 11 different subsystem types. However; for 5 of the subsystems, i.e. Sub-
system G, H, I, J, K (see Table 1), we could not make size estimation using Mark II
FP methodology, since the requirements could only be determined at a very high
abstraction level. Thus, we had to use expert opinion to estimate their sizes. Most of
these requirements fall into the “Determining” category that we have just described.
However, for these requirements, not only the DETS, but also the type of transactions
could not be determined. The percentage of the number of such requirements to over-
all is 2.2%. The percentage size of the subsystems involving these requirements to the
whole project is found to be 14.1%.

The effort needed to make Mark II FP estimation for the whole project is found to
be 131 person-hours.

Jones Very Early Size Predictor. This is an estimation method developed by Capers
Jones to be used for very early size approximation.

The method utilizes taxonomy for defining software projects in terms of “Scope”,
“Class”, and “Type” in order to identify a project when entering information into the
software cost estimation tools (see Table 2). The taxonomy is then used for predicting
the size of the software by means of the following formula:

Size = (Scope + Class + Type)>33 (1)

In this study, by choosing the scope as “compound system”, class as “military con-
tract”, and type as “process control”, the size of the whole development project is
predicted as 4542.67 FP.

Table 2. Taxonomy for defining software projects

Scope: Class: Type:

1) all that needs to be written| 1) individual software 1) nonprocedural

is a function. 2) shareware 2) web applet

2) module 3) academic software 3) batch (not database)
3) reusable module 4) single location — internal 4) interactive

4) disposable prototype 5) multi location — internal 5) interactive GUI

5) evolutionary prototype 6) contract project — civilian | 6) batch database

6) standalone program 7) time sharing system 7) interactive database
7) component of a system 8) military services 8) client/server

8) release of system 9) internet 9) mathematical

9) new system 10) leased software 10) systems -

10) compound system 11) bundled software 11) communications

12) marketed commercially
13) outsourced contract

14) government contract
15) military contract

12) process control

13) trusted system

14) embedded

15) image processing
16) multimedia

17) robotics

18) artificial intelligence
19) neural net

20) hybrid: mixed
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Early Function Point Analysis (EFPA). Early FP technique [17] uses both analogi-
cal and analytical classification of functionalities. This provides estimating a software
system size better. The estimator may have knowledge at various levels of detail
about different branches of the application; from almost nothing to very detailed. In
EFPA, the estimator can identify software objects at different detail levels, which
makes it possible to make use of all the information the estimator has on a particular
application [20]. The software objects in EFPA are [17]:

Functional Primitives,
Macrofunctions,
Functions,
Microfunctions,
Logical Data Groups.

Functional Primitives: The elementary processes of the standard FP Analysis (Exter-
nal Input, External Output, External Inquiry).

Macrofunctions (MF), Functions (F), and Microfunctios (mF): Different aggregation
of more than one Functional Primitive (fP) at different detail level.

Logical Data Groups (LD): Standard Logical Files with levels suitable for aggrega-
tion of more than one logical file. There is no differentiation between “external”
and “internal” data.

In EFPA, each “object” is assigned a set of FP values as shown in Table 3.

Table 3. Elements of the EFPA method and their associated values (Unadjusted FP) {19]

LD Min | Avg | Max mF Min | Avg | Max
Simple 5 6 7 WF 16 18 20
Ave. 8 9 10 |F Min | Avg. |[Max.
Complex 13 14 15  Small 45 56 67
Low 14 18 22 Med. 73 91 109
Multip.

High 27 39 51 |Large | 106 133 160
Multip.

P Min | Avg |[Max MF Min | Avg | Max
Pl 4 5 7  [Small | 151 215 | 280
PO 5 6 8  Med. 302 | 431 560
PQ 4 5 7 JLarge | 603 | 861 |1119

EFPA entails a certain degree of subjectivity due to the fact that “its reliability is
directly proportional to the estimator’s ability to recognize the components of the
system as part of one of the proposed classes” [19]. Thus, the developers of this
method suggested that the expression of user requirements should be formalized as
much as possible [19]. Therefore, at the beginning of this study, we believed that
business process models may help this formalization.

In this study, we selected one of the modules of a subsystem of the whole devel-
opment project module (Subsystem A-Module Al) and estimated the size of this
Module by applying EFPA.

Since the business process models becomes more detailed as the requirements
elicitation process proceeds, we applied EFPA to five different stages of the require-
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ments analysis process, starting after the feasibility study until the system level re-
quirements are generated. Thus, the estimates provided by this method are denoted as
“Stage-0”, “Stage-1”, “Stage-2”, “Stage-3”, and “Stage-4” depending on when the
estimation is made during the requirements analysis phase (see Fig. 1).

The size estimates for each stage by EFPA are summarized in Table 4.

Table 4. EFPA size estimates for consecutive stages

Unadjusted EFP’s
Stage Min. | Avg. | Max.
Stage 0 658 940 1222
Stage 1 780 1048 | 1318
Stage 2 1204 1461 1796
Stage 3 1454 1793 2155
Stage 4 1707 | 2089 | 2554

4 Comparison of the Methods

Various benchmarking models, which take into account a set of quality criteria, exist
for comparing the size estimation methods [20]. Depending on the needs of the or-
ganization as well as the circumstances, an estimation method can be evaluated as
optimal or not so good. In this study, our aim is not to select one of the methods as
being better than others, but rather just to evaluate those methods’ applicability for
early size estimation in a case study.

Mark 1II is used to estimate the size of the whole project after the detailed system-
level functional requirements are identified. The size of the software to be contracted
for the whole development project is estimated as 25,454 FP. The effort needed to
make Mark II FP estimation for the whole project is found to be 131 person-hours.

Jones Very Early Size Predictor is used to estimate the size of the whole develop-
ment project at the feasibility study phase. The size of the whole development project
is predicted as 4542.67 FP. Although the time needed to make this estimation is in the
order of minutes, the estimate is found to be very rough with respect to Mark II FP
estimate.

Lastly, EFPA is used to estimate a module of that project at five consecutive stages
of the requirements analysis phase starting after the feasibility study until the system
level requirements are generated (see Table 4). By Mark II FP method, the number of
transactions is found to be 154 and the size is estimated as 2886.64 Unadjusted FP’s
for the same module. The time of Mark II estimation corresponds to Stage 4 of EFPA.

The results of EFPA and Mark II estimations are not directly comparable with each
other since different metrics were used. EFPA uses the same metric as IFPUG FP’s.
Therefore, in order to compare EFPA and Mark II estimates, a conversion of Mark II
FP size estimate to IFPUG FP size estimate was performed.

Symons (1999) defined the average size relationship between Mark II FP and
IFPUG FP. For the projects, size of which are above 1500 [IFPUG Unadjusted FP’s or
2500 Mark II FP’s, the ratio can be found by the following formula [24]:
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Markll _FP _ 0.16x No of Entity References )
IFPUG_FP No of Entity Types

For the whole system; the average number of references of each entity type is
found to be 9. Thus, by using the above formula, the ratio of Mark II FP size to
IFPUG FP size is calculated as 1.44. Accordingly, the size of Module Al is found as
2004.61 IFPUG FP’s.

The size estimates by EFPA are compared with the estimates by Mark I method
(converted to IFPUG FP’s), and the relative percentage errors are calculated. The
results are given in Table 5.

As seen in this table, as we proceed, the relative error of the unadjusted EFP with
respect to Mark II FP decreases. If we compare EFP and Mark II FP at Stage 4, during
which the same system level requirements and business process models are used for
both methods, the relative error was found to be between -14.85 % and +27.41 %.

Table S. Size estimates by EFPA and the relative errors with respect to Mark I FP estimate at
consecutive stages

Relative Error (%)
Stage Min. Avg. Max.
Stage 0 -67.18 | -53.11 -39.04
Stage 1 -61.09 | -47.72 -34.25
Stage 2 23994 | -27.12 -10.41
Stage 3 -2747 | -10.56 7.50
Stage 4 -14.85 4.21 27.41

One of the results of EFPA estimation showed that, while applying the method,
business process models are very useful to identify software objects at different detail
levels. Five stages involve five different groups of business process models from
which the software objects are identified and according to which the size of Module
Al is estimated.

Another result is that, for Module Al; the effort needed to make EFPA is found to
be 24 person-hours, whereas it took 35 person-hours to make Mark II estimation.

In addition, we observed that a structured estimation process should be defined and
a standard guideline, such as a measurement manual, must be produced. This will
ensure that for all projects, consistent and reliable size estimates can be made by dif-
ferent users.

5 Conclusion

According to the results of this study, it can be concluded that the size estimation by
Jones Very Early Size Predictor is very rough. If we have used the highest assign-
ments for Scope, Class, and Type, the maximum size a project can have would be
approximately 7675 FP. This means that this method can not be used especially for
large projects.
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Mark IT is used to estimate the size of the whole project after the detailed system
level functional requirements are defined. While making estimation, some difficulties
were faced as this method is designed to estimate size after the software requirements
specification is complete. The abstraction levels of system level functional require-
ments differ. Therefore, some assumptions on the kind of transactions and the number
of DETs should be made while making Mark II FP estimation. The accuracy of the
method decreases as the abstraction level of the requirements gets higher. In addition,
for some requirements, the method could not be used at all. Thus, if used earlier in the
life cycle, Mark IT FP method can be used by making some assumptions. However,
this may result in under or over estimation of the project size.

Lastly, EFPA, which is designed especially for early size estimation, is used to es-
timate a module of the project at five consecutive stages of the requirements analysis
phase starting after the feasibility study until the system level requirements are gener-
ated. The results showed that at the earlier stages, the relative error of this method
increases from 4.21% to -53.11% on the average. In their study [19], the designers of
EFPA presented data gathered by a number of EFP forecasts for projects in which the
actual values were then made available. In that study, the project sizes vary between
154 FP to 1434 FP and the tendency by which the average deviation between the
forecast and the actual value is found to be below 10%. The greater deviations in our
study may be due to inappropriateness of the assignments shown in Table 3 for large
projects. We suggest that these assignments can be subject to improvement on the
basis of gathering more data on larger projects.

In addition, since the reliability of the EFPA is directly proportional to the estima-
tor’s ability to “recognize” the components of the system as part of one of the pro-
posed classes, EFPA method entails a large degree of subjectivity. Therefore, the
developers of this method suggested that the expression of the user requirements
should be formalized as much as possible in order to simplify and optimize the fore-
cast of the project’s size [19]. This study showed that business process models help
this formalization and simplify identifying software objects at different detail levels.
We observed that the automation of this method is possible by associating this method
with the business process model components.

Another result is that the effort needed to make EFPA is found to be about 31%
less than the effort to make Mark II estimation for the same module.

All of these metrics and methods can be used for early size estimation. However,
they all have their restrictions. Jones Very Early Size Predictor is far too inaccurate
for serious estimation purposes, but it had the virtue of being usable for small projects
before any other known form of sizing is possible. Mark II FP, which is designed to
estimate the size after the software requirements specification is complete, can be
used with some assumptions and with expert opinion methods’ support in earlier
phases. EFPA can give better results if the assignments of the method are improved
on the basis of gathering more data on other projects and definition of the require-
ments is formalized in order to decrease its subjectivity.

It is for sure that early size estimation is an area demanding further research. New
methods, metrics and guidelines are required to make accurate size estimations early
in the life cycle as well as studies to validate the suggested metrics and models.
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Abstract. Iterative development is often the practice that most object oriented
and component based projects adopt. It entails, however, dramatically increased
managerial efforts due to seemingly never-ending user requirements that cer-
tainly add to complexity of project management. We emphasized the impor-
tance of progress, operationalized as a function of size and fault. Moreover, it is
important that the progress be reported regularly and timely which necessitates
collection of relevant data and more elaborated managerial process. We pro-
posed progress estimation model and data model to automate data collection
and efficient process for planning and change management on which project
support systems were built and reported in this study. In the application of this
newly designed management process and system to enterprise-wide projects,
project risks appeared to be mitigated to a considerable extent with timely re-
porting of project progress. As a result, the resource planning and scheduling to
control the change requirements was made available with ease. These practical
managerial processes could make it possible to identify and resolve critical is-
sues and risks at an early stage and eventually lead to high quality product.

1 Introduction

Despite remarkable advances in the theories and techniques of software engineering
over the past decades, it is still mythical to witness that software projects undergo
cost and schedule overruns and often come to an end with user requirements unful-
filled. The Standish Group [1] reported that only 16.2% of the surveyed projects
completed on-time and on-budget while 52.7%, completed unsuccessfully and 31.1%,
even cancelled. Average time overruns were 222% of the original time estimates and
only 61% of originally specified features and functions were implemented on the
delivered projects. Conceived ambitiously to tackle this myth and thus, more often
favored in the object-oriented and component based development, the iterative ap-
proach seems to add to rather considerable difficulty by unfreezing user requirements,
which requires more elaborated planning and resource utilization. Then do we have a
key performance indicator that is simple but comprehensive and robust enough to

T. Dingsgyr (Ed.): EuroSPI 2004, LNCS 3281, pp. 195-206, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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alarm relevant risks and guide project managers to take any preventive actions? This
paper takes a quantitative approach to the progress that can be used to control sched-
ule and quality of iterative software development. FPA (Function Point Analysis) [2]
was employed to estimate the size and the progress of individual use cases for the
software project. The completed work (i.e., use case) is subject to careful inspection
and the progress is adjusted accordingly. Such operationalization of the progress as a
function of size and defect would certainly alleviate the misconception that the
schedule can be opted for the quality. Timely reporting of the progress would be
more helpful and this requires well-coordinated functioning managerial processes of
job scheduling, progress management, change management and configuration man-
agement among others. With the progress model and its related development proc-
esses, we proposed a project supporting systems where project managers could be
equipped with more timely information and what-if capabilities on progress to control
software projects as suggested by decision support proponents [8].

2 Iterative Measurement of Progress

2.1 Nomenclature

P progress of software development (use case based)

Fp functionality delivered in FP (Function Points)

Cc degree of completion

Fr total functionality in FP

F, FP of the ith use case

r effort ratio for the development phase k

t staff time required

t staff time spent

2 total staff time required to develop the ith use case

1 staff time initially scheduled for the ith use case development

b; staff time required to fix the jth fault of the ith use case

top staff time required to complete one FP

Cj coefficient for degree of completion for the ith use case and the jth fault fix
Ck degree of completion of the ith use case at the development phase k

2.2 Progress

The use case based iterative approaches to system development have been quite a
common practice. Unlike the traditional waterfall method, however, the approach
assumes that user requirements are subject to change and evolutionary toward the
later stages of software development. Therefore a somewhat different viewpoint is
required to measure it. Equation (1) defines the progress as the extent to which the
system functionality is implemented and delivered up to a certain point of time. The
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evolutionary user requirements are taken into consideration as in equation (1) by
multiplying the delivered functionality by the degree of completion over iterations

F,C
p=2— -
A )

Although there exist a number of methods for size and effort estimation (e.g.,
LOC), we opted for FPA (Function Point Analysis) [2], [12] due to their early avail-
ability over the life cycle of system development. It should be noted that the unit of
progress is individual use case and FPA needs some elaboration to be employed in
the use case driven development. Firstly, size and efforts are carefully estimated for
the use cases with the entities that are shared. Secondly, user requirements are subject
to variation over iterations that could change the baseline as in equation (1). More
importantly, the change in any use case could claim further efforts once delivered in
the earlier iteration. This is the rationale for the degree of completion in equation (1).

2.3 Degree of Completion

Despite its importance, controlling software quality has been neglected [11] and use
case driven quality assurance has been far lacking. Software inspection is used to
control the quality of use case driven software development. Once claimed delivered,
any use case goes under review to find any errors and thus to minimize potential
defects [3]. From equation (1), we define the degree of completion as follows:

P

c=7 - @

Suppose that the staff time initially scheduled for the ith use case is t= t.pF; ,
the total staff time required to complete the ith use case is computed as:

’i=’?+219q=tppﬂ+29.-j : 3)
=

j=l

Here g, is initially obtained from total staff time and total functionality. In some

cases, it is affected by the technological environment of the project. Upon completing
each iteration, tg, is recalculated as a function of the progress, that is:

At

v )

From the equations (2) and (3), degree of completion for the ith use case can be
expressed as follows:

n
- .
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Here let ¢ be a coefficient of degree of completion, then £% = ¢, £/ and ;' = ¢

,.].6;-}-. If the jth fault is fixed, 0,] = 0,.1. and otherwise 9,1 = 0. Finally, the degree of

completion is computed using the following equation:

n

ctpF, + Zcijﬁij
j=1

C =— =

i

P (6)
j=1

2.4 Integration

Remember that equation (1) defined the progress as the ratio of the functionality
delivered to the total functionality. By replacing the degree of completion as earlier
computed, the progress for each iteration becomes:

Z{F(Zrc H , )

Fr

P=

Equations (6) and (7) are taken together and the progress is computed as follows:

n
ctr*t o, F, +Zc'f0,,l'f

if
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j=1

Fr

3 Development Process

It is also important to know the progress in time rather than simply to estimate it.
Timely reporting of progress would require enormous efforts to collect required data
and thus, automated data collection and efficient development process are essential
[7]. Some of the issues in relation to process and data gathering for the progress
model are discussed herein (for details, see [16]).

= Accurate scheduling of staff time
= Individual reporting of work progress
= Change management and fault removal

3.1 Scheduling

Over the last decade, the use case driven development has been well adopted in object
orientation [6]. Use cases are useful to partition the whole system into manageable
sizes despite some concerns about their granularity. Figure 1 shows that some project
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base data (e.g., productivity, effort ratio) are required to be set for further scheduling.
Then, we identify use cases as a group of events or equivalently functions, based on
which FP is computed [2]. This serves as a baseline for the size estimation of use case
and overall software development project. Once the development cycle is performed,
the project base data may be adjusted. Suppose that the size of a use case (F))

amounts to 25 FPs and productivity (t,) is estimated as 20 man-hours. Then, the

efforts required to develop the use case are 500 man-hours (= 25 FPs x 20 man-
hours). The total efforts of staff time (i.e., 500 man-hours) may be allocated to devel-
opment phases in reference to the effort ratio (r*). For example, we may refer to the
weights of 30%:20%:20%:10% respectively for (1) analysis and design, (2) imple-
mentation, (3) test and (4) project management. We often reserve the remaining 20%
of time just in case to adjust any inaccurate scheduling. It is important to note that
some efforts should also be set aside for review to prevent any serious faults from
rolling over to the later part of system development. The data collected over those
processes would certainly provide useful information as to productivity, the extent of
delivery and the current state of use cases.

Project Manager Project Leader Data Collectable
fee
* {efiort ratic)
Identify use cases
Evaluate use case siza |---4--3 nF.:wmmm;
Usa case
state

Fig. 1. Scheduling Process and Related Data Collection

3.2 Work Orders and Reporting

Given the size and effort estimation as earlier discussed, workers (e.g., developers)
are given an order (e.g., use case development) based upon use case function points.
Once the order is fulfilled and the artifacts (e.g., source codes) are submitted by the
worker in charge to the quality engineers for review (Figgure 2). Regardless of the
job completion, the workers are required to report their daily time spending (#’) (see
the innermost ‘daily reporting’ loop of Figure 2). The artifacts are subject to thorough
reviews until regarded as ‘delivered’ or the workers do the job by taking the middle
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loop after the daily reporting loop. Over this review process, the coefficient of degree
of completion (c) and staff time required to fix any errors () are generated for

equation (8). Any possible change requests over the iteration may take the outermost
loop, which adds to the time spent for the use case (for details, see section 3.3). Fur-
ther issuing work orders would be ceased only in case where there exist no errors in
the checked-in artifacts. Then the use case is flagged as ‘job done’ and the delivered
function points are adjusted accordingly.

Work Order Manager Worker Quality Data Collectable
Engineer
Work order
information
[Work done]
B
[in working] 1
e 4 = (coafficiant of
dqrsa_of
3 g Daily report H A ;sL::r ':(m m;uimd
e "
ol g [Has defects] )5 ; =
[Has any change requesi] E
[ Draity report
—
Confirm report
[Mo more change request]

Fig. 2. Work Order Management Process and Related Data Collection
3.3 Change Management

The ‘moving target’ problem bears well out the nature of user requirements being
hardly stable and easily changeable. This urges more elaborated change management
especially with the iterative development process. The change requests may arise
from three different sources, that is, (1) error faults (F) as found and requested mostly
by the reviewers (e.g., UML notation errors), (2) improvement requests (I) often
suggested by the users to make the as-is systems better (e.g., changes in discount
rates) and (3) brand-new requests (N) that may arise mainly due to addition of new
business processes. Any of those requests should ride on the processes for approval
of either reviewers (F, I) or the change control board (N) as depicted in Figure 3. Any
accepted change requests are entitled to call upon work orders. In this case, FP for the
work needs to be computed and considered into the size.

3.4 Progress Reporting

Now we have all required data to analyze and compute the progress as defined in
equation (8). We believe that this analysis and reporting should be automated to make
the data available to the project mangers on a near real-time basis (e.g., daily). Those
progress analyses and related key status information (e.g., fault density, quality &
productivity) would be more robust and dependable as accumulated over the itera-
tions, sufficiently enough for the managers to conduct various what-if simulations.
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This would also certainly keep the managers most up to dated as to the status of the
project and help them to take right preventive actions as early as possible.

Change Requester | Change Request Reviewer | Work Order Manager | Data Collectable

Change request |~
/’1 b Confirm work order request

_J?g[mﬁmm
o fix error)

(G ()

Fig. 3. Change Request Process and Related Data Collection

4 Applications
4.1 Data Modeling

Given the model and the processes as discussed above, a data model is constructed as
in Figure 4, which will be used to develop the project support systems. The Project
entity contains EffortRatio (r*) and total FP (Project.totalFunctionPoint, sum of all
use case function points). The Project.manhourPerFunctionPoint denotes the man-
hours per FP (¢.p), that is, a productivity indicator as suggested in [4].

(. —
+totalFunclionPoint:String
+manhourPerFunctionPolnt:Str|

+laqulrerr\enlEﬁ‘oﬂRabo Stmu
+mp[emon1ihnnEﬂoftRain Sir
+tesiEffortRatio: String
+managemantEfforiRatio: String
UseCase WorkOrder CMEEmt
fi ‘oink:Siring z D:String +changeRequestTyps:Stri
+developmentState:Siring +dueDate:String +relatedArtifact: String
P ] +roquest:String
+retated Artifact String
.
UseCaseSchedule X ] *
+wleduled5‘xl‘lﬂahe'.3hip Action DailyReport
+scheduledEndDate:Strind +startDate:String +reportDate:String
+actualStartDate:String +endDate:String +bizZModelingHours:Strin|
+actualEndData:String +currentVerslon:String vrsquiremthours String
:Siring
| +designHours:String
i ik String
Fault . Rovisw +estHours:String
+lau§|‘rypecs_¢ring +rasult:String +managementHours: Sirin|
ik trim “Siring +reviewHours-String

Fig. 4. Key Attributes and Data Model for the Progress Model and the Development Process
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The UseCase entity keeps data on each use case such as FP and a flag to indicate
its state (UseCase.developmentState) (e.g., in-progress, under review, delivered). All
time logs for use cases are saved in the UseCaseSchedule entity and thus, any control-
ling action can be taken by analyzing the deviation between the scheduled and the
actual. The WorkOrder, Action and Review entities keep records of job orders, review
activities and their completion related metrics. The review results are written to the
Fault entity. A work order is given a due date (WorkOrder. dueDate) depending on
the size of FP (UseCase.functionPoint). The work order records all man-hours in the
DailyReport entity. The ChangeRequest entity holds a flag on three different types (F,
I, N) (changeRequestType).

4.2 Project Support Systems

Although decision aids have been suggested against any likely biases and errors of
human decision making (e.g., decision support systems, [8]), project managers appear
to be left all alone without much help. Recently there arises some research to address
this issue [9], [10]. We developed the Project Support Systems (PSS) where the pro-
ject managers can be provided with right information to make right decisions [16].
The PSS was designed to run on the web [13] and implemented in Java and JSP (Java
Server Page). Data were saved in the MS-Access and the server was a personal com-
puter hooked up to the Internet.

Plan & Spenl Effort & Tin
Assessment o
Experience
A Base
Project
Progress Progress i
- i - Operation
Regort Anslysis Management & ? 2
| ampisted Project Data
] N‘”” Project Size i
gty -t ! Project
Report - a ’_ﬁ Database
I e
[ L Projact Size, 3
What-if Model Roquired Effarl
Simulation [ l Base ‘ .
T
e
Ga?:;:ng Use Case Size, Effort & Time, Logs,
Presentation Data Processing Data Collection
—_— Data Flow e Model Flow

Fig. 5. The High Level Architectural View of Project Support Systems

Figure 5 shows the high-level architectural view of PSS which contains three ex-
plicit layers. All relevant data (e.g., FP, use case list) required for progress reporting
are collected in the data model of the rightmost data collection layer. The second data
processing layer contains four components: (1) the project planner which helps to put
together an initial development plan with size and effort information, (2) the project
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operation management which assists such operations as work order, daily reporting
and change requests, (3) the progress analysis which relies on the earlier two compo-
nents to analyze the project progress and lastly (4) the model base which contains
useful analysis tools and models for the other components. Over the feedback path,
scheduling and daily operations can be aided by the progress analysis component.
The project manager interacts with the last presentation layer which provides five
functionalities of (1) plan and assessment, (2) progress report, (3) quality report, (4)
what-if simulations and (5) data gathering. With the modeling capabilities and data
provided by the two lower layers (i.e., data collection, data processing), the project
manager are empowered to plan the goals and detect early the project risks that may
threat product quality and schedule. The progress report shows the state of the project
and compares the planned and the actual. Project manager may also conduct what-if
simulations on scheduling and productivity (for details, see section 4.3). The project
manager may consult the quality report which shows how densely the use case con-
tains faults and how fast the faults are fixed. The fault density is compared to the
industry level, so the project manager can monitor the health of the project. As the
unit of measurement is individual use case, the PSS can web-publish performance
reports by workers or summarized reports by teams.

4.3 What-If Simulations

Schedule. Some of the what-if questions that may be raised by the project manager
include: (1) what if we step up the productivity by 10%?, (2) what if we slow down
the productivity by 10%?, (3) what if we let the system boundary expanded by ac-
cepting the change requests?, (4) what if we keep pacing at the current speed of de-
velopment? and so forth. As the PSS keeps track of staff time required to complete
one function point (¢g) and fault density, the impact of productivity related what-if

queries can be easily simulated and thus, we can forecast when the project would end.
For the additional change requests, the required staff time to fix (6;) is used to esti-

mate their impact on scheduling.
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Fig. 6. Sample Quality Reports for a Case Project (31 use cases & 1,500 FPs): (a) use case vs.
review rounds over requirement artifacts and (b) weekly distribution of defect density (defined
as the staff time required to fix defects per 10 FPs) (The solid and the dotted lines denote de-
tected defects and fixed defects respectively)
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Quality. The progress model is two dimensional and thus, any scheduling related
what-if questions should be analyzed in consideration of the quality factor (i.e., fault
density & fault removal). Figure 2 (a) shows that some use cases needed as many as
five rounds of reviews. This indicates that faults should be minimized to reduce their
detrimental effect on progress and productivity. Figure 2 (b) presents fault density
and removals over weeks. As the size of use cases varies, we normalized fault density
per 10 FPs. For example, one fault for a larger use case of 50 FPs is not equal to the
equal number of fault for a smaller one of 10 FPs. In this case, the fault density of the
bigger use case is one fifth of the smaller one.

5 Discussion

Despite enormous efforts to improve the process (e.g., CMM, RUP), productivity
(e.g., CASE) and product quality (e.g., components, XP) over the past decades,
chronic symptoms of cost and schedule overruns and unfulfilled user requirements
are hardly cured. This paper proposed simple but robust progress monitoring systems.
The progress was mathematically modeled to control both schedule and quality. That
is, the progress of software development increases as the systems deliver user re-
quirements, but it dampens with erroneous faults on the delivered systems. The de-
velopment process is designed that the faults are continuously detected by the re-
viewers up to the industry level. Given the popularity of the UML (Unified Modeling
Language) [14] and the UP (Unified Process) development [15], the progress is
measured for individual use case about which all data required for progress tracking
are collected. For this, we designed both a data model and critical development proc-
esses (e.g., size estimation, work order, change request) to collect the data and track
progress on a near real-time basis. This serves a framework of PSS (Project Support
Systems) to assist project managers to cope with schedule and quality related risky
decisions. For example, managers may conduct what-if simulations on the speed of
work, the change of system boundary and the quality sufficiency. As the data are
recorded in a central repository over a number of projects, project managers would
refer to it and adjust any potential biases of subjective decisions regarding size and
efforts estimation, productivity, effect of added functionality due to change requests
among others.

Our experience with the PSS at a couple of enterprise-wide projects indicated im-
proved scheduling for the iterative development. The productivity over the earlier
iterations was much deviated from what had been initially scheduled. This was
mainly because the participants needed an adaptation period with unfamiliar devel-
opment environments and learning appeared to take off slowly as the project pro-
ceeded. The slow learning curve of the workers at the earlier phase affected follow-up
resource scheduling. Unlike the waterfall development process, the project manager
also needed to cope more frequently with varying scope of iterations and to take ac-
tions for any deviations from the plan. The PSS appeared of much help to the project
manager to keep under control such problems as unstable system boundary and slow
learning rate. Another significant benefit with the PSS was to control schedule over-
runs. The system mitigated the risk considerably by allowing managers to query the
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progress at a right time. The analytical reports from the progress reporting systems
enabled the project manager to monitor any deviation in use case development with
function points and take proper prompt actions. Any likely obstacles that hindered
productivity could be identified and development staff was encouraged more toward
the project goals. It should be noted that the quality dimension was also taken into
account and any scheduling was performed in consideration of fault density as ana-
lyzed in a cycle where the reviewers inspected the artifacts and the developers fixed
any faults found.

Not all the outcomes were affirmative. Some of the behavioral reaction to the
management process was rather an opposite from what we expected. Firstly, workers
did not appear to report voluntarily their daily work. They considered it as an annoy-
ing and time wasting job. So, a steady and strong guidance was required to assure
them of the importance of the progress reporting. Secondly, some stakeholders and
workers thought that it was an extra work to gather a collection of progress and
change request related data. They appeared to object the myth that the quality assur-
ance activities may eventually reduce downstream faults and managerial work with
timely risk management, dynamic scheduling and resource planning. Thus some
observational study may be required on the effect of these possibly adverse behav-
ioral reactions. The progress monitoring systems also demand the reviewers to in-
spect all artifacts and play a central role to make it running. One may also question if
this hard working contributes to curing the chronic symptoms of software engineer-
ing. Further research is required to minimize the manual intervention of data entry
and analysis and to find effective ways of data presentation.
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