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Preface

On behalf of the PROFES organizing committee we are proud to present to you the
proceedings of the 5th International Conference on Product Focused Software Process
Improvement (PROFES 2004), held in Kansai Science City, Japan.

Since 1999, PROFES has established itself as one of the recognized international process
improvement conferences. In 2004 the conference left Europe for the first time and moved
to Japan. Japan and its neighboring countries are intensifying their efforts to improve
software engineering excellence, so it was a logical step to select Japan as the venue for
PROFES 2004.

The purpose of the conference is to bring to light the most recent findings and results
in the area and to stimulate discussion between researchers, experienced professionals,
and technology providers. The large number of participants coming from industry con-
firms that the conference provides a variety of up-to-date topics and tackles industry
problems. The main theme of PROFES is professional software process improvement
(SPI) motivated by product and service quality needs. SPI is facilitated by software
process assessment, software measurement, process modeling, and technology transfer.
It has become a practical tool for quality software engineering and management. The
conference addresses both the solutions found in practice and the relevant research re-
sults from academia. This is reflected in the 41 full papers, which are a balanced mix of
academic papers as well as industrial experience reports.

The business of developing new applications like mobile and Internet services or en-
hancing the functionality of a variety of products using embedded software is maturing
and meeting the harsh business realities. The necessity for professional software de-
velopment, quality, and cost effectiveness is becoming evident and there is a need to
spread SPI beyond its traditional areas. Some of the accepted papers focus especially on
the latest activities in Japanese software engineering, which is facing new challenges in
developing new types of software in new ways, such as mobile networking embedded
software, in ever-shorter times.

We wish to thank the Nara Institute of Science and Technology (NAIST), the Fraunhofer
IESE, the University of Osaka, and VIT Electronics for supporting the conference.
We are also grateful to the authors for high-quality papers, the program committee for
their hard work in reviewing the papers, the organizing committee for making the event
possible, and all the numerous supporters, including the Software Engineers Association
of Japan, who helped in organizing this conference.

Last, but not least, many thanks to Patrick Leibbrand at Fraunhofer IESE for copyediting
this volume, Dr. Masahide Nakamura at NAIST for developing the PROFES 2004 web
pages, and Gaby Klein at IESE and Junko Inui at NAIST for helping in the organization
of this conference.

January 2004 Frank Bomarius
Hajimu Iida
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A Model for the Implementation of Software Process
Improvement: An Empirical Study

Mahmood Niazi, David Wilson, Didar Zowghi, and Bernard Wong

Faculty of Information Technology, University of Technology Sydney
{mkniazi, davidw, didar, bernard}e@eit.uts.edu.au

Abstract. Advances have been made in the development of software process
improvement (SPI) standards and models, ie. Capability Maturity Model
(CMM), more recently CMMI, and ISO’s SPICE. However, these advances
have not been matched by equal advances in the adoption of these standards
and models in software development which has resulted in limited success for
many SPI efforts. The current problem with SPI is not a lack of a standard or
model, but rather a lack of an effective strategy to successfully implement these
standards or models. In the literature, much attention has been paid to “what
activities to implement” rather than “how to implement” these activities. We
believe that identification of only “what activities to implement” is not
sufficient and that knowledge of “how to implement” is also required for
successful implementation of SPI programmes.

The aim of this research paper is to empirically explore the viewpoints and
experiences of practitioners regarding SPI implementation and based on the
findings to develop a model in order to guide practitioners in effectively
implementing SPI programmes. This SPI implementation model has six phases
and provides a very practical structure within which to implement SPI
programmes in organizations.

1 Introduction

Improving the quality of software process is a key information systems issue. This is
due to the role software systems play in modern-day business and, to some extent,
modern-day living. The issue of software quality has been brought into sharp focus
due to the disappointing performance of some high profile software projects, e.g.
One.Tel [1], the London Ambulance Service [2] and Explosion of the Ariane 5 [3].
These unsatisfactory results have led to some very costly commercial disasters. The
search for solutions to improve software quality has continued for many years and
software organizations are now realizing that one of their fundamental problems is the
inability to effectively manage the software process [4; 5]. In order to address the
effective management of software process different approaches have been developed,
of which software process improvement (SPI) is the one most widely used.

SPI models such as the Capability Maturity Model (CMM) [6], more recently
CMMI [7], and standards such as ISO’s SPICE [8] focus on processes to produce
quality software. Research shows that the effort put into these models and standards
can assist in producing high quality software, reducing cost and time, and increasing
productivity [4; 5]. However, little attention has been paid to the effective

F. Bomarius and H. Iida (Eds.): PROFES 2004, LNCS 3009, pp. 1-16, 2004.
© Springer-Verlag Berlin Heidelberg 2004



2 M. Niazi et al.

implementation of these models and standards [9] which has resulted in limited
success for many SPI efforts. Studies show that 67% of SPI managers want guidance
on how to implement SPI activities, rather than what SPI activities to actually
implement [10]. However, despite the importance of the SPI implementation process,
little empirical research has been carried out on developing ways to effectively
implement SPI programmes.

The aim of this research paper is to empirically explore the viewpoints and
experiences of practitioners regarding SPI implementation and based on the findings
to develop a model in order to guide practitioners in effectively implementing SPI
programmes. In order to design this SPI implementation model (SPI-IM) we have
extended the concept of critical success factors (CSFs) [11].

We have analysed the experiences, opinions and views of practitioners regarding
SPI implementation through the literature (i.e. case studies, technical reports,
experience reports and journal’s articles as shown in Appendix A). Furthermore, we
have carried out an empirical study about factors that have a positive or negative
impact on the implementation of a SPI program. We have conducted 31 CSF
interviews with Australian practitioners in different organizations with the specific
aim of:

¢ Establishing what their typical SPI implementation experiences are

¢ Identifying their major concerns about SPI implementation

e Exploring different phases/steps necessary for the implementation of SPI

programmes

There are five research questions that have motivated the work reported in this paper:
RQI. What factors, as identified in the literature, have a positive impact on
implementing SPI?
RQ2. What factors, as identified in the empirical study, have a positive impact on
implementing SPI?
RQ3. What factors, as identified in the literature, have a negative impact on
implementing SPI?
RQ4. What factors, as identified in the empirical study, have a negative impact on
implementing SPI?
RQ5. What are the necessary phases/steps for the implementation of SPI
programmes?

This paper is organised as follows. Section 2 describes the background. Section 3
describes study design. Findings are described in Section 4. In Section 5 a model for
SPI implementation is described in detail. Section 6 provides the conclusion and
future work.

2  Motivation

A number of empirical studies have investigated factors that positively or negatively
impact SPL, e.g. [9; 12-15]. To highlight few of these: in the survey of 138 individuals
in 56 software organizations, Goldenson and Herbsleb [9], identified the factors
necessary for implementing a successful SPI programme. Stelzer and Werner [12]
determined ten factors that affect organizational change in SPL. Rainer and Hall [14]
have conducted a questionnaire survey of UK companies and identified the key
success factors that can impact on SPI implementation.
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In other studies different researchers have described their experiences of SPI
implementation (for complete references see Appendix A).

The work we report in this paper extends work previously done in the above
studies. Many of these studies have adopted the questionnaire survey method for the
identification of factors, despite the fact that Rockart [11] proposed CSF interviews as
the data gathering approach. A disadvantage of the questionnaire survey method is
that respondents are provided with a list of possible factors and asked to select from
that list. This tends to pre-empt the factors investigated and to limit them to those
reported in existing studies - respondents only focus on the factors provided in the list.
It is also possible that respondents may misinterpret the factors provided in the
questionnaire. These problems are exacerbated if the respondents do not have a
sufficient concept of the CSF approach and if they lack sufficient details about the
factors provided in the list. In order to provide more confidence in the study it is
important that practitioners’ experiences and perceptions should be explored
independently and without any suggestion from the researcher.

In the last few years we have seen technical quality initiatives such as CASE tools
and organizational initiatives such as CMM [6] and more recently CMMI [7]. These
initiatives aim to improve software processes. It has been suggested that whether a
quality initiative is technical or organizational, ineffective implementation of these
initiatives can significantly affect the success of SPI efforts [16-18]. We have focused
on this issue and designed a model that provides a very practical structure within
which to implement SPI programmes. The basis of this model is what we have studied
in the literature as well as the findings from our empirical study of SPI in practice

3 Study Design

3.1 The Companies

From November 2002 to August 2003 the first author visited 26 software companies
and conducted 31 interviews. All of the 26 companies responded to a request for
participants, which was posted via the email. The target population in this research
was those software-producing companies that have initiated SPI programmes.
Although we do not claim this is a statistically representative sample, Appendix B
does show that companies in the study range from a very small software house to very
large multinational companies and cover a wide range of application areas. It is
further important to acknowledge that the data was collected from companies who
were tackling real SPI implementation issues on a daily basis; therefore we have high
confidence in the accuracy and validity of data.

Thirty-one practitioners voluntarily participated in this study. By volunteering to
participate they have become a self-selecting sample. Self-sampling as opposed to
random sampling though more practical is often prone to bias [19]. In this research
because the sample of companies form an original self-selected group (that is
software producing companies), it is important to ensure that one particular group is
not over represented [20]. This research addresses the issue of over representation by
using a sample of companies of varying complexities, size, nature of business, type of
applications etc. A similar approach has been used by other researchers [21; 22].
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It is further important to acknowledge that the practitioners sampled within
companies are representative of practitioners in organisations as a whole. A truly
representative sample is impossible to attain and the researcher should try to remove
as much of the sample bias as possible [20]. In this research, in order to make the
sample fairly representative of SPI practitioners in particular organization, 31
practitioners from 26 organisation self-selected to participate. The sample of
practitioners involved in this research includes developers, business analysts,
methodology analyst, technical directors, project managers and senior management.

In addition to our empirical study we have also analysed 50 published experience
reports, case studies and articles in order to identify factors that can play a positive or
negative role in the implementation of SPI programmes. The studies we have
analysed appeared to be of well-known organizations (Appendix A). We consider
these to be important publications because the 34 organizations include all the five
organizations that have been awarded the IEEE Computer Society Award for Process
Achievement.

3.2 Data Collection Methods

SPI literature. We undertook an objective reading and identified a number of SPI
implementation factors. SPI literature consists of case studies, experience reports and
high-level software process texts. Most of the studies describe real life experiences of
SPI implementation and provide different factors that play a positive or negative role
in SPI implementation. This literature analysis was entirely objective and only one
researcher was involved. According to Leedy and Ormrod [23] if the judgement of the
literature is entirely objective then one person is sufficient.

CSFs interviews. The CSF interview [11] is a unique opportunity to assist the
managers in better understanding their information needs. “The CSF interview often
presents the initial occasion to interact with the manager on the types of information
support that might be useful to her” [24].
CES interviews were conducted with three groups of practitioners:
o The first group was made up of designers/testers/programmer/analyst. Referred
to as “developers”.
¢ The second group was made up of team leaders/project managers. Referred to as
“managers”.
e The third group was made up of senior managers/directors. Referred to as
“senior managers”.
Questioning was both open and close-ended with frequent probing to elaborate and
clarify meaning. The negotiated interview duration was half an hour, however, the
researcher and interviewee would determine the pace of the interview.

3.3 Data Analysis Methods

Content Analysis. This research seeks to identify perceptions and experiences of
practitioners about SPI implementation. In order to identify common themes for the
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implementation of SPI programmes, the following process has been adopted in this
research [25; 26]:

e Identifying themes for SPI implementation from transcripts: All the interview
transcripts were read to identify the major themes for SPI implementation. These
themes were noted down and compared to the notes made during the CSF
interviews in order to reassure that the transcripts being analysed are indeed a
true reflection of the discussion in the CSF interviews. These two process steps
also verify that the transcription process has not changed the original data
generated in the CSF interviews.

o Generate categories: All the CSF interview transcripts were read again to
generate categories for responses. Different themes were grouped together under
three categories, i.e. CSF, critical barrier and phases/steps needed for SPI
implementation. For example, budget, funds etc were grouped together under
CSF category “resources”. Poor response, user unwilling to be involved etc were
grouped together under critical barrier category “lack of support”. Each category
represents a CSF, critical barrier and steps/phases needed for the implementation
of SPI programme.

Frequency analysis. According to Seaman [27] coding in empirical research is one
method of extracting quantitative data from qualitative data in order to perform some
statistical analysis. In this research, data from the literature and CSF interviews is
categorised and coded in order to perform frequency analysis and also to perform
some comparative analysis of SPI implementation factors. We have used frequency
analysis at two levels. Firstly, we measured the occurrence of key factors in a survey
of the literature. We recorded the occurrence of a key factor in each article. By
comparing the occurrences of a key factor in a number of articles against occurrences
of other key factors in the same articles, we calculated the relative importance of each
factor. For example, if a factor is mentioned in 10 out of 20 articles, it has an
importance of 50% for comparison purposes. In this way we compared and ranked the
factors. Secondly, we measured the occurrence of key factors in an empirical study. In
order to analyse the CSF interview transcripts we recorded the occurrence of a key
factor in each CSF interview transcript. By comparing the occurrences of a key factor
in a number of CSF interview transcripts against occurrence of other key factors in
the same CSF interview transcript, we calculated the relative importance of each
factor. Finally, conclusions are drawn regarding the factors that are critical in the
literature and in the empirical study.

4 Findings

In this section we discuss the results relating to RQ1, RQ2, RQ3 and RQ4. This
section shows the CSFs and critical barriers cited in the literature and empirical study
and the frequency with which they occurred. The percentage shows the proportion of
literature and practitioners that cited a particular factor.
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Table 1. CSFs identified through literature and empirical study

Success Factors Occurrence in Occurrence in
literature (n=47) CSF interviews
(n=31)
Freq % Rank Freq % Rank
Assignment of responsibility of SPI 12 26 7 - - -
Clear and relevant SPI goals 12 26 7 - - -
Company culture - - - 2 T 12
Creating process action 15 31 5 2 7 12
teams/external agents
Customer satisfaction - - - 2 7 12
Encouraging communication and 10 21 9 5 16 8
collaboration
Experienced staff 13 28 6 13 42 5
Facilitation - - - 9 29 7
Formal code review - - - 3 10 10
Formal documentation - - - 3 10 10
Formal methodology - - - 11 36 6
Formalised relationship between - - - 1 3
development team
Internal leadership 6 13 11 - - -
Logical sequence/order of SPI - - - 2 7 12
implementation
Managing the SPI project 7 15 10 4 13 9
Measurement - - - 2 7 11
Process ownership 11 23 8 - - -
Providing enhanced understanding 7 15 10 - - -
Quality assurance - - - 5 16 8
Reviews 13 28 6 2 9 11
Reward schemes 7 15 10 - - -
Senior management commitment 31 66 1 20 65 2
SPI Awareness - - - 18 58 3
SPI people highly/well respected 5 11 12 . . -
Staff involvement 24 ai 2 10 36 6
Staff time and resources 18 38 4 14 45 4
Standards and procedures 4 9 13 - - -
Tailoring improvement initiatives 7 15 10 2 7 12
Training and mentoring 23 49 3 22 71 1
Tools/packages - - - 1 3 13

4.1 CSFs Identified through Literature and an Empirical Study

In order to answer RQ1 and RQ2, Table 1 shows the list of CSFs cited in the literature
and an empirical study.

The most frequently cited factor in the literature is senior management
commitment, i.e. 66%. This suggests that in practitioners’ opinion sponsorship can
play a vital role in the implementation of SPI programs. Other frequently cited factors
in the literature are staff involvement (51%), and training and mentoring (49%). It
shows that practitioners consider their involvement, and training and mentoring
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imperative for the successful implementation of SPI programs. The results also show
that staff time and resources and creating process action teams are also important
factors. A quarter of the literature cited reviews, experienced staff, clear and relevant
SPI goals and assigning of responsibilities as CSFs.

Table 1 shows that, like the literature, the most frequently cited factors in the CSF
interviews are training and senior management commitment, i.e. cited 71% and 65%
respectively. Two new CSFs — awareness and formal methodology — have been
identified in our empirical study which have not been identified in the literature.
Other frequently cited factors are resources, staff involvement and experienced staff.
Other factors are less frequently cited in the CSF interviews.

Table 2. Critical Barriers identified through literature and an empirical study

Barriers Occurrence in Occurrence in
literature (n=14) interviews (n=31)
Freq % Rank Freq % Rank
Changing the mindset of management 2 14 5 - - -
and technical staff
Inertia 1 7 6 - = -
Inexperienced staff/lack of knowledge 5 36 2 7 23 kS
Lack of awareness - - - 11 36 3
Lack of communication - - - 2 7 7
Lack of formal methodology - - - 12 39 2
Lack of project management - - - 3 10 6
Lack of resources 7 50 1 11 36 3
Lack of sponsorship - - - 6 19 5
Lack of support 3 21 4 14 45 1
Lack of tools - - - 1 3 8
Lack of training - - - 3 10 6
Negative/Bad experience 1 7 6 2 7 7
Organizational politics 4 29 3 14 45 1
Paperwork required/formal procedures 1 7 6 7 23 4
SPI gets in the way of real work 4 29 3 2 7 7
Staff turnover 4 29 3 - - -
Time pressure 5 36 2 6 19 5

4.2 Critical Barriers Identified through Literature and an Empirical Study

Our aim of identifying critical barriers [9; 28] is to understand the nature of issues that
undermine the SPI implementation programmes. In order to answer RQ3 and RQ4,
Table 2 shows the list of critical barriers cited in the literature and an empirical study.
The results show that most of the practitioners in literature consider lack of resources
a major critical barrier for the implementation of SPL. The results also suggest that in
practitioners’ opinion time pressure and inexperienced staff can undermine the
success of SPI implementation programs. It shows that practitioners prefer to avoid
organizational politics during the implementation of SPI programs.

Organizational politics and lack of support are on the top in CSF interviews, i.e.
equal at 45%. Two new critical barriers — lack of formal methodology and lack of
awareness — have been identified in our empirical study which have not been
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identified in the literature. The critical barriers lack of resources is cited 36% in the
CSF interviews. Other barriers are less frequently cited in the CSF interviews.

5 A Model for the Implementation of SPI Programmes

We have used the findings from the literature and an empirical study to develop a
SPI-IM (as shown in Figure 1) in order to guide organizations to successfully
implement SPI programmes. The empirical study has led us to design different phases
for SPI implementation. We have selected those phases in our SPI-IM, which were
frequently cited by practitioners. We have also identified CSFs and critical barriers
for SPI implementation (Table 1 and Table 2). We have divided these factors among
different phases of the SPI-IM. In order to have more fine-grained activities within
each phase of our SPI-IM, we have designed a list of practices for each CSF and
critical barrier. The SPI-IM in Figure 1 shows that organizations should address each
factor in order to successfully implement each phase of the model.

Inform

SPI implementation Empirical Study

phase dimension
Contain Organized
Literature
CSFs and critical barriers review and an
dimension empirical
study
Inform
Contain \ \ e
Literature
Practices review
and an
== empirical

study

Indicate

Implementation
phases

Describ

Inform

Fig. 1. SPI implementation model

The structure of our SPI-IM is built upon the following dimensions:
e  SPI implementation phase dimension
e  SPI implementation CSF and critical barrier dimension
We have high confidence that these 2 dimensions of SPI-IM can guide SPI
practitioners in effectively implement SPI initiatives. This is because we have
collected data of SPI practitioners who were dealing with SPI implementation issues
on a daily basis. Furthermore, practitioners’ experiences and perceptions were
explored independently and without any suggestion from the researcher.
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5.1 SPI Implementation Phase Dimension

Using the content analysis of the recorded interviews, we have identified six phases
for the implementation of SPI programmes. In this section we briefly describe each
phase in turn and in the appropriate sequence. Figure 2 shows SPI implementation
phase dimension.

Awareness. Practitioners felt the need for awareness of SPI programmes in order to
fully understand the benefits of SPI. Practitioners said that, as SPI implementation is
the process of adoption of new practices in the organization, it is very important to
promote awareness activities of SPI and to share knowledge among different
practitioners. Practitioners suggested involving all the staff members in these
awareness programmes.

Awareness has emerged as a first phase for the implementation of SPI
programmes. This is because SPI is an expensive and long-term approach and it takes
a long time to realise the real benefits of this approach. Hence, in order to get support
of management and practitioners and to successfully continue SPI initiatives it is very
important to provide sufficient awareness at the very beginning of SPI
implementation programmes. SPI implementation is not as beneficial without
sufficient awareness of its benefits. Moitra [29] has emphasised explanation and
sharing of “how the improved processes will help the individuals in terms of their
efficiency, productivity and performance”. The necessary investment of time and
money and the need to overcome staff resistance are a potential barrier to SPI
implementation [12]. These obstacles cannot be overcome without sufficient SPI
awareness within the organization.

Learning. Learning appears as an important factor for SPI implementation success.
For learning, practitioners emphasized training in SPI skills in order to achieve
mastery of its use. This phase involves equipping the practitioners with the knowledge
of the critical technologies which are required for SPIL

Different studies have confirmed training as an important source of learning for the
implementation of SPI programmes [4; 30; 31]. Learning comprises acquiring and
transferring knowledge of SPI activities. Managers and employees usually have a
general idea of the software process but they do not have complete understanding of
the necessary details and also they do not understand how their work adds to the
organization mission and vision [32]. SPI can only be successfully implemented if
staff members have enough understanding, guidance and knowledge of all the SPI
activities [12; 33; 34].

Pilot implementation. Practitioners advised to first implement SPI programs at a low
level and see how successful it is within a particular department. This is also
important for practitioners in order to judge their SPI skills in the pilot
implementation. This is the phase where practitioners can decide how much
resources, training and commitment is required in order to implement SPI practices
across the organization.

Our results have confirmed the results of [33; 34] where they recommend “start
small and slow” for real quality improvement.
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SPI implementation action plan. Practitioners stressed the need for proper planning
and management. They said after pilot implementation a proper plan with activities,
schedule, allocated resources, responsibilities, budget and milestone should be
designed. This plan should be based on the results and experiences of the pilot
implementation.

SPI implementation without planning and project management leads to chaotic
practices. Different studies emphasised managing the SPI project [12; 30; 31]. Often,
the improvement projects have no specified requirements, project plan, or schedule
[12]. It was recommended by the practitioners to treat SPI as a real project and it must
be managed just as any other project.

] Learning 4—

Pilot Implementation <+
v >
> SPI implementation action plan [ g
< a
v g
SPI implementation across the 2
& <___.. w2

organization
Maintenance <

Fig. 2. SPI implementation phase dimension

Implementation across the organization. After proper planning and using the pilot
implementation experience, practitioners suggested to implement SPI practices in
other areas/departments of the organization in order to have uniform development
approach and maturity across the organization. It is also important to illustrate the
results of the pilot implementation to different departments in order to get support and
confidence. In order to avoid risks and to implement SPI programmes more
effectively, practitioners suggested project-by-project implementation. This is because
each project experience can be viewed to determine what was accomplished and how
the organization can implement SPI programmes more effectively for future projects.
Practitioners emphasised that senior management commitment plays a very important
role in this phase. They also suggested providing sufficient resources for SPI
implementation in this phase.

Maintenance. The important theme in maintenance is to continuously monitor and
support the previously implemented SPI activities. Practitioners suggested continuing
awareness and training programmes to be incorporated into maintenance activities as
practitioners often switch jobs.
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SPI efforts do not have long lasting effects because practitioners often slide back to
their old habits [12]. It is therefore very important to continuously provide them with
feedback, guidance, motivation and reinforcement to stay involved in the
improvement effort [12].

Table 3. SPI implementation CSFs dimension

Phase CSFs Critical Barriers
Awareness = Snr management commitment ®  Organizational politics
= Staff involvement * Lack of awareness
= SPI awareness * Lack of support
Learning *  Snr management commitment ®= Time pressure
®* Training and mentoring ®» Lack of awareness
= SPI awareness *= Lack of support
* Lack of resources
Pilot =  Snr management commitment * Inexperienced staff
Implementation = (Creating process action teams = TLack of formal
s Experienced staff methodology
*  Formal methodology »  TLack of support
=  SPI awareness * Lack of resources
SPI implementation =  Snr management commitment = Inexperienced staff
action plan *  Experienced staff * Time pressure
=  Formal methodology
®* Reviews
»  SPI awareness
SPI implementation ®  Snr management commitment ® Organizational politics
across the »  Staff time and resources * Time pressure
organization = Staff involvement ® Inexperienced staff
=  Experienced staff * Lack of methodology
=  SPI awareness = Lack of support
*  Formal methodology = Lack of resources
= Lack of SPI awareness
Maintenance =  Snr management commitment = Inexperienced staff

Reviews
SPI awareness

5.2 SPI Implementation CSF and Critical Barrier Dimension

The CSFs approach has been applied to different areas of IT and management and

different studies have confirmed the value of the CSF approach

[35-37].

Implementation of SPI programmes require real life experiences where one learns
from mistakes and continuously improves the implementation process. CSFs are often
identified after the successful completion of certain activities. Hence these factors are
near-to real life experiences. Therefore, we believe that CSFs approach can also be
useful in the implementation of SPL

A review of the CSF literature reveals that the CSF concept has not been employed
to any great degree in research on the topic of SPI implementation. Literature also
shows that little attention has been paid to developing ways in order to improve the
SPI implementation process [10]. A few studies have identified key factors for SPI
implementation [9; 14] but these studies have not described how and where to use
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these factors. We believe that the identification of factors by themselves is not
sufficient for the effective design of SPI implementation strategies but a holistic
approach is required in order to successfully implement SPI programmes.

Keeping in view these facts we have identified different CSFs and critical barriers
through the literature and an empirical study. We used the frequency analysis
technique and calculated the relative importance of each factor (see Tables 1 and 2).
As CSFs are a small number of important issues on which management should focus
their attention [11], we have only considered those factors that are critical (i.e. with
high percentage) either in both data sets or in any data set. We have divided CSFs and
critical barriers among different phases of the SPI-IM as shown in Table 3. The basis
of this division is the perceived coherence between the CSFs and critical barriers
identified. It should also be pointed out that these factors and barriers are not
necessarily mutually exclusive and there may be a certain degree of overlap among
them.

Table 3 suggests that practitioners should consider these CSFs and critical barriers
in order to successfully implement each phase of the SPI-IM because we have
confidence that a factor does indeed have an impact on SPI implementation if it is
critical in both data sets or in any data set. For example, in the learning phase it is
important to have higher management support, SPI training and SPI awareness
activities in order to provide sufficient knowledge about SPI and its benefits to the
organization. Similarly, in the learning phase sufficient attention should be paid to
avoid barriers such as time pressure, lack of awareness, lack of support, lack of
resources in order to prevent undermining of SPI implementation process.

In order to have more fine grained activities within each phase of our SPI-IM, we
have designed a list of practices for each CSF and critical barrier (a few examples are
shown in Appendix C) using our empirical study and the literature [9; 12-14; 38; 39].
These practices guide practitioners on how to implement each CSF and critical barrier
in practice.

CMMI and an
empirical study

-:I\_‘;; Inform
Inform Used

Implementation

» by
Empirical | Maturity Model
study and CSFs and Guide P SPI
literature Critical Implementation
e barriers : Process
review Guide P
Implementation
Used Model
by
Inform Inform
Empirical study

Fig. 3. SPI implementation framework
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6 Conclusion and Future Work

In this paper a new model is presented that has the potential to help companies
substantially improve their SPI implementation processes. This model has six phases
and provides a very practical structure within which to implement SPI programmes.

Our ultimate aim of conducting an empirical study and developing the
implementation model was to develop a SPI implementation framework. We have
used our empirical findings to design a framework for guiding the design of effective
implementation strategies for software process improvement [17] (Figure 3). As
shown in Figure 3, the framework comprises an Implementation Maturity Model [40]
and an SPI Implementation Model [41]. The CSFs and critical barriers identified
through empirical study are used by the two models. These CSFs and critical barriers
are used in order to provide practitioners with sufficient knowledge about the nature
of issues that play a positive or negative role in the implementation of SPI
programmes. The two models will guide the SPI implementation process.

This paper has described only one component of the framework, ie. the SPI
implementation model. The framework is currently in its initial stages and will be
further refine on the basis of interviews with industry practitioners to confirm and
extend the findings of the literature survey. The framework will then be evaluated
using multiple case studies.

References

1. Paul, B.: On for young and old as James and Kerry began to fret. The Sydney Morning
Herald. http://www.smh.com.au/articles/2002/03/20/Pbonetel.htm: Site visited 12-9-2003
(2002)

2. Finkelstein, A.: Report of the Inquiry Into The London Ambulance Service. International
Workshop on Software Specification and Design Case Study Electronic:
http://www.cs.ucl.ac.uk/staff/A.Finkelstein/las/lascase0.9.pdf: site visited 4-3-2003,
1993. (1993)

3. Lions, J. L.: http://www.ima.umn.edu/~arnold/disasters/arianeSrep.html: site visited 4-3-
2003. (1997)

4. Pitterman, B.: Telcordia Technologies: The journey to high maturity, IEEE Software
(July/August). (2000) 89-96.

5. Yamamura, G.: Software process satisfied employees, IEEE Software
(September/October). (1999) 83-85.

6. Paulk, M., Curtis, B., Chrissis, M. and Weber, C.: Capability Maturity Model for
software, Version 1.1. CMU/SEI-93-TR-24, Software Engineering Institute USA (1993)

7. SEI: Capability Maturity Model® Integration (CMMISM), Version 1.1. SEI, CMU/SEI-
2002-TR-029 (2002)

8. ISO/IEC-15504: Information technology - Software process assessment. Technical report
-Type 2 (1998)

9. Goldenson, D. R. and Herbsleb, J. D.: After the appraisal: A systematic survey of Process
Improvement, Its benefits, And Factors That Influence Success. SEI, CMU/SEI-95-TR-
009 (1995)

10.  Herbsleb, J. D. and Goldenson, D. R.: A systematic survey of CMM experience and
results. 18th international conference on software engineering (ICSE-18). Germany
(1996)

11.  Rockart, J. F.: Chief executives define their own data needs, Harvard Business Review
(2). (1979) 81-93.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

33.

34.

35.

36.

M. Niazi et al.

Stelzer, D. and Werner, M.: Success factors of organizational change in software process
improvement, Software process improvement and practice 4 (4). (1999)

El-Emam, K., Fusaro, P. and Smith, B.: Success factors and barriers for software process
improvement. Better software practice for business benefit: Principles and experience,
IEEE Computer Society (1999)

Rainer, A. and Hall, T.. Key success factors for implementing software process
improvement: a maturity-based analysis, Journal of Systems & Software (62). (2002) 71-
84.

Rainer, A. and Hall, T.. A quantitative and qualitative analysis of factors affecting
software processes, Journal of Systems & Software, Accepted awaiting publication
(2002)

Florence, A.: Lessons learned in attempting to achieve software CMM Level 4,
CrossTalk (August). (2001) 29-30.

Niazi, M., Wilson, D. and Zowghi, D.: A framework for guiding the design of effective
implementation strategies for software process improvement. International Conference
on Knowledge Engineering and Software Engineering (SEKE 03). (2003) 366-371.
Niazi, M. and Wilson, D.: A Maturity Model for the Implementation of Software Process
Improvement. International Conference on Software Engineering Research and Practice
(SERPO03). (2003) 650-655.

Krippendorf, K.: Content Analysis: An introduction to its Methodologies. sage
London.(1980)

Coolican, H.: Research Methods and Statistics in Psychology. Hodder and Stoughton,
London.(1999)

Baddoo, N. and Hall, T.: Motivators of software process improvement: An analysis of
practitioner’s views, Journal of Systems and Software (62). (2002) 85-96.

Baddoo, N. and Hall, T.: De-Motivators of software process improvement: An analysis
of practitioner’s views, Journal of Systems and Software 66 (1). (2003) 23-33.

Leedy, P. and Ormrod, J.: Practical research: planning and design. Prentice Hall-New
Jersey.(2001)

Bullen, C. V. and Rockart, J. F.: A primer on critical success factor, Centre for
Information Systems research. Sloan School of Management, Working Paper No. 69
(1981)

Baddoo, N.: Motivators and De-Motivators in software process improvement: an
empirical study, PhD, University of Hertfordshire UK (2001)

Burnard, P.: A method of analysing interview transcripts in qualitative research, Nurse
education today (11). (1991) 461-466.

Seaman, C.: Qualitative methods in empirical studies of software engineering, IEEE
Transactions on Software Engineering 25 (4). (1999) 557-572.

Weigers, K. E.: Software process improvement: Eight traps to avoid, CrossTalk
(September). (1998) 9-12.

Moitra, D.: Managing change for (SPI) initiatives: A practical experience-based
approach, Software Process Improvement and Practice (4). (1998) 199-207.

Butler, K.: Process lessons learned while reaching Level 4, CrossTalk (May). (1997) 1-6.
Paulk, M.: Practices of high maturity organizations. SEPG Conference. (1999) 8-11.
Dyba, T.: An Instrument for measuring the key factors of success in SPI, Empirical
software engineering (5). (2000) 357-390.

Hall, T. and Wilson, D.: Views of software quality: a field report, IEEE Proceedings on
Software Engineering 144 (2). (1997)

Wilson, D. and Hall, T.: Perceptions of software quality: a pilot study, Software quality
journal (7). (1998) 67-75.

Huotari, M. 1. and Wilson, T. D.: Determining organizational information needs: the
critical success factors approach, Information research 6 (3). (2001)

Khandelwal, V. and Natarajan, R.: Quality IT management in Australia: Critical success
factors for 2002. Technical report No. CIT/1/2002, University of Western Sydney (2002)



37.

38.

39.

40.

41.

A Model for the Implementation of Software Process Improvement 15

Somers, T. and Nelson, K.: The impact of critical success factors across the stages of
Enterprise Resource Planning Implementations. 34th Hawaii International Conference on
System Sciences. (2001)

Johnson, A.: Software process improvement experience in the DP/MIS function:
Experience report. IEEE International Conference on Software Engineering, ICSE.
(1994) 323-329.

Zubrow, D., Hayes, W., Siegel, J. and Goldenson, D.: Maturity Questionnaire.
CMUY/SEI-94-SR-7 (1994)

Niazi, M., Wilson, D. and Zowghi, D.: A Maturity Model for the Implementation of
Software Process Improvement: An empirical study: To Appear in, Journal of Systems
and Software (2003)

Niazi, M., Wilson, D. and Zowghi, D.: A model for the implementation of software
process improvement: A pilot study, To appear in the proceedings of. International
Conference on Software Quality (QSIC03). (2003)

Appendix A: Experience Reports, Case Studies, and Papers

e Advanced information e Master Systems e Siemens
services

e AVX Ltd * NASA SEL e SINTEF Telecom
and Informatics

* Boeing’s Space ¢ Network Products e Space Shuttle

Transportation Systems Software Project

e Bull HN * Nokia e Sybase

o Corning Information Services e Oerlikon Aerospace e Tata Consulting
Services

¢ Eastman Kodak Comp. o Ogden Air Logistics Centre e Texas Instruments

¢ Fastrak Training Inc. o Oklahoma City Air e Telcordia

Logistics Centre Technologies

¢ High-Tech Measurement » Raytheon e Trident Data
Systems

o Hughes ¢ Rolls-Royce e University of
Hertfordshire

e Lucent Technologies o Sacramento Air Logistics * Xerox

Centre
e MITRE Corporation ¢ Schlumberger
e SEI

Note: References to these organizations are available from authors

Appendix B: Participant Organization Information

Company  Scope Age  Software  Primaryfunction SPI  age
(yrs)  size (yrs)
Australian 3 14 Software <1
Multi-national  21-50 DK Services >5
Multi-national  >50 101-500 Services >5

AL~

Multi-national ~ 11-20 501-2000 Services 1-2
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5 Australian 6-10 <10 Software >5
6 Australian 21-50 30 Software/Services 3-5
7 Multi-national ~ 21-50 DK Software/Services >5
8 Multi-national  >50 26-100 Software >5
9 Multi-national  >50 >2000 Software/Services >5
10 Australian >50 11-25 Services 3-5
11 Multi-national ~ >50 >2000 Financial services 3-5
12 Australian <5 <10 Software/Services 12
13 Multi-national ~ >50 DK Software/Services >5
14 Multi-national ~ 11-20 >2000 Software/Services 3-5
15 Australian 21-50 101-500 Software/Services 1-2
16 Multi-national ~ 21-50 >2000 Software/Services >5
17 Multi-national ~ 11-20 11-25 Beverages >5
18 Multi-national  >50 101-500 Software >5
19 Australian 11-20 1125 Software 12
20 Australian 21-50 DK Investment >5
Management
21 Multi-national <5 11-25 Software 12
22 Australian 11-20 11-25 Software 3-5
23 Multi-national ~ 6-10 26-100 Software 3-5
24 Australian <5 <10 Software/services 3-5
25 Australian 6-10 101-500 Services >5
26 Australian 6-10 26-100 Services >5

Appendix C: List of Practices for CSFs and Critical Barriers

CSFs List of Practices
and
Critical
barriers
Creating P1. SPI implementation action groups have been established with experienced
process people
action P2. Responsibilities have been assigned to provide technical support to the
teams process action teams
P3. A mechanism has been established to monitor the progress of each process
action team
P4. A mechanism has been established to collect and analyze the feedback data
from each process action team and to extract the main lessons learned
P5. A process has been established to distribute the lessons learned to the
relevant staff members
Time P1. Staff members have been allocated time for SPI efforts and staff members
pressure are happy with allocated time

P2. Work has been done to avoid staff from time pressure

P3. Work has been done that SPI will not get in the way of real work

P4.The SPI implementation effort has been staffed by people who indicated
interest and commitment in the effort.

PS5 Work has been done to facilitate staff members during SPI implementation
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Abstract. Objective. To investigate how the use of incremental and
evolutionary development models affects the accuracy and bias of effort and
schedule estimates of software projects. Rationale. Advocates of incremental
and evolutionary development models often claim that use of these models
results in improved estimation accuracy. Design of study. We conducted an in-
depth survey, where information was collected through structured interviews
with 22 software project managers in 10 different companies. We collected and
analyzed information about estimation approach, effort estimation accuracy and
bias, schedule estimation accuracy and bias, completeness of delivered
functionality and other estimation related information. Results. We found no
impact from the development model on the estimation approach. However, we
found that incremental and evolutionary projects were less prone to effort
overruns. The degree of delivered functionality and schedule estimation
accuracy, on the other hand, were seemingly independent of development
model. Conclusion. The use of incremental and evolutionary development
models may reduce the chance of effort overruns.

1 Introduction

Software projects are prone to exceed their budgets. A review of surveys on effort
estimation indicates that 60-80 % of all software projects encounter budget overruns
[1]. The average overrun of a software project appears to be 30-40%

Expert estimation seems to be the preferred approach employed by most software
professionals [1, 2]. In order to improve estimation accuracy, several estimation
models have been developed, based on a variety of properties such as lines of code
[3], function-points [4] or regression [5]. There is, however, no conclusive evidence
that the employment of such models results in improved estimation accuracy [1, 2].
Another line of research has been directed towards improving expert estimation by
using a variety of processes, including work breakdown structures (WBS) [6, 7],
checklists [8, 9], experience databases [10] and group based estimates [9, 11-14].

Much less attention has been paid to ways in which choice of development model
may affect estimation accuracy, even though it is claimed that the use of certain
development models results in improved accuracy. The use of both incremental and

F. Bomarius and H. Iida (Eds.): PROFES 2004, LNCS 3009, pp. 17-29, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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evolutionary development models is believed to facilitate more accurate estimation,
when compared to traditional models such as the Waterfall model [15, 16].

The estimation approach associated with the incremental development model is
believed to be more meaningful than those approaches associated with other
development methods and to lead to better managed projects [3, 16-18]. For example,
when using the incremental model, the first increments provide early feedback on
important development challenges and thereby better estimates on subsequent
estimation revisions [16]. If a project suffers from overruns, later increments can be
eliminated, and the most useful parts of the system will still be produced within the
original budget. There may, however, be management and control problems in
connection with incremental development [16], and hence the total impact of the use
of the incremental development model is not obvious.

Improved project estimation has also been attributed to evolutionary development
[19]. For example, Gilb claims that “Evolutionary delivery, and the feedback it
produces, often leads to management acceptance of revised estimates for time and
money at early stages of the project.”

Another of the claimed benefits of incremental and evolutionary development is
that use of these models enables tighter control of the development process [19]. This
may enable a focus on developing core functionality, and less emphasis on what is
often labeled as “nice to have” functionality. Thus, effort and schedule overruns that
occur due to the development of unimportant or unspecified functionality, which
could result from the use of other development models, may be avoided.

The remainder of this paper is organized as follows. Section 2 examines earlier
empirical studies on the relation between development method and estimation
accuracy and bias. Section 3 states our research questions. Section 4 gives a brief
description of differences between common development methods. Section 5
describes our research method. Section 6 the results of our survey. These results are
discussed in section 7. A conclusion is presented in section 8.

2 Previous Studies

Unfortunately, it is difficult to find empirical research that investigates the above
claims. In fact, we have been unable to find any survey or experiment on software
effort estimation that treats the development model as a factor that may influence
project outcome. We were only able to find experience with development models and
estimation in case studies, with little control and limited samples.

One example is experience with evolutionary development of the IBM Federal
System [20]. That case study reports that all 45 deliveries during a 4-year period were
on time and did not exceed the allocated budget.

Also, it was observed that using the evolutionary spiral model for a PC-based
ground control system developed at the Marshall Space Flight Centre at NASA
achieved good results (Hendrix and Schenider 2002). The researchers found that the
spiral model forced risks to be identified, planned for, and resolved, while providing
the flexibility to meet volatile constraints. A lifecycle based on the spiral model
provided a way of addressing risks inherent in the project at the start, and offered a
framework flexible enough to meet changing priorities [21]. Before entering the first
iteration of the spiral, it was, of course, unknown what number of iterations that
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would be needed for completion of the project. Hence, the team planned only the first
iteration and did not engage in detailed, long-term spiral planning. Once the first
iteration was complete and the second begun, an estimate was made for the additional
iterations needed to address the current release requirements. The team gained
knowledge and experience as the project moved through the spiral iterations, thereby
increasing the quality and accuracy of planning and risk assessment. The experience
from the projects showed that the level of accuracy of estimates performed at the
beginning of each spiral iteration was 90-95% [21].

Royce [22] describes experiences when using an incremental development model
for large software systems for North American Aerospace Defence Command/Air
Force Space Command. Observations indicated that use of the incremental model
increases the probability that a project will be completed according to schedule and
budget.

However, there are also reports with less positive observations, for example a study
describing experiences from two projects that used the evolutionary development
model [23]. That study found that a lot of user initiated changes caused one of the
projects to experience delays amounting to half the total effort. That project used
8600 person-hours, whereas the initial estimate was 4300 person-hours. The release
was delayed by three months. However, the end users and the developers strongly
believe that the delay, which was due to a great portion of change requests from the
user, was necessary for the company to deliver a product that met the real needs of the
customer. The project management, however, regarded the delay as a disaster, and
they were very confused. They believed that they lost control of the project because
the requirements changed continuously, without the formal documentation being
changed accordingly. Therefore, the evolutionary model was abandoned and replaced
by a formal waterfall model. This change back to a waterfall model was believed to
be necessary to get budget and time schedules under control. In the other project,
however, the software cost estimate was accurate, despite a number of requests for
changes by the end users.

3 Research Questions

Due to the lack of previous research regarding the impact of the use of particular
development models on estimation accuracy, we decided not to state precise
hypotheses for investigation. Instead we present more informal research questions.

RQ1: Does the use of incremental or evolutionary development models affect the
software estimation approach?

RQ2: Does the use of incremental or evolutionary development models affect
effort estimation accuracy?

RQ3: Does the use of incremental or evolutionary development models affect
effort estimation bias?

RQ4: Does the use of incremental or evolutionary development models affect
schedule estimation accuracy?
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RQ5: Does the use of incremental or evolutionary development models affect
schedule estimation bias?

RQG6: Does the use ofincremental or evolutionary development models reduce the
amount of unspecified functionality developed?

4 Software Development Models

For the purpose of our analyses we classified the development models into several,
coarse-grained categories. It is important to note that some of these categories are not
disjunctive, i.e., some projects may use more than one category of model. Also,
categories of development models may include process support elements such as
component based development (CBD) and prototyping. CBD is a software
development strategy in which existing components are reused instead of developing
the system from scratch each time [24]. Prototyping is used to provide initial versions
of a software system during development [19].

4.1 The Waterfall Model

The traditional waterfall model is a linear-sequential model [25]. It separates system
development into distinct phases. Each phase should in principle be terminated before
moving to the next phase, but in practice, stages overlap and feed information to each
other.

4.2 Incremental Development

Incremental development is a stepwise development of a system in which the system
is partitioned into parts (i.e., increments or code modules) [16]. Analysis, design,
implementation and testing are performed for each increment. The increments are
delivered either sequentially or in parallel. Each of the increments provides a subset
of the product’s functionality. To minimize risks, the most critical part of the system
may be delivered first.

4.3 Evolutionary Development

In evolutionary development, the system is developed cyclically, with system
deliveries in versions [19], in contrast to the “big bang” delivery provided in the
traditional Waterfall model. The delivered versions are adjusted according to
customer response and delivered again for a new assessment. Evolutionary
development differs from incremental development in that development at each stage
is based on previous deliveries that have been evaluated by the end users. The
number of deliveries required can be tailored to the situation at hand.
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4.4 Light and Agile Development

Abrahamson, Salo et al. [26] defines an agile development model as having the
following properties: incremental (small software releases with rapid cycles),
cooperative (customer and developers working constantly together with close
communication), straightforward (the model itself is easy to learn and to modify, and
is well documented), and adaptive (last minute changes can be made). Light and agile
development address only the functions most needed by the client (the functions that
deliver most business value to the customer). These functions are then delivered as
quickly as possible, and feedback collected, which will then be used to prompt further
development.

5 Method

The survey was conducted from February to May 2003. Due to the explorative nature
of the study, there was more emphasis on qualitative than quantitative aspects.
However, data was collected from a sufficient number of projects to enable basic
statistical analyses.

5.1 The Participating Companies

In order to ensure a representative sample, stratified random sampling [27] was used.
This is a reasonable approach, since we were going to investigate a limited number of
companies and we wanted to ensure that we had companies that represented different
types of organization, such as software houses developing products for the mass
market, contractors who develop for customers and the internal development
departments of large companies.

Each organization was contacted by phone and the study presented to them. If they
agreed to participate, they were given time to prepare before they were visited by our
researchers. Each company submitted one to three projects, depending on available
resources for participation. The ten organizations that participated had between 30
and 750 employees, with an average of 155. About half of their development was new
projects, while the rest was maintenance.

5.2 Data Collection and Analysis

We collected data via personal interview, which approach yields data of high quality
and ensures that ambiguities are resolved [27]. This was especially important in our
survey, since there may be variations in use of, and interpretations of, terms related to
development models and estimation methods. It also allows the respondents to add
valuable information that does not fit into a predefined questionnaire. Another point
in favor of this approach is that our personal involvement indicates a seriousness of
intent to the participants, and this may increase the likelihood of serious contributions
from them. The main limitation of the approach is that it is time-consuming and hence
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prevents us from investigating as many companies and projects as would be possible
by using mailed questionnaires. All interviews were taped.

Following data collection, the questionnaires and tapes were registered into
databases and processed by independent personnel who had no stake in the research.
This is especially important, because it ensures that there are no biases regarding how
the development models or estimation approaches are classified.

In cases where the participants reported that they followed a company-defined
development model or estimation approach, we asked them to provide thorough
descriptions. After all of the interviews had been conducted, the independent analyst
listened to the tapes and categorized the customized models according to the
predefined categories presented in the previous section.

In order to provide a meaningful analysis, those projects that used elements of the
incremental and evolutionary development models are, in the remainder of this paper,
described as the incremental/evolutionary (I/E) development group. This category
also includes light and agile development. None of these projects were influenced by
waterfall development. Those projects that did not use incremental or evolutionary
development, but used waterfall development, are placed in the waterfall (W)
category.

This classification is undeniably coarse, but the distinction is meaningful in the
context of investigating approaches to estimation and the project outcome.
Incremental/evolutionary models and waterfall models are often differentiated
between when project estimation is at issue, because incremental and evolutionary
development allows several estimation revisions [16, 19], which should, in theory,
result in the provision of more accurate estimates. We wanted to investigate whether
or not this claim is true.

In order to calculate estimation accuracy, the magnitude of relative error, MRE is
used [28]. This is calculated as:

X — 1
MRE = |——-—X—| , x = actual effort and y = estimated effort. M

X

Estimation bias (labeled MRE-bias) is calculated with a similar equation. The only
difference is that the absolute value is not used in order to reveal an eventual direction
of inaccuracy.

X — 2
MRE - bias = (——y) , x = actual effort and y = estimated effort. @

X

If a project had several estimation revisions, we used the revision from the
planning estimate as a basis for this analysis. The planning estimate is typically made
at the stage in the project where the project is broken down into activities and
resources are assigned to the project.

In order to investigate whether the development model influenced the
completeness of delivered functionality, we interviewed the project managers about
the delivered functionality on the finished products. They were asked about the extent
to which the delivered functionality met the original specification on which the
estimates were based. Since we did not have access to the opinions of the users of the
products, there is a potential problem regarding the objectivity of answers. In
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addition, there may be a hindsight bias. However, we have no reason to believe that
such factors would affect one of the survey groups differently from the other.

6 Results

Thirteen projects were classified as using an incremental or evolutionary model, or a
combination of these. These were placed in the I/E group. The other nine projects
followed the waterfall development model. These were placed in the W group. A
complete record of the data is presented in Table 1.

Effort is measured in man-hours, and schedule in calendar days. Schedule
information for project 4 was not available. The projects are sorted according to effort
estimation MRE-bias.

Table 1. Estimated and Actual use of Effort and Schedule

Effort Schedule

Projectf Model|Actual Estimated MRE Bias | Actual Estimated MRE Bias
1[IVE 825.0 3750.0 3.55 -3.55 152 138 0.09 0.09
2|vE 955.0 1410.0 0.48 -0.48 64 74 0.16 -0.16
3|VE 466.5 533.5 0.14 -0.14 104 97 0.07 0.07

4|VE 1000.0 1125.00 0.13 -0.13|N/A N/A N/A  N/A
s5|VE 319.0 330.0 0.03 -0.03 235 235 0.00 0.00
6|VE 1242.0 1249.0. 0.01 -0.01 106 92 0.13 0.13
7|vE 1512.0 1500.0 0.01 0.01 70 70 0.00 0.00
slw 1150.0 1077.0/ 0.06 0.06 49 42 0.14 0.14
olw 562.5 487.5 0.13| 0.13 106/ 103 0.03 0.03
1io|w 14000.0/ 12000.0 0.14 0.14 640 619 0.03 0.03
11|VE 342.0 292.0 0.15 0.15 113 113 0.00 0.00
13|VE 2732.00 2265.0 0.17 0.17 245 210 0.14 0.14
14|w 5170.0/ 4227.0 0.18 0.18 98 98 0.00 0.00
15|VE 1000.0' 705.0 0.30 0.30 70 60 0.14 0.14
12|VE 3454.0 2340.0 0.32 0.32 245 140 0.43 0.43
16| VE 907.0 570.0 0.37 0.37 116 109 0.06 0.06
17|VE 1200.0 750.0 0.38 0.38 457 117 0.74) 0.74
18|wW 1000.0 560.0 0.44 0.44 140 84 0.40 0.40
19|w '600.0 300.0 0.50 0.50 156 156 0.00 0.00
20|w 1400.0 700.0 0.50 0.50 224 182 0.19 0.19
21|w 1932.5 914.0 0.53 0.53 217 196 0.10 0.10
22|w 9000.0 4000.0 0.56 0.56 335 293 0.13 0.13
Average 2307.7 1867.56 0.41 0.02 188 154 0.14 0.13
Median 1075.0 995.5 0.24 0.16 140 113, 0.10 0.09

6.1 Differences in Estimation Approach

All projects, except one, relied on expert estimation. The exception used a
combination of expert and a use-case based model. The average effort used to
estimate the projects was 30 work hours for the I/E projects, and 46 work hours for
the W projects. There is also only a slight difference in the number of estimation
revisions. Out of the thirteen I/E projects, one had two revisions, five had one
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revision, while eight had none revisions. Out of the nine W projects, one had two
revisions, four had one revision, and four had none revisions.

The groups had similar approaches to bottom-up/top-down estimation, independent
of development model. All the projects involved bottom-up estimation.

The use of WBS was not as widespread. Only nine of the projects used a
predefined WBS. There was, however, no systematic difference in the use of WBS
between the two main survey groups.

Experience databases were used for three of the I/E projects, and for none of the W
projects. Checklists on the other hand, were used for one of the I/E projects, and six of
the W projects.

There were no differences in the involvement of the estimators. All project
estimators participated in project development themselves. Combination of estimates
via group interaction was typical in both groups.

These project properties, and other comments provided by the project managers,
indicate that there are no systematic differences in how projects are estimated that are
related to the development model used. The approach to estimation seems to depend
on the project team involved.

6.2 Effort Estimation Accuracy

In order to investigate a possible difference in estimation accuracy between the survey
groups, a statistical t-test can be applied. However, to use the t-test properly, the
underlying distributions should be approximately normal. An Anderson-Darlington
normality test [29], which resulted in p = 0.0, and a visual inspection, excludes
normality for the MRE of our dataset. However, this has generally negligible effects
on the validity of both Type I and Type II error calculations [30]. The only exceptions
are when there are substantially unequal variances and substantially unequal sample
sizes. In our case, the sample sizes were unequal (9 and 13), and the difference in
variances was large (0.13 vs. 0.98).

Due to the questions raised as to the appropriateness of the t-test for the dataset, we
chose instead to use the more robust non-parametric statistical Kruskal-Wallis [31]
test on the median MRE values, which were 0.17 for the I/E group, and 0.44 for the
W group. We provide the actual p-values, as suggested by Wonnacott and Wonnacott
[32], instead of pre-defining a significance level for rejection. The Kruskal-Wallis test
resulted in a p-value of 0.22, so although there was a large difference in median
MRE-values, we cannot on basis on the data alone reject the hypothesis of no
difference.

6.3 Effort Estimation Bias

The same properties regarding normality, sample size and standard deviation apply to
the MRE-bias as to the MRE. A Kruskal-Wallis test was therefore appropriate.
Performed on the median MRE-biases (I/E = 0.01 and W = 0.44), it resulted in a p-
value of 0.02, so we can reject the hypothesis of no difference in median MRE-bias.
To measure the magnitude of the observed accuracy difference in MRE-bias, we
included Cohen’s size of effect measure (d) [30]. The size of effect (d) was
calculated as: d = (mean value W group— mean value I/E group) / pooled standard
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deviation amongst groups W and I/E. The result was d=0.65, which is considered a
medium effect, since d is between 0.5 and 0.8 [30].

6.4 Schedule Estimation Accuracy

Due to the properties of the data, as explained in the previous subsection, we
performed a Kruskal-Wallis [31] test on the median MRE of schedule estimation
accuracy (I/E median MRE = 0.11 and W median MRE = 0.10). This resulted in a p-
value of 0.75.

6.5 Schedule Estimation Bias

Since only one project finished ahead of schedule, the results for schedule MRE-bias
are virtually identical to those for schedule MRE.

6.6 Differences in Product Functionality

The results indicate no large difference related to delivered functionality between the
groups. Eighteen out of the 22 managers reported a delivered level of functionality
between 95% and 110%. The average for I/E projects was 109% and the
corresponding figure for the W projects was 105%.

7 Discussion

Our results suggest that the particular development model used may affect estimation
bias. The results from the survey indicate that projects that are developed with an
incremental or evolutionary model may be less prone to effort overruns than projects
that implement waterfall development models. The lack of significant difference in
estimation accuracy between the groups may, we believe, be a result of the low
number of observations, i.e., low power of the study. We therefore need more
observations to test the difference in estimation accuracy.

The use of estimation approach seemed to be independent of development model
used, and we found only minor differences in the number of estimation revisions,
choice of estimation method or time spent on effort estimation between different
development models. Neither was there any difference in the use of top-down vs.
bottom-up estimation or use of supportive procedures such as WBS, experience
databases, checklists or group based estimates.

Most surprising is the observation that the number of estimation revisions did not
seem to increase in incremental or evolutionary projects. Proponents of incremental
and evolutionary development models specify several estimation revisions as the
main reason for reduced overruns when these models are applied.

There were no observations of difference in degree of unspecified functionality
delivered between the two groups. This implies that differences in schedule and effort
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overruns for these projects are not due to differences in the amount of delivered
functionality.

The schedule estimation accuracy and bias of the projects in this survey did not
seem to be affected by choice of development model. Neither did it seem to be closely
related to effort estimation accuracy or bias, as many projects that finished under
budget still had overruns related to schedule.

To summarize, it seems that the particular development method used affect effort
estimation bias, but not accuracy or bias of schedule estimation. The underlying
reasons for these observations are not, however, easy to discern, since neither the
estimation approach, nor the degree of delivered functionality could explain the
observed differences.

The following sub-sections investigate other possible differences between projects
in the groups that may explain our results, and possible threats to validity.

7.1 Differences in Company Maturity Level

A possible explanation of the differences is that more mature companies employ
incremental or evolutionary development models, and that it is the maturity, and not
the development model itself, that results in reduced estimation bias. This is difficult
to assess, since Norwegian companies are rarely evaluated with respect to standards
such as CMM [33] or ISO 9001 [34]. However, none of the companies relied only on
one type of development model. Most often they had a repertoire of several models,
and many of the companies submitted both I/E and W projects. The choice of model
on a particular project depended on the project manager and project characteristics.

7.2 Differences in Project Size

Another factor that could explain the differences between our survey groups is
differences in project size, because large projects may have larger relative effort
overruns. The median size for the W group was 1400, while it was 1000 for the I/E
group. However, a Kruskal-Wallis analysis of project size did not indicate a
systematic size variation (p=0.13). It is also true that the W group had the largest
project (14000 hours), but in fact, this project “only” had an MRE of 0.17, both below
the median MRE (0.18) and average MRE (0.41) for all projects.

7.3 Threats to Validity

The most obvious threat to validity is the sample size, which is small when applying
statistical inference-based analysis methods. However, we believed that it was more
important in an exploratory survey to investigate how projects actually were estimated
and executed.

Another threat to validity is that a non-random sample was used. The main reason
for this is that it was essential to gather information from a broad range of companies.
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Those who develop for customers, in-house developers and software houses were
included.

However, the abovementioned threats notwithstanding, the results are similar to
those reported by other surveys on effort estimation presented in a recent review [1].
In our survey, 73% of the projects faced effort overruns, which is similar to the results
of comparable surveys [35-37]. The estimation accuracy is also similar to that
reported in previous surveys [35, 38, 39]. This is an indication that the sample, even
though not random, is probably not biased in any particular direction.

8 Conclusion

Due to the limited amount of previous research in the area, it is difficult to explain
those of our findings that support the claim that using an evolutionary or incremental
model may reduce effort overruns [3, 15-20, 40]. Especially interesting is the
observation that there were no additional estimation revisions in incremental and
evolutionary projects. Both for incremental and evolutionary development, this is
claimed to be important for the improvement of estimation accuracy.

Another claim that was not borne out by our research was that differential usage of
incremental and evolutionary development models, and waterfall development
models, lead to differences in delivered functionality in the projects.
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Abstract. Measurement based software process improvement is nowadays a
mandatory activity. This implies continuous process monitoring in order to
predict its behavior, highlight its performance variations and, if necessary,
quickly react to them. Process variations are due to common causes or
assignable ones. The former are part of the process itself while the latter are due
to exceptional events that result in an unstable process behavior and thus in less
predictability. Statistical Process Control (SPC) is a statistical based approach
able to determine whether a process is stable or not by discriminating between
the presence of common cause variation and assignable cause variation. It is a
well-established technique, which has shown to be effective in manufacturing
processes but not yet in software process contexts. Here experience in using
SPC is not mature yet. Therefore a clear understanding of the SPC outcomes
still lacks. Although many authors have used it in software, they have not
considered the primary differences between manufacturing and software
process characteristics. Due to such differences the authors sustain that SPC
cannot be adopted “as is” but must be tailored. In this sense, we propose an
SPC-based approach that reinterprets SPC, and applies it from a Software
Process point of view. The paper validates the approach on industrial project
data and shows how it can be successfully used as a decision support tool in
software process improvement.

1 Introduction

Software process is human intensive and dominated by cognitive activities. Each
input into and the output from a software process are different for each process
execution. The predominant human factor implies differences in process
performances and thus multiple outputs. The phenomena known as ‘Process
Diversity” [1], implies difficulty in predicting, monitoring and improving a software
process. Nevertheless, Software Process Improvement (SPI) is nowadays a mandatory
activity. To face these problems the software engineering community stresses the use
of measurement based approaches such as QIP/GQM [2] and time series analysis: the
QIP/GQM approach is usually used to determine what improvement is needed; the
time series analyses allow monitoring process performances in order to decide when
to improve it and verify the effectiveness of the improvement made. There is a well-
established technique for time series analysis that has shown to be effective in
manufacturing but not yet in software process contexts. This technique is known as
Statistical Process Control (SPC) [3], [4]. It was originally developed by Shewhart in

F. Bomarius and H. Tida (Eds.): PROFES 2004, LNCS 3009, pp. 3046, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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the 1920s and then used in many other contexts. It uses several “control charts”
together with their indicators to: establish operational limits for acceptable process
variation; monitor and evaluate process performances evolution in time. Process
performance variations are mainly due to: common cause variations (the result of
normal interactions of people, machines, environment, techniques used and so on);
assignable cause variations (arise from events that are not part of the process and
make it unstable).

SPC is a statistical based approach that determines whether a process is stable or
not by discriminating between common cause variation and assignable cause
variation. A process is said to be “stable” or “under control”, if it is affected by
common causes only. Each control chart evaluates process performance by comparing
it with a measure of its central tendency, an upper and lower limit of admissible
performance variations. The interest of using SPC in software is highlighted by many
contributions in literature: applications in inspections and review [5, 6, 7, 8], testing
[8, 9, 10, 11], maintenance [12, 15], personal software process [32], and other
problems [13, 14]. They present successful outcomes in using SPC in the context of
software. However they don’t exhibit a clear understanding on the meaning of control
charts in the context of software process application. Furthermore many indicators
that may be extracted from a control chart are often not used. Software processes
differ deeply from manufacturing ones [33]. The differences are summarized in
Fig. 1.

Software Process Manwutfacruring

Process

Humas intensive, cognitive M achine istemsive
activity

Input asd Dutput are different Input aad Outputdre slways the
for each process execution same for each process execution

High variation Is process Low varistion in process
performances due to Buman petformance
Tactors

Risks nlwnys present in all Mosi Risks concenirated in design
phases phase ihan in produciios

Product conformance fo Product conformance 1o
requitement specifications is reguirement specifications is
difficult to abiain provahle

Fig. 1. Software process vs manufacturing process

A cause is the predominance of cognitive activities that encourage multiple outputs
and the possibility of alternative ways for doing the same thing. Another cause is the
influence of the person’s performances on process.

The input into and the output from the software process are different for each
instance and consequently, the process instability risk is constantly present.

Furthermore, each innovation determines a process destabilization and less
predictability. This side effect influences software process until the innovation is fully
integrated within it and thus becomes part of organization practices. This is often
called “maturity effect” [16]. In manufacturing process this effect is not so strong. In
fact, when a new machine is introduced within a product line it will most likely work
well.

Another important issue that differs deeply between the two types of processes is
the ease to verify the adherence of a end product to its specifications: verify that the
dimensions of a piston meet the customer specification is simpler than verifying that
software works correctly, that it is maintainable or robust, as the customer wants.

The large number of software process attributes and variables (people, tools, skills,
experience, application domain, development language and technique etc.) suggests
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that, in order to address process stability, more indicators in software than in
manufacturing processes are needed. This assertion contrasts with current literature
and thus the purpose of our work is to answer to the following research questions:

®  Which are the most suitable indicators for software process control, among those
used by SPC?

= How can such suitable indicators be interpreted to support software engineers in
managing software process instability?

* How can SPC be used for efficiently supporting software process monitoring and
stability investigation?

For this aim, we propose an approach that: starting from stability tests known in
literature, selects the most suitable ones for software processes (fests set); reinterprets
them from a software process perspective (fests interpretation); defines an
investigation process for monitoring process performance and supporting decisions in
SPI activities (investigation process).

The paper briefly presents the SPC approach and its peculiarities. Then the
proposed approach is described. The approach validation is carried out on industrial
wide project data. Finally discussion of results and conclusions follow.

2  Statistical Process Control

A process is an organization of man, machine, and methods into work activities to
produce desired outputs [4]. It can be described by measurable characteristics that
vary in time due to common or assignable cause variations. If the variation in process
performances is only due to common causes, the process is said to be stable and its
behavior is predictable within a certain error range. Process performances are tracked
overtime on a control chart, some control limits are determined and if one or more of
the values fall outside these limits, an assignable cause is assumed to be present (i.e.
the process is unstable). A control chart usually adopts an indicator of the process
performances central tendency (CL) and upper and lower control limits (UCLs and
LCLs) to discriminate between assignable and common cause variations. In software
processes, due to the scarceness of data and since measurements often occur only as
individual values, the most used control charts are the XmR ie. individual and
moving range charts (Fig. 2) [8][17][18][19].

In the X chart each point represents a single value of the measurable characteristic
under observation. The Central Line (CL,) expresses the process central tendency and
is calculated as the average of the available values. The control limits are set at
3sigma, around the mean, i.e. 3sigma, around the CLx, where sigma, is the estimated
standard deviation of the observed sample of values. In the mR chart each point
represents a moving range. The Central Line (CL,;), is computed as the average of
the moving ranges. A moving range is the absolute difference between a successive
pair of observations. The control limits are set at: 3sigma,_, upon the CL_; for what
concerns the UCL _, and to O for LCL ;. Sigma_, is the estimated standard deviation
of the moving ranges sample. Sigma is calculated by using a set of factors tabulated
by statisticians (for more details refer to [20]). Sigma is based on statistical reasoning,
simulations carried out and upon the heuristic experience that: “it works”. Other well
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known charts are Xbar and R charts. They differ from XmR charts in that they
consider sample data instead of single observations. All the considerations apply to all
charts, although we will explicitly refer to XmR charts. From here on, we will refer to
X or Xbar and R or mR charts indifferently.

+3 sigma

+2 sigma

X- chart

\/ ........... Y_. ..............
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Fig. 2. Example of Individual and moving ranges charts (XmR charts)

3  The Proposed Approach

The approach here proposed is made up by:

»  Test Set: a selection of a test set, among those presented in SPC literature, along
with their rearrangement in logical classes;

= Tests Interpretation: the interpretation from the software process point of view,
of every test in each class;

»  [nvestigation Process: a process for guiding software process monitoring and
stability investigation.

Each of the above points, as they are presented, answer the three research questions
listed in the introduction.

Test Set

In software process, one should look for systematic patterns of points instead of single
point exceptions, because such patterns emphasize that the process performance has
shifted or is shifting. This surely leads to more insightful remarks and suggestions.
There is a set of tests for such patterns referred to as “run rules” or “run tests”(see
[21], [22], [23], [24], [25]) that aren’t well known (or used) in the software
engineering community. As sigma, the run rules are based on “statistical” reasoning.
For example, the probability of any observation in an X control chart falling above the
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CL is at a glance equal to 0.5'. Thus, the probability that two consecutive
observations will fall above the CL is equal to 0.5 times 0.5 = 0.25. Accordingly, the
probability that 9 consecutive observations (or a run of 9 points) will fall on the same
side of the CL is equal to 05"9 = .00195. Note that this is approximately the
probability with which an observation can be expected to fall outside the 3-times
sigma limits. Therefore, one could look for 9 consecutive observations on the same
side of the CL as another indication of an out-of-control condition. Duncan [34]
provides details concerning the “statistical” interpretation of the other tests presented
in this paragraph. In order to facilitate the test execution, the chart area is
conventionally divided in three zones: Zone A is defined as the area between 2 and 3
times sigma above and below the center line; Zone B is defined as the area between 1
and 2 times sigma, and Zone C is defined as the area between the center line and 1
times sigma. For the execution of the zone based tests, the distribution of the values in
the charts need to be assumed as symmetrical around the mean. This is not the case
for S, R, mR and other charts. In general, all zone based tests are not applicable to
these charts (see Fig. 3 for applicability). Although this is a shared opinion, someone
[20] states that these tests help process monitoring. Furthermore, according to [26],
managers are more likely to want warning signals to be pointed out, rather than
missing them, even if it means risking for false alarms.

Three Sigma Test Two Sigma Test One Sigma Test —
\/ q\j o f" o
A - :\i w Sigma tests
( 1} fZ) = (3) =
Run abovebelow the CL Test Mixing/Overcontrol Test Stratification Test
; . ° . .
V'\.)‘v“-" Wy S a . e _'\{_W'\"'\ . Limit tests
“(4) - (5) - (6) -
Oscillatory Trend Test Linear Trend Test
Applicability i e
@ Xxoun ! MNW . \_\' ™ Trend tests
° R chan " .
N - "(8)

Fig. 3. Tests set

The proposed approach points out which SPC tests may be applied to which
control charts. It presents, interprets and organizes tests in order to manage software
process. Although in software engineering community only “a point falling outside
control limits” test is usually used for testing process stability, we are of the opinion
that the SPC-based software process monitoring should be based on the above tests

I Provided (1) that the process is in control (i.e., that the center line value is equal to the
population mean), (2) that consecutive sample means are independent, and (3) that the
distribution of means follows the normal distribution.
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that we have rearranged in three conceptual classes according to the type of
information they provide (Fig. 3). When one or more of these tests is positive, it is
reasonable to believe that the process may no longer be in control, i.e. an assignable
cause is assumed to be present. In the following, a brief description of each test is
given, together with their applicability to X and R charts. For completeness and
clearness it is the case to point out that the first 4 tests among those presented are also
referred to as “detection rule” and are the most used tests [20, 27].

Sigma tests
The three sigma test can be applied to both, X and R charts. The One and Two sigma
tests are Zone Tests and thus they should not be applied to R chart due to its lack of
symmetry around the mean.

1. Three Sigma Test (Extreme Points Test): this test watches for a single point
beyond a control limit. It signals the presence of an out-of -control condition, i.e.
an assignable cause.

2. Two Sigma Test: This test watches for two out of three points in a row in Zone A
or beyond. The existence of two of any three successive points that fall on the
same side of, and more than two sigma units away from, the central line, signals
the presence of an out-of -control condition. This test provides an “early warning”
of a process shift.

3. One Sigma Test: This test watches for four out of five subgroups in a row in Zone
B or beyond. The existence of four of any five successive points that fall on the
same side of, and more than one sigma unit away from, the central line, signals
the presence of an out-of -control condition. Like the previous test, this test may
be considered to be an “early warning indicator” of a potential shift in process
performance.

The three sigma test is the most (and often the “only”) used test in software
engineering literature.

Limit tests
All the tests included in this class use chart Zones and thus they are applicable to the
X charts only.

4. Run above or below the Centerline Test: This test watches for 7, 8 or 9
consecutive observations above or below the centerline. The presence of such a
run indicates that the evidence is strong and that the process mean or variability
has shifted from the centerline.

5. Mixing/Overcontrol Test: Also called the Avoidance of Zone C Test. This test
watches for eight observations in a row on both sides of the centerline avoiding
Zone C. The rule is: eight successive points on either side of the centerline
avoiding Zone C signals an out-of-control condition.

6. Stratification Test: Also known as the Reduced Variability Test. This test
watches for fifteen observations in a row in Zone C, above and below the
centerline. When 15 successive points on the X chart fall in Zone C, to either side
of the centerline, an out-of control condition is signaled.
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Trend tests
This class of tests point out a trend resulting in a process performance shift. Neither
the chart centerline nor the zones come into play for these tests and thus they may be
applied to both X and R charts.

7. Oscillatory Trend Test: it watches for fourteen alternating up or down
observations in a row. When 14 successive points oscillate up and down, a
systematic trend in the process is signaled.

8. Linear Trend Test: it watches for six observations in a row steadily increasing or
decreasing. It fails when there is a systematic increasing or decreasing trend in
the process.

Tests Interpretation

Sigma tests

They provide an “early” alarm indicator that must stimulate searching possible
assignable causes and, if the case, their identification and further elimination. One and
Two sigma tests point out a potential anomalous “trend” that “may” undertake
assignable causes. In general, due to the high variance in software process especially
when we manage individual rather than sample data, the faults highlighted by these
tests could be numerous but less meaningful than in manufacturing contexts. For
example, in a manufacturing process a party of poor quality raw material may be a
potential assignable cause that must be investigated and removed. In software process
a possible assignable cause may be an excessive computer crash due to a
malfunctioning peripheral, but also to a headache of the developer. Different
considerations could be made if the point on the chart represents a group of
observations, such as the productivity of a development team. In this case the peaks
accountable to a single developer’s behavior are smoothened. Therefore the point on
the charts may express a general behavior determined by an assignable cause.

Similar considerations can be made on the use of Three sigma test, based on a
single observation that falls outside limits, rather than One or Two sigma tests, that
refer to a sequence of observations and thus to a “potential behavioral trend”.

Limit tests

This class of tests point out an occurred shift in process performance. They highlight
the need to recalculate the control limits because the ones used express past process
behavior with respect to the actual ones, and are inadequate. These tests either point
out a performance shift with respect to the CL, or limits that are too tiny or larger than
required. In software process monitoring and improvement we represent a measurable
characteristic that expresses human related activity outcomes (time spent,
productivity, defect found during inspection etc.) on a control chart. Thus, while a
single point falling outside control limits can be interpreted as the result of a random
cause, a “sequence” of points means that something has changed within the process.

Run above or below the Centerline Test: It watches for 9 points on one side of the
central line. If this pattern is detected, then there is strong evidence that the software
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process performance has changed in better or worse. The longer the sequence is, the
stronger the evidence is.

Mixing/Over Control Test: a failure of this test could mean over control (hyper-
adjustment) of the process. In software process this test failure highlights that the
process is becoming less predictable than in the past. Typically this occurs
immediately after an induced improvement before the improvement is fully acquired
by the developers or organization.

Stratification Test: a failure of this test can arise from a change (decrease) in process
variability that has not been properly accounted for in the X chart control limits. From
the software process point of view this is a typical process behavior when a maturity
effect is identified. Introduction of a new technology in a software process is usually
followed by an unstable period until developers become more confidant and
performance variability decreases (supposing a valid improvement). Substantially
although in SPC theory this test highlights the presence of an assignable cause, in
software process the interpretation of this test may be positive: the process is
becoming more stable and predicable than in the past.

Trend tests
While the previous test classes point out the presence of an occurred shift, this one
highlights an ongoing or just occurred phenomena that is resulting in an ongoing shift
that needs to be investigated. Typically, a failure in this test class can be the result of
both spontaneous or induced process improvement initiatives.

Oscillatory Trend Test: When this test is positive, two systematically alternating
causes are producing different results. For example, we may monitor the productivity
of two alternating developer teams, or monitor the quality for two different
(alternating) shifts. As a consequence the measurable characteristic observed must be
investigated in a more straightforward way in order to isolate the two causes.
Probably when this test fails we are observing the wrong characteristic or the right
one measured in a wrong way.

Linear Trend Test: It fails when there is a systematic increasing or decreasing trend in
the process. This behavior is common and frequent in software processes. It is the
result of an induced process improvement, such as the introduction of a new
technology, or a spontaneous one, such as the maturation effect. This test gives
insightful remarks when it fails on R chart and it is interpreted jointly between X and
R charts. For example:

- If R chart shows a decreasing trend as in Fig. 4.d, a possible interpretation is that
the process is going asymptotically towards a new stability point: better as in Fig.
4.b or worse than actual Fig. 4.a. (supposing that greater the observation value,
the better the interpretation). If this is the case, this test failure should be followed
by a limit test failure (typically test 4) on the X chart. Another situation is
represented in Fig. 4.c i.e. a process is going towards a more stable situation
around the central line, after a strong period of destabilization.
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- If R chart shows a increasing trend, as in Fig. 5.d, then the process is becoming
unstable, its performances are changing in a turbulent manner and it is far from
reaching a new point of stability (see as in Fig. 5. a), b), c¢)). Typically this test
failure occurs together with test 5 failure on X chart.

ehay X cham v Xohan v - Xrhan "
b, § X * 5 4\
LY x : i \
s 3
L .h «' w—t L .
¢) a) b) c)
R It chan
LS
““‘1 i ',/.
o A
d) d)
Fig. 4. Decreasing linear trend test inter- Fig. 5. Increasing linear trend test inter-
pretation pretation
Investigation Process

For successful software process improvement a software process must be constantly
monitored and evaluated in order to determine its stability. This allows, on one hand,
to0 quickly react with improvement initiatives in case process performances slow
down, on the other hand, to verify the validity of the improvements made. The
approach here proposed is able to constantly monitor process performance and point
out its variation either it be spontaneous or induced by improvement initiatives.

After determining a process performance reference set, each time that a new
observation is plotted on the chart, the execution of the test set must be carried out. If
a failure is detected its interpretation, from a software process point of view, is
required. After identifying the assignable causes that make a process unstable they
must be managed. Finally, the adequateness of the reference set must be evaluated.
More precisely, the steps to follow in process monitoring and stability investigation
can be synthesized as follows:

Step 1: Determination of the Measurement Object. The process to evaluate is
selected and the measurable characteristics that describe process performance are
identified. Types of appropriate control charts [27] are selected.

Step 2: Determination of the Reference Set. The determination of a “reference set” is
a mandatory activity in order to correctly monitor and evaluate software process
performance evolution over time. It is a set of observations of the measurable
characteristic of interest. This set must express the “normal” behavior of the process,
i.e. the process performance supposing that only common causes variation affect it.
Therefore, firstly process performance must be measured over a period of time to
establish the CL and limits of variation for normal process performance. Following,
the measurement data obtained must be plotted on the control charts and the test
included in the test set must be executed. If no test fails, the process has been stable at



Managing Software Process Improvement 39

least for the period or events covered by the measurements. This first set of
observations will be the “reference set”. If a test fails, then the process is not stable
and thus, it must be investigated. The assignable causes, if present, must be removed
from the process and the control limits and the central line recalculated. This is done
until a reference set is determined.

Step 3: Process Monitoring and Stability Evaluation. After having determined a
reference set, measurement continues and data are plotted on the charts. Control
limits and central line, must be kept the same as in the reference set. For each new
observation plotted on the chart, the tests must be executed. If a tests fails, then the
process must be investigated in order to find out the assignable cause. If no assignable
causes are identified the test failure can be considered as a false positive. In this case
no corrective actions are needed and further observations can be collected. If an
assignable cause is found and the result is detrimental, we must fix the process so it
doesn’t happen again. If the result is beneficial, we must try to make the cause part of
the process. During the evaluation of the test set outcomes, the interpretation from the
software process point of view previously given in the “tests interpretation” paragraph
must be kept in mind and consequent actions must be enacted.

Step 4: Reference Set Evaluation. This step is carried out each time an assignable
cause is detected. The consequent actions are classified and described in the
following, coherently with the identified test classes. If a false positive is detected, no
examination of the reference set is needed. Otherwise:

a. ifatestincluded in sigma tests class has failed, the process performance:

¢ should be the same as in the past if assignable causes have been detected and
further removed. If this is not the case, further observations are needed to
explicit the new process performance;

¢ is probably changing if the assignable cause was made part of the process. In
this case the collection of further observations is needed.

In both cases the reference set still remain the same.

b. if a test included in trend tests class has failed, there should be an ongoing
change or phenomena. More precisely, if a Linear Trend test fails it is not
advisable to determine a new reference set. Additional observations are needed
to determine reliable limits for the process because the actual observations
express a change in act and thus they are not suitable to be part of a reference
set. When Oscillatory Trend Test fails, the different sources of variations must
be identified, separated and tracked on different charts. When this test fails, the
investigation process must be restarted from stepl in order to correctly identify
the measurable characteristics to monitor.

c. if a test included in limit tests class has failed, the control limits should always
be recalculated in order to determine a new reference set that expresses the new
process performance. The candidate points to be included in the reference set are
those responsible for the test failure.
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4 Approach Validation

The proposed approach has been validated using a combination of validation models,
legacy data and simulation [28]. Legacy data are related to a previously completed
project whose existing data represent the sequence of events that occurred during
project execution. On the other hand, simulation is used to hypothesize how the same
real environment would have reacted to the introduction of the new approach. In other
words we have simulated the use of our approach on a legacy data set concerning the
execution of a renewal project where the induced process improvements are known.

The aim of this empirical investigation is to verify the:

- effectiveness of the fests set in discovering at least the induced improvements;

- suitability of the tests interpretation given to the events occurred;

- effectiveness of the Investigation Process in supporting a software engineer in
software process monitoring, understanding and decision making;

As side effects we can also explore if any spontaneous improvements that we don’t
know, occurred during project execution.

The legacy software system used for technology validation is an aged banking
application that needed to be rejuvenated because of its poor quality. The renewal
process is made up of two sub processes: reverse engineering and restoration. Greater
detail on these two types of processes can be found in [29] [30]. A total of 289
programs were subjected only to reverse engineering and 349 to restoration. All
restored programs were first reverse engineered and then restored but, from here on,
for clearness we refer to them as “restored programs”. A team of four developers
renewed the entire legacy system. Several metrics were collected during project
execution [31]. For the aims of this work we will consider the following data: NLOC,
number of lines of code per program; EFFORT for each program, in man hours.

The data were collected daily by the developers and checked weekly. Data
accuracy was monitored during the project because the data were also used to check
the quality improvements made and their costs. To control the project risks, the
project manager executed the following improvement initiative (induced
improvements) in different time points T1, T2 and T3:

1. From the start of the project and during T1, both process characterizations were
improved and the decision model for determining which process to carry out for
each program was refined;

2. In T2, the tools for the two processes were adopted; in some cases simple tools
that were not available on the market had to be developed;

3. In T3, improvements had to be made in formalizing of the reading procedures to
check the programs transformed during and after process execution.

The operations carried out on the processes made them unstable. A first useful
analysis is the trend of the developers’ performance in reverse engineering and
restoration, shown in Fig. 6.
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Fig. 6. Reverse engineering and restoration process performance in LOC/Hour

The x-axis refers to the time sequence the programs were subject to either reverse
engineering or restoration. The y-axis reports the performances expressed in
LOC/hour for each renewed program. Each program to be renewed was subjected to
reverse engineering or restoration, according to the project manager’s decision. The
trend shown in the graphs occurred in the same period for both types of process and
was due to continuous improvement of each one. As it can be seen in the graphs, the
process performances vary deeply during project execution. We simulated the use of
the approach proposed in this paper by applying the step of the investigation process
as presented in the following. Here, for space reason, only the application of the
approach on the reverse engineering process execution will be presented according to
the events occurred during the approach simulation, as in Fig. 7.

Recognition of First Induced Improvement (Made in T1). Initially, we determined
the measurement object that was the developer performance in renewal process
execution, expressed in LOC/Hour. Then we determined the reference set: it was
made of the first 15 data points that appeared to be stable in that there were no test
failures highlighted. Keeping the control limits and central line fixed, we
progressively added data points on the chart until the first tests set failure occurred. It
was a three sigma test failure. According to the tests interpretation given for the
sigma tests class it is an early alarm and therefore may be a false positive. So, we
continued adding data points on the charts, according to the investigation process,
until the first limits test failure was detected (Fig. 8). It was a Run above or below the
CL Test failure. This happened after two and one sigma tests failures. Thus in this
case sigma tests class failures have predicted an actual anomalous trend due to the
first induced improvement (T1) made to the process (see Fig. 7).

Discovery of Spontaneous Improvement. We determined a new reference set made
of the 9 data points involved in Run above or below the CL Test failure. Data points
were progressively added until a new limit tests failure occurred. It was a
Stratification Test failure (from datapoint 59 to datapoint 73) Fig. 9 which points out a
maturity effect after the improvement in T1 (Fig. 7). A two sigma test failure is also
highlighted on X chart (Fig. 9) and many other three sigma test failures on R. All
these failure are false positives in that they don’t result in a performance shift.

Recognition of the Second Induced Improvement (Made in T2). According to the
investigation process, a new reference set was determined from the data points
highlighted by stratification test failures (59-73). All worked well up to data point
150. Here, several sigma test failures on X and mR charts preannounce the second
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induced improvement T2 (Fig. 7) that became explicit when a mixing/over control test
failure occurred on X chart from data point 150 to data point 158 (Fig. 10). From data
point 74 until 150 also several sigma test failures occurred on both X and mR chart.
They can be considered as false positives in that they don’t result in process
performance permanent shift until data point 158.
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Recognition of the Third Improvement (Made in T3). The fourth reference set was
determined based on data points 150-158. Starting from data point 159 until 190 there
aren’t test failures. At the next point, a run above/below the CL test fails (Fig. 11).
This failure highlights T3, i.e. the third induced improvement (Fig. 7). Induced
improvements in this case don’t determine turbulent performance variation. No sigma
tests failure precede the limit tests failure. This means that developers adapted to the
improvement immediately. Usually this happens by a turbulent change in process
performance, highlighted first by several sigma tests failures, then by a limit/trend
tests failure and finally by the occurrence of a further limits fests failures as the result
of a maturity effect that prove the innovation acquisition by the developer.

Discovery of an Unknown Event. Finally the fifth reference set was determined. It
was made of data point 183-191 and was used until the end of the project (data points
192-290). Although many sigma tests failures occurred on X and mR charts (Fig. 12),
they were false positives. In Fig. 12 note that between data points 192 and 199 a
series of sigma test failures occur on X chart that show a slow down trend in process
performance and a higher variability than expected.

This behavior suggests that an assignable cause is present and solicits its search.
Since we are carrying out a post mortem data analysis we are unable to determine the
assignable cause behind this behavior. On the same data points interval on mR chart a
trend tests failure is detected. More precisely, a linear trend fails to highlight a
decreasing trend. According to the tests interpretation given above, this failure
highlights an ongoing phenomena. The process is going asymptotically towards a new
stability point. Usually this type of test failure is followed by a limits test failure when
the new point of stability is reached and differs from the previous one. In this case the
two stability points (the old and new one) seem to be the same because, after the
variations occurred, the performances return to be randomly distributed around the
CL and within the limits of the same reference set. This means that something strange
has happened, although the performance still remains the same.

5 Discussion

The validation, points out that the proposed approach seems to be effective in
managing software process improvement.

- The approach was able, by using fests set, to point out both, the induced
improvements T1,T2,T3 carried out on the process by the project manager, and
the spontaneous ones.

- The events occurred during project execution were interpreted consistently
according to the tests interpretation given.

- The investigation process was as effective as monitoring and decision support
tool. It allowed to decide when a new reference set was needed according to
process performance shift occurred during the project.
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It also confirms the occurrence of several false positives in sigma tests failures and
thus the correctness of the sigma tests interpretation given. In fact, during the
validation there were:

- failures that highlighted further shifts in process performance. This happened
every time an induced improvement was made;
- failures not resulting in a process performance shift or known assignable causes;

The mR chart was useful in interpreting process variation. For example when the
improvement in T2 was made it confirmed the outcomes of X chart (Fig. 10).
Furthermore, after the improvement T3, it pointed out the occurrence of an ongoing
phenomenon that we are not aware of. The interpretation of the test failure on mR
chart allowed waiting for the attainment of a new point of stability avoiding us to
determine a new (probably misleading) reference set.

These results have been confirmed during the simulation on the restoration process,
which has not been considered here for space reasons.

The proposed approach stresses the use of “run rules” instead of single point
failure. Run rules point out trends/systematic patterns that, in cognitive and human
centered activities, are more meaningful. Investigation of assignable causes is cheaper
and less risky in software processes than in manufacturing ones. In the latter, the
production must be stopped and the assignable cause removed in order to minimize
the future production losses. This typically implies shutdown followed by start up
activities that require extra time and costs. In software contexts the production is not
necessarily interrupted. There aren’t artifacts that probably will need to be thrown out.
They can be subject to rework and be further improved. This primary difference
implies less risks and costs in waiting for patterns detection and thus avoids stopping
the software development cycle as soon as a single point falls outside the control
limits.

6 Conclusion and Future Works

In this work SPC has been applied to carry out time series analysis on data collected
during software process execution. SPC is a statistical technique traditionally used for
manufacturing process control. Only recently it has been extended to software
processes. By analyzing the contributions in literature, we have noticed that software
engineering researchers have applied less SPC indicators to software than those used
in manufacturing contexts. This contrasts with the fact that software processes are
influenced by more state variables than manufacturing ones. Our conjecture is that
more indicators are needed to control software rather than manufacturing processes.
This conjecture has motivated this work in answering the following three research
questions:

- Which are the most suitable indicators for software process control, among those
used by SPC?
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- How can such suitable indicators be interpreted to support software engineers in
managing software process instability?

- How can SPC be used for efficiently supporting software process monitoring and
stability investigation?

The answer to the first question has led to the hypothesis of using many of the
indicators unknown within the software engineering literature and usually used for
controlling manufacturing processes. Such considerations are coherent with the fact
that software engineering requires more indicators, due to its higher process diversity.
The second answer associates an objective interpretation to each indicator, according
to a software engineering point of view. Finally, the third answer identifies an
investigation process for software processes, according to the indicators presented in
this work and to their meaning.

The method has been simulated through a legacy data study of a large industrial
project carried out some time ago. It represents a first validation. The results can be
briefly summarized as follows: the proposed approach would have identified all the
induced improvements to the processes and their effects on process improvements,
just as they occurred during the actual execution of the software application.

Results encourage investigation of the method, followed by its empirical validation.
Therefore the authors will carry out further studies and experimentations in order to
improve the method according to the obtained results.
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Abstract. Though more and more researchers have realized the importance of
creativity in software development, there are few empirical studies reported on
this topic. In this paper, we present an exploratory empirical research in which
several issues on creativity in software development are studied, that is, which
development phases are perceived to include more creative work, whether or
not UML-based documentation can make developers perceive more time is
devoted to creative work, whether or not more creative work can accelerate the
software development speed, and whether developers more prefer to do the
creative work. Based on result analyses, we proposed four hypotheses to direct
the future research in this field and discussed the challenge that ‘since
developers do not like to participate in those improving activities (quality
assuring activities), how can we keep and improve software quality effectively
and efficiently?’

1 Introduction

Currently in order to improve industry competing capability and exploit new software
application fields, more and more attention is put on the research about creativity in
software development which aims to produce novel and high-quality software
products.

Robert L. Glass compared two aspects in software development, creativity and
discipline, and pointed out software construction was primarily a complex problem-
solving activity, which required creativity ultimately [1]. Issues of unpredictability
and improvisation in small software organizations were discussed in [2], in which the
author pointed out that small software organizations should focus on the relationship
between discipline and creativity in software development. In Bring Design to
Software [3], Terry Winograd argued that software development was more like the art
creation and we should take human -characteristics, including creativity, into
consideration. Recently, much attention was paid to the human-computer interface
and computer-assistant tools in order to promote human creativity [3].

Though the term, creativity, has existed for a long time and is used widely in many
fields now, there is not a clear definition about creativity. As summarized by J. Daniel
Couger, there are more than 100 definitions about creativity [S]. Some define it as
characters of a person [6], some define it as characters of one product or outcome [7],
and others define it as processes [7] through which creative people can produce
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© Springer-Verlag Berlin Heidelberg 2004
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creative results. In this paper, we adopt the definition that creativity is the process,
‘that results in novel and useful products [3]’.

Cognitive psychology has provided us theories to explain the generating process of
creativity and proposed relevant methods to motivate human creativity. According to
the Cognitive Network Model of Creativity [8], people always like to use familiar
solutions to resolve the problems they encounter. The way to motivate creativity is to
stimulate the potential unfamiliar knowledge in one’s mind or connect the concerned
knowledge of different people to generate creative solutions.

In business research, people have done much work about creativity. Greg and Anne
presented the research status about how employee’s creativity-relevant personal
characteristics and organizational context characteristics influenced the employee’s
creative performance, and carried out an empirical research which provided positive
evidence that ‘the employees who had appropriate creativity-relevant characteristics,
worked on complex, challenging jobs, and were supervised in a supportive, non-
controlling fashion, produced more creative work [9].’

Since human creativity is thought as the source to resolve complex problem [1] or
create innovative products [10], one possibility to improve the software development
process is to design a process which can stimulate developers’ creativity furthest.
However, the problem is more complex than this: ‘On the one hand, too much
emphasis on individual creativity and independence might create problems in
controlling development costs, quality, and long-term maintenance. On the other
hand, too much structure and control might stifle creativity, innovation, and ability to
change.’[11] So here comes a challenge that ‘how should we combine the creativity
and discipline in software development?’

Kristian Rautiainen has provided a successful case study about combining
flexibility and control in a small company’s software product development process
[12]. We believe it is useful for generating more general solution to this challenge if
we clarify the following questions that whether there are any definite patterns for the
creativity to generate or distribute in software development, whether the principles
about creativity applied in business research are still effective in software
engineering, and what methods or processes can be used to stimulate the developers’
creativity to produce novel and high-quality software products, and at the same time
can control development cost, quality and long-term maintenance.

But till now, most of the studies about creativity in software development are
qualitative or prescriptive, which lack of practical evidences to support industries to
make any decision to balance the two aspects in software development: creativity and
discipline. In order to start empirical research, we identified four motivational
questions on creativity in software development, designed and carried out an
exploratory research. The identified motivational questions are listed as following:

— Which phases in software development are perceived to include more creative
work compared with discipline-based work?

— Can UML-based documentation increase or decrease developers’ perception about
the amount of creative work compared with discipline-based work?

— Can more creative work accelerate or decelerate development speed?

— Do developers have distinct inclinations to creative work or discipline-based work?

In this research, we define creative work as the work (process) that are perceived
by students to be helpful to generate novel and useful product, for example, the work
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being helpful to find new, efficient ideas and methods to resolve the encountered
problems in software development. On the contrary, we define discipline-based work
as the work demanded by the development process that are perceived by students to
be mandatory routines, for example, the complex documents and trivial tests, which
are perceived to be useless to produce novel products. The difference between them is
that creative work can motivate the generation of something new.

The rest of the paper is structured in the following way: In section 2, we describe
the research method used in this research; we reported research context and data
collecting methods in section 3 and section 4; we presented the results in section 5; in
section 6, the interpretations and implications of the results are analyzed, and four
hypotheses are formalized; in the end, we present limitations and future works in
section 6, and draw conclusions in section 7.

2  Research Method

This research is based on an educational project in a software architecture course, in
which we defined requirements, development phases, mandatory documentation
templates, and we divided students into 12 developing groups and asked each group
to implement same tasks. And we collected process data during the process of
software development and result data through analyzing the final products of each
group.

In this research, we could get ‘multiple instances of an observation in order to
support statistical validity of the results’ [13]. At this point, this research could be
called as controlled experiment. However, unlike the classical experiment, this
research began with identifying several motivational questions instead of formalizing
several hypotheses because we could not find any related empirical studies in this
field (creativity in software development) to formalize hypotheses, and we ended in
four hypotheses as final contributions to guide future research in this field instead of
evidence to support or oppose the formalized hypotheses.

Though Martin Host [14] and J. Carver [15] have pointed out that the difference
between students and novice professionals is being blurred, we identified one
important problem with students experiment that students are lack of process
experience compared with professionals [16], and designed a small warming-up
project (KWIC, KeyWord-In-Context) to let students to be familiar with the field of
software architecture, and remind them of the skills of programming using Java
before carrying out the formal project (Mobile Robot) based on which this research is
carried out.

3 Research Context

This empirical research is based on an educational project (Mobile Robot) in a
software architecture course, in which we also designed and carried out a warming-up
project (KWIC) to mitigate students’ shortness of experience.
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3.1 Software Architecture Course

Software architecture deals with the transition from requirement specification to
software design. This phase produces one or more architecture designs, and these
designs are assessed to explore defects and risks in them. Through software
architecture phase, defects can be found in high level and early stage [17], [18].

This course, in which we carried out this research, was carried out in the spring of
2003 in Norwegian University of Science and Technology (NTNU). It spanned over
13 weeks, and in each week there were 3 hours in class and 9 extra hours for reading
and working. Undergraduate students in the 4th year and graduate students in the
major of software engineering could select this course. In this term, there were 68
students taking part in this course including 4 PhD students.

In this course, we selected two projects, KWIC and Mobile Robot from the
standard example problems in the software architecture community [19]. Both of
these two projects were demanded to be implemented using Java, and we used BSCW
system to share documents and products besides lectures and face-to-face meetings.

3.2 The Warming-up Project (KWIC)

KWIC (KeyWord-In-Context) was a small project selected with the goal to let
students to be familiar with the field of software architecture and remind them of the
knowledge of programming using Java.

KWIC project was done by students individually and was divided into two phases:
producing phase and evaluating phase. In producing phase, students were demanded
to complete the tasks of requirement specification, architecture design, and
implementation. In the evaluating phase, students evaluated all the results produced in
the producing phase: requirement specification, architecture design and final
implementation.

KWIC project lasted three weeks. In the first two weeks, students were asked to
complete the producing phase. And then they exchanged documents and programs to
evaluate between every two or three students in the third week.

3.3 The Formal Project (Mobile Robot)

Compared to KWIC project, Mobile Robot project was a larger project that was
divided into five phases: requirement specification, architecture design, architecture
assessment, implementation (programming and testing), and postmortem analysis. We
provided documentation templates for each phase to guide students to complete the
tasks in that phase. And in requirement specification phase and architecture design
phase, students can choose to use or not to use UML diagrams to describe their
requirements, and architecture views. We selected the “‘WSU Java Khepera Simulator’
[20] as the simulating environment for the Khepera Robot [21].

In Mobile Robot project, students were organized into 12 groups randomly as
developing units and exchanged semi-finished products between each two groups
(illustrated in Fig. 1). Taking the group 1 and group 2 as an example: after
requirement specification phase, group 1 and group 2 exchanged their requirement
specification documents and continued to complete architecture design task based on
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the requirement specification documents they got. The same exchange actions
happened again after architecture design phase and architecture assessment phase.
Finally after implementation phase, the two groups completed the post-mortem
analysis together. This process setting simulated the practical software development
in which students acted as different roles interactively: customer, developer, and

architect.

Requirement Architecture Architecture Implement- Postmortem
specification design assessment ation analysis
Requirement I Architecture | Architecture |~ Software |
Group 1: specification design k assessment product and l\
document document !.\ document document ] Ny e
AR ST =0\ J = = Postrnorlem
analysis
''''''''' : T document
.| Requirement . | -‘( Architecture Archltectunc” Software RN
Group 2: : 1
| specification ! design assessment product and
| document [ document I document | document
ot — — — - b — — — -

Fig. 1. The process setting to exchange semi-finished product in each pair groups in Mobile
Robot project

Note: The dash-dotted units and the real line units present two product lines with different
phases to be completed by different group. Arrow means the direction to exchange semi-
finished products

Mobile Robot project lasted 6 weeks. Each phase used one week except for
implementation phase which used two weeks.

4 Data Collecting Method

In order to study the first three motivational questions, ‘which phases in software
development are perceived to include more creative work compared with discipline-
based work’, ‘can UML-based documentation increase or decrease students’
perception about the amount of creative work compared with discipline-based work’,
‘can more creative work accelerate or decelerate development speed’, we need to
measure the amount of creative work and discipline-based work in each phase. In this
research, we used creative time (used to do creative work) or discipline-based time
(used to do discipline-based work) to quantify the amount of creative work or
discipline-based work. In addition, ‘other time’ is used to do the work which can not
be classified as creative work or discipline-based work by students. All these three
types of time are come from students’ subjective perception. We put the following
data collecting questions into documentation templates for each phase:

— Creative time
— Discipline-based time
— Other time
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In addition, we also asked students to provide the necessary explanation to each
type of time, that was, what they really did using their reported time.

In order to study the last motivational question that ‘do developers have distinct
inclinations to creative work or discipline-based work’, we designed a questionnaire
to collect students’ subjective data at the end of this course. 36 students contributed to
the results (there were 36 students attending the class when we handed out the
questionnaire).

All these materials (templates and questionnaire) and results are available on the
website (http://www.idi.ntnu.no/~mingyang/research/results/spr2003exp).

5 Results

5.1 The Creative Time and Discipline-Based Time in Each Phase

In order to express the relationship of creative work and discipline-based work, we
calculate two indicators to each student in each phase: Percentage of Creative Time
(PCT) and Percentage of Discipline-based Time (PDT) using Formula 1, 2:

per— €T 1
CT+DT

PDT = _DT_ @
CT+DT

Note: CT and DT in the formulas mean creative time and discipline-based time
respectively to each student in each phase

We use relative value (percentage) instead of absolute value of creative time and
discipline-based time because of the following two considerations:

—~ In each phase, the amounts of used time differ widely from student to student, so if
we calculate statistical results based on absolute data, some valuable clues hidden
in the data from many short-time-used students will be obscured by the data from
several long-time-used students.

— Every practical project has its limited delivery time, so the meaningful and
important thing is how to divide and keep the balance of creative time and
discipline-based time, not absolute time in each category.

Box-and-whisker plot (box-plot) is used to express the data about this issue. Box-
and-whisker plot is based on the statistics of median, quartiles and extreme values. In
this chart, box is used to represent the inter-quartile range which contains the 50% of
values. The whiskers are lines that extend from the box to the highest and lowest
values, excluding outliers, which are expressed using small cycles. A line across the
box indicates the median.

Since the sum of PCT and PDT equals to 1, we need only focus on one of them in
the result analysis. In this paper, we choose PCT as indicator to show the relationship
between creative work and discipline-based work.
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Fig. 2. Box-and-whisker plot about the values of PCT (Percentage of Creative Time) to each
development phase

As shown in Fig 2, according to the values of PCT, development phases can be
classified into three categories: the category with highest values of PCT only includes
implementation phase; the category with lowest values of PCT just includes
postmortem analysis phase; and requirement specification phase, architecture design
phase and architecture assessment phase are in the same middle category.

The results tell us that compared with discipline-based work, implementation phase
is perceived by students to include most creative work, post-mortem phase is
perceived to include least creative work , and the amount of creative work in
requirement specification phase, architecture design phase and architecture
assessment phase are perceived at the same middle level.

5.2 The Influence of UML-Based Documentation on the Amount of Creative
Time in Software Development

In requirement specification phase, there are 4 groups use use-case diagrams to
describe their requirements, while others use free-text-based document. And in
architecture design phase, 11 out of 12 groups use UML-based diagrams to describe
architecture views, and the only group who dose not use UML-based diagrams
defines their own diagrams to describe architecture views.

In order to illustrate whether UML-based documentation influence students’
perception about how much time is used to do creative work compared with that used
to do discipline-based work, we calculate the values of PCT according to Formula 1
to each student and each phase of requirement specification and architecture design,
and then we classify all students into two categories in each phase according to
whether or not the student uses UML-based diagram in documentation in that phase.
The results are reported in Fig. 3 using box-and-whisker plot.

The figure shows us that the values of PCT for students who use UML-based
diagram in their documents are higher than those of the students who do not use
UML-based diagram in their documentation, especially in the requirement
specification phase, which means that UML-based documentation can cause the
students to perceive more time is devoted to creative work.
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Fig. 3. Box-and-whisker plot about the compassion of PCT values between UML-Used

students and none UML-Used students in requirement specification phase and architecture
design phase

5.3 The Relationship between Total Used Creative Development Time and the
Total Used Development Time

In order to illustrate whether the amount of creative work has distinct influence on
development speed, we calculate the following indicators to each group:

CT = ), >.CT ©)

first _4 _ phases ail _ students _in _ group

™T = ) > pr )
first _4 _ phases all _ students _in _ group
TOT = > or )
first _ 4 _ phases all _ students _in _ group
IT =TCT +TDT +TOT (6)
TPCT = _ZE_L_ (7)
TCT +TDT

Note: TCT, TDT, TOT, TT, and TPCT mean Total used Creative development Time,
Total used Discipline-based development Time, Total used Other development Time,
Total used development Time and Total Percentage of Creative Time in the first four
phases (requirement specification phase, architecture design phase, architecture
assessment phase and implementation phase) to each group.

The reciprocal of TT (Total used development Time) can be seen as the
development speed. And the relative amount of creative time is expressed by Total
Percentage of Creative Time (TPCT) calculated using Formula 7.

So in Fig 4, we illustrate the changing trend of TT following the increase of TPCT
to show whether there is distinct relationship between the amount of creative work
and development speed.
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Fig. 4. Relationship between Total used development Time (TT) and Total Percentage of
Creative Time (TPCT)

Fig. 4 shows us a intuitive impression that following the increase of TPCT (from
48% to 79%) there is no distinct changing trend for TT, which seems to tell us that the
total used creative development time has no influence on the development speed (the
correlation coefficient between TPCT and TT is only -0.16).

5.4 The Students’ Perception about Creativity in Software Development and
Their Preference to Different Development Phases

The data in this sub-section come from the questionnaire. Here, we use the data about
students’ perception about what activities should be classified as creative work and
what activities should be classified as discipline-based work (question 1), and their
personal preferences to each phase (question 2).

Question 1 in Questionnaire (with partial options)
Do you think the following activities belong to discipline-based work or creative work? (Discipline-
based/Creative)

Completing document with demanded format D/C
Architecture design D/C
Architecture assessment (ATAM) D/C
Programming D/C
Testing D/C

Question 2 in Questionnaire
What software engineering phases do you like and what phases do you dislike? (Multiple choices)

The ones you like: The ones you dislike:
. Requirement specification. @. Architecture design. ®). Architecture Assessment.
@. Implementation. ®. Testing. ®. Maintaining.

@. Post Mortem.

The results of question 1 are shown in Fig. 5, from which we can see that more
students perceive architecture design (97%) and programming (81%) as creative
work, while fewer students classify completing documents with demanded format
(33%), architecture assessment (44%) and testing (19%) as creative work.

Question 2’s results are presented in Fig. 6, which gives us the impression that
most students like requirement specification phase (72%), architecture design phase
(91%) and implementation phase (81%).
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Fig. 6. Percentage of students who like or dislike each phase in software development

6 Results Analysis and Hypotheses Formalization

From the results presented in the previous section, we can see the statistical trend to
each issue. In this section, we will provide the interpretation for these results, discuss
their implications, and propose hypotheses for the future research.

6.1 The Relationship between Creative Work and Discipline-Based Work in
Each Phase

From Fig 2, we can find that compared with the time used to do discipline-based
work, students perceive most time is devoted to creative work in implementation
phase; in post-mortem phase, most time is used to do discipline-based work; and the
time used to do creative work are at the middle level in requirement specification
phase, architecture design phase and architecture assessment phase.

We can formalize this finding into the following hypothesis:

— H1: In software development, there is most creative work in implementation phase
and least creative work in post-mortem analysis phase.

One possible interpretation for this hypothesis is that students feel the real
meaningful thing is implementing software product, and all the documents and
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diagrams during development process are done for the teaching staff, especially the
post-mortem analysis work which can never help to generate software product,
though the documents during the requirement specification phase, architecture design
phase and architecture assessment phase can help them clarify their thoughts about
software design (which is supported by the result of question 1 in questionnaire
partially).

6.2 The Relationship between UML-Based Documentation and the Amount of
Creative Work

Fig. 3 gives us a trend that both in the requirement specification phase and
architecture design phase, the students who used UML diagrams in their
documentation perceived that more time was devoted to creative work than those who
did not use UML diagrams in their documents.

So a new hypothesis can be formalized:

— H2: UML-based documentation can promote students to do more creative work in
requirement specification phase and architecture design phase.

The justification for this hypothesis is that UML diagrams provide students a set of
tools to present their ideas about requirement specification and architecture design,
which reduces the time used to express their ideas using text, or searching and
learning other tools to describe them.

6.3 The Influence of the Amount of Creative Work on Development Speed

Fig. 4 illustrates that relative amount of creative work in software development has no
distinct influence on the development speed, that is, if we improve the relative amount
of creative work, we can not accelerate or decelerate the development speed.

So we formalize a new hypothesis based on this analysis:

— H3: More creative work compared with discipline-based work can not accelerate or
decelerate development speed.

6.4 The Developers’ Perception on Creativity in Software Development and
Their Preference to Different Development Phases

According to Fig. 5, if we classify the activities in question 1 into two categories:
producing activities, including architecture design and programming, and improving
activities (quality assuring activities), including completing document with demanded
format, architecture assessment and testing, the results tell us that students perceive
there are more creative work in producing activities than in improving activities.

Such result is accordant with the data shown in Fig. 2 to some degree. The
architecture design phase (producing architecture design) and implementation phase
(producing the final software) include much producing activities and are perceived by
students to contain more creative work. On the contrary, architecture assessment and
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post-mortem phase include more improving activities and are perceived to contain
less creative work.

Furthermore, from Fig. 6 we can see that more students like the phases
(requirement specification, architecture design, implementation) that include more
producing activities than those (architecture assessment, testing, maintain and post-
mortem) that include more improving activities.

Based on the results of question 1 and question 2, we can conclude that the phases
students more like are the phases which they perceive include more creative work.
That is to say, they like the requirement specification, architecture design and
implementation phases because these phases contain more creative work, and they do
not like architecture assessment, testing, maintain and post-mortem phases because
these phases include too much discipline-based work.

A new hypothesis can be formalized here that:

— H4: Students prefer the phases which include more creative work.

Previous discussions give us a clue that people tend to create something (producing
activities), and do not like to test, improve or maintain something (improving
activities). This clue gives us a new perspective to explain the emergence and flourish
of OSS (Open Source Software) in which participators enjoy designing and
programming, and push the testing and evaluating tasks to users of software products.

Generally, people always intend to pay much attention and energy into what they
like to do, and always can do it much better than what they do not. And we also know
that standardized documentation, architecture assessment, testing, maintaining, and
post-mortem analysis play important role to control and improve software quality. So
here comes a challenge ‘since developers do not like to participate in these improving
activities (quality assuring activities), how can we keep and improve the quality of the
software product effectively and efficiently?’

In software engineering community, there have been mechanisms to resolve this
challenge. One traditional method is to set up a series of mandatory, detailed and
easily manipulative evaluating and testing rules or routines, and to provide a set of
restrict documents or template to keep or improve software quality.

The other method to solve this challenge is trying to reduce possible errors during
producing activities so that the workload of improving activities can be reduced. For
example, in XP (eXtreme Programming), there are three rules concerning this topic:
the first is ‘pair programming’, which can motivate pair programmers to find out or
avoid as many errors as possible in the process of implementation; the second rule is
‘testing first’, which asks developers to pay much attention to testing before or during
the implementation, the last rule is ‘refactoring’, which can find errors whenever or
wherever possible in whole project life cycle.

OSS is another mechanism to solve this challenge. In our opinion, OSS can be seen
to generate a work division in software development. It divides all the tasks of
software development into two parts: designing plus implementing (producing
activities) and evaluating plus testing (improving activities). The designing and
implementing tasks are charged by developers, and the evaluating and testing tasks
are managed by users. Developers complete their favorite producing activities to
create new designs and programs, while users make use of the software product for
their own benefits and carry out testing and evaluating tasks. So both developers and
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users ‘enjoy’ their work to complete both producing activities and improving
activities.

7  Limitations and Future Works

As discussed in the research method section, we designed and carried out a warming-
up project, KWIC, to mitigate the inherent shortcoming about student-based
experiment that students are lack of process experience compared with professionals.
There are other limitations about this experiment.

Since this research is based on an educational project, we have to take into account
the pedagogical goals of this course or the benefits of students and teaching staff [14],
[22], some of which are inconsistent with the research goals. Concretely speaking, we
put much energy and time into architecture phase, that is, we used two weeks to do
architecture related work in the total 6 weeks in order to let students experience the
process of architecture design and architecture assessment. And we combine the
system design, programming and testing into one phase named implementation in
order to avoid overmuch burden on students, but the Fig. 5 tells us that students feel
there is more creative work in design (architecture design) and programming, while
there is more discipline-based work in testing. So we can get more detailed data if we
separate the implementation phase into three phases: detailed design, system
implementation and system test.

Though we have explained to students that all data about the creative time and
discipline-based time are used for an academic research, and have nothing to do with
their own scores in this course, students may incline to report more time on each item,
more creative time or less discipline-based time than reality to show that they are
working hard and efficiently, because they know the staff of this course and the
research executants are the same people and believe this submitted data about
research topic have some influences on the evaluations of their schoolwork.

As the future works, we will design and carry out experiments to test these
formalized hypotheses, in which above identified limitations will be taken into
account. Furthermore, we are going to introduce two other parameters: developer’s
experience and software quality into new experiments. As to the developer’s
experience, we plan to observe whether the developer’s experience has distinct
influence on the amount of creative work or discipline-based work. As to the software
quality, we plan to observe whether there are distinct relationship between the amount
of creative work and the different aspects of software quality, such as performance,
functionality, reliability, and usability.

8 Conclusions
In this paper, we presented an exploratory empirical research on creativity in software
development to study the following four identified motivational questions:

— QI: Which phases in software development are perceived to include more creative
work compared with discipline-based work?
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~ Q2: Can UML-based documentation increase or decrease students’ perception
about the amount of creative work compared with discipline-based work?
— Q3: Can more creative work accelerate or decelerate development speed?

— Q4: Do students have distinct inclinations to creative work or discipline-based
work?

Based on the result analysis, we formalized four hypotheses according to each of
the above motivational question:

— HI: In software development, there is most creative work in implementation phase
and least creative work in post-mortem analysis phase.

— H2: UML-based documentation can promote students to do more creative work in
requirement specification phase and architecture design phase.

— H3: More creative work compared with discipline-based work can not accelerate or
decelerate development speed.

— H4: Students prefer the phases which include more creative work.

In addition, we provided a new perspective to explain the emergence and flourish
of OSS, in which the participators enjoy producing activities and push improving
activities to the users of the products. We also brought forward one challenge that
‘since developers do not like to participate in these improving activities (quality
assuring activities), how can we keep and improve the quality of the software product
effectively and efficiently?’, and discussed three mechanisms to resolve this
challenge. In the end, we discussed the limitations of this research and planed our
future work.
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Abstract. Process improvement activities in small and medium size enterprises
(SME) are challenging due to small number of personnel and projects, people
have to perform in a variety of roles. Assigning process improvement activities
to the overburdened personnel may be seen as a threat to ongoing projects. Both
management and staff should become convinced of the benefits of the
improvement actions before taking the first step of the process. Even in this
situation the software inspection provides a tempting starting point for process
improvement. It is a focused and well defined subprocess and enables high
return on investment benefits even in short period use. Our experiment in a
small software company confirms that software inspection provides the justified
starting point for process improvement. By means of the inspection maturity
model the company recognises the weak points in their review practice and
inspection patterns help in discovery of improvement actions.

1 Introduction

Several methods and tools exist for determining and improving the quality assurance
function in software organizations. The most widely used are CMMI, ISO9001 and
SPICE. However, small companies have difficulties in applying these models in their
full extent [1]. SPI is still possible, but it requires simplification of the improvement
models. [2] In small companies, all SPI activities have to be weighted differently: the
goal is not to achieve certain level of maturity, but to concentrate on the real quality
and business goals of the company. [3]

Software inspection is amongst the most effective methods when evaluating the
return on investment of different quality assurance techniques [4, 5]. Inspections are
useful from several viewpoints: In addition to clean-up and prevention of defects, they
serve as training method [6] and valuable data source for knowledge capturing and
management [4, 6]. The inspection process even provides means for process
measurement and management [7, 8], and can enhance team collaboration and
communication [4].

F. Bomarius and H. Iida (Eds.): PROFES 2004, LNCS 3009, pp. 62-75, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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The original software inspection process, as described by Fagan [9], or its later
variations are very rigorous. There may be occasions when a customized or slightly
restricted version of the process is more applicable. For example, the inspection team
may be geographically scattered, or the organization may have limited resources for
running an exhaustive inspection process. Even though these more flexible forms of
inspection exclude certain details of the traditional processes, they also are capable of
producing excellent results by the means of product and process quality. Furthermore,
inspections can be carried out to all types of software artifacts, including requirements
and design documents. [10, 11]

Being such an effective method, software inspection provides a feasible starting
point for small companies for improving their software production processes. The
goals of process improvement in small organizations are probably different from
those in large ones. While the main focus in large companies is to achieve better
efficiency and reliability at lower cost, small companies aim at controlling their
growth and fighting chaos.

[12] suggests that implementing a limited set of well-defined quality assurance
processes is the most beneficial SPI approach for a small company. A process should
be a tool for producing the software, not a purpose in itself. Processes should also be
tailored for the needs of the organization.

From inspection process improvement viewpoint none of the general or testing
tailored models is enough oriented to inspection evaluation. The really justified
improvement suggestions are also rare, which comes from the laborious data
collection, analysis and interviews required for them. Due to these reasons we in this
paper introduce a light capability model tailored especially to inspection process
evaluation that looks for weak points through indicators and base practices. The
model is called i3GO (improved inspection initiative group in Oulu) capability model,
and it provides a skeleton for semi-formal interviews and thus help in the planning
and implementation of evaluation.

The main idea of the tailored capability model comes from BOOTSTRAP [13], i.e.
we look for the base practices of the inspection process and evaluate the grade of each
practice in the company/division/project (whether it is in use totally or partially). The
evaluation is based on indicators, which can be enabling or verifying ones. The idea is
that, if we find indicators of a base practice, we then have some justifications for
assuming the existence of that base practice. If some practices are at a low level or
missing, they should be targets for inspection process improvement, usually based on
discussions with company staff. We also have generated a preliminary set of
improvement patterns by means of which companies can find improvement activities
more easily.

We will first present some rationales behind the model, and then introduce the
software inspection process with the indicators and base practices. We will then
explain the usage of the model and improvement patterns in more detail and go on to
present some further research ideas.

2 Background of the Model

There are a number of process capability determination models in the area of software
engineering, including tailored testing models such as the Testing Maturity Model
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(TMM) [14] and Testability Maturity Model [15]. From an inspection process
improvement viewpoint none of the general or testing models is sufficiently oriented
towards inspection evaluation, although BOOTSTRAP and SPICE [16] allow focused
process assessment and improvement, i.e. they allow one to choose the process to be
improved (e.g. review/inspection. Proper reporting of inspection improvement
initiatives has also been rare, although there are some good examples e.g. at Bull NH
Information Systems [8] and Hewlett Packard [17], which focus on the analysis of
current status.

Most software development organizations in Finland are relatively small, or at least
they are divided into rather autonomous units. To stay competitive, it is important that
they upgrade and continuously update their software production processes. However,
the most popular software process improvement models have a number of
deficiencies where the small companies are concerned — full-sized improvement
projects are far too costly and time-consuming. [18, 19, 20]

Software process improvement models and tools should be adapted for the needs of
SMEs. [21], for example, suggests a computerized tool, which aims at speeding up the
improvement and reducing the amount of necessary resources. Another approach is to
focus the SPI on the most crucial parts of the development. By taking one clearly
defined practice, the software inspection, into the focus of the improvement, several
advantages may be gained:

¢ An organization can “practice” the SPI in manageable scale. Later, a full-sized SPI
programme can be launched.

o Benefits of the inspection on product quality are considerable and measurable. This
facilitates management and personnel commitment to the SPI effort.

¢ Inspection has positive side-effects on the process: improved communication and
knowledge transfer.

¢ Single quality practice — especially one defined as rigorously as inspection — is
easier to understand and manage when introducing substantial changes to it.

Software inspections are gaining increased acceptance in the software engineering
industry. Even though industry experience shows that inspections reduce cycle time,
lower costs, increases process visibility, improves programmers’ capability and, of
course, improve quality by preventing defects [9, 6, 22], the inspection process has
not gained widespread usage according to the Software Engineering Institute [23]. To
promote the utilization of inspections, we suggest inspection improvement patterns
for easy installation and usage of the process.

The use of abridged and focused assessments to launch SPI has been successfully
experimented and reported in [24], Focused assessments and SPI activities can also
be applied to a single project within a large organization to find out the maturity of a
particular development effort. Focused interviews can be used to determine the
current maturity [24]. For the best results, these interviews should be carried out in a
short time frame, have participants that possess adequately broad views on the
development process and concentrate on achieving consensual opinion about the
current state of the project or organization.

According to [25], an improvement model aimed at small companies should focus
on the software processes that are most important to it, and provide fast return on
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investment. Inspections can provide that. Richardson also states that an improvement
model have to be flexible and easy-to-use. [25]

Human factors are emphasized in small organizations. They are more dependent on
individuals, as developers usually become experts on certain domains. Expert
knowledge is rarely documented and thorough documentation is probably not
required at all in an immature process. Due to small number of employees and
projects, people have to perform in a variety of roles. Assigning additional SPI
activities to the personnel may be seen as a threat to ongoing projects. Furthermore,
development processes and tools will more likely change more often than in large
organizations. Processes have to be adaptable to the specific requirements set by each
customer. [26]

Due to the limited resources and divergent environment, the model is not allowed
to inhibit the creativity and dynamics of projects by enforcing arbitrary or artificial
procedures, but provide the essential quality operations to help the projects to
concentrate on the most important details [26]. To sustain the improvement, the SPI
assessment and improvement activities should also be repeatable at a reasonable
effort.

Generic process improvement models typically describe the ideal outcome of the
improvement actions in adequate detail, but do not provide exact guidance on how to
proceed in the improvement. For example, [27] report that even though persons
involved in SPI understand what need to be improved, they require more specific
guidelines about how to conduct the improvement. Instead of discussing the processes
and assessment items at a generic level, the improvement model should deal with
concrete and well-known issues that are relevant to the company.

We introduce a pattern approach to direct the implementation of the inspection
improvement activities. Patterns describe general solutions for frequent problems. In
software engineering, design patterns for object-oriented development have been
widely used and recognized as a valuable add-on in program design and
implementation. [28] In addition, patterns have been applied to software processes.
For example, [29] represents pattern approach for software process improvement to
overcome some typical difficulties. Patterns have also been applied to capture and
refine the software engineering knowledge into reusable form [30].

Patterns also allow adaptation of the SPI implementation for each organization.
Such tailorability is a significant factor in successful improvement and reduces natural
resistance against change [31]. Patterns are concrete and manageable descriptions of
improvement actions needed in various situations.

Finally, the inspection improvement model should take into consideration generic,
full-scale process improvement models. The i3GO model attempts to support the
company in its course to a greater level of maturity, and if the company is interested
in outside certification, such as ISO, the i3GO improvement model must not hinder,
but promote that. Compliance can be achieved by using similar terminology and
concepts as in generic models. Furthermore, the inspection process is not a separate
function in a development cycle. Inspections cannot be truly capable, if there are not
other quality assurance activities in use in the organization. For example, metrics that
are gathered in inspections have to be defined, managed and reported. Thus, the
improvement model should encourage and prepare the organization to improve other
development and management processes as well.
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The i13GO Model

i3GO model is based on the ideas and structure of the Bootstrap methodology
. The model forms the basis for the software inspection process assessment by
ning the process as precisely as possible, yet allowing company-specific tailoring

of the process.

Inspection is traditionally defined in terms of steps such as entry, planning, kickoff
ting, individual inspection, logging (inspection) meeting, edit, follow-up, exit and
release [6, 9]. The structure of the ideal process of inspection which we use as a
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reference model in evaluation is based on these steps.

Although the ideal process is defined in the BOOTSTRAP model as a set of base
tices, our interpretation of these differs in that we also include organisational and
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Fig. 1. The i3GO base practices and indicators.
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These practices can be classified into three groups (cf. Figure 1): organisational
activities (at the top), that ensure continuous improvement and efficient organisation
of the inspection process, the core set of activities (the middle bar), that are the
essence of any implementation of the inspection process (as defined in inspection
books, e.g. [6]), and supporting activities (at the bottom), that help in carrying out an
instance of the inspection process.

The organizational activities are: P.l1. Establish and improve the inspection
process, P.2. Organise the inspection and P.3. Train participants. Work products,
reports and other material related to these activities are represented in the figure by
arrows. The core activities are P.7. Check the preconditions for inspection, P.8. Plan
the inspection, P.9. Find issues in the artifact, P. 10. Categorise defects, P.11. Make
corrections and P. 12. Conclude the inspection. Finally, the supporting activities are
P.4. Support with computer tools, P.5. Maintain rules and checklists and P.6. Refine
information.

Figure 1 also depicts data flows between activities. According to the BOOTSTRAP
model, the data flows are used for evaluating the existence of a base practice, and we
thus call them enabling and verifying indicators. The capability model has been
experimented in five software organizations, and it has been refined based on the
usage experiences. Experiments are described in more detail in [11].

Base practices and indicators form the skeleton of the capability model. For
example, the base practice P.9, Find issues in the artifact, is one of the core activities
and serves all six goals of the model. Table 1 lists the indicators related to the
practice.

Table 1. Enabling and verifying indicators.

Possible enabling indicators Possible verifying indicators
Forms Measured process data

Rules Issue list

Checklists
Schedule
Inspection resource
allocation

The indicators are evaluated and the existence (and grade) of the base practices can
be analysed and justified in the light of the results. For example, “issue list” points to
the potential defects in the artifact. List should be sent to the author, and each issue in
the list should include at least information about its location, severity and checklist
reference. If any crucial information is missing, the grade will be lower. The grading
depends on the needs of the organization. The process has not to be “ideal” in every
occasion. In a small company, some practices may be rather informal, but they are
still adequate.

According to our experiences in the industry, company representatives were keen
to discuss the potential improvement actions already during the assessment meetings.
For this purpose, the outcome of the assessment is recorded into a spreadsheet-based
tool, which calculates and represents the result of the evaluation instantly.

Furthermore, concrete guidelines for updating the process have to be at hand
immediately after the assessment. These are provided by means of improvement



68 L. Harjumaa, 1. Tervonen, and P. Vuorio

patterns, which describe the most typical improvement strategies. The next chapter
discusses the assessment and improvement parts of the model in more detail.
Assessments and Improvement with the i3GO Model

The inspection process improvement with i3GO model starts with an assessment,
which is carried out during an interview session. It immediately shows the results of
the evaluation. After that, overall goals for the improvement are set, and finally a set
of actions are performed to gain the improvement. The goal-setting and actual
improvement procedures are aided by the improvement patterns.

3.1 Determining the Capability

Capability determination is based on checking of the enabling and verifying
indicators. An enabling indicator confirms that the preconditions for a specific base
practice are met, and the absence of such an enabling indicator strongly suggests that
the corresponding base practice does not exist. A verifying indicator confirms that a
specific base practice has produced appropriate and adequate results, and its existence
suggests that the corresponding base practice may exist, but does not guarantee this.

The matrix for capability evaluation is presented in Figure 2. The first version of
the model included 35 indicators, but according to our experience in four cases we
removed some indicators and added new relationships. Now there are 29 indicators to
be walked through during an evaluation. The goal was to avoid overlapping indicators
but to retain an essential set of indicators for determining the capability of base
practices. The enabling and verifying types of indicators are described with letters E
and V, correspondingly.

The existence of an indicator is evaluated on a five-grade scale:

not relevant to the organisation
not in use at all or only rarely
partially, exists to some degree
largely, exists fairly well

fully, always in existence

wNHOg

As we can see from the matrix, one indicator can affect a number of base practices.
In the evaluation session we walk through all the indicators. They are grouped
according to core, supporting and organisational base practices, the first 10 indicators
applying to the core set of base practices, indicators 11-20 being related to all groups
of base practices and indicators 21-29 being mainly for organisational base practices.
This order of indicators is justified because it is easier to start the assessment session
by evaluating core activities and to go on to supporting and finally organisational
activities. This is understandable, because indicators such as pool of inspectors,
quality resource allocation and measured process data require a deep understanding of
the company’s inspection process and this information is typically gathered from
discussions with the company staff during evaluation session.

The result of a capability evaluation performed in an IT company is also presented
in Figure 2. The diagram at the top of the matrix shows an estimate of each base prac-
tice in graphical form, and at the bottom of the matrix the estimate is represented in
numeric form. The company has about 70 employees in Finland and our assessment
revealed weak points in the inspection process at the whole company level.
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2. Capability determination matrix.

In the capability evaluation we start by estimating the grades of existence for each
indicator. This estimated value is then multiplied by the weight attached to the
indicator type (enabling = 1, verifying = 2) and placed in the matrix. The fact that
verifying indicators carry twice the weight of enabling ones is justified on the grounds
that they really guarantee that something has been done, whereas enabling indicators
merely make certain activities possible. Finally the capability value is calculated for
each base practice by means of sum and max values depicted at the bottom of the
matrix. The values are also depicted in the form of a diagram. As a result of the
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evaluation, a profile describing the capability of each activity is created, and put
together these estimates give overall view of the process as a whole.

In this company, the staff is mostly young people in their first established post. The
company has recently started to improve its quality assurance, however, and
systematic inspecting has been introduced as a new practice. We have evaluated the
company twice, the second occasion giving a more accurate result, because the
interviewees had a more accurate picture of the inspection process, although both
evaluations pointed to similar weak points. The core set of base practices is fairly well
established, but supporting practices are almost entirely absent. The most important
improvement suggestions should be focused first on core practices and after that on
supporting ones, i.e. the company should start with adequate definition of the
inspection process and appropriate training in this process. The definition of
checklists and guides for defect categorisation would help to improve base practices
P.5, P.9 and P.10 in particular, and the training would affect P.3. The company does
not collect measurement data regularly nor does it refine such data into reports for the
management, which means that they will have to define the metrics for inspection
improvements and the tools and data required for that purpose at a later stage.

3.2 Improvement with Patterns

According to the experiments and evaluations that have been made with the i3
capability model, inadequacies in software inspection processes are often similar in
distinct organizations. In addition, elements and features for the inspection
improvement patterns have been extracted from related inspection literature and
research.

Improvement patterns for software inspection process are introduced for
straightforward implementation of improvement actions. Pattern approach provides a
set of practical guidelines for actually executing the improvement actions, which are
often missing in the full-scale assessment and improvement models.

After the evaluation, diverse approaches can be taken to actually achieve the
process improvement. First, one can go through the indicator list once more, placing
emphasis on the indicators with low scores. It is useful to have an expert to aid in this
procedure, as the meaning and implications of an individual indicator may go further
than the name of the indicator implies. For example, indicator “tools” have to be
interpreted in a different way depending on the situation. Sometimes a comprehensive
groupware package is needed, sometimes paper forms and templates are sufficient.

Even though the indicators are rated according to their importance for the
organization, defining improvement steps requires in-depth understanding of the
inspection process. Inspection improvement patterns are pre-defined lists of guides
and procedures of the most typical action points to achieve process improvement.
Each pattern defines an unambiguous goal for the inspection process upgrading. The
purpose of the pattern catalog is to aid the assessor and the company representatives
to focus the improvement activities on the most crucial parts of the process. Typically
the weakest activities are addressed first.

When utilizing the patterns, an organization sets an overall goal for the process
improvement effort. The goal can be based on the assessment report or common
sense. If particular problems are uncovered during the assessment interviews, these
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can direct the goal setting. The most straightforward method to determine suitable
objectives is to read through the symptoms in the improvement pattern descriptions.

After determining the main goal, the most suitable patterns for the situation can be

selected from the pattern catalog. Currently, there are seven patterns in the catalog.
For each pattern, the following characteristics are defined:

Purpose of the pattern describes how the inspection process is enhanced, if the
pattern is used.

Symptoms section presents a variety of problems and difficulties. If these have
been encountered during inspections, the pattern may be suitable for the situation.
Possible reasons for the problems or inefficiency are listed.

Activities related to the pattern are listed.

Action list represents a strategy to solve the problems. The procedures are derived
from activities and indicators in the i3 model.

Here is an example pattern, composed in the company, whose results were shown

in previous section:

Purpose
The purpose of this pattern is to stabilize the inspection process in the organization.

Symptoms

The inspection process has been introduced just recently.
The motivation and purpose of inspections is unclear for participants.
Not much information about the efficiency of the inspection process is available.

Possible reasons
The process description is not up-to-date.

Checklists are not adequately made use of.
Defects are not classified and analysed.
There are no tools to manage the inspection information.

Related activities

P.1. Establish and improve the inspection process.
P.2. Organize inspection.

P.3. Train participants.

P.4. Support with computer tools.

P.5. Maintain rules and checklists.

P.6. Refine information.

P.10. Categorize defects.

Action list

!

Allocate adequate resources for process improvement.
Make a schedule for the improvement.

Evaluate the process.

Obtain feedback and improvement ideas from the personnel.
Consult an expert.
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— Define defect classification categories.

— Create checklists for different roles.

— Update existing checklists.

— Define metrics to be gathered.

— Establish a procedure for recording metrics.

— Establish a procedure for analysing and reporting inspection data.

~ Establish a procedure for recording feedback and improvement suggestions.
— Ensure that inspection process description is up-to-date in the quality handbook.
— Name an owner for the process.

— Define relations to other processes.

~ Promote inspections.

- Write instructions for the inspection process.

— Arrange training.

— Evaluate the need for computer tools for the inspection process.

— Employ the tools.

— Arrange training for the users of the tools.

In addition to this company-specific pattern, we have seven generic patterns, which
are listed in Table 2. The catalogue is a good foundation for inspection process
improvement, although it is not complete. Experiences from future inspection
capability assessments and improvement projects should be captured in patterns.

Table 2. Pattern catalogue.

Pattern name The main goal of the pattern

Greed Aims at finding more defects during inspections.

Early bird Aims at finding defects at earlier stages of development.

Substance Aims at finding more serious defects in inspections.

Comfort Aims at making the inspection process easier to run.

Promotion Aims at promoting the process so that it is carried out more
often and in larger number of projects.

Wisdom Aims at more understandable, transparent and effective
inspection process.

Precision Aims at making the process more rigorous, thus making it
more effective.

According to our experiences, the pattern descriptions need to be accompanied
with concrete examples of the execution of the specific improvement actions.
Furthermore, it would be useful to summarize the possible consequences of specific
actions, as using patterns may initiate changes in other processes as well. For
example, inadequacies were found in the descriptions of other development processes
during the composing of the inspection training material, and the relevant points were
updated as well. As a result, the whole quality system of the company was able to
benefit from the modifications.

After a half year of running, the improved process seems to perform well. There
have been certain problems concerning data-gathering tools, and the importance of
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continuous training and coaching was underestimated first. However, as a
consequence of training, metrics program and other improvements, the effort needed
to accomplish inspections has been decreased 10-20 percent and discovered defects
are more serious than before.

The experiment caused a number of adjustments in the pattern descriptions. Action
lists needed to be represented in more convenient order, overlapping parts of separate
patterns were removed and pattern descriptions were clarified in general. However,
we discovered that the pattern catalogue offers a feasible foundation for the inspection
process improvement.

4 Conclusions

We have evaluated the usability and relevance of the capability model by means of
five experiments. The model has been updated according to the research results. The
main problem in inspection improvement is that the definition of improvement steps
requires a deep understanding of the inspection process, in which a certain amount of
support is called for. This support can be provided in the form of patterns, which give
advices and are suited for novices in the area. Improvement patterns are pre-defined
sets of actions that can be taken to upgrade the inspection process. Each pattern has a
clear goal and a set of symptoms for detecting an appropriate pattern. When using
these patterns, the organization has to determine a general goal for its process
improvement. Goals can be based on the assessment report, common sense and
feelings arising during the assessment.

A further research topic would be to develop a SPICE-compliant version of the
model. The SPICE-based assessment allows evaluation and improvement to be
focused on a process (e.g. review/inspection) and thus there is a need for a tailored
model. Changing the model to be compliant with generic SPI models causes changes
in the number of base practices and indicators to be walked through, as that version
starts with a core set of base practices (six activities in the middle bar, Figure 1) and
related indicators. The evaluation of adequate education and training and of tool
support comes later, when evaluating the process resource attribute at the third
(established) level of capability.

The presentation of a new model always requires some justification as to why this
new model is necessary. We can sum up the benefits of the present model by
evaluating its usefulness in terms of three questions: (1) does the model help to find
the most important activities to improve? (2) Does the model help to find the best
improvement suggestions? (3) Does the model work in practice?

We can answer positively to all these questions. The idea in i3 model is that, if we
find indicators of a base practice, we then have some justifications for assuming the
existence of that base practice. If some of them are at a low level or missing, they
should be targets for improvement activities. Improvement patterns help in
determining most suitable improvement actions. Furthermore, our experiments have
discovered weak points in the companies’ inspection processes which were also
agreed on by the companies.

Finally, a warning is justified. Although we focus on the inspection process, we
assume that a company which aims at improvement in this respect has already defined
the whole software development process at an appropriate level. SME companies
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should not focus all their process improvement measures on inspection, but rather
they should improve the whole development process, with inspections as one
important part of this.
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Abstract. Software Process Improvement (SPI) methods have been used for
years as means to try to solve the problems in software development. Number
of SPI life cycle models exists, and some of them take a wider look to the
problems. However, little information exists about how the SPI models apply to
global level SPI programs in a multi-site environment. This article takes a
historical look into one such case and compares how well IDEAL and ISO
15504-7 models match the actual activities. The results are naturally only
indicative, but suggest that the literature models do not readily scale up and that
a separate model may be needed to support setting up and guiding the execution
of a multi-site SPI program.

1 Introduction

In the past 10 to 15 years Software Process Improvement (SPI) efforts have become
rather commonplace means to try to solve, at least partially, the problems in software
development. These efforts range from small, local, and focused projects to larger and
more sustained programs that tackle bigger goals, some of which may attain a truly
global nature spanning over several sites. In many cases global SPI initiatives can be
considered to be simply a heightened management focus for process improvement,
without actual program structure. The SPI activities are indeed local and the main
‘global” activity is setting a high-level goal (such as “attain maturity level 2”) and
monitoring of progress. Sometimes, however, in multi-site and global companies
there may be a need to create a more cohesive SPI effort across the entire company.
How bad the need for coordinated effort is depends on great many things, but one
observable factor, based on authors’ experience, is the structure of the company’s
R&D organization. In cases where each site is self-sufficient R&D —wise, the need for
a global SPI program may be less than in cases where the R&D is distributed and
there is a strong inter-dependence between sites for product development. In latter
cases an uneven progress in SPI is undesirable, as the product development becomes a
chain where the weakest link (or site) has a significant impact on the net maturity (i.e.
reliability, quality), effectively negating the gain from SPI on the sites where progress
is faster. As improvement costs money, not only to do but to maintain as well [3], it is
quite understandable that from management viewpoint then, the SPI efforts on all the
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other sites are effectively a waste of money. A more harmonized approach is
desirable, and a proper SPI program, at the global level, is a natural attempt to tackle
this need.

The literature offers a number of SPI life cycle models, most of which are well
suited for local SPI efforts (e.g. Plan-Do-Check-Act [21], Effective change process
[10], AMI [20], Prlimer [13], Iteration cycle [4], CPI-7 [15]), and a couple that try to
provide insight for larger, sustained long-term programs that encompass multiple SPI
activities, mainly IDEAL [17], ISO 15504-7 [12], and Quality Improvement Paradigm
[2], [3]. In addition, industry experience reports are available (e.g. [1], [11], [6], [7],
[8], [9], [5], [16]) to describe how these models have been applied. However, these
reports also have a focus at local, rather than at the global activities.

Reports describing the SPI programs that span multiple sites are not readily
available, nor do the models discuss how, if in any manner, the life cycle models can
be applied for global level SPI programs. At best they offer only rudimentary
responsibilities such as ‘providing resources’, ‘monitoring progress’, ‘directing the
program’ [17], or ‘fostering communication and teamwork’, ‘providing reward and
recognition’ [12] etc. For the operational manager, charged with the task of setting up
and maintaining the global program, these are clearly not sufficient — more tangible
guidelines are needed; what is the organization like, what kind of processes run at
global level, how they are related to local level activities, how to balance the global
need for uniformity vs. local desire for diversity, and so forth. A natural thought is
that the SPI cycle models could be used as such — a global SPI program is, after all, an
SPI program (although different in scope and scale). But do the models easily scale
up, or is the global cycle somehow different?

This article studies one global SPI program that was clearly cyclic in nature and
compares its activities against the IDEAL [17] and ISO 15504-7 [12] SPI cycle
models, both of which are intended for large and more sustained programs. A third
candidate with elements to support a larger program, the QIP [2], [3] was left out for
two reasons — the lack of space in this article and due to lesser familiarity to the
authors. The purpose is to see if the global level program followed these cycle models
or if it was very different from what the models propose.

Since the viewpoint in this study is a global level SPI program, the comparison
requires some definition of what actually is a global level SPI program and how it
differs from a local level SPI program. The following definition has been used here:

A global level SPI program is a program that is working to improve SW
process of an organization in a situation where the organization consists
of a number of independent and geographically distributed SW
development units.

A local level program would then be an SPI program that is working to improve
SW process of one (single) SW development unit.

A global SPI program is also considered to include all the SPI activities that take
place in an organization. The activities are considered from global viewpoint, i.e. how
the task or results reflect across the entire company and how well the activity covers
the units within the scope of the program. For this reason e.g. a single process
assessment activity in a single site does not constitute a process baseline activity for a
global SPI program, any more than an in-depth process analysis of a single process
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done by an SPI action constitutes a comprehensive assessment activity for a local SPI
program.

The rest of this paper contains the case description including a detailed look at the
cycles from global perspective (chapter 2), a comparison of global activities to
IDEAL and ISO 15504-7 cycle phases (chapter 3), a comparison of global activities
to IDEAL and ISO 15504-7 continuous activities (chapter 4), discussion (chapter 5)
and conclusions (chapter 6).

2 Case Description

Nokia Corporation is the world number one manufacturer of mobile terminals,
owning close to 40% of the world mobile terminal markets. It is structured into
business groups, one of which is Nokia Mobile Phones (NMP). This particular
business group is further divided into R&D centers (sites) around the world,
responsible for product development, all of which had SW activities ongoing. The
product development is done in a distributed fashion, i.e. software from one site is
delivered to other sites and to multiple products. In this article we will look at the SPI
effort at the NMP level, which can clearly be considered to be a global entity. The
material of the case has been gathered over the years from the start of the NMP SPI
Program, to its closure. Furthermore, one of the authors of this article was the
manager of the said NMP SPI Program for two years, and kept following the progress
of the program out of personal interest afterwards. The same author also studied the
NMP SPI Program from infrastructure point of view. Those interested can read more
of this study and of the case itself from [14].

2.1 The First SPI Cycle

A corporate-level SPI initiative was launched at Nokia in early 1996, with an aim to
get more focus on SPI and drive it into sustained activity across the corporation. The
business groups of the Nokia Corporation were expected to establish their respective
SPI efforts to meet the corporate level targets. [18] Although NMP had had SPI
activities and goals already prior to this, they were not in par with the corporate
expectations and NMP had to re-evaluate its SPI approach thoroughly.

The operative SPI manager for NMP was committed to the corporate level goals
and obtained also support to a new SPI initiative from the top management of NMP.
A task force was set off to evaluate if the goals could be achieved with the current SPI
set-up or should something be done. The task force studied the current problems and
lessons learned from past SPI efforts and, as a result, recommended a new global SPI
program for NMP, to facilitate the achievement of the goals. It was also evident that
the entire SPI infrastructure in NMP had to be revised in order to meet the corporate
level demands. The new NMP SPI Program was initiated in late 1996.

The first task of the new NMP SPI Program was to define a set of global and local
level objectives. These were based on both demands from corporate level and needs
of NMP. However, it should be noted that the objectives were defined without actual
measurement data; as such data covering the entire NMP was not available.
Furthermore the global objectives only indicated areas for improvement, based on the
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Capability Maturity Model for Software (CMM) [19], and did not define any
particular processes or action plans, as the improvement needs varied from site to site.
A staged approach to reach the corporate level goals was adopted. In accordance with
the task force findings, the first set of objectives were mostly about revising the SPI
infrastructure, rather than focusing on the actual software process improvements, and
as such fell short of the corporate level initiative targets. This was, however, deemed
to be necessary in order to sustain the SPI activity on a long run. In addition, some of
the objectives and requirements dealt with the actions to collect and report status data,
including process maturity reports from self-assessments, which could be used to
evaluate the problems and maturity of the SW Process both at the local and at the
global level. A calendar-based checkpoint for closing the first cycle and revising the
objectives was agreed. The assumption was that for the second cycle the set of
objectives would be in par with the Nokia-level SPI goals.

After the objectives for the first cycle were defined, commitment to them was
obtained from the local level. While most of the sites were committed, some sites
were unable to resource the activity at this stage and it was agreed that they would
work on the resource issue and join the program later on. Those sites that did join the
program were given the responsibility to create a local level SPI infrastructure, and
form local SPI actions that would work towards the objectives. The NMP SPI
Program established the global level infrastructure and defined interfaces and rules for
running the entire program. The role of the global level was defined to be that of
monitoring, coordination, fostering communication, improving SPI competences,
acting as a mediator between external SPI consulting sources and local SPI activities,
and providing support for the local level.

It was also agreed that the local level had the responsibility and power to define
their specific goals according to local situation — thus the global part of the NMP SPI
Program had only loose control over the local SPI programs. While the sites were
committed to the global objectives, they also had local needs and these two
sometimes had a priority conflict. Such conflicts were handled on a case-by-case
basis, and in some cases the local level SPI program delayed its progress towards
global objectives in order to answer to the local needs first.

After having committed to the globally agreed objectives, the local level sites
initiated their own SPI strategy and action planning phases and continued from there
to do measurement and improvement activities, supported by the global SPI entity.
They were also required to report their status on a regular basis. In most sites the local
level was able to establish an entire SPI program to run the local SPI activities, but
some sites used the global level objectives in a quite straightforward fashion and
simply executed those as separate SPI projects, without taking first the assessment
steps and without an overlying local SPI program.

Throughout the first cycle the activities to strengthen and improve the
infrastructure were ongoing in parallel with other SPI activities both at the global and
local level.

2.2 At the Checkpoint

At the agreed checkpoint time NMP SPI Program performed a status review, where
achievements were evaluated against the objectives and requirements. This was
carried out in two areas — first the status of the SPI infrastructure (and hence the SPI
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program itself) across NMP was evaluated and lessons from trying out the new
approach were collected. The activity was about gathering and communicating the
lessons learned in order to see if the program was going into a right direction, and
how it could be further improved. The second review was that of evaluating the status
of the SW Process in NMP from the status and assessment reports delivered from the
sites. These reviews allowed the global level to monitor the use of the new processes
and formed the global level baseline findings and recommendations report, which was
then communicated across the organization, and to the Nokia level initiative.

After the evaluation, the goals for the next cycle were defined based on the review
and evaluation of the objectives, and commitment from the local level to the goals
was obtained. As some of the SW process related objectives for the first cycle had not
been achieved across NMP, it was realized that the two-step approach was not
realistic, and the goals for the second cycle had to be re-thought. With the insight
obtained from the global baseline, the next set of goals was based on more realistic
understanding of the current status and SPI capability. Nevertheless the progress was
good enough to make the new objectives focused on improving the actual SW
process, rather than establishing the improvement infrastructure. The measurement
objectives for the second cycle were also reviewed but no changes were made.

2.3 The Second SPI Cycle

The second cycle was very similar to the first, with three major differences. First,
some of the local SPI projects were not finished during the first cycle and were
carried over to the next, so the local and global cycles were not synchronized. Second,
the NMP SPI Program initiated certain global SPI projects, managed directly by the
global organization. These were based on the needs apparent from the local reports
and observations that had been made during the first cycle. These projects were given
a thorough planning at the global level, very much like a local level SPI project would
be planned. The third difference was the inclusion of several R&D sites that had not
been able to resource the SPI activities during the first cycle but were now ready to
join the program. For these sites the set of objectives for the second cycle was
considered to be too demanding, and a reduced set of objectives, achievable within a
year, was defined. In addition some of the sites that had been active from the
beginning had had problems with establishing the local infrastructure, and were also
given a ‘reduced’ set of goals. Thus it was acknowledged that sites advance at
different pace and in the progress is not “synchronized”. This had to be taken into
account in planning and managing the global objectives and the NMP SPI Program
itself.

At the end of the second cycle the NMP SPI Program went again through the status
check and established the objectives for the third cycle. In addition the lessons learned
were used to improve the SPI program infrastructure.

2.4 The Third SPI Cycle

The third cycle was initiated but never quite completed, as the changes in NMP
organization made it too difficult to maintain a NMP-wide SPI program. Furthermore
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the Nokia-level initiative was closed in 2001, as it was concluded that SPI had
become business as usual, and the corporate level task force was no longer needed.
With the closure of Nokia level initiative also the NMP SPI Program was closed and
responsibility for SPI was transferred to the new business units that had been formed
between the global level and the site level.

2.5 The Global Cycle

Based on the case data, it is possible to draw a rough SPI process cycle from the
global perspective.

: Corporate 5P initiative '

] T """"""

Parallel activities

Execute global
SP| actions
Assess | review Define objectives Agree . Gather 3 Gather
status & lessons for current cycle local objectives m Eas;artaam ant Lessons learned

Monitor / support
local
Pl adtivities

Fig. 1. A global SPI process cycle

The first phase is where the accumulated knowledge of the process maturity and
lessons are evaluated, to establish an understanding where the company as such seems
to be in respect to overall goals. There was no ‘initiation phase’ in the case studied, as
NMP already had an SPI program in place. The program was thoroughly revised, but
this does not constitute initiating a completely new program. In the second phase the
accumulated knowledge is turned into concrete plans, influenced (during the first
pass) by the corporate initiative. The third phase is where the different sites are
consulted and a set of objectives is agreed for the current cycle and incorporated to
the local SPI programs. It is important to note that although the picture does not point
it out, there were eventually three sets of goals — one for those sites who were not yet
part of the program as such (no SPI resources), one for those who had just started, or
had not had decent progress during the previous cycle, and one for those who had had
good progress. The fourth phase is the ‘main’ work during the cycle, mainly with the
local level but also at global level and included status reports to the corporate
initiative. The last phase was to get ideas for improving the SPI processes and was
done as a workshop at the end of the cycle, together with local and global
representatives.
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3  Comparison to Cycle Phases

Both IDEAL and ISO 15504-7 cycle models take an approach that an SPI program,
once initiated, works towards its improvement goals. When the goals have been
achieved the ‘old’ SPI program is concluded and a ‘new’ program is initiated, with
new objectives. Both models contain two different types of activities: the actual cycle
activities and the continuous activities. In this chapter the NMP SPI program activities
are compared to the cycle activities of both models.

3.1 IDEAL Cycle vs. NMP SPI Program

The IDEAL model states up front that the guide is “primarily focused on
organization-specific activities” [17, p.8]. Organization in this model is equivalent to
a single unit, as opposed to corporation, which the IDEAL model defines to be “made
of a number of separate organizations” [17, p.8]. Looking at the Nokia case, at the
business group level the ‘organization’ would be a single software development unit
(R&D site) and the business group (e.g. NMP) is equivalent to IDEAL model’s
‘corporation’.
The IDEAL phases can be summarized as [17, p.6]:

I (Initiating) — Learn about process improvement, commit initial resources, and build
process infrastructure. This is carried out only once, and the subsequent SPI
programs go from Leveraging phase to Diagnosing phase, providing that the
continuous cycle is kept up.

D (Diagnosing) — Establish current levels of process maturity, process descriptions,
metrics, etc. Initiate action plan development.

E (Establishing) — Establish goals and priorities, complete action plan

A (Acting) — Research and develop solutions to process problems. Expand successful
process improvements to entire organization

L (Leveraging) — Prepare for the next cycle through the IDEAL model. Apply the
lessons learned to refine the SPI process
From how IDEAL treats goal setting in the Leveraging phase it seems that the
model considers an SPI program to be equivalent to one IDEAL cycle.

Since NMP already had an existing SPI program, it is justified to leave the
‘Initiate’ phase out of this comparison and concentrate on the remaining four steps of
the model.

Comparing the early (1996) activities of the NMP global SPI program to the
IDEAL model shows that they correspond closely to the Leveraging phase: a new set
of SPI goals were established, commitment obtained, the need for new infrastructure
identified through studying the current problems and lessons learned from past SPI
efforts, and a new program established to meet the goals.

The next activities after initiating the NMP SPI Program bear resemblance to both
Establishing and Diagnosing phases. The setting of objectives and requirements for
the local level, and getting local level commitment belong to the former, while some
of the requirements dealing with collecting and reporting status data belong to latter.
More specifically they cover the first two steps of the Diagnosing phase. However,
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the order of the phases is reversed at the global level, and the baselining activity is
missing altogether at this point. In the IDEAL model the current state analysis from
the Diagnosing phase is expected to be available for defining the objectives but this
was not what happened in the case.

The goals were established based on Nokia corporate level targets and data from
the ‘previous cycle’ (i.e. past SPI efforts), as it would be unfeasible to do a
comprehensive assessment step in a short period of time across a large organization in
order to establish a baseline in the sense IDEAL defines it. Instead a global level SPI
program has to resort to establishing the first cycle objectives based on very little data
and the objectives for the subsequent cycles are then based on the data gathered
during the previous cycle. A major difference between the NMP SPI Program and the
IDEAL cycle in establishing the objectives was that the NMP SPI Program goals were
at much higher abstraction level and control over local level activities much weaker
than what the IDEAL appears to expect. This, however, was a necessity as NMP was
already at that time a very large organization with very different sites, and a culture
that fosters diversity. It was considered most reasonable to have local level apply their
first-hand knowledge of what is needed and what works, and give a broad direction
for improvement, rather than imposing a rigid set of targets from the global level.

After the local level SPI strategy and action planning was initiated, the global level
SPI program can be considered to have entered the Acting phase. The local level also
performed measurement and assessment activities. This — from the global SPI
program viewpoint — is Diagnosing phase step 3, i.e. conducting the baselines,
although this activity was, from global perspective, made in a piecemeal fashion, not
concurrently across all sites.

Activities to strengthen and improve the infrastructure were also ongoing in
parallel with all other activities throughout the cycle. This again resembles the
‘Revise Organizational Approach’ —step from the Leveraging phase.

At the agreed checkpoint the status reviews were made, goals for the next cycle
were established and measurement objectives re-evaluated. Here again we see
multiple IDEAL cycle phases represented. The SPI infrastructure review corresponds
to the Leveraging phase, with the exception that it was only concerned with gathering
and communicating the lessons learned, not initiating a new SPI program. The SW
Process status review in turn corresponds to the Diagnosing phase steps 5 and 6, i.e.
developing the global level findings and recommendations report and communicating
them to the organization. The goal setting corresponds to the Establishing phase and
measurement objective review covers the Diagnosing phase steps one and two.

During the second and third cycles the same pattern emerged, although the need for
having several goal sets in parallel for sites in different phases of progress is a major
difference to the IDEAL cycle, which clearly expects to have one set of goals for each
cycle. The existence of global level SPI projects is somewhat parallel for having local
level SPI actions ongoing, the difference being that the NMP SPI Program had direct
control over them as opposed to very loose control it had over local SPI activities. In
addition the local level having “old” SPI activities from the first cycle is again
somewhat different from what the IDEAL expects, as the assumption is more towards
that of the cycle being not finished until all SPI objectives are met.
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3.2 IS0 15504-7 Cycle vs. NMP SPI Program

The ISO 15504-7 model for SW process improvement cycle states up front that a
program may have long-ranging improvement goals that are achieved by going
through several iterations of the improvement cycle. The model has a total of 8 steps.
These are:

1. Examine organization’s needs to identify drivers for, objectives of, and goals for
SPI
2. Initiate Process Improvement as a programme of its own right, including planning
and resourcing the program in an appropriate manner
3. Prepare for and conduct a process assessment in order to identify process
strengths and weaknesses of the organization
. Analyze assessment output and derive action plan, including prioritizing
improvement areas, defining specific improvement goals and setting targets
. Implement the improvements in order to improve the SW process
. Confirm the improvements against agreed targets
. Sustain improvement gains by institutionalizing the improved process
. Monitor the performance of both the SW process and the SPI program

N

o0 2 O\

The ISO 15504-7 model’s corresponding lead-in phase (step 1) has less emphasis
than IDEAL model’s first step on building something from a scratch. As such it fits
better into a situation where the objectives of an existing SPI program are revised to
the extent that it can be considered to be a new improvement program. This is also
consistent with the fact that ISO 15504-7 considers it possible for an improvement
program to go through several cycles, and the reviewing and revising of the goals and
targets in step 8 is presented with being more ‘adjusting’ than ‘renewing’ in nature.
Conversely the Leveraging phase in the IDEAL model is more ‘renewing’ in nature.
For this reason the activities of the NMP SPI program in the beginning of the first
cycle can be considered to match the steps 1 and 2 of the ISO 15504-7 cycle. The
Nokia level initiative made NMP to revise its goals thoroughly and a set of new goals
were established (step I). To facilitate achievement of these goals the NMP SPI
Program was initiated (step 2). It started to plan the improvement program, form the
new approach and revise the SPI infrastructure.

During this time local level requirements were also defined, including
requirements to collect and report status data, e.g. process maturity reports from self-
assessments, which roughly corresponds to the purpose of ISO 15504-7 step 4. The
global level requirements were, however, defined before any of the data was
available. The global level did not establish specific improvement goals, targets or an
action plan as required by the model. Here the NMP SPI Program activities clearly
conflict with ISO 15504-7 cycle model, which expects the organization to first
conduct an assessment (step 3) and then go through an analysis and prioritization
phase. The difference to the model is similar to that of the IDEAL model as discussed
in the previous chapter, for the same reasons. Substitutes for the global assessment are
the measurement and assessment activities at the site level and these, from global
point of view, are continuously ongoing across the organization. This is explicitly
included in ISO 15504-7 step 8, which means that the step 3, from global SPI
program viewpoint, does not exist. Furthermore there is little sense in establishing a
detailed action plan at the global level, as expected by the ISO 15504-7 step 4, since
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different sites may have different problems. Instead, identifying a broad scope or area
for the improvements and allowing the local SPI programs to draw the action plans is
a more practical approach.

After the global objectives were established, local level went on planning their
respective SPI strategies, action plans and change projects. From global viewpoint
this corresponds to the step 5 of the ISO 15504-7 model.

At the checkpoint the infrastructure and software process status were reviewed, and
a new set of objectives for the second cycle was established based on both the review
and the evaluation of the achievements. These activities bear resemblance to step 6,
step 8, and also to some extent step 4.

Step 7 is not easily found from the activities of the first cycle of the NMP SPI
Program. This step includes deployment of the improvements to all applicable
entities, but this did not take place in a globally enforced fashion in NMP. While the
general objectives were similar to all sites, the NMP SPI program did not attempt or
have the responsibility to “roll out” a change that was developed and piloted in one
site to other sites. Based on the previous experiences, such inter-site deployment was
considered to be impractical for NMP at the time. As NMP is a very heterogeneous
environment, the practices for carrying out a specific activity are not easily
transferable to another site. Instead the NMP software process architecture had been
structured to make a difference between “What” and “How” levels of process
execution, where the former is to ensure process outcome and interface compatibility,
and the latter is left for the local level to develop or borrow from other sites. Another
activity in step 7 is monitoring the use of the new process, which is something that the
global SPI program did do, through the standard measurement and assessment reports.
As stated earlier, the pattern was very similar during the second and third cycles.
Having several sets of objectives, because of sites advancing at a different pace, and
having some SPI activities carried over from the previous cycle does not appear to be
an issue from ISO 15504-7 model viewpoint. The model acknowledges that several
iterations of the cycle may be needed to achieve the final goals.

3.3 Cycle Comparison Summary

Although the analysis confirms that the global SPI program indeed has similar
activities as the two cycle models describe, the sequence and distribution of these
activities in case cycle differs from that of the model cycles. In addition some of the
activities identified in the models are missing or are not carried out as expected. As a
result the projection feels somewhat artificial and it is rather safe to state that the
global SPI program presented in this article does not follow the SPI program cycle as
defined in either of the models.

4 Comparison to Continuous Activities

Both IDEAL and ISO 15504-7 identify certain activities which are beyond the cycle
itself, mostly related to managing of an SPI program, and as such can be considered to
be more or less continuous or done on-a-need -basis. In this chapter the continuous
activities of both cycle models are compared to the NMP SPI Program activities.
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4.1 Continuous Activities from IDEAL vs. NMP SPI Program

The IDEAL model lists six tasks under “Manage SPI program”. The overall objective
of this ‘phase’ is to provide oversight to the improvement projects and resolve issues.
The tasks are:

Setting the Stage for Software Process Improvement
Organizing the SPI program

Planning the SPI program

Staffing the SPI program

Monitoring the SPI program

Directing the SPI program

In addition the IDEAL model recommends that a program that performs activities
in a corporate context has the following responsibilities:

¢ Establishing infrastructure and links to support and coordinate the organization
programs

o Looking outside the corporation for “process reuse”

s Supporting organizational activities through resources, common practices,
communication, etc.

¢ Spreading findings, practices, information, etc., across a wider base within the
corporation

e Acting as a focal point for outside process improvement influences, such as those
from the Software Engineering Institute (SEI), etc.

There are two ways to view these activities. If the NMP SPI Program is considered
to be the program itself, a steering group for the program should then for the most part
carry out the continuous activities. In the case studied here the steering group did
carry out some of the directing activities, and the Nokia -level initiative, through
reports it required from the NMP, carried out the monitoring activities. However, the
NMP SPI Program itself was largely responsible for the rest.

Another approach to the continuous activities is to project the NMP SPI Program
activities to them, and indeed it would appear to be more fruitful approach. The early
events and actions in the beginning of the first cycle are clearly setting the stage for
SPI — the new requirements from the corporate level, the analysis of problems in the
process and infrastructure, etc, all can be considered to be part of this phase. The first
activity of the new NMP SPI Program was to organize itself, and define the
infrastructure (of which organization is a part) for the entire SPI initiative, and this
was indeed a continuous activity throughout the cycle. The staffing was another
important issue, although it was considered to be part of the work on infrastructure
(organizing), rather than a separate activity. The activities across the NMP were
monitored through the reports, and the end-of-cycle checkpoint was used to review
the status, across NMP, get lessons learned, and establish a new set of objectives —i.e.
to direct the overall program that encompassed all SPI activities in NMP, both at
global and local level.
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As for the recommended activities, improving the infrastructure was indeed a
central continuous effort, and the global part of the NMP SPI Program also had a
notion that they act as an interface between the external sources for SPI issues, in
order to get the latest ideas but also to verify their usefulness and applicability for
NMP purposes, which corresponds to the second and last bullet. They also had an
explicit responsibility to foster communication and support the local SPI activities, as
identified in the third and fourth bullet, although the support role was more that of a
consultant than resource pool and the process improvements were collected but not
effectively disseminated, as discussed in the earlier chapters.

Evidently the only activity missing is the identifying, planning, and executing the
actual SPI actions, which were carried out both at the local and global level. Of course
this is the essential part of any SPI program, so the omission is not to be overlooked.
The reason is, naturally, that these are covered in the cycle activities of the IDEAL
model but in the case study the SPI actions did not necessarily have all the elements
of a complete IDEAL cycle — this is most evident in the case of global SPI actions.
Hence the assumption that the NMP SPI program would be just the complete set of
IDEAL cycle phases and continuous activities does not quite match the case.

4.2 1ISO 15504-7 Continuous Activities vs. NMP SPI Program

Like IDEAL model, the ISO 15504-7 considers management of the SPI program a
separate task that covers organizing, planning and measuring SPI and reviewing SPI
activities, although IDEAL appears to have more extensive list of the management
activities. As with IDEAL, the ISO 15504-7 activities to Manage the Process
Improvement are easy to map to the activities of the NMP SPI Program.

The early activities of the NMP SPI Program were much concerned about the
establishing an infrastructure, corresponding to the ISO 15504-7 activity Organizing
for Process Improvement. As already discussed this was also a continuous action that
the global part of the NMP SPI Program was carrying out throughout the cycle, and
expected the local level to do the same. After the initial work on infrastructure, the
global objectives and the stepwise approach for getting to the corporate level goals
were planned, which matches the Planning for Process Improvement -activity.
Measuring Process Improvement was carried out in a ‘continuous’ fashion, although
most of the metrics and assessment reports were filed in only twice a year. Finally the
Reviewing of Process Improvement Activities was done at the end of the cycle.

Again, the missing parts are the SPI activities and the discussion in the previous
chapter (4.1) about this gap applies to the ISO 15504-7 model as well.

4.3 Continuous Activity Comparison Summary

The continuous activities identified in the models fit fairly well with the global SPI
program activities, although they omit the SPI actions themselves, for a good reason.
However, assuming that the NMP SPI Program was just a complete set of cycle
activities and management activities does not quite match the case. The global level
SPI activities did not constitute an entire SPI cycle, and in addition some local SPI
actions were also merely a group of separate SPI projects rather than a full-fledged
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SPI program. Furthermore nothing in the both models’ continuous activities suggests
a cyclic process, and the case study program was clearly progressing through a cycle.

5 Discussion

From the case study it is apparent that while the global SPI Program activities were
progressing through a cycle, with long-term objectives and a step-wise approach to
them, there is only a partial match to the cycles presented in the IDEAL or ISO
15504-7. This suggests that the current models cannot be straightforwardly scaled up
as such and a different cycle model may be needed.

The most notable difference to the cycle model activities of both IDEAL and ISO
15504-7 is how the baseline data was taken in the case study program. Although as a
single deviation this does not appear to be much, it points out a deeper philosophical
difference in improvement planning between the global cycle and the literature
models. Both models expect the SPI program to perform a thorough baselining phase
in order to find out improvement opportunities, which are then used to plan and
initiate SPI actions for the current cycle. For a multi-site SPI program conducting
such a baseline phase is neither feasible nor desirable for several reasons:

1. Executing a detailed diagnosis simultaneously in all sites is not feasible. This
would be a huge task (to coordinate alone) and disruptive for the company. If
performed within a tight time frame, there will be some local units to which the
timing is poor, e.g. occurs during a critical project phase. This can potentially have
a major negative impact on business and certainly has a negative effect on SW
practitioners’ attitude towards SW Process Engineering.

2. The company (if it has enough sites) would simply run into a problem of getting
enough training capacity and qualified lead assessors.

3. If the baselines are carried out sequentially (over a period of time), it is likely that
when the final baselines have been conducted, the findings from the first ones are
no longer relevant since actions have been already done to change the situation.

4. In a multi-site organization the sites are likely to be very heterogeneous, which
means that they may also have different problems. Making a diagnosis and, based
on that, establishing same SPI actions across all sites may not be possible.

5. In a multi-site organization, micromanaging all the SPI actions is not feasible for
the global SPI program. A more sensible approach is to establish local level SPI
programs that establish and manage the local SPI actions. For that reason there is
less need for the global level SPI program to have a detailed understanding of the
exact strengths and weaknesses of each site.

A global level SPI program uses the best current understanding of the overall status
in the company (from the measurement data available, rather than through a specific
global baselining phase or action) as a source of the global level objectives. The data
is collected in parallel with SPI activities and used to support planning of the next
improvement cycle, rather than to plan activities of the current cycle — a clear
difference to the way assessment data is treated in both models. While data collection
can be considered to be a form of baselining, it is spread out in time as opposed to
being conducted in a way that provides a snapshot status of the organization’s SW
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process. In a global SPI program the baselining phase is thus either missing or is split
up into ‘Collecting data’ done in parallel with the SPI activities, and ‘Analyzing data’
done prior to proposing objectives for the new global SPI cycle.

While the cycle itself does not appear to scale up effortlessly, the global SPI
Program activities can quite easily be mapped to “continuous activities” identified in
both models. However, the literature models consider these activities to be non-cyclic
(continuous) or ad hoc in nature, and for that reason place them outside the cycle
itself. Yet, as stated, the NMP SPI Program was clearly progressing through a cycle.

We argue that the ‘continuous activities’ are, in fact, projections of a global level
cycle, viewed from the local level. Although the models identify them as
“continuous”, this does not exclude the existence of a higher-level cycle. It should be
kept in mind that the models are primarily intended for a local SPI program [17], and
hence reflect the local view to the matter.

The final interesting finding is the issue of control over SPI activities. While the
models assume that the SPI program has direct and tight control over all SPI activities
being executed — a reasonable assumption for a local level initiative — the global SPI
program appears to have more complex control structure. The program goals in the
case study indicated the areas for improvement and thus a direction that the SPI
program in its entirety should be progressing. However, the individual SPI activities
(local level actions) were semi-autonomous within the global framework and had
even the power to break away from it if this was seen justifiable. This would
correspond a situation where an individual SPI action would inform the SPI program
that it is focusing on different things than where the SPI program initially focused it
on, because it finds those other issues more important. This is an important difference
between a global and a more ‘traditional’ SPI program. The global SPI program has
only moderate control over the local SPI programs and while the local SPI actions
have limited initiative of their own, they still can act on their own volition. The reason
for this is again in the heterogeneous nature of a global organization. Apart from the
global needs the local SPI program is also responsible for answering the local needs
and there are cases where the two have a priority conflict. In the case organization it
was considered to be a “lesser evil” to have the local SPI organizations have the right
to focus on local needs at the expense of global needs. The general idea of the SPI
initiative was to make it business as usual. Centrally enforced actions had a risk of
causing resentment and stifling local enthusiasm for SPI. Although this may be due to
the company culture, the finding can also imply that the nature of management
activities of the global SPI program may be more guiding than controlling.

In our opinion the evidence from the case study points out that while the current
models have elements that are similar to what occurs in the global level, the models
can not be used to establish and guide a global level SPI program. However, this is
not to say that the current models are flawed in any manner. Instead it is apparent that
the models are tailored and suitable for running local SPI programs and already have
elements — the continuous activities - that work to bridge the local level SPI cycle and
global level activities. Rather than trying to modify the existing models to cater also
global needs a more sensible approach is to devise a different model for the global
SPI program and establish more precisely defined interfaces between the two levels.
The rough model presented on section 2.5 is a step towards a global SPI program
cycle model, but clearly falls short in great many aspects and must not be mistaken
for a proper model. More studies of such programs and activities are needed before
the key steps and their actual nature emerge as a pattern.
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6 Conclusion

In this article we have studied one cyclic global SPI program and compared its
activities to the two most well-known SPI program life cycle models — IDEAL and
ISO 15504-7 — to see if the global SPI program followed one cycle model or the
other.

The findings suggest that the current models, as far as the cycle itself goes, do not
scale up in a straightforward fashion, as they have been tuned for local (single-site)
SPI programs. While all activities can be found if both cycle and continuous activities
are taken into account, the phase structure does not match the global level cycle, nor
is there a provision for multiple hierarchical levels (which are an obvious part of a
global program).

However, we feel that there is no use to change the existing models as such, since
they seem to apply well for the purpose they’ve been defined for. Instead the models
should be expanded to contain a hierarchical structure, a global level cycle model, and
the interaction between the global and local cycles. Although in this paper a very
rough global cycle has been presented, it is clearly an oversimplified one and more
case studies are needed to define a proper one. In addition the QIP model should be
evaluated against industry cases to see if it has a better match to the processes of a
global SPI program.
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Abstract. For an organization that has just begun the SPI initiatives, making
developers understand the benefits of SPI and gain active participation are
critical success factors. Meanwhile, within the level CMM® 2 KPAs, the SCM
KPA has a broad range of directly involved stakeholders. Therefore, as an
SEPG, the authors have decided to implement the SCM process firsthand to
such an organization developing a series of embedded software systems. The
following activities are keys for successful SCM implementation: a) Creating
an SCM deployment plan from easy, single project implementation to complex,
multiple projects implementation. b) Establishing systematically the SCM Web
where all stakeholders share plans, processes, and FAQs. c¢) Administering
questionnaires to stakeholders, analyzing responses and improving SCM
quickly and frequently. As a result, the developers conformed to the processes
and no SCM related problems were found throughout testing.

1 Introduction

For an organization that has just begun the SPI (Software Process Improvement)
initiatives, making developers understand the benefits of SPI and gain active
participation are critical success factors. The authors assumed that developers who
had successful experiences of SPI during the early stages of SPI activities would
eagerly and actively participate in latter stages. Within the level 2 Key Process Areas
(KPA) in the SW-CMM®[1], Software Configuration Management (SCM) involves
not only project leaders but also developers. Therefore, the SEPG (Software
Engineering Process Group) members and the project leader decided to focus on
adopting SCM to a certain project. The SEPG member also played the roles of an
SCM administrator, where he developed an SCM plan, organized SCM support staff
and implemented SCM processes within SCM support tools. The adoption succeeded
without any serious confusion of development. Through the adoption, the developers
understood the benefit of SPI and began to provide positive suggestions about SPI,
which were not seen before the adoption.

F. Bomarius and H. lida (Eds.): PROFES 2004, LNCS 3009, pp. 92-104, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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2 Background of Organization

The organization develops various series of embedded software for a certain domain.

In the domain, requirements to software differ by customers and software for each
customer has to be customized over long period of time. The organization has to
develop and maintain complicated version evolution of software products and
components. The organization has begun SPI (Software Process Improvement)
activities based on SW-CMM® not very long ago. Most of developers have little or no
experience of SPI success.

The authors decided to focus a certain project in the domain. The project was the
reconstruction of embedded software, i.e. the development of the common software
architecture. The aim of the project was the cost reduction of the customization for
customer’s requirement by reusing the common software architecture. The project
used an iterative software lifecycle model based on object-oriented software analysis,
design and programming using UML and C++.

3 Adopting Software Configuration Management

In order to meet the project’s objective to enhance the reuse of common software
architecture, it was critical to adopt SCM process to identify, manage and control each
version and each series of software products. In this section, procedures to adopt the
SCM process are descried in detail.

3.1 Planning

The authors planned the step-by-step adoption of software configuration management
process in order to avoid the risk of confusion of the project by adopting new
technologies that were unfamiliar to the developers. The plan is summarized in Table
1. Orientations were held at the beginning of each development phase. During these
orientation sessions, the software artifacts developed in the former phase and the
procedures used in the next phase were explained to the developers.

Table 1. Incremental plan for SCM adoption

Step Operations
I Planning, version management of specification documents, basic training
2 Version management of design models and test cases, version branch and
merge

3 | Version management of source code, makefiles and unit-testing scripts
4 | Defect information management
5 | Decomposition and relocation of repository, multi-cite SCM management
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3.2 SCM Tool Selection

To appropriately manage complex series of software and effectively implement SCM
process to the organization which had little experience in it, the authors considered
that powerful SCM tool supports with the following requirements were essential:

s Version control tool must have abilities

- to manage multiple and concurrent version branches,

- to integrate with other tools to provide seamless user operations.
¢ Change control (Defect tracking) tool must have abilities

- to control process execution,

- to customize its GUIs and functionalities easily,

- to notify specified stakeholders by e-mail,

- to integrate the functioning with version control tools.

Additionally, their tool vendors were required to provide technical support and
training courses with expertise in SCM tools and SCM process itself.

3.3 Organizational Structure

Fig. 1 shows the organizational structure and overall flow of software configuration
management. Besides the basic practices of SCM, the process paid special attention to
provide services and support to better implement the process; an SCM administrator
managed Q and A sessions with developers and tool vendors, and tool engineers of a
tool vendor offered SCM training courses and on-site/off-site consultation.

3.4 Environment

The authors adopted sophisticated SCM tools, IBM Rational ClearCase® and
ClearQuest® to construct computer-aided SCM environment (Fig. 2), which was built
on Windows 2000 domain network. A software repository was implemented on a
ClearCase® server PC. A defect information database was implemented on a SQL
Server 2000® sever PC. Develo@gers were able to access the repository or the database
from ClearCase® or ClearQuest™ client PCs.

3.5 Version Management

In order to assure the correctness of the version management of team development,

the versions shared by the project members and the versions used only by an each

developer were distinguished from each other. The authors developed a process to

utilize integrated branch type and private branch type features of ClearCase™ (Fig. 3).
The process defined as follows:
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L. To initiate an individual work, a developer generates a private branch by checking
out from an integrated branch.
2. After modification of the checked out element is complete, the developer merges
this modified version to the latest version of the integrated branch.
. The SCM administrator sets a label to the version
4. The latest version is designated as the baseline of the development and the next
release to the developers.

[98)

Version Tree of each Element

Integration Branch

O »[ ¥main |

(project J-1-0

o o
O
directories

. label
Software Repository
(ClearCase® VOB) RELI

)
(1
Private Branch

Developer_B_RELI1

Private Branc CZ
Devel A_RELI ©
eveloper_A_
© : merge 0
REL2
D merges label

Fig. 3. Version branch policy

4 Adopting Change Control Process

In this chapter, the change control process and its implementation are described.

4.1 Workflow

In Fig. 4, the workflow of change control in functional testing phase is defined. In this
figure, in case that a tester detects a defect, he/she reports the phenomenon of the
defect to CCB. CCB reviews the report and assigns an appropriate developer to fix the
defect. The developer analyzes the defect and fixes artifacts by checking out and
modifying appropriate items. After the completion of the fix, the developer updates
(i.e. checks in) the artifact. The tester retests the updated version of artifacts and
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informs the result of the retesting to CCB. CCB reviews the result and judges
whether the task is completed or not. If the result is fine, the task is closed. If not, the
task is rejected and the developer analyzes and debugs the defect again.

~ N 7 -

B 8 8 e |
Tester CCB Tester CCB
Defect detection Assigning develop rSJ Re-testing Reviewing results

— R

reject
ClearCase

private branch

O
&7

Developer

Next
release

Updating version

Defect causal analysis Defect fix

CearCase merge to
integration branch

Fig. 4. Workflow of change control

4.2 State Transition Model

From the viewpoint of each defect, the workflow is equal to the state transition model
of a defect record (Fig. 5). The model was implemented on the schema of
ClearQuest” that made developers perfectly keep the workflow. ClearQuest® sent an
e-mail of the defect information to the stakeholders at the both time of submitting a
defect and assigning a developer to the defect.

4.3 Graphical User Interface and User Guide

In order to increase the accuracy of defect information recorded by testers or
developers, graphical user interface and user guide were developed. In order to record
defect information in timely manner according to state transition model, several input
forms were developed. The user guide provided definitions and descriptions of each
input fields in each input forms which helped and facilitated developers and testers to
record defect information accurately. Fig. 6 is a sample of the input form.
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Fig. 5. State transition model of a defect record

Fig. 6. Defect information input form (in Japanese)
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4.4 Regression Testing

In order to reduce the cost of executing regression testing, the authors adopt CppUnit
testing framework and developed “AllUnitTest”, a set of scripts that covered all
packages of the software products. AllUnitTest was executed in functional testing
phase. Fig. 7 is the workflow of the regression testing using AllUnitTest.

. If testing is failed, rejected and returned.
Tester 1 Private versi
(Unit-testing

Finished)

O
£

Tester 2

Private version
(Unit-testing
Finished)

Execute regression testing
(AllUnitTest)
Merged version Next release

to developing team

P

Tester N Private version
(Unit-testing
Finished)

Fig. 7. Workflow of regression testing

4.5 Progress Management

Everyday, both the number of total and completed test cases of each functional unit
and status of each defect were reported to the project leader. A thirty-minute team
meeting was held every morning. During the meeting, developers reported their status
of defect fixes and issues that needed discussion within the project. In cases where
resolutions of issues could not be made immediately, additional time was spent for
further considerations. The defect listing reports generated by ClearQuest®
contributed to the cost reduction of preparing data for the meeting.

4.6 Visualization of Defect Data

Defect data inputted by developers and testers was calculated and analyzed from
various points of view. The results of analysis were offered in various kinds of graph
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or chart (Fig. 8). For example, percentage of each defect cause type was calculated
and visualized in a bar chart.

FREBEINORMN (TS SR

Fig. 8. Sample graph and chart of defect data analysis (in Japanese)

5 Technical Transfer

Approximately half of developers did not have any experiences of software
development projects using any SCM tools. Moreover, they did not have systematic
knowledge of SCM. So, the authors trained developers to understand the concept of
SCM and the operation of SCM tools at the beginning of the project.

5.1 Training Courses

SCM training courses were planned, developed and executed to help developers
understand and to perform SCM activities appropriately (Table 2).
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Table 2. SCM training courses

101

Trainee
No Course name Description Time Trainer SCM
4G Developers
administrator
| Introduction of Concept and R— SCM N st
SCM Process administrator ’
2 | ClearCase® Basic Roskisparyiion 2 days | Tool Vendor must must
for users
ClearCasc® Tool operation | . .
¥ Administration | for administrators | ~ duye | "ol Vendor Hst
4 Introduction of Concept and 2 hours SCM ) —
Change Control Process " | administrator p
5 | ClearQuest® Basic Zonl optantion 1day | Tool Vendor must must
for users
ClearQuest® Tool operation
o Administration | for administrators Adays: | “Foel Nendor must )

5.2 SCM Homepage

In order to share information about SCM with all project members, the authors
developed “SCM homepage”, SCM knowledge database that contained SCM concept,
basic policies, procedures for users and administrators, FAQs, repository
configuration map, training resources and so on (Fig. 9). An SCM administrator
maintained the SCM homepage. For example, if procedures of SCM changed, an
SCM administrator updated the procedure documents on the SCM homepage.

5.3 Questionnaires

In order to understand the effectiveness and developer’s satisfaction of the SCM
process and tools, the authors administered questionnaires to stakeholders once a
month, analyzed the responses and improved the SCM process quickly and
frequently. The questionnaire contained about 20-30 questions and required about 20-
30 minutes to answer. It asked the evaluation of operating process of SCM tools,
SCM training courses, work effort of SCM activities and so on. The result of analysis
was documented as an analysis report and presented to all stakeholders.
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Fig. 9. Top page of SCM homepage (in Japanese)

6 Discussions

In this section, the effectiveness of starting SPI from software configuration
management is discussed.

6.1 The Comparison of KPAs in SW-CMM® Level 2

In order to assess the effectiveness of starting SPI from SCM, the SCM KPA was
compared with other KPAs in SW-CMM® level 2. The method used for the
comparison was to see who directly participates in executing the SCM processes of
the project. The authors found that the SCM KPA had broader range of directly
involved stakeholders than other KPAs in SW-CMM® level 2 (Table 3). Many kinds
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of stakeholders had opportunities to have successful experiences of SCM during the
early stages of the project and to understand the benefit of SPIL.

Table 3. The comparison of KPAs in SW-CMM® level 2

KPA Stakeholders directly involved in the
project
Requirements Management (RM) Project leader, Developers
Software Project Planning (SPP) Project leader

Software  Project Tracking and | Project leader
Oversight (SPTO)
Software Subcontract Management | Project leader
(SSM)
Software Quality Assurance (SQA) SQA members

Software Configuration Management | SCM  administrator,  Project  leader,
(SCM) Developers, Testers

6.2 Benefits of SCM

The authors measured defect records reported in functional testing phase of the
project and validated that there was no defect caused by any failure of SCM activities.
This fact indicates that the SCM process and tools contributed to the improvement of
reliability of the software products. The authors have conducted further survey with
developers of the organization that some problems occurred in another project of the
same domain.

The authors assessed the answers to the questionnaires and found that the testers
recorded all defects that detected in testing phase. This fact indicates that all detected
defects were surely tracked from the detection to the closing without deviating from
the state transition model of a defect record. It contributed to well-regulated project
management.

6.3 Defect Data Collection

Many kinds of defect data were recorded into Defect information database through
ClearQuest® input forms. Graphical user interface and user guides are considered to
contribute to the cost reduction of recording defect data and the friendly cooperation
of developers and testers. On-demand visualization services of defect data are also
considered to be a contributing factor to promote the defect data collection.

7  Conclusions

In this paper, the effectiveness of starting SPI from software configuration
management is discussed. The authors found that this approach gain active
participation of developers. It is very important for an organization at the beginning of
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SPI to involve all stakeholders and make them understand the benefit of SPI through
successful experiences of SPI. Among KPAs of SW-CMM®, SCM satisfies it. The
authors plan in the near future to study the effective KPA order of SW-CMM® and

CMMI™M [2] based SPL
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Abstract. Evaluating the characteristics of ubiquitous applications is still in its
infancy although this area is rapidly gaining importance as such applications
are becoming common. We present a framework for evaluating the degree of
calmness in ubiquitous applications. Calmness is a characteristic of the system
that is experienced by the user in the usage situation, hence our evaluation
framework is targeted at evaluating the technology in real usage context. We
first identify the characteristics of calmness from the user’s perspective and
then use them to define the dimensions for our evaluation framework. As the
framework is subjective in nature, calmness is not presented as numerical val-
ues but as graphics. The suggested presentation gives an overall understanding
of the application characteristics at a glance. Further, it facilitates understand-
ing the effects of different design and implementation choices and comparing
different applications. We illustrate the framework by evaluating an application
being currently constructed. This application will be evaluated in real usage
context at the beginning of year 2004. We also compare related work with ours.

1 Introduction

This paper defines a way to evaluate a characteristic called calmness in ubiquitous
systems. Calmness is a user-centric measure that describes how a system appears to
the user; it is a user experience that occurs when technology is used in a specific us-
age context. When a system is calm, it does not unnecessarily interfere with the user
but quietly supports her by providing the required service, exactly when and where
needed and as unobtrusively as possible.

Ubiquitous computing is expected to have a tremendous effect on our lives. Com-
puters will be everywhere around us, connected to each other and serving us. How-
ever, to become a success, the ubiquitous applications have to be calm. Who wants to
have hundreds of computers around, offering cryptic user interfaces, constantly re-
quiring attention, and bombarding us with irrelevant information? From the user’s

F. Bomarius and H. Iida (Eds.): PROFES 2004, LNCS 3009, pp. 105-119, 2004.
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perspective, calmness is essential and should be understood better in order to develop
good applications. However, it should be noted that calmness is just one view to the
applications’ quality.

As calmness will be such an essential topic in the forthcoming years, we hope to
open a dialogue that would lead to a thorough understanding of this characteristic. We
have a large research project ongoing to study the technology and user interfaces of
ubiquitous applications. As a part of this, we have created and analyzed application
scenarios for ubiquitous computing. The evaluation framework was defined for
evaluating how clearly these applications show the desirable characteristics of calm-
ness.

The framework can be used similarly in other research projects that tackle ubiqui-
tous computing. It allows one to analyze the effects that different design decisions
have on the calmness of the application. Furthermore, different applications can be
compared.

Our research is part of the CAPNET project (Context-Aware Pervasive Network-
ing). CAPNET is a nationally-funded three-year project that started at the beginning
of 2002. The aim of the project is to create technologies for new interactive ubiqui-
tous services that adapt to the resources at hand, according to user profile and usage
environment, allowing tailored communication between local environment and mo-
bile terminal users.

2 Defining Calmness

In order to evaluate the degree of calmness, we first need to define the characteristics
of calmness in a ubiquitous application. These characteristics are identified in this
section. The next section presents our evaluation framework that is based on these
characteristics.

According to the dictionary [1], ‘calm’ means “free from agitation, excitement, or
disturbance.” Therefore, disturbing is opposite to calm. Weiser & Brown [2] state that
calm technology is a new approach to fitting ubiquitous computing to our lives.
Weiser defined a ubiquitous system as calm in his visionary paper [3], although he
did not use the term ‘calm.” Instead, he stated that “computers will be used uncon-
sciously to accomplish everyday tasks.”

As calmness is a characteristic of the application that is experienced by the user in
a usage situation, it cannot be evaluated in vacuum. It can be evaluated only by the
real users who are using the application in a real usage context. What is experienced
to be calm by one user, may be experienced to be distracting by another user in an-
other usage situation. Therefore, it is essential to understand the usage context and
possible reasons for distraction when high calmness is aspired.

To define the characteristics of calmness, we need to consider what kind of ubiqui-
tous application does not disturb its user. We classify the characteristics of calmness
as characters producing calm timing and characters producing calm interaction. Calm
timing means that the application interacts with the user in the right situation. Calm
interaction is defined as interaction fitting into the situation. A main point in this
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classification is that the characteristics are defined from the user’s perspective, and
they are related to interaction between the user and the technology. The characteris-
tics are discussed below.

2.1 Calm Timing

Calm timing requires from the application availability and context-sensitive timing.
The term ‘ubiquitous’ itself implies that the application has to be available every-
where and at anytime the user wants to use it. It does not comfort the user to know
that the application would have served her well if it had been available. Availability
requires sufficient coverage from the utilized technology. In addition, the application
has to be capable of adapting to a varying number of resources in the dynamic local
environment. In Satyanarayanan’s [4] terms, the application has to be capable of
“masking uneven conditioning.” For example, if the local environment does not pro-
vide wireless connection, the application might hide this by using the values stored in
its cache. We include fault tolerance in masking uneven conditioning, since the num-
ber of resources can vary due to system failures of various degrees.

Due to availability, interaction is possible everywhere and at anytime when it
might be needed. Context-sensitive timing in turn constrains interaction to the situa-
tions in which it is needed. Weiser [3] mentions location-awareness as an important
feature of a ubiquitous system, but a more thorough understanding of the context is
required to adapt the application to the situation at hand, e.g., the collection of nearby
people and devices [5]. User’s goals, desires, etc. are also included in the context,
although in practice it can be quite challenging to discover them reliably, and hence
to utilize them in the applications.

In the framework, the focus is on the user, so ‘context’ and ‘situation’ are defined
from the user’s perspective. The scope and the fidelity of the context are based on
user’s observation capabilities and knowledge. For example, if an application is not
able to provide context-sensitive timing and it is judged that “the situation has no
effect on an application’s behavior,” it means that the user cannot recognize such an
effect. That statement is true, for example, when the user is always notified about
incoming calls in the same manner. From the system’s perspective, the situation has
an effect on its behavior. As the system knows about the incoming call before the
notification, it can be said that it performs a context-triggered notification, triggered
by the piece of context “incoming call pending.”

2.2 Calm Interaction

Calm timing enables interaction but keeps the application out of user’s attention when
she does not need any interaction with it. When interaction is needed, it should aim
for minimal user distraction [4]. This can be achieved by calm interaction, which we
specify by two features, relevancy of interaction and courtesy of interaction. When
interaction is calm, only relevant information is presented and relevant input is asked.
Furthermore, consideration is shown for the user; information and input queries are
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presented in a manner that minimizes the distraction. An essential property is that the
application does not force itself too much to the center of attention. Calm interaction
requires context-awareness but also the capability to utilize suitable interface tech-
nologies and modalities.

High relevancy of interaction can be accomplished by reasoning the information
and queries to be presented on the basis of user’s context. Here, the context informa-
tion needs to be used not only for timing, but also for deciding what to present to the
user and how to do that. Information that is not necessary is not presented. Further,
the user is not queried for information that is irrelevant or can be discovered by other
means.

High courtesy of interaction is achieved when the interaction fits well in the situa-
tion; the user does not have to unnecessarily switch her focus from her ongoing
activities. When the application is able to serve the user well, it — in Weiser and
Brown’s [2] words — moves back and forth between the center and periphery of the
user’s attention, as required by the situation. Weiser and Brown use the term ’periph-
ery’ to name “what we are attuned to without attending to explicitly.”

For example, an email application can move to the center of attention by automati-
cally opening a user interface on a digi-TV screen and simultaneously giving an audio
signal. This would interrupt the user while she would be concentrated in, e.g., watch-
ing TV. The same application can use the periphery more efficiently by notifying the
arrival of new mail by sophisticatedly changing the color of a detail in a piece of art
that presents various state information. The user can then move the email application
to the center by opening its window on the digi-TV screen.

In addition to utilizing both the center and periphery of attention, a second re-
quirement of courtesy is, that the interaction is implemented in a natural manner; the
user is comfortable with the interaction and does not experience it as distracting. The
tangible bits approach suggested by Ishii and Ullmer [6] might produce high courtesy
of interaction. In their approach, interaction is coupled with everyday physical objects
and architectural surfaces. For example, their ambientROOM system illustrates how
information can be communicated at the periphery of attention. The systems utilizes
ambient media — such as ambient light, shadows, sound, airflow, and water flow — to
display and communicate information.

However, the implementation producing the highest courtesy value depends on the
user and the usage context. For example, a young user accustomed to modern tech-
nology probably experiences different things to be distracting than an elderly user
who never has mastered that technology. Also, interaction methods that are not dis-
tracting in a home environment might be distracting in a public space such as a li-
brary or a concert hall.

Although interaction parameters of our definition for calmness do have common
components with the traditional definition of usability, they have a different kind of
emphasis. Usability is traditionally defined as the efficiency of how the user can reach
her goals using the application and associated technology, whereas the goal of the
calmness is to support the user in performing her normal activities without requiring
her to concentrate on the application or technology. Also Mankoff et al. [7] point out
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the difference between evaluating systems with clearly-defined tasks and systems that
support the user but do not necessarily require much attention.

To conclude this section, a calm application is available everywhere, interacts
with the user at the right moment, presents relevant information and queries, utilizes
both periphery and center of attention, is easy and natural to use, and fits well into the
situation. The calmness of an application can be evaluated by estimating to which
extent each of the features specified in this section are present in the application. The
framework for evaluating the calmness is the topic of the next section.

3 Evaluation Framework

Based on the characteristics of calmness that we identified in the previous chapter, we
can now identify the dimensions and scales for our evaluation framework. We do not
present exact quantitative equations for calculating the value of calmness, but qualita-
tive values for each dimension and a graphical presentation.

As calmness is a user-centric measure, the framework is user-centric as well: the
characteristics specifying calmness are defined from the user’s perspective. The
evaluation should be done by the real users in a real usage situation; they should test
the application and judge how calm the application is on the basis of their experience.
In practice, compromises are required because innovative and complex systems de-
veloped in research projects tend to be less reliable than required for such testing.

A second important note to remember is how ubiquitous applications differ from
the current desktop applications. Desktop applications are in most cases chosen by the
user to act as tools for achieving a usage goal; the user decides to interact with the
application. User decides which application to use and then aims for executing an
activity efficiently through the usage of an application. On the other hand, ubiquitous
applications support the activity the user is engaged in. A key difference is that the
interaction is often initiated by the application, not by the user, and hence the applica-
tion should be able to judge when and how to interact. Furthermore, desktop applica-
tions are used mainly at the office environment, whereas ubiquitous applications are
in continuous interaction with the users during their everyday life. Our evaluation
framework is targeted for ubiquitous applications.

Our framework has two stages. Firstly, all four characteristics of calmness are
given one of the values very low, low, medium, and high. Secondly, a graphical pres-
entation is drawn. The values of the characteristics are marked on the corresponding
axis, and the marks are connected by lines. The shape and size of the drawing illus-
trates the calmness of the application and gives an overall understanding of its charac-
teristics at a glance. The graphical presentation is illustrated in Figure 1, in which
each measure has the value high. Guidelines for giving values for the characteristics
are given below.

Availability. The user should feel that the service or application is always available
when she needs it. Interpretation for each value of availability:
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— High : Practically always available for the user when needed. Even when a fault or
uneven conditions occur, the user can perform the desired function normally, with-
out much difficulty or disturbance.

— Medium : Usually available when needed. When a fault or uneven conditions oc-
cur, the user can perform the desired function, but it is rather difficult or disturb-
ing.

— Low : Available only at some desired locations. Severe location, temporal, or other
restrictions apply to the availability. When a fault or uneven conditions occur, the
user can perform the desired function, but with severe difficulty or disturbance.

— Very low : The availability of the application does not correlate with the user’s
desire of where and when to use it. When a fault or uneven conditions occur, the
user is not able to perform the desired function at all.

CALM INTERACTION
HH relevancy of interaction

. CALM TIMING
context-

sensitive

timing

availability

A

courtesy of interaction

Fig. 1. Graphical presentation for the degree of calmness. ‘VL’ means very low, L’ low, ‘M’
medium, and ‘H’ high. This shape is obtained when each characteristic has a high value.

For example, the availability of an email service is high, when it is used through a
mobile terminal, the utilized network covers all places the user visits, and caching
hides temporarily the network’s problems. Failures in the mobile terminal and
server’s software and hardware in this example are supposed to be rare. Medium
availability could mean, for example, manual reconnections in some situations or
some blind area in the network’s coverage. Availability could be judged to be low
when emails can be read only when WLAN connection can be established. When
emails can be read only at fixed workstations, availability is very low.
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Context-Sensitive Timing. User experiences that the application is able to recognize
reliably when it should interact with the user. Furthermore, interaction is initiated
automatically at the right situations without the user having to remember how or
when to initiate it. As applications cannot ever have complete knowledge of the con-
text, perfect timing is not required for high values. Interpretation for each value is as
follows:

— High : From the user’s perspective, interaction occurs nearly always at the right
moment. When interaction occurs, the user agrees that it was the right moment,
and user does not want interaction when it is not offered. The interaction either
supports the ongoing activity, or, when it interrupts the activity, the user agrees
that the interruption was justified.

— Medium : Interaction occurs mostly at the right moments. In some situations, user
disagrees about the need of interaction when it is offered or wants interaction when
it was not offered. The interaction either offers unnecessary support or interrupts
unnecessarily the ongoing activity.

— Low : Only some situations have effect on when interaction is offered. In most
cases, user disagrees about the need of interaction.

— Very low : The situation has no effect on when interaction is offered.

For example, offering private and non-urgent emails to the user automatically when
commuting and during lunch and coffee breaks might deserve a high value for correct
timing. If the urgency of private emails would not be recognized by the application,
and their delivery would hence be delayed, the value could drop to low. Finally, if the
private emails would always be shown when they arrive, value could be very low.
This example shows how strongly calmness is related to the user preferences. If the
user would like to read emails with different topics at different contexts, then criteria
correctness of timing would change accordingly.

Relevancy of Interaction. Only the information and queries relevant to the interac-

tion are presented to the user. The user should not be distracted by unnecessary in-

formation and not suffer from lack of information either. Interpretation for each value
is as follows:

— High : No irrelevant information, queries, or choices are presented. User gets just
the needed information.

— Medium : Most of the information and given choices are relevant.

— Low : Some modest adaptivity to the situation can be observed, but irrelevant in-
formation and queries are frequently presented to the user; some information might
be missing as well.

— Very low : Too much information is presented. Lots of irrelevant command choices
are presented in addition to the relevant ones. User needs to search commands or
right options from menu hierarchies or from long lists. She experiences that the
situation has no effect on presented information or choices. Also failed adaptation
gives this value.
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High value could be given to the relevancy, for example, when the arrival of a new
message is notified by changing the color of a detail in a piece of art and the user
associates this change with a new mail. Medium value could be given when an email
application shows only the relevant emails but irrelevant commands are presented by
the user interface (and the user is used to seeing those commands). Low value might
result when user expects to see only personal emails after working hours but only part
of the work-related emails are filtered out. Very low value would result when all
emails and all command choices are shown always. An example of failed adaptation
is adapting menus in a way that confuses the user.

Courtesy of Interaction. The application effectively uses the periphery and center of
attention, supporting the user in her actions whenever needed and as much as needed
but not consuming her attention more than necessary. Interaction fits well into the
situation. Interpretations for each value are the following:

— High : The application fluently supports or substitutes the user’s actions. Depend-
ing on the need in each situation, the application moves from total invisibility to
the periphery or to the center of attention. It is in the center of attention only when
absolutely necessary. The interaction is implemented in a fashion that the user
judges as natural.

— Medium : The application unnecessarily demands attention from the user but the
disturbance is not severe. Periphery is not utilized when it would be sufficient to
present information at the periphery. The user is able to continue her normal ac-
tions.

~ Low : Major disturbance, the user needs to switch attention focus from her normal
actions to the service or application.

— Very low : The user needs to interrupt her ongoing activity and fully concentrate
on the interaction with the system.

An example was presented in the previous section. Notifying the arrival of new mail
by changing the color of a detail in a piece of art could give a high value for courtesy
of interaction. If the user is watching TV when an email application’s user interface is
opened on a digi-TV screen, then courtesy is very low.

4 Examples

Next, we present an application scenario from the CAPNET research program and
our results of evaluating its calmness. This illustrates how the design choices to be
made when designing and implementing an application can be evaluated from the
calmness point of view during the design process. We are currently implementing a
prototype system that offers the functionality utilized in the scenario. The scenario is
presented in the first subsection. In the second subsection, we evaluate the prototype’s
calmness. As the prototype will be complete only at the beginning of year 2004, we
cannot yet present final results that would be based on real usage situations. In the
third subsection, we illustrate the framework with some ubiquitous applications pre-
sented by others.
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4.1 Business Meeting Scenario

Peter works in the CAPNET project. Today he has traveled to Helsinki. As the first
thing tomorrow morning, he is having a CAPNET Board meeting in Oulu. At the
airport, Peter decides to prepare a short presentation for the meeting while waiting for
his flight back to Oulu.

At the airport, Peter checks what equipment will be available in the meeting room.
The personal assistant in his PDA presents the list of services that are available in the
meeting room the next day. Peter writes the presentation and attaches the completed
presentation document into his calendar for the meeting.

The following morning when Peter is at home, his personal assistant gives a notifi-
cation concerning the meeting. The notification informs that Peter will have the meet-
ing in about 30 minutes and he has enough time to go there.

When Peter arrives into the meeting room, the profile changes automatically from
‘general’ to ‘meeting’ and the personal assistant presents the list of services that are
available in the room. Peter selects the data projector from the list and then he selects
the attached document. Peter’s presentation appears on the wall and Peter keeps his
presentation.

While Peter is in the meeting, Sarah is trying to call him. Sarah selects Peter from
her phonebook and calls him. Actually, the call is not made, but Peter’s status is
checked. Sarah gets notification that Peter is in a meeting. Sarah’s personal assistant
inquires: “Would you like to leave a video message or get notification when Peter’s
meeting is over?” Sarah decides to record a video message to Peter. In the message,
she asks Peter to call her. Sarah sends the video message to Peter.

After the meeting, the personal assistant informs Peter: “You have a video message
from Sarah. Would you like to see it?” Peter watches the video message and decides
to call Sarah later.

4.2 Evaluating the Calmness of the Business Meeting Scenario

A PDA that has the application is connected to the network through GPRS and
WLAN. WLAN is used where available; otherwise GPRS. Furthermore, the applica-
tion is built from components that can be run either on the terminal or in the network.
Hence, components can be run in the terminal when necessary, so uneven conditions
can be masked (supposing the system is prepared for such conditions). We therefore
presume the availability to be high. However, not all users want to carry a PDA with
them at all times. These users may experience availability to be lower, if the applica-
tion is available only in a PDA. Furthermore, the actual user experience is strongly
influenced by the reliability of the system to work as planned.

We would expect a high value for context-sensitive timing as well, if the applica-
tion reliably works as described. At the beginning, the user starts the interaction, so
the timing cannot be evaluated. Alternatively, good timing would result if the system
would remind of the presentation at the airport. The application reminds in the morn-
ing that it is time to go to the meeting. In the meeting, calls are blocked automatically
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by setting the profile to ‘meeting.” Required services are suggested at the right mo-
ments by listing them on the PDA’s display. The message is shown after the meeting,
which we assume to be the correct timing for our user as the message was not very
urgent.

The interaction at the beginning is highly relevant, if Peter can easily find and use
the needed applications and information. When Peter enters the meeting room, the
available services are listed automatically on the PDA’s display. The data projector is
listed as well, and Peter can start the projector service by clicking the item in the list.
Furthermore, a list of documents related to the meeting is presented automatically and
starting the presentation requires only clicking the right item in the list. The interac-
tion in the morning is highly relevant, if only the important details about the meeting
are presented.

For the courtesy of interaction, medium value can be reached as the PDA will be
used for all interaction, and hence periphery could be utilized more. For example, if
the PDA beeps to remind Peter, he has to grab the PDA and read the reminder. Me-
dium value is justified, if Peter is used to this interaction and he can, after reading the
reminder, continue his normal actions without major disturbance. Higher value could
be achieved, for example, by utilizing the sound system of Peter’s home, or virtual
display on his eyeglasses.

A graphical presentation of the measures for calmness of this application is shown
in Figure 2. It shows that, to further improve calmness of the application, the main
target for improvement would be the courtesy of interaction.
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Fig. 2. Calmness of the Business Meeting Scenario.



Evaluating the Calmness of Ubiquitous Applications 115

As a conclusion, we can expect that the design decisions discussed above would
most likely result in a quite calm application implementation. As discussed elsewhere
in this paper, the actual evaluation should be made by real users in real usage situa-
tions but this we can carry out only after the prototype has been completed. A second
note is that, although the implementation is quite challenging, a high value for calm-
ness is relatively easy to achieve, as the offered functionality is limited. Bigger chal-
lenges arise when ubiquitous applications offer more versatile functionality for differ-
ent users. Then, achieving high values becomes much more challenging as there are
much more options for when and how to interact.

4.3 Evaluating Some Related Work

To illustrate the usage of our framework in different application contexts, we discuss
two more applications in this section. Again, the given evaluation should be seen as
trendsetting only, as it is based on written documentation of the applications, and not
on an evaluation by real users in real usage situations.

Ambient displays [6,7] are promising candidates for high values of both relevancy
of interaction (when context is recognized at sufficient detail) and courtesy of interac-
tion. Mankoff et al. [7] point out that the primary goals of ambient displays are rele-
vancy of information, aesthetics, and ease of monitoring. These goals match our defi-
nitions of high relevancy and courtesy of interaction. On the other hand, ambient
displays might get a low value on availability, if they are not ubiquitously available
wherever the user would need the information (unless the information is related to the
user by some other means). Furthermore, if the display is not adapted to the user’s
situation, the value of context-sensitive timing might be low as well.

The prototype presented by Ishii and Ulmer [6] is a good example of an ambient
display. It presents each web-hit to a web page as the sound of raindrops. The sound
of heavy rain indicates many visits to the web page. This sound would probably oth-
erwise remain at the periphery of user’s attention but draw attention when the sound
changes considerably. If the user is interested to know whether the web page attracts
visitors and wants to be interrupted only when the amount of visitors changes consid-
erably, the application might provide just the right information without unnecessarily
disturbing the user. However, even in this case, careful experimenting is needed to
achieve high courtesy values. Ishii and Ulmer noted that at times the sounds of rain
could be distracting. They implemented also a less distracting prototype in which
web-hits cause ripples on the illuminated water surface.

Proactive Instructions for Furniture Assembly is a system for assembling furni-
ture that the user buys from a shop and then assembles by herself at home [8]. By
attaching computing devices and sensors onto different parts of the assembly, the
system can recognize the user’s actions and determine the current state of the assem-
bly. The service supports the user’s normal actions and only corrects the user when
she goes wrong in the assembly process. However, in this prototype implementation,
the user interface for interruptions has not been fully solved, although good ideas are
given. Availability is high if the system is included in all the self-assembled furniture.
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Timing is high if the user is interrupted only when the assembly would otherwise go
wrong. In the reported work, though, the system does not always recognize the con-
text accurately enough, e.g., how many nails the user has hammered in. Relevancy is
high when the user is informed only about how she is making progress: if everything
goes smoothly she can go on without disruptions, if she’s made a mistake the system
warns her exactly as it should. Courtesy of interaction is not high if the user needs to
stop the assembly in order to look at a computer display to see how she is doing. If
the system had a voice interface where the user would be told whether what she had
just done was correct and what she should do next, then courtesy of interaction would
also measure high.

Graphical presentations for calmness of these two applications are given in Figures
3 a and b, respectively. The ambient display is assumed to be available only at a re-
stricted area which however is included in the set of locations in which the users need
the information. Furthermore, elementary context recognition is assumed; the display
starts the interaction when a user approaches it. This results in low timing. Ifjust the
needed information is presented, high value can be given for relevancy. In the case of
the furniture assembly system, the lower courtesy value is achieved when the user
needs to switch her attention from the assembly to a display to check how she is do-
ing, but she does not have to interrupt assembling totally. The high courtesy value
might be obtained for voice interface, for example.
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a. Ambient display b. Furniture assembly system

Fig. 3. Calmness of Ambient Displays and Proactive Instructions for Furniture Assembly. The
black shape shows the calmness resulting from selecting a display for interaction and the white
shape (identical with Figure 1) the result when a voice interface is used.

5 Discussion

The framework presented in this paper allows one to evaluate the application’s calm-
ness and to analyze the effects that different design decisions have on the calmness.
The evaluation can either focus to some predefined set of situations, or the situations
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in which the application is calm can be searched. Of course, all possible situations can
be evaluated as well, but that is quite challenging.

The situations in which a certain application is calm can be found by evaluating
the four characteristics in the order they are presented here. Before evaluating, mini-
mum values are defined for each characteristic. The first stage results in a set of situa-
tions in which the availability is high enough. At the second stage, the context-
sensitive timing is evaluated and a smaller set of situations is obtained in which both
availability and context-sensitive timing exceed the set minimum values. After evalu-
ating all characteristics, a set of situations has been found in which the application is
calm (if such situations exist).

When the application is evaluated in a predefined set of situations, special attention
has to be paid to guarantee that a low value of one characteristic does not have an
effect on the evaluation of another characteristic. For example, if the context-sensitive
timing has a low value when the user is observing relevancy of interaction, the rele-
vancy might be judged to be too low if the poor timing is not taken into account. A
low value of one characteristic can even prevent evaluating another characteristic.

Based on the presented analysis and examples, it can be said that calmness is a
challenging feature. In addition to being able to offer services everywhere the user
needs them, the situation of the user has to be recognized. Even if the state of the
environment could be recognized at a sufficient detail, the goals and desires of the
user often remain largely unknown.

The value of the availability can be high even when some software or hardware
needs to be installed before the actual service can be used — if the user experiences the
installation as a part of using the service. This is one example where personal prefer-
ences and background affect the experienced calmness. For example, some users
might feel that installing a plug-in into the Internet browser before watching a video
is quite a natural part of the task, while others might experience it distracting and
might even cancel the download.

The research on ambient displays illustrates how high courtesy of interaction can
be achieved — and high relevancy as well when the context can be recognized. But the
availability and courtesy of interaction can be difficult to achieve at the same time.
Ambient displays can produce high courtesy of interaction only at a certain limited
region. Ubiquitous courtesy requires such interaction everywhere the user needs it;
either fixed ambient displays at each location or, for example, augmented reality
displays that the user carries with her.

The difference between availability and context-sensitive timing is that when
availability is low, interaction is not possible at all at certain situations but when con-
text-sensitive timing has a low value, the application is available but the interaction is
not started automatically in right situations. By observing only the interaction offered
by the application, it cannot be judged which one is the reason for distraction; low
availability or poor timing.

We have not found any evaluation framework that would as fully cover the area of
calmness as our framework does. Indeed, the topic is not much discussed in the litera-
ture and with this paper, we hope to open a dialogue about evaluating calmness.
Abowd and Mynatt [9] discuss the challenges of evaluating ubiquitous computing
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research and state that there are no simple guidelines for steering research efforts. The
framework presented here could provide such guidelines for improving the calmness
of ubiquitous applications. Furthermore, they present that a spectrum of evaluation
strategies is needed from technology feasibility efforts to long-term use studies. At
this spectrum, our framework can be positioned near the long-term use studies.

Mankoff et al. [7] present a technique for evaluating the usability and effectiveness
of ambient displays. Their heuristics resembles closely our framework’s relevancy
and courtesy of interaction. However, they do not consider availability or context-
sensitive timing, except that their heuristics “Error prevention” corresponds with
availability; with its requirement of masking uneven conditioning. This approach of
heuristic evaluation might work well in our framework as well.

In their paper on PlantCare, LaMarca et al. [10] discuss the problem of providing
users with pleasant and meaningful interactions with practical ubiquitous systems.
They believe that the key solution is to emphasize autonomy and thereby minimize
demands on users. We agree, as more autonomy means less interaction that needs to
be developed to be calm. They state that user-oriented performance metrics are more
meaningful for ubiquitous systems than traditional measurements. They propose met-
rics such as the amount of time people need to spend installing the system, or the
amount of time the system takes to restart after a loss of power. We consider the latter
to be a subset of availability, part of our “masking faults and uneven conditioning”
measure. Installing a system can be considered to be separate from the system’s actual
function, and our whole framework can be applied to evaluating it separately.

At the Ubicomp 2001 conference, a workshop was organized on the Evaluation
Methodologies for Ubiquitous Computing [11]. Their report states that “We need to
agree upon the dimensions for evaluation, metrics that are useful for researchers and
meaningful from the end-user perspective.” Workshop participants formulated “the
beginning of a framework for evaluation.” The framework includes four axes: Uni-
versality, Utility, Usability, and Ubiquity. It is designed for measuring ubiquitous
systems in general, not calmness alone, so it is natural that some measures are in-
cluded that are rather irrelevant for us. Their framework can be used to evaluate sys-
tems from a more holistic viewpoint.

We can map into our framework other characterizations of ubiquitous applications.
Weiser defined that a ubiquitous system should be effortless, unobtrusive, and must
fulfill a real or perceived human need. Different aspects of effortless and unobtrusive
systems are covered by all four of our basic characteristics. The last feature we con-
sider irrelevant from the calmness point of view: an application can be calm even if it
doesn’t serve any human need, the interaction just must not distract the user. Abowd
and Mynatt’s [9] ubiquitous application themes include natural interfaces and context
awareness, which can be mapped into context-sensitive timing and relevancy and
courtesy of interaction. For technical requirements, they identify scaling and 24/7
availability. These are handled by our availability measure. Satyanarayanan’s [4]
characterization of pervasive computing includes minimal user distraction and mask-
ing uneven conditioning or managing variations of “smartness.” Our whole frame-
work is about minimal distraction, and masking uneven conditioning is part of avail-
ability.
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The next step in developing the framework is to use it in evaluating our prototypes

in real usage situations. In this work, creating heuristics like in Mankoff et al’s [7]
work offers interesting possibilities. We expect our framework to evolve and grow in
detail as we obtain more experience in evaluating calmness.
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Abstract. The paper deals with quality attributes for mobile web applications.
It describes typical challenges when developing mobile web applications and
relates the challenges to the ISO 9126 quality attributes. The quality attributes
are summarized to an ISO model that is focusing on the most important quality
attributes for the quality assurance of mobile web applications. Finally, the
paper proposes that applying formal quality assurance methods during the
development of mobile web applications may solve some of the challenges in
mobile web application development.

1 Introduction

The mobile Internet promised flexibility and cost efficiency comparable to the normal
web. However, experiences indicate that the development of mobile web applications
needs to consider special challenges in the areas of usability, development efficiency
and runtime consideration.

The major challenge of mobile web application development is the heterogeneity
of mobile devices and web browsers installed on the devices. The device specific
differences, such as the different form factors and input capabilities, strongly
influence the usability of a mobile web application. On the software side the device
differ in their pre-installed browsers. Currently most mobile devices, either support
WML or subset of (X)HTML. The different markup languages pose threats to mobile
web application development. Applications are either automatically or manually
adapted to the different languages. Finally the wireless network connection causes
additional threats, such as higher network delay, limited bandwidth or dropped
connections. These challenges will be investigated in depth in the “3 Challenges for
Mobile Application Development” section.

These challenges may be considered as quality problems. However, while several
studies deal with quality for e-commerce systems [9] there are no such studies for
mobile applications. An adapted quality model that investigates special issues in
quality assurance is helpful in two ways. First considering special quality attributes
will help developers in increasing the quality of their applications and leverage the
acceptance of mobile web applications. Therefore quality assurance methods may
contribute in overcoming some of today’s challenges in mobile web application
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development. Second a quality model will support researchers in comparing their
approaches in mobile web applications development and device independence.

The paper is organized as follows: the first chapter introduces the ISO 9126
standard. The second chapter describes the major challenges of mobile web
application development and relates the challenges to the affected quality attributes.
Chapter three summarises the findings of chapter two and indicates the parts of the
ISO 9126 standard that are especially affected. The paper concludes with an outlook
on future work that is required in order to archive the described goals.

2 Quality Attributes According to ISO 9126

The ISO 9126 is part of the ISO 9000 standard, which is the most important standard
for quality assurance. The ISO 9126 defines a set of the quality attributes to be used in
a quality assurance process. An overview of the defined attributes is shown in figure 1
below.
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Fig. 1. Overview ISO 9126 standard

The main quality attributes of the ISO 9126 standard are Functionality, Reliability,
Usability, Efficiency, Maintainability and Portability that are further divided into a set
of sub-attributes.
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Functionality

Functionality is “a set of attributes that bear on the existence of a set of functions and
their specified properties. The functions are those that satisfy stated or implied
needs.” (ISO 9126: 1991, 4.1). This quality attribute consists of five sub-attributes:
Suitability means that the functionality of the application fits the needs of a user to
fulfil a certain task without overwhelming the user. Accuracy means that the results
or application’s behaviour is correct. Interoperability means that the application is
able to interact with specified systems. Compliance means that the application is
compliant with standards, conventions or regulations in laws and similar
prescriptions. Security is the ability to prevent unauthorized access, whether
accidental or deliberate, to programs and data.

Reliability

Reliability is “a set of attributes that bear on the capability of software to maintain its
level of performance under stated conditions for a stated period of time” (ISO 9126:
1991, 4.2). Reliability consists of three sub-attributes: Maturity is the frequency of
software faults. Fault tolerance is the ability of a software to deal with software faults
or infringements of its specified interface. Recoverability is the capability to recover
data affected in case of a failure and measured by the time and effort needed for it.

Usability

Usability is ,,a set of attributes that bear on the effort needed for use, and on the
individual assessment of such use, by a stated or implied set of users” (ISO 9126:
1991, 4.3). The quality attribute consists of three sub-attributes: Understandability
describes the users’ effort for recognizing the logical concept of an application and the
applicability of that logical concept. Learnability is the users’ effort for learning the
application as for example, operation control, input and output. Operability is the
users’ effort for operation and operation control.

Efficiency

Efficiency is “a set of attributes that bear on the relationship between the level of
performance of the software and the amount of resources used, under stated
conditions” (ISO 9126: 1991, 4.4). The efficiency of the time and resource behaviour
is distinguished. The time behaviour describes for instance processing times and
throughput rates while resource behaviour means the amount of resources used and
the duration of use.

Maintainability

Maintainability is “a set of attributes that bear on the effort needed to make specified
modifications” (ISO 9126: 1991, 4.5). The quality attribute consists of four sub-
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attributes: Analyzability is the effort needed for the diagnosis of deficiencies or
failures and for the identification of parts to be modified. Changeability is effort
needed for modification, fault removal or for environmental change. Stability is the
tolerance of the application towards unexpected effects of modifications. Testability is
the effort for validating the modification.

Portability

Portabiltiy is “a set of attributes that bear on the ability of software to be transferred
from one environment to another” (ISO 9126: 1991, 4.6). The quality attribute
consists of four sub-attributes: Adaptability is the opportunity for adapting the
application to different environments without additional effort. Installability is the
effort for installing the software. Conformance means the conformance of an
application to standards or conventions relating to portability. Replaceability is the
opportunity and effort to use an application as a replacement for another application.

3 Challenges for Mobile Application Development

This chapter describes the typical challenges for the development of mobile web
applications and relates them to the ISO 9126 quality attributes described in the last
chapter.

Usability

There are implied restrictions on interfaces for user interaction on mobile devices
compared to a normal desktop browser. Porting an application from a desktop to a
mobile version therefore requires adaptations with respect to output, input and
navigation.

The output capabilities of mobile device are determined by their screen, which can
range from small monochrome to VGA/SVGA size displays. The screen limits the
amount of information for simultaneous display and therefore the bandwidth for user
interaction. Applications need to consider this limitation, for example by distributing
information across multiple pages or adapting the content of the application [8] [7].

The limited input capabilities are due to size constraints of mobile devices that are
usually not equipped with a full size keyboard. The performance for data input is
therefore compromised. This must be taken into consideration by applications that
should limit the amount data input to the minimal required data. In addition, an
application developer should select those input widgets that are most appropriate for
the input hardware. For example, when designing a date entry field for a mobile
phone, an application should use numeric input widgets (i.e. an input field) instead of
selection widgets (i.e. a DropDownBox) since mobile phones are usually equipped
with a numeric keyboard that supports numeric input best.

An example shows the effects of different user interface widgets when using a
device with limited input capabilities. We evaluated multiple versions of a widget for
inserting a date on a Motorola Timeport mobile phone. Fig. 2 and Fig. 3 show two
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alternative versions: one using input fields (Fig. 2), the other one using selection
boxes (Fig. 3). For the first version the user uses the numeric keypad to insert the
date, for the latter version the restricted navigation facilities of such keyboards come
into play — the version is far less usable on the mobile phone.

2 <No title>

Index Edit

Fig. 3. Date Input - Select version

During the user trial we found that on the average the users needed 18.3 seconds to
complete version one while they needed 23.7 seconds for version two. This indicates
that for the mobile phone numeric input methods should be used in favour to selection
based methods. Similar results for the Nokia 7110 indicate that this is the general
trend for devices with numeric keypads.

Another important observation is that the navigation concept needs to be adapted to
the device. For instance, applications that are running on devices equipped with a
touch screen should support a hypertext based navigation, while for the same
application a menu based navigation may be more appropriate on a devices equipped
with selection buttons only.

Generally, the functionality of web applications targeted for the use on a desktop
are too complex for a direct transformation to mobile devices. Mobile web
applications should be focused and simplistic in order to minimize the required
interaction. Therefore, not only the individual user interface widget needs to be
adapted, the overall complexity of the web application should not overwhelm the
user. Functionality that is not required to complete a task should be left out for those
devices with restricted user interfaces.

In addition mobility influences the quality attribute operability for interactive tasks
- data input and navigation. The hardware limitations require additional user attention
to operate the web application when inserting data or navigating. Additionally, the
surrounding environment has an impact on the interaction. A user may be distracted
and/or in motion when using his mobile device, therefore the accuracy, speed and
correctness of the input may be lower.

In conclusion, the quality attributes usability and functionality are especially
important and currently a major threat for the success of mobile web applications.
Therefore the quality attributes usability, operability and especially suitability need
special consideration when designing and implementing mobile applications. Quality
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assurance methods should be applied during the development process so an
application meets the required quality standards.

Technology Impact

Technology is no longer a guarantee for commercial success. Economics is an
important factor for the success of mobile web applications. The costs — network and
application - for using an application needs to be considered and a service has to
provide an added value to the user that is willing to pay for the service. Currently, the
costs for using a service consist of a service fee and network costs. We focus on the
network costs, which currently have a greater impact compared to non wireless
networks. In GSM networks the network costs are either time or volume based.
Mobile applications should therefore try to minimize the time a user needs to
complete a task and the amount for data send to the client. This contributes to an
application’s suitability as well as a time and resource based efficiency.

Suitability and costs have another effect on mobile web applications. The
applications are more focused and the usage times are reduced. Therefore the times
invested for understanding and learning about the application should be reduced as
well. Otherwise, the users could reject the application. This goal may be reached by a
common applications design or by using use patterns. However the quality attributes
learnability and understandability need special consideration.

Mobility and Context Changes

As mobile web applications are used in different environments, a mobile web
application is subject to continuous context changes. The context influences the
application, which needs to adapt to those context changes. For example, the location
is irrelevant to an office situation where location changes are infrequent. For a mobile
web application this situation is different. When used on the road the location is very
important, information that may be used to increase the suitability of an application.
For example the approach described in [10] uses a user’s location to replace certain
location dependent user inputs in order to decrease interactivity of the mobile web
application. The decreased interactivity decreases the usage times that contributes to
the suitability of the application.

A changing context is the nature of mobile web applications that must adapt to
those context changes. Context changes have a strong influence on the software
engineering process [5] of an application as well as quality engineering. The quality
attribute suitability is especially affected.

Wireless Network

In the early days of mobile internet access, technology problems, such as network
stability and networks delays, were identified as major issues. Nowadays
communication technologies (e.g. devices, networks) have reached a level of maturity
that allows abstracting from those issues. However, the differences in the quality of
service of mobile networks still differs from the quality of service of fixed networks
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and therefore need consideration in the development process of mobile web
applications. Network latency and the limited bandwidth also influence the
application development. For example, the delay in loading pictures on a mobile
device requires text oriented mobile web applications in order to increase the suitable
of the application.

Another challenge for wireless network access is security. Tampering a wireless
connection is much easier compared to fixed lines. In addition the limited processing
power limits the level of the supported security standards. For example WTLS
encryption that is used for WAP devices is less robust compared to SSL that is used in
the normal web. The differences require special consideration in requirements
engineering and quality assurance - especially the quality attribute security.

Device Heterogeneity

The heterogeneity of devices is causing an increased development effort for mobile
web applications. Currently there is a lack of accepted application level models for
user interaction and content presentation (UICP) which satisfies the needs of efficient
application development and device specific limitation. In addition, maintaining
multiple device dependent versions is labor intensive, compared to the a few common
alternatives, which have to be maintained for normal web applications. Various
approaches are being considered stressing different constraints and expectations.

The mechanisms of the World Wide Web have set the standard for UICP based on
PC browsers. A large number of existing HTML pages induced efforts to achieve
automatic transformation into representations which can be rendered on handheld
devices with considerably smaller screen sizes. Such approaches [1] target page
transformations based on syntactical analysis of a given HTML page, element type
specific reductions (e.g. image rescaling) or exclusions of content parts based on
assumptions about the semantics of HTML content parts. Experiments with such
systems have shown that, while generated presentations are legible, the aesthetical
quality of achieved presentations is rather low [1].

A second school of thought advocates the development of distinct UICP models to
be used in the context of distinct devices. Providing a dedicated UICP model for
every possible device ensures maximal UICP adaptation, at the expense of
development cost [12]. To alleviate this situation, approaches such as [12][2] consider
the provision of UICP models for a number different device classes. Still, UICP
definition needs to be done several times.

Regarding implementation efficiency, defining and implementing a UICP model
which can be reused for every possible end user device is an ideal approach.

To support such device independent authoring various techniques have been
considered including:

e abstract user interfaces mapped onto a concrete Ul representation of an employed
device [11][13][3])

¢ content elision and transcoding techniques [1][8]

e presentation structure adaptations such as for dynamic layouting and pagination

[81(71.
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The challenge common to all approaches is finding an optimal tradeoff between the
quality and the development effort. The need for automation requires a high level of
adaptability of applications as well as the supporting environment. In an ideal case an
automated transformation system requires no additional modifications of the
application are necessary. However, such a maturity level is difficult to reach —an
evolutionary development approach [4] that starts with an application for a smaller set
of devices which is extended to new devices is much more likely. The author of
device independent applications is required to partially port or at least add additional
meta-information for an adaptation engine for new devices. The frequent changes
require a maintainable application. Changeability and stability are especially
important for mobile web applications. In an ideal case an author is able to invest the
minimal effort required to archive the predefined quality level.

Relation of Development Challenges and the ISO 9126 Standard

The challenges for the development of mobile web applications are partially quality
challenges. The fact that a software project is developing for a mobile client needs to
be considered in requirement analysis and quality assurance. Table 1 summarizes the
relationships between mobile challenges and quality factors according to the ISO
9126 standard.

Table 1. Impact of mobility on ISO 9126

=F
Usability — Output /
Form factor consideration Suitability
Usability — Input / Usability
Form design Suitability
Operability
Usability — Navigation Usability
Suitability
Operability
Network limitations Resource based Efficiency
Time based Efficiency
Wireless connection Security
Suitability
Context changes Suitability
Short usage times Understandability
Learnability
Application development for Portability
heterogeneous devices Adaptability
Changeability
Stability
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The table lists the challenges in the development of mobile web applications that
have been identified in the course of the chapter on the left hand side and the affected
quality attributes of the ISO 9126 standards on the right hand side.

4 Challenges Mobile Application Development —
A Quality Problem?

As described in the last section a couple of challenges in mobile web applications and
the development of such are related to quality issues. The most urgent challenges for
mobile web applications concern increasing the usability and the suitability of mobile
applications. Both are important quality factors listed in the ISO 9126 standard. A
second challenge is on increasing the efficiency of mobile web application
development. The heterogeneity of devices requires porting and adapting the
application to new devices with new requirements towards the applications.
Increasing the quality of the development processes and products/program code in the
areas of portability and maintainability will help to lower the cost when adding a new
target platform. Finally, the limited processing and network resources require efficient
use of the available resources.
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Fig. 4. ISO 9126 - Effects of mobile web applications
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An overview of the impacts of mobile web applications on the ISO 9126 standard
is shown in Fig. 4. The quality attributes that have been identified of special interest
for the development of mobile web applications during the course of the paper are
marked bold.

The adapted ISO standard may be used to support the development in tracking the
most important quality attributes for mobile web applications. The attributes should
be especially considered in the requirement phase. Applying software and quality
assurance methods to the development should then lead to increased quality of mobile
web applications and therefore better acceptance of future generation of mobile web
applications.

5 Conclusion and Future Work

The paper discussed the ISO 9126 standard with respect to the development of mobile
web applications. We introduced the standard, explained typical challenges in mobile
web application development and linked those challenges to the quality attributes of
the standard. The result is a list of quality attributes that require special attention for
mobile web application development projects. The final goal of the research is
applying quality assurance to help improving mobility challenges.

The next steps for our research is a deeper investigation on the core quality
attributes and on methods for measuring those under the requirements imposed by
mobile web development, namely the heterogeneity of device that may be too labor
intensive, for quality assurance comparable to effort for the development of
applications. This may also imply changes to the general software development
approaches such as HORIZON [6] process that is used within SAP.
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Abstract. The institutionalization of a Quality System improves the levels of
technical and managerial efficiency of Enterprises. Moreover, the market itself
solicits the acquisition of a Quality Certification for getting a steady confirma-
tion of Enterprise’s capabilities. The introduction of a Quality System in Small
and Medium Enterprises can entail prohibitive costs for them and affect their
agility and flexibility. The paper proposes a lightweight approach as a solution
to either avoid or reduce such drawbacks; it consists of a method for re-
designing processes and a software system to control and monitoring processes’
execution. Consequently, a research question arises: is the approach suitable for
establishing a Quality System effectively in a Small Medium Enterprise? In or-
der to have a preliminary evaluation of the proposed approach, a case study has
been carried out in an Italian Enterprise, aiming at owning VISION 2000
Certification.

1 Introduction

Establishing a Quality System is widely recognized as a way to improve the produc-
tive and economical assets of an enterprise through a best technical-managerial effi-
ciency. The Quality Certification, as for Vision 2000 [9] or CMM [13], also improves
the perception of the enterprise on the market. Indeed, it confirms the capabilities of
the enterprise to produce and deliver products with constant and defined characteris-
tics.

Certification is also essential to participate in most public tender and private part-
nership. In summary, the introduction of a quality system is mainly motivated by the
market rather than be an autonomous choice of the enterprise.

This has a relevant impact on Small and Medium Enterprises (SME). As a matter
of fact, the introduction of a quality system in a Large Enterprise presents several
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difficulties [8, 12, 10]; it is even more complex for SMEs, due to the following major
concerns:

e the cost to be faced for defining and enacting the Quality System;
e the need for not compounding the enterprise organization with formal proce-
dures.

Indeed, one of the main competitive advantages of SMEs is their agility and flexi-
bility, and these could be seriously obstructed by the use of heavy procedures. SMEs
cannot easily bear the costs for the introduction and maintenance of a Quality System.
Moreover, also the cost of the overall production process may be increased by per-
forming the Quality Assurance activities. A reasonable solution to avoid this draw-
back could be the use of lightweight [14] approaches in terms of methods and soft-
ware tools.

This paper proposes a lightweight approach for establishing a Quality System in
the context of SMEs and, as research question, discusses the effectiveness of using it.

In particular, the three following research questions have been investigated:

Q_1. The actual processes are compliant with the procedures defined in the Quality
System.

Q_2. The cost for defining the Quality System fits well with the budget needs and
constraints.

Q_3. The used methods and tools ease the institutionalization of Quality System:
they allow the diffusion of the knowledge about the process within the overall
enterprise, and the reduction of the costs for executing the processes.

More specifically, the proposed lightweight approach has two perspectives:

o  From the methodological point of view a method has been defined in order to
design the process model;

e From the technological point of view the use of a software system has been
adopted for facilitating the control and monitoring of the process execution.

The chosen open source software system to support the process enactment was
GENESIS (Generalized ENvironmEnt for procesS management in cooperative Soft-
ware) [1, 17]. Thanks to its characteristics of flexibility and adaptability it represents
an optimal trade-off between benefits and costs.

In order to give preliminary answers the research question, the paper discusses a
case study aimed at the introduction of a quality system in Elisys S.r.l, a SME work-
ing in the production of electronic systems, including the control and application
software. The Vision 2000 standard for the definition of the Quality System has been
used, and a first validation of the approach has been achieved by the application of
the Goal/Question/Metric paradigm [21, 22]. Questionnaires have been submitted to
the process actors and interviews have been conducted with the enterprise managers
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in order to carry out a qualitative analysis on a pilot process. The results encouraged
the enterprise to extend the approach to the other processes.

The paper is structured as follows. Section 2 discusses the method used for defin-
ing and modeling the production process. Section 3 briefly presents the open source
software for process management support. Section 4 gives a description of the case
study. Section 5 summarizes the outcomes of the case study. Finally, concluding
remarks and lessons learned are given in section 6.

2 The Method Used for Defining and Modeling the Production
Process

In the context of SMEs the production process is frequently designed ad hoc during
the production activities and it is not formalized a priori. More often, the process is
informally defined and partially documented. Then, most of the knowledge about the
process is owned by the people involved in the process, under the form of tacit
knowledge. Finally, even if the process is defined and documented, when executed
actual instances present significant differences with the formalized procedures.

The use of well-defined and documented processes could significantly improve the
competitiveness of an enterprise. In this way it is possible to maintain a performance
level and facilitate its improvement through the identification of bottleneck or further
problems. Moreover, a well defined (and graphically modeled) process can facilitate
its understanding and enactment by the actors involved.

Precisely, claimed advantages of modeling processes include [16, 18, 5]:

1. Enable effective communicating the description of a process to others, such as
managers, process users, process developers, researchers and users.

2. Reusing the process itself.

3. Support the evolution of the process. Process elements can be saved in a data-
base for modification, learning, and tailoring.

4. Facilitate effective planning, control and management of process.

5. Automation of the process in process sensitive environments.

6. Analysis of static and dynamic inconsistencies in the process.

However, the definition and modeling of a process is difficult and resource con-
suming. The proposed method to define and model production processes presents two
peculiarities, both related to its agility. The first peculiarity is its light formalism, in
terms of documentation to be produced and of the procedure’s detail level. The sec-
ond peculiarity is the applicability to different business contexts.

The main expected effects are: the simplification of procedures; the reducing of the
effort for documenting the processes; and finally the impact on costs, that are directly
connected with the costs of no quality.

Other practices have been used in the recent and far past, characterized by a strong
awareness at well detailed procedures and documentation production. The business
process reengineering experiences basically point out such characteristics [7, 11].
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The proposed method for process definition and modeling, in the form of a Data
Flow Diagram (DFD), is shown in Figure 1. It consists of four main steps described in
the following.

¢ Analysis of the current process. The first step to be performed is the collec-
tion of all the information regarding the organization and its processes. This
is addressed conducting interviews with the personnel of the enterprise in or-
der to understand their objective and work modalities. During these inter-
views it is important to consider what is already formalized in the enterprise
documentation. Then all the Production Procedures formalized are analyzed.
The aim is to verify which are the processes (or part of processes) already
formalized, understand their structure and their deliverables. The result of
this step is the description of the Actual Production Process performed in the
enterprise. This description can be both informal (i.e. in natural language) or
formal (i.e. with a formal specification of the workflow).

| Personnel | New Process Model

Actual Production Process

Interviews

2, Gap analysis
between formalized
process and actual
process

3. Definition and
modeling of
the production

4 Verification
and Validation

Formalized Production
Procedures

New Formalized Production
Procedures

Gap between Formal and
Actual Process

Fig. 1. Reference method for process definition and modeling

e Gap analysis between formalized procedures and the effective processes.
Where a formal description of the production process exists, it is important to
conduct a gap analysis between the formalized process and the process actu-
ally performed in order to identify differences, where existing. Such differ-
ences can be due to the personnel of the enterprise who does not respect the
formalized procedures and tend to modify them without formalizing the
changes as this could be too complicate.

e  Definition and modeling of the process. The description of the performed
production process and the analysis of the differences identified are used to
define the new process. Then the process is modeled using a graphical repre-
sentation that facilitates the understanding and enactment by the process ac-
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tors. Graphical representation can be achieved by different modeling para-
digm, such as UML activity diagrams. This can reduce the typical hostility to
the innovations of the personnel and encourage the application of the process
itself.

*  Verification and Validation. The process and the model defined have to be
verified and validated through monitored execution of the re-designed proc-
ess in order to highlight new differences between the formalized process and
the performed one. This allows to promptly updating the model and related
documentation. At the end of this step the final version of the process model
and its documentation are delivered.

3 Genesis: An Open Source Tool for Process Management

It is well known that large enterprises increase their processes quality by using soft-
ware technologies for process management and control [20, 19, 15].

A representative set is briefly analyzed, including EPOS; SOCCA, SPADE, Spear-
mint, and then the GENESIS environment is presented.

3.1 Process Modeling Technologies

EPOS [4] (Object-Oriented Cooperative Process Modeling) considers a process as a
chain of tasks and products; tools and roles can be assigned to each activity. EPOS
lets the process engineer define different kinds of rules for the tasks: dynamic rules
for temporal and logic conditions; static rules for consistency check; rules expressing
conditions concerning the specific application domain.

SOCCA (Specifications of Coordinated and Cooperative Activities) [3] integrates
three different perspectives from which the process can be described. The first per-
spective concerns the static aspects of the process: what the process produces, what
the process requires to be activated, which part of the external universe is affected by
the process. In this phase the Entity Relationship Diagram is used. The second per-
spective regards the transformation of the data set: how data computations are per-
formed through the activities. This perspective is formalized through Data Flow Dia-
grams. The third perspective deals with the behavioral aspect: which is the specific
algorithm that characterizes each procedure. This information is captured through the
State Transition Diagram.

SPADE [2] was a joint project of Politecnico Of Milan and CEFRIEL. It is based
on the SLANG process model language. The peculiarity of this technology consists of
basically two features. Firstly, it relies on formalism of Petri Net in order to express
the dynamic aspects of the process. Secondly, it presents different levels of abstrac-
tion for the process model, managed with a hierarchical structure. When a more de-
tailed view is required, an activity can be exploded in the next level sub-process.
Moreover the same sub-process can be reused in different process models.
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Spearmint [23] is an environment for modeling, analyzing and maintaining com-
plex process models, ideated at the Fraunhofer IESE and applied to both internal and
external industrial software processes. The main features of Spearmint are summa-
rized in the following. The process is considered as a set of activities that produce,
consume or modify artifacts; roles and tools can be assigned to each activity. In order
to augment flexibility in providing information about the process, different levels of
abstraction, detail and structures are represented. The process can be displayed with
partial views in order to avoid the overhead of information to the process user.

The costs of such applications could not fit with the exigencies of small enter-
prises. The nature of these costs is two-fold: commercial one, that is the marketplace
prize, and organizational one, that is the impact of the adoption on organizational
processes and competencies. The use of GENESIS represents an opportunity because
of two reasons: it is open source and the subjects involved in the experience were
well familiar with it.

3.2 GENESIS Environment

GENESIS is an open source platform designed for supporting the cooperative man-
agement of software processes within a European Project. It appeared to be suitable
for the application in the context of small organization, even different by the area for
which it has been defined.

Genesis specifically support the management of software project. Moreover it pro-
vides interesting features for cooperation and communication among the people in-
volved in the process. The system is based on a rational combination (goal driven) of
product-centric and process-centric views of the design, implementation, testing and
maintenance phases of software projects.

The GENESIS platform consists of different subsystems integrated through a com-
mon web client and coordination application logic layer:

¢ Resource Management System: it manages the user data, project data, alloca-
tion data of the users in the projects and the access control to the GENESIS
platform. Its services can be accessed by the users through the GENESIS
manager client module.

o Artifact Management System: it is responsible for creation, modification, de-
letion, and storage of artifacts. It provides facilities for indexing and search-
ing the artifacts and collecting appropriate metrics.

e  Workflow Management System (WfMS): it is in charge of the definition, in-
stantiation, and execution of software processes. It provides functionalities to
produce an abstract model of the process, by using the Process Definition
Tool, that can be completed later using the Project Management Tool, that
allows the creation of project according to process models defined. The
Workflow Enactment services allow the management of the to do list and the
routing among the process activities depending on events raised within an
activity.
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e Event Engine: it is in charge of collecting events that happen during the
process, such as the production of an artifact or the termination of an activ-
ity, and notifying them to the different software components and users of the
GENESIS site and other cooperating sites.

o Communication System: it provides both synchronous communications,
managed by a forum system, and asynchronous communications, managed
by a mail system.

4 Case Study

The approach for process definition and modeling and the GENESIS environment,
have been adopted, in Elisys S.r.l., with the aim to verify the real benefits that it can
introduce for supporting Quality System.

The Elisys S.r.l. is located in the district of Caserta, Italy. It was found in 1987 by
a group of software engineers coming from multinational organization operating in
the development of TLC devices. It works in the context of the development of elec-
tronics products with high technological content. It owns the production cycle from
the ideation of the product to its implementation.

The organic of the enterprise consists mainly of working partners. In the 2001 the
personnel was of 16 annual working units, external consultant are involved when
needed.

The company already had a Quality System certified by the ISO 9001:1994 norma-
tive, but the strategic plan of the company foresees the improvement of the quality
system with the adjustment to the certification ISO 9001:2000. Finally, the company
had already developed an ad hoc software system to partially support some of the
activities of the production processes related to the Human Resource Management
and the Supply Chain.

In this organizational context the approach for process definition and modeling and
the GENESIS environment has been adopted. The following sub-sections discuss the
application of the approach to the ‘Design and Engineering Process’.

4.1 Analysis of the ‘Design and Engineering Process’

The first step of the method required an active collaboration of the personnel and two
weeks of work.

During this phase, information concerning the organization and organizational
processes has been acquired, both by referring to the existing prescriptions of Quality
System’s documentation, and throughout interviewing personnel.

The interviews aimed at understanding the procedures and the operational behavior
used by the personnel for executing all the different tasks, neglecting all that was
formalized within Quality’s documentation; as a result, the process actually imple-
mented was obtained.
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4.2 Gap Analysis between Production’s Formalized Procedures and Real
Process

In this phase, the process actually implemented was compared with what reported in
the Organizational Procedures and relative Operative Instructions; those are part of
the certified Quality System’s documentation.

In order to achieve this goal, monitoring of Departments was accomplished, with
the support of cards summarizing all the exiting documentation that rules the activi-
ties of the monitored area; furthermore, ad-hoc produced checklists were used.

As a result of this monitoring, a relevant gap was discovered between the formal-
ized reality, described within the Quality System, and the processes actually per-
formed. This situation highlighted the existence of difficulties in applying correctly
the Quality System procedures.

The Quality System was not perceived as ‘usable’, due to a certain ‘bureaucratic
heaviness’ it introduced and some redundancies it presented. A further cause of the
gap was due to the organizational restructuring. In that period the Company was turn-
ing to a divisional structure from a functional one.

On the basis of such results, the Organization chose an overall re-organizing ap-
proach, in order to face all the concerns arisen from the monitoring, rather than forc-
ing the existing process to be comliant with the one described in the documentation.
The motivations stood basically in the higher costs required by this kind of interven-
tion. Furthermore documentation needed to be upgraded anyway, in order to adequate
to ISO 9001:2000’s body of rules.

Moreover, the need for an Information System (IS) supporting both the Quality
System and the flow of the Organizational Processes arose. The IS would have to
generate information related to process indicators, for supporting business decisions
making of the CEO. Such a lack caused a strong additional discomfort in the correct
managing and verifying of Organizational activities.

4.3 Definition and Modeling of the ‘Design and Engineering Process’

In this step new processes’ models with the documents regarding the Organizational
Procedures (OP) and Operative Instructions (OI) were defined and realized. In the
new versions of OPs and Ols redundancies, overlapping and inconsistencies, present
in the following versions, have been removed.

This made documentation slender, with a reduction of about 50% for the OPs and
of about the 12% for the Ols. The processes were graphically modeled by the Activ-
ity-Object Diagrams (derived form the UML Activity Diagram): each diagram de-
scribes a specific production process; each diagram carries activities characterizing
the process, describes the execution’s sequence of the activities (parallelism of execu-
tion between activities may be expressed also), indicates the input and output for each
activity.

Different symbols and notations are used within the diagrams in order to: refer to
different kinds of activity; indicate connection points with other processes; identify
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the input and output of each activity, the decision points, the process’ start and end
points; entry notes; define the responsibilities for each activity.

A hypertext web-based system, accessible from the Company Intranet, was real-
ized in order to improve the usability and the accessibility to this documentation. The
system let each employee retrieve documents needed for knowing what has to be
produced and how to operate, according with the defined Quality System, directly
from his/her own workstation.

The system lets everyone know and accede to the modifications done on either the
Process model or the OPs and Ols suddenly: on the contrary, the use of the traditional
paper based diffusion not ever let that. The Figure 2 shows a typical screenshot of the
system realized: in the right, the process’ diagram is displayed whereas, in the left,
information concerning the selected diagram’s element (document or activity) is
displayed.
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Fig. 2. A screenshot of the web based application realized for supporting usage and access to
Quality System documentation

After having defined, modeled and provided with the related documentation all the
processes, a support for the automation of the process “Design and engineering” was
provided, by the tool GENESIS. This process was used to verify and validate the
approach and to evaluate its quality against the customers’ expectations, within a real
project. The project dealt with the realization of a GSM system based on ‘“‘satellite
technologies”, and included the realization of software, hardware and mechanical
components.



140 L. Aversano et al.

All the activities and the transitions in the model, together with all the input and
output documents’ flows of the activities were defined, by using the features of the
GENESIS’ WfMS component. Then, resources’ allocation to the project was defined
with the GENESIS’ Resource Manager System component.

4.4 Verification and Validation of the ‘Design and Engineering Process’

In the last step of Verification and Validation, the “Design and engineering” process
was executed, aiming at verifying and validating the proposed approach. The tools
utilized for this purpose were those of Training and Monitoring. By ¢ Training’ it is
meant a persistent support for the personnel both in terms of comprehension and
interpretation of the model and of accomplishment of it, throughout the function
“Analysis, Measures and Controls”.

The purpose consisted of validating the processes’ models and assuring that their
modification and evolution was enough easy to quickly tailor them to modification
and evolution of the productive processes. This kind of approach was chosen mainly
for this reason: the personnel operating the function “Analysis, Measures and Con-
trols”, responsible for controlling the process during the execution in term of both
produced documentation and quality registrations, was just the same personnel ana-
lyzed and modeled the processes; consequently the most suitable for providing such a
support.

With the Monitoring the correct execution of the processes in conformity with the
models was verified. GENESIS resulted very suitable for the purpose, because well
accepted by the personnel, especially thanks to its operational flexibility; moreover, it
was considered not much invasive, notwithstanding the evidences of what verified
must be communicated officially to the correspondent person in charge.

The execution of this step pointed out that the adoption and usage of hypertext sys-
tem within the organizational intranet brought a relevant improvement of the actual
and correct application of the formalized processes; employees’ comprehension of the
process to be executed is increased.

The employment of GENESIS let the employees involved in the project and as-
signed to some activities accede to “ToDo List”, see Figure 3, in order to get ac-
quainted with the activities to be performed and their current state (ACTIVATED or
SCHEDULED).

S Analysis of the Case Study

The case study described in the previous section aims at providing a preliminary
evaluation of the proposed lightweight approach’s effectiveness. The current section
discusses the analysis of the experience.

Concerning the research question Q_1 ‘The actual processes are compliant with
the procedures defined in the Quality System’, useful indices are offered by the ‘Gap
Analysis’ step. The lightness of the approach helped the identification of the correct



Introducing Quality System in Small and Medium Enterprises: An Experience Report 141

process actually performed by the enterprise. Moreover, the management of both the
activities’ and documents’ flow has been automated in the GENESIS environment. In
this way the effort needed for carrying out activities was minimized and ambiguities
due to the circulation of not definitive documents’ versions were avoided; as a matter
of fact, GENESIS let automatically the distribution of stable documentation only,
reducing errors.

Finally, the employees performed the process as it was modeled, completely ful-
filling the Q_1 research question. The only exceptions were little dissimilarities due
to a few residual ambiguities / inconsistencies within the documentation. GENESIS
provided the employees with leading and controlling during the activities the process
consisted of. This was a further guarantee of process compliance with the Quality
System.
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Fig. 3. A screenshot of the GENESIS ‘ToDo List’

Concerning the research question Q_2 ‘The cost for defining the Quality System
fits well with the budget needs and constraints’, it is necessary to introduce what costs
mean. On the one hand, it must be considered the cost due to the application of a
methodological approach; the proposed approach imposes a few constraints because it
is defined at a high level of abstraction. In this way it leaves organization free to spe-
cialize its application as well as allowed by the planned expense. On the other hand,
the costs due to the introduction of the software should be considered. The use of an
Open Source environment could assure cheapness in this direction. In particular, the
cost for acquisition of GENESIS was null while the costs of training was low thanks
to the background knowledge of people involved in the experience. From the case
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study it resulted that the actual costs was close to the expected ones and the confirma-
tion for this has been achieved by an evaluation of the approach’s Quality.

The evaluation aimed at comparing the Expected Quality with the Actual Quality.
The Expected Quality was defined by the authors with respect to project’s and user’s
documentation of the tool GENESIS; concerning the organizational processes, the
authors referred to body of rules ISO 9001:2000. The evaluation of the actual quality
was realized by applying the methodology of Goal/Question/Metric (GQM); relying
on GQM, ad-hoc questionnaires were written and then submitted to the employees
involved in the monitored project, previously described. The quality model selected
as reference in order to accomplish the evaluation was the ISO 9126; more precisely,
the features considered and thus evaluated were those reported in [6]: functionality,
usability, efficiency, reliability, and portability.

One Goal was associated to each model’s characteristic directly connected with the
costs. A set of Questions was defined for each Goal and reported within a question-
naire. An overall amount of 30 questions was defined for the evaluation of
GENESIS’ features and 13 questions for the evaluation of the method.

For each question one answer among four predefined answers could be chosen; an
integer value corresponded to each answer, varying in the discrete interval (0,1,2,3),
together with a weight associated to each question; in this way a metric was defined,
aiming at evaluate the quality characteristics. A mapping function was established,
reported in table 1; it linked the metrics’ values computed on the basis of the given
answers in the questionnaires and an ordinal scale, used for evaluating the character-
1stics.

Table 1. Mapping between metric values and characteristic values

Measured Value Characteristic Value
0.000 < X < 0.800 Low

0.800 < X < 1.550 Medium

1.550 < X <2.300 High

2.300 < X £3.000 Very high

The actual values obtained for each evaluated characteristic both for GENESIS and
for the proposed method are reported in the Table 2. These values are compared with
the expected ones; the gap between the expected values and the actual ones is indi-
cated. The gap null supports the conjecture of costs reduction. As it can be noticed
from the Table 2, only in two cases the actual values differ, in pejorative manner,
from the expected one and in both cases for the tool GENESIS. This is due mainly to
two reasons. The tool was in a prototypal version; this affected the usability. The
people held greater expectations with regard to the support the tool was supposed to
provide; this affected the feature of functionality.
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Table 2. Comparison between the expected values and the actual ones.
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Actual

Expected

Element Characteristic Value Mapping valiie Gap
Genesis | Functionality 1,277 Medium High -1
Genesis Usability 1,442 Medium High -1
Genesis Efficiency 2,035 High High 0
Genesis Reliability 2,059 High High 0

Genesis Portability 1,904 High Hquh 0

Method | Functionality 1,811 High High 0
Method Usability 1,958 High High 0
Method Efficiency 1,972 High High 0
Method Reliability 2,166 High High 0
Method Portability 2,055 High High 0

The last the research question Q_3 is ‘The used methods and tools ease the institu-
tionalization of Quality System: they allow the diffusion of the knowledge about the
process within the overall enterprise, and the reduction of the costs for executing the
processes’. In order to verify the fulfillment of this goal some post-experience inter-
views have been conducted with the top management. They pointed out a strong
commitment of the people involved in the process, due to a great awareness and con-
sciousness of tasks’ execution procedures. The approach fosters the optimization of
procedures and organizational resources in order to meet process’ business goals.
This leaded to a major reduction of effort dispersion and consequently to a reduction
of costs.

6 Conclusions

SMEs encounter specific problems when dealing with both management and defini-
tion of productive processes quality, modeling and implementation; the main hurdles
regard identification and representation of the elements processes consist of and the
relationships between them in order to monitor, control and act properly, accordingly
with the rising needs. This paper presented a lightweight approach consisting of dif-
ferent phases, indicating the interventions to be accomplished within an organization
in order to identify the processes; it was described also an open source software sup-
porting the workflow management.

The proposed method was applied to an enterprise context, the Elisys S.rl. , an
Italian Small Industrial Enterprise located in the district of Caserta and working in the
field of electronic systems’ and associated software design and production. The ac-
complished experience carried out very encouraging outcomes; they showed that the
agility of the method presented allowed to effectively establishing the SME’s Quality
System.
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In particular, the following preliminary conclusions about the effectiveness of the
approach can be drawn:

1. The processes actually performed are strictly compliant with those formal-
ized. As matter of fact, the employees involved in the process were facili-
tated to follow rigorously the activity flow implemented in the GENESIS
environment, due to the process control of the WEMS.

2. Thanks to the agility of the method, the cost for defining the Quality System
was acceptable with regards to the expectations of the Enterprise’s top man-
agement. More precisely, the expended effort was 3 months/man; 2
months/man were necessary for the implementation of the method and the
development of the prototype in GENESIS. The rest of the time was spent in
conducting interviews and making observations about the process model.

3. According to top management’s considerations, the institutionalization of the
process was successfully achieved, mainly due to the agility of the method.
Firstly, the overall lifecycle time of the process resulted reduced and conse-
quently the costs were decreased. Secondly, the knowledge of the process
was widely spread among the people in charge in the process: indeed they
were correctly acquainted with all their responsibilities.

Further observations, not directly connected with the focus of the study, emerged
from the case study. The first one regards the use of Vision 2000; compared to the
past editions of standard for Quality it seems to be more appealing for the small and
medium enterprises. Due to its lower complexity, it results less expensive to be im-
plemented. The second one concerns the GENESIS environment, that resulted easy to
be adapted to different contexts without impacting its effectiveness.

As future work we aim at investigating further applications of the method, possibly
in different contexts, headed to enforce the evidence of our conjecture: the light-
weight approach’s effectiveness in defining SME’S Quality System.

Acknowledgments. We would like to thank Emiliano De Gregorio, Master of Sci-
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proposed approach and its application in Elisys S.r.L
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Abstract. Software companies are becoming more and more concerned about
software process improvement, when they are promoting the improvement of
the final products. One of the main reason of the growing interest in software
metrics has been the perception that software metrics are necessary for soft-
ware process improvement. Measurement is essential for understanding, defin-
ing, managing and controlling the software development and maintenance
processes and it is not possible to characterize the various aspects of develop-
ment in a quantitative way without having a deep understanding of software
development activities and their relationships. In this paper a representative set
of metrics for software process models is presented in order to evaluate the in-
fluence of the software process models complexity in their quality. These met-
rics are focused on the main elements included in a model of software proc-
esses, and may provide the quantitative base necessary to evaluate the changes
in the software processes in companies with high maturity levels. To demon-
strate the practical utility of the metrics proposed at model level, an experiment
has been achieved which has allowed us to obtain some conclusions about the
influence of the metrics proposed on two sub-characteristics of the maintain-
ability: understandability and modifiability, which besides confirm the results
of a subjective experiment previously performed.

1 Introduction

There is a direct correlation between the quality of the process and the quality of the
resulting software products and for this reason companies are becoming more and
more concerned about software process improvement, when they are promoting the
improvement of the final products. To support the software process evaluation and
improvement, a great variety of initiatives have arisen establishing reference frame-
works. Among these initiatives, of special note are CMM [17], CMMI [18] and the
ISO 15504 [11]. Among the above-mentioned improvement initiatives, CMMI (Ca-
pability Maturity Model Integration) stands out as being especially important. Within
the context of CMMI, the company should continuously understand, control and
improve its processes, in order to reach the aims of each level of maturity. As a result
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of effective and efficient processes, a company will, in return, receive high quality
products that satisfy both the needs of the client and of the company itself.

One of the main reason of the growing interest in software metrics has been the
perception that software metrics are necessary for software process improvement [7].
Measurement is essential for understanding, defining, managing and controlling the
software development and maintenance processes and it is not possible to characterize
the various aspects of development in a quantitative way without having a deep un-
derstanding of software development activities and their relationships [15].

Therefore, in order to provide the a quantitative basis for the improvement of
software process it is necessary the measurement of the process, but before it is nec-
essary to know the elements involved. For this reason the issue of process modelling
has received growing attention in the software community during last years. The
process model is seen as the starting point to analyse, improve and enact the process,
but the need of strict coupling between process modelling and process measurement
has not yet clearly emerge [13]. We have treated this issue in previous works [8;9].

In this paper a representative set of metrics for software process models is pre-
sented in order to evaluate the influence of the complexity in the software process
models in their maintainability. These metrics are focused on the main elements in-
cluded in a model of software processes, and may provide the quantitative base nec-
essary to evaluate the changes in the software processes in companies with high ma-
turity levels.

To demonstrate the practical utility of the metrics proposed at model level an ex-
periment has been carried out which has allowed us to obtain some conclusions about
the influence of the metrics proposed on two sub-characteristics of the maintainabil-
ity: understandability and modifiability.

Firstly, we present a set of representative metrics for the evaluation of software
process models and an example of calculation. In Section 3 the empirical validation
of the metrics proposed at model level is presented. Finally, some conclusions and
further works are outlined.

2 Proposal of Metrics for Software Process Models

Research on the software process evaluation has been focused in the collection of
project data to obtain throughput, efficiency and productivity metrics and for this
reason explicit metrics on software process models have not been defined.

The study of the possible influence of the complexity of software process models
in their execution (enactment) could be very useful. For this reason the first step is the
definition of a collection of metrics in order to characterise the software process
model. The main objective to be achieved is the development of a empirical study to
demonstrate the influence of the metrics proposed (which are applied on the attributes
of software process models) on the maintainability of software process models. These
metrics are indicators of a software process model structural complexity, and they
could be every useful, taking into account that a software process model with high
degree of complexity will be much more difficult to change, and this affects to their
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maintainability. This affirmation is based on the theoretical basis for developing
quantitative models relating to structural properties and external quality attributes
provided by [4] which is illustrated in Figure 1. This basis could be applied to the
software process in the same way they are applied to software artifacts. Software
process models hardly maintainable affect to the execution of projects (more expen-
sive in resources and schedule) and to the final quality of the software products ob-
tained.

External Quality Attributes
Structural affects| shecis siiacis | Functionality I Reliability
Properties 3
Cognitive o
{:_39. ofa Pl Compiaxity Understandability > = 3 %
software process r_ Maintainability Usability
model) :
| Efficience Portability

Fig. 1. Relationship between structural properties and external quality attributes

The metrics have been defined following the SPEM terminology [19], but they can
be directly applied to other process modeling languages. The conceptual model of
SPEM is based on the idea that a software development process consists of the col-
laboration between abstract and active entities, referred to as process roles, that carry
out operations, called activities, on tangible entities, called work products. The basis
of software processes consists of the interaction or collaboration of multiple roles
through the exchange of work products and triggering the execution , or enactment of
certain activities. The aim of a process is to bring a set of work products to a well-
defined state.

SPEM has not a graphical notation by itself, but basic UML diagrams can be used
to present different perspectives of a software process model. In particular, the fol-
lowing UML notations are useful: Class diagram, Package diagram, Activity diagram,
Use case diagram and Sequence diagram. Figure 2 shows an example of a simplified
software process model which belongs to the Rational Unified Process [12]. For the
graphical representation of the model the Activity Diagram notation and the stereo-
types which represent the SPEM constructors has been used.

As we can observe in Figure2, using UML Activity diagrams it is possible to rep-
resent a view of the software process in which the different activities, their prece-
dence relationships, the work products consumed or produced and the responsible
roles are included.

The metrics have been defined examining the key software process constructors of
the SPEM metamodel and they could be classified as:

—  Model Level Metrics. They are applied in order to measure the structural
complexity of the overall software process model. These metrics are repre
sented in Table 1 and an example of calculation of the metrics for the software
process model represented in the Figure 2 is shown in Table 2.
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Fig. 2. Example of a Software Process Model represented with SPEM

— Fundamental Element Metrics. They evaluate the structural complexity of
the main elements of the software process model: Activity, Work Product and
Process Role. The definition of these metrics is presented in [9].

3 Empirical Validation of the Model Level 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 we have carried out to empirically
validate the proposed measures as early maintainability indicators. We have followed
some suggestions provided in [20][14] [5] and [6] on how to perform controlled ex-
periments and have used (with only minor changes) the format proposed in [20] to
describe it.

We performed a previous controlled experiment [10], pursuing a similar objective.
In it, as in this one, the independent variable is the software process model structural
complexity. In the previous experiment the dependent variables were three maintain-
ability sub-characteristics (understandability, analysability and modifiability) meas-
ured by means of user ratings on a scale composed of seven linguistic labels (from
extremely easy to extremely difficult for each sub-characteristic). Even though the
results obtained in the previous experiment reflect that several of the model level
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Table 1. Model Level Metrics

Metric Definition
NAPMY) Number of Activities of the software process model o
‘Number of Work Pmtlucts of the software process model
Number of Roles which participate in the process
NDWPIH(PM) Number of input dependences of the Work Products with the Ac-
i A et tivities in the process
NDWPOut(PM) Number of output dependences of the Work Products with the Ac-
e tivities in the process
NDWP(PM) Number of dependences between Work Products and Activities
NDWP(PM) NDWFM(MP) + NDWPOut(MP)

NDA(PM)  Number of preccdence dependences between Activities

NCA(PM) Acnvny Coupling in the process model.

NCA(PM) = YAPM)
................... NDA(PM )

RDWPIn(PM) Ratio between input dependences of Work Products with Activi-
ties and total number of dependences of Work Products with Activi-
ties

RDWPIn(PM) =

NDWPIn(PM)
NDWP(PM)

RDWPOut(PM) Ratio between output dependences of Work Products with Activi-
ties and total number of dependences of Work Products with Activi-

ties
RDWPOut(PM) = NDWPOut(PM)
NDWP(PM )
RWPA(P\'I) Ratio of Work Products and Activities. Average of the work prod
ucts and the activities of the process model.
RWPA(PM) = YWPEM)
NA(PM)
RRPA(PM) Ratio of Process Roles and Activities
RRPA(MP) = NRP(MEF)
NA(MP)

Table 2. Values of Model Level Metrics

Metric Value Metric
" NACPM) 5 NDA(PM)
NWP(PM) 8 NCA(PM)
RDWPIn(PM)
_NDV 3 RDWPOut(PM)
NDWPOut(PM) S) o BWRACPM)

NDWP(PM) 18 RRPA( PM) 4/5= 0 8
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metrics (NA, NWP, NDWPIn, NDWPOut, NDWP y NDA) were highly related to-
software process models maintainability, we are aware that the way we choose to
measure the dependent variable was subjective and relies solely on judgment of the
users, which may have biased the results. Therefore, we decided to carry out another
experiment measuring the dependent variable in a more objective way. This experi-
ment is presented in the following subsections.

3.1 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 Software Process Analysts

In the context of Software engineers of a company for the development and main-
tenance of information systems.

3.2 Planning

After the definition of the experiments -why the experiment is conducted-, the
planning took place. The planning prepares for how the experiment is conducted,
including the following activities:

- Context selection. The context of the experiment is a group of professionals of a
software company, and hence the experiment is run on-line (in an industrial soft-
ware development environment). The subjects have been thirty-one software
engineers of the Cronos Iberica Consulting, company dedicated to the develop-
ment and maintenance of software for information systems. The experiment is
specific since it focuses on SPM structural complexity metrics. The ability to
generalise from this specific context is further elaborated below when we discuss
threats to the external validity of the experiment. The experiment addresses a real
problem, i.e., which indicators can be used to assess the maintainability of SPM?
To this end it investigates the correlation between metrics and maintainability.

- Selection of subjects. The subjects have been chosen for convenience, i.e., the
subjects are professionals of a software company who have wide 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 variable is SPM maintainability.

- Instrumentation. The objects have been 18 SPM belonging to different stan-
dards and methodologies. The independent variable has been measured through
the metrics proposed at process model level (see section 2). The dependent vari-
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ables have been measured by the time the subjects spent answering the questions
of the first section related with the understandability of each model (understand-
ability time) and by the time subjects spent carrying out the tasks required in the
second section of the experiment (modifiability time). Our assumption here is
that, the faster a class diagram can be understood and modified, the easier it is to
maintain.

Hypothesis formulation. We wish to test the following two set of hypotheses:

1) Null hypothesis, H,: There is no significant correlation between structural
complexity metrics (NA, NWP, NPR, NDA, NDWP, NDWPIn, NDWPOut,
NCA, RDWPIn, RDWPOut, RWPA, RRPA) and the understandability time.

2) Alternative hypothesis, H, : There is significant correlation between struc-
tural complexity metrics and the understandability time.

3) Null hypothesis, H,: 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.

Table 3. Metric values for each class diagram.

Model NA NWP_NPR__NDWPIn_ NDWPOut  NDWP _ NDA NCA  RDWPIn _ RDWPOut _ RWPA  RRPA

1 1] i 3 5 i 11 (1] 10K} 0,455 0,545 1,000 (0,50
2 5 [ 4 5 5 10 4 1,250 0.500 0,500 1200 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 11 818 (1,543 (1,457 2,778 1,060
5 5 ] 4 5 5 10 B {1,625 (1,500 {1,500 1,200 1,800
6 4 I 4 14 k) 23 i 1,333 0,609 0,391 2,750 1,000
7 B I7 1 15 11 26 k] {1,889 0,577 (1,423 2,125 0,125
8 5 8 4 13 5 18 4 1,250 0,722 0,278 1,60} (1,800
9 7 12 1 12 11 23 1] 1,167 0,522 (1,478 1,714 (1,143
10 24 37 0 72 40 112 24 1,000 (1,643 0,357 1,542 0,417
11 7 12 5 12 11 23 4] 1167 0,522 0.478 1,714 0,714
12 2 ] 3 f 4 10 | 2,000 (0,600} (3,400 4,0HK) 1,500
13 3 6 1 8 3 11 4 0,750 0,727 0,273 2,000 (0,333
14 3 5 7 5 3 8 2 1,500} ,625 0,375 1,667 2,333
15 1 u | 9 T 16 ] (1,667 0,563 {438 2,250 (),250
16 i (i1 4 9 9 15 7 1,143 0,500 0,500 0,750 (1,500
17 4 24 1 20 11 il 3 1,333 0,645 0,355 6,000 0,250
18 5 21 3 21 11 32 4 1,250 0,656 0,344 4,200 (1,600
3.3 Operation
It is in this phase where measurements are collected, including the following activi-

ties:

Preparation. Subjects were given an intensive training session before the ex-
periment took place. However, the subjects were not aware of what aspects we
intended to study. Neither were they aware of the actual hypothesis stated. We
prepared the material we handed to the subjects, consisting of eighteen SPM and
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one example solved. These models were related with different universes of dis-
course but they were general enough to be understood by the subjects. The struc-
tural complexity of each diagram is different, because as table 3 shows, the val-
ues of the metrics are different for each model.

Each diagram had an enclosed test (see appendix A) that included two sec-
tions: the first composed by five questions related with the model and the second
composed by different steps to perform for the modification of the model. Each
subject had to answer the questions of the section 1 and perform the modifica-
tions specified in the section 2. For each section the subject had to specify the
starting and ending times. The difference between the two times in the first sec-
tion is that we call understandability time (expressed in minutes and seconds) and
the time difference in the second section is called the modifiability time. The
modifications to each SPM were similar, including adding and deleting of activi-
ties, work products, roles and their dependences.

Execution. The subjects were given all the materials described in the previous
paragraph. We explained how to do the tests. We allowed one week to carry out
the experiment, i.e., each subject had to do the test alone, and could use unlimited
time to solve it. We collected all the data including the times of understanding
and modification, the answers of the first section and the original models modi-
fied as a result of the second section.

Data Validation. Once the data was collected, we have controlled if the tests
were complete and if the modifications had been done correctly. We have dis-
carded the tests of two subjects because they were incomplete. Therefore, we
have taken into account the responses of 29 subjects.

Table 4. Spearman’s correlation coefficients between metrics and understandability and modi-

fiability time
Metric Spearman ‘correlation Spearman correlation coeffi-
coefficients understand- cients modifiability time
ability time
_________________________ NACPM) 0,604 p=0,008 0,171 p=0,496
.. NWP(PM) 0,694P=0,001 _ 0,36
o NEREM): o 0211 pe 0403 ... 0,348 p=0,157
_NDWPIn(PM) 0,740 p=0,000 L 0.383p=0117
NDWPOut(PM) 0,747 p=0,000 .0212p=0398
NDWP(PM) ..0,772 p=0,000 0,338 p=0,170
NDACPM) . .0529p=0024 0,060 p=0,814
_NCACPM) . ...-0275p=0269 ... 0,151 p=0,549
. RDWPIn(PM)  0,142p=0,573 0,324 p=0,190
________ RDWPOut(PM) -0,142 p=0,573 0,324 p=0,190

PM)
RRPA(PM)

0,150p=0554
-0,304 p=0,220

554

0,117 p=0,644
0,101 p=0,691
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3.4 Analysis and Interpretation

We had the metric values calculated for each SPM (see table 3), and we have calcu-
lated the mean of the understandability and modifiability time. So this is 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 have been non-normal we have decided to use a non-parametric test like
Spearman’s correlation coefficient, with a level of significance o = 0.05, correlating
each of the metrics separately with understandability time and with modifiability time
(see table 4).

For a sample size of 18 (mean values for each diagram) and a = 0.05, the Spear-
man cutoff for accepting H,, and H,, is 0,4684 [21]. Because the computed Spear-
man’s correlation coefficients for the understanding time (see table 4) for the metrics
NA, NWP, NDWPIn, NDWPOut, NDWP and NDA are above the cutoff, and the p-
value < 0,05, the null hypothesis H, is rejected. Hence, we can conclude that there is
a significant correlation between these metrics and the understandability time. Re-
spect to modifiability time all the correlation values are below the cutoff and for this
reason there is not correlation with the metrics defined. We think these results are
produced due to that the requested modifications in the different diagrams were simi-
lar and the subjects had previously answered the questions related with the under-
standability. So in future experiments we have to focus specially on the influence of
the metrics on the modifiability time.

3.5 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 only issue that could affect the statistical
validity of this study is the size of the sample data (522 values, 18 models and 29
subjects), that perhaps are not enough for both parametric and non-parametric
statistic test [3]. We are aware of this, so we will consider the results of the ex-
periment as preliminary findings.

- Threats to Construct Validity. The dependent variables we used are under-
standability 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 empirical evidence of the existing relationship between the independ-
ent and the dependent variables exists. We have tackled different aspects that
could threaten the internal validity of the study, such as: differences among sub-
jects, knowledge of the universe of discourse among SPM, precision in the time
values, learning effects, fatigue effects, persistence effects and subject motiva-
tion. The only issue which could affect internal validity was the fatigue effects
because the average duration of the experiment was two hours and twenty-four
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minutes. But in this experiment we think this does not affect because subjects are
professionals. In future empirical studies we have to consider to plan experiments
with more reduced duration if the subjects are students.
- Threats to External Validity. Three threats to external validity have been iden-
tified which could limit the realism of the experiment [16] and the ability to gen-
eralize the research results to the population under study:
®  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
software process models from software companies, must be carried out.

®  Subjects. The experiment has been performed by professional subjects
which eases the generalization of the results.

= Environment. The experiment was performed in the company but the tasks
had to be done by using pen and paper. In future experiments we could con-
sider the use of software tools to perform the activities required in order to
provide a more realistic environment.

4 Conclusions and Future Work

In this work a set of representative metrics have been proposed in order to evaluate
the influence of the complexity in the software process models in their quality. These
metrics are focused on the main elements included in a model of software processes,
and may provide the quantitative base necessary to evaluate the changes in the soft-
ware processes 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 an experiment to select the metrics related with the time nec-
essary to understand and modify a software process model. This experiment has al-
lowed us to obtain some conclusions about the influence of the metrics proposed at
model level in the maintainability of the software process models through two of its
sub-characteristics (understandability and modifiability). As a result of these experi-
ments performed we could conclude that the metrics NA, NWP, NDWPIn,
NDWPOut, NDWP and NDA are good understandability indicators, however we
cannot say the same about the metrics NPR, NCA, RDWPIn, RDWPOut y RWPA.
These results confirm part of the results of one previous subjective experiment [10].
However with this experiment we have not demonstrated the relationship between the
metrics and the modifiability. We have to conduct new experiments related with the
modification of the models to confirm or discard these results.

Although the results obtained in these experiments are good respect to the under-
standing, we can not consider them like definitive results. It is necessary elaborate
new experiments centered in the evaluation of concrete metrics we consider relevant
and that in this experiment seem not to be correlated like the metric NCA and NPR.
According to the issues previously identified, the lines for improvement for future
studies, we can point out the following:
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— Development of replicas [2] to confirm the results obtained. In this replicas
we could also consider the perception of the participants about the under-
standability and modifiability of the process models in order to detect possible
relationships among this perception (measured in a subjective way), the met-
rics, and the times employed to understand and modify he models.

—  Carrying out a new experiment centered in the evaluation of concrete metrics
we consider relevant (NRP, NCA) and that according the previous experi-
ments performed not to seem be correlated with the maintainability of soft-
ware process models.

— Carrying out case studies using real software process models of companies.

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

SPM 7. With the SPM shown (Figure 2), you have to perform the following tasks:

Tasks: Part I. Answer the following questions:

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

1.- Can the Use Case Specifier participate in Structure the Use Case Model? __

2.- Does Structure the Use Case Model precede to Prototype User Interface?__

3.- Is it necessary to use the product Use Case Detailed like input of the activity
Structure the Use Case Model? ___

4.- Is the work product Use Case Model output of Prioritize Use Cases?

5.- When Prototype the User Interface is executed, has the Use Case Detailed prod-
uct already produced? __
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Write down the ending hour (indicating hh:mm:ss):

Tasks: Part II. Carry out the necessary modifications to satisfy the following re-
quirements:

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

1.- The activity Detail a Use Case uses the Description of the Architecture like input.
2.- The activity Detail a Use Case is considered not to precede to Structure the Use
Case Model and this last one will be precede by Prototype the User Interface.

3.- After the activity Find Actors and Use Cases is desired to perform a Checking of
the consistence Requisites-Domain, which receives like inputs the Domain Model,
the Use Case Model and an Historical of the Domain. This new activity precedes to
Prioritize Use Cases.

4.- The Verification Group is the responsible for Checking of the consistence Req-
uisites-Domain.

Write down the ending hour (indicating hh:mm:ss):
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Abstract. The need for systematic evaluation of process quality and of the
resulting products has always been an issue of primary importance within the
software engineering community. In the past few years many factors have
determined changes in the software process scenario that inevitably impact on
software quality. To this end, goal oriented measurement models, such as Goal
Question Metrics (GQM), have become essential for assessing desired quality
and for enacting software process improvement (SPI). Although the importance
of measurement is a shared issue, many software organizations encounter
difficulties and strive to define and adopt measurement plans successfully.
Causes are most likely attributable to critical issues such as measurement plan
dimensions, complexity, dependencies among goals. Often the industrial
projects are characterized by GQM plans with numerous quality factors and,
consequently, numerous goals. This makes both measurement and interpretation
procedures quite onerous. Furthermore, managing a measurement plan turns out
to be quite costly and requires numerous investments. To this end, this work
proposes a GQM-based approach (Multiview Framework) that provides support
in designing a structured measurement plan in order to overcome the common
problems mentioned previously, and manage large industrial measurement
plans. The proposed approach has been validated through a post mortem
analysis, consisting in a legacy data study, carried out on industrial project data.

1 Introduction

In the past few years many factors have determined changes in the software process
scenario. Among these: the need for developing software accordingly to cost and time
constraints keeping quality at the same level; the criticality of software systems which
requires constantly increasing reliability; technological innovation which addresses
maintainable and scalable software. Such aspects inevitably impact on the quality of
software, on its costs and on the ability of managing software projects. Furthermore,
they point out the need for continuously monitoring and improving software
production processes in order to fulfill the fixed quality goals.

Quality is intended as the set of desired characteristics that a software process or
system should have in order to satisfy the requirements. It is well known that software
quality is highly correlated with the quality of development and maintenance
processes. In particular, effective process control and improvement implies effective
process measurement. According to [9] “you cannot control what you cannot
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measure”. So, measurement becomes an essential aspect for software process
improvement (SPI). Although the importance of measuring is a shared issue, many
software organizations encounter difficulties and strive to define and adopt
measurement plans successfully. The reasons are often related to the fact that
measurement plans in an industrial setting tend to be very large and include numerous
goals and metrics; with a high complexity of interpretation, because many metric
values must be controlled and analyzed for each goal; and high dependencies between
goals. This increases interpretation complexity and makes it more difficult to identify
aimed improvement actions. So, although literature suggests to reduce number of
goals and gradually introduce the measurement plan [3] [28], in practice, this seldom
occurs. For example, when an enterprise intends obtaining an ISO or CMM
certification, often a GQM plan is specified to define the goals in accordance to the
quality standards to be measured [10, 14]. In such cases it is unlikely to remain within
a4-5 goal limit.

Given these important issues, this work proposes a GQM-based approach
(Multiview Framework) that provides guidelines for designing a measurement plan in
order to overcome well known common problems and manage large industrial
measurement plans. The proposed approach has been validated through a post mortem
analysis carried out on industry wide project data.

The remaining part of the paper is organized in the following way: Open Issues,
discusses some important issues of goal oriented measurement. Proposed Approach
describes the guidelines for applying the Multiview Framework. In Validation, the
approach is applied to a measurement plan, and results are discussed. Finally,
conclusions are drawn.

2 Open Issues

Software product and process quality assessment are issues of primary importance for
any software enterprise. In general, software engineers are of the opinion that
software measurement should be goal oriented because it adapts to business and
project needs. One well known approach to goal oriented measurement plan definition
is the Goal Question Metrics (GQM) [1].

The main idea behind GQM is that measurement should be goal-oriented and based
on context characterization. It uses a top-down approach to define metrics and a
bottom-up approach for analysis and interpretation of measurement data. Quality
goals reflect the business strategy and GQM is used to identify and refine goals based
on the characteristics of software processes, products and quality perspectives of
interest. Furthermore, it provides a general paradigm for defining a measurement
plan. A proposed threshold for the number of goals to include in a measurement plan
is 4-5 goals [3]. In that paper, the authors suggest that “goals should not cluster more
than one purpose, quality focus, or viewpoint” in order to avoid confusion. In other
words, a large measurement plan is easier to manage if the measurement goals are
specific, clearly defined and structured. Also, when applying a GQM paradigm to
define measurement goals within an organization, it is recommended to start with a
small number of goals, gain experience and confidence with measurement strategies
and then extend the measurement plan.
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Unfortunately, in real projects the number of goals aren’t manageable nor
determined by the measurer. Rather, they depend from the project characteristics and
from the business goals that must be achieved. So, it is often necessary to have
models with many goals. Also, the evaluation of the measures must be done to
guarantee traceability between metrics and business goals. Therefore, in many cases it
is not possible to gradually include the goals in the measurement plan. In spite of
evidence of successful application of goal oriented measurement programs in
industrial contexts such as NASA [5], Motorola [8], HP[12], AT&T [7],
Schlumberger RPS [25] there are still many open issues: dimensions of a
measurement plan; complexity of interpretations; dependencies between goals; time
points for measurement activities.

*  Dimensions of a measurement plan depend from the project being executed in an
organization. Moreover, in order to correctly evaluate aspects such as its
processes, products, resources, economical issues and so on, many goals and
therefore metrics may be necessary. A representative example is given by
integrating large-grain quantifications such as SW-CMM [19], with fine-grain
evaluations provided by GQM. This inevitably leads to a measurement plan with
a high number of goals and metrics [14]. On the contrary, a measurement plan
with a limited number of goals in industrial field risks to be based on few generic
goals, each including too many quality factors [10];

=  Complexity and dependency issues are tightly related. Complexity of a
measurement plan refers to the number of decisions that must be made to
interpret the goal. Decisions depend from the metrics involved in the
interpretation model of each goal. Therefore the more the metrics, the more the
decisions and the higher the complexity. If the goals of a measurement plan are
not appropriately structured, they risk to be dependent from one another. Two
goals are dependent if one goal must rely on the interpretation results of the other
goal in order to be interpreted. Consequently, complexity of interpretation
increases in that a higher number of decisions must be made.

*=  Another important issue are the time points in which measurement activities
occur. More precisely, any measurement plan will most likely include goals
having metrics that are collected at different time points (daily, monthly, every
trimester etc). So at each time point, only a specific number of metrics can be
collected and only part of the goals of the entire measurement plan can be
interpreted. Furthermore, if the goals aren’t appropriately defined and structured,
they may include metrics that are collected in different moments. This means that
interpretation is more error prone because part of the measures involved for
interpretation have become obsolete by the time all the other metrics needed are
also collected. An example is shown in Figurel. In figurel.a., a time line is
defined with three time points representing the moments in which measurement
occurs; figure 1.b. shows two goals defined without considering when
measurement occurs. For this reason they include metrics related to different
moments. This means, as represented in figurel.c., that after time tl no
interpretation can be made. Only after t2, G1 can be interpreted but some of the
measurements (M1) are outdated. This inevitably impacts the reliability of
interpretation, because in that time interval process performances or product
characteristics may have changed. The ideal situation is to have goals that include
concurrent measures, that are carried out at the same time point.
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So, although GQM “represents a systematic approach for tailoring and integrating
goals to models of the software processes, products and quality perspectives of
interest, based upon the specific needs of the project and the organization” [1], it
doesn’t provide guidelines for structuring the goals and organizing metrics in order to
manage large, complex measurement plans with many goals and measurements that
are not necessarily concurrent.
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Fig. 1. Measurement time points

Literature provides many examples of improvements, extensions and integrations
made to the original definition of the GQM approach [2,4,6,13,15,16,17,18,23,24] as
a consequence to gained experience in industrial settings. Nevertheless, they do not
investigate the previously mentioned issues. In the next sections the authors present
the approach (Multiview Framwork) and point out how it faces and overcomes such
problems. In this sense, the main contribution is to provide an approach for designing
a measurement plan so that each goal includes metrics that are measurable in a
specific time point; each goal refers to a specific aspect that must be measured; goals
are independent. Furthermore, it focuses on models whose number of goals depends
from industrial projects, without being bonded either to the heuristic 4-5 goals rule
nor to the need to reduce the number of metrics for each goal.

3 Proposed Approach

“A prerequisite for any measurement plan is a deep understanding of processes and
products to be measured” [4]. In this sense the Multiview Framework (MF)
characterizes the software project being evaluated and provides a model for defining a
GQM according to the project definition. The model designs the goals by defining
them according to what is being measured. In this way it is possible to select and
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carry out measures on a subset of goals that make up the entire measurement plan
without having to execute it entirely. In the following the 4-step approach is
described.

Step 1: PROJECT DEFINITION
A project is the execution of one or more activities that produce intermediate artifacts
and deliverables and lead to a final product. Any project involves one or more
processes.

In this first step the project, must be defined.

A project can be seen as a tuple PRJ=(P,D,PM,FI) where:

=  P=(pl,p2,...pn) is the set of processes, phases or activities executed to obtain the
final products requested, starting from the raw products in input, to reach the
fixed targets;

» D=(dl,d2,...dm) the set of deliverables, i.e. input and output products and the
artifacts produced during the execution of the processes in use;

=  PM: the set of project management activities and related artifacts needed to plan
and control the project;

»  FI: the set of activities and artifacts needed to evaluate the fitness of investment.

All the processes (P) involved and deliverables (D) produced must be identified.
Furthermore, it is necessary to identify the activities involved in planning and
controlling the project execution (Project Management-PM) and to evaluate the
Fitness of Investment (FI). This is due to the fact that each project has a budget to
respect and as a consequence it is important to adopt metrics for measuring and
controlling this aspect.

Given the project definition, we define a view as a set of goals related to each of
the elements of the project definition included in Process, Product, Project
Management or Fitness of Investment. This concept will be detailed in the next step.

Step 2: GOAL SETTING
In this step, each measurement goal is defined using the GQM goal template which
consists of five dimensions [1]:

Analyze the object under measurement (product, process...)

for the purpose of understanding, controlling or improving the object

with respect to the quality focus of the object that the measurement focuses on
from the viewpoint of the people that measure the object

in the context of the environment in which measurement takes place

A

Goal setting is done, according to the project PRJ=(P,D,PM,FI) characteristics, and
the quality factors to be measured:

a. Process goals: aimed at evaluating the quality factor of interest with respect to
a process or activity p,eP;
b. Product goals: aimed at evaluating the quality of interest with respect to a

deliverable or artifact d,€D;
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c. Project Management goals: aimed at evaluating those activities (PM) needed to
plan and control the project execution;
d. Fitness of Investment goals: evaluate aspects such as cost-benefit ratio and

possible risks (FI).

Steps 2a and 2b, are strongly influenced by the process granularity. For example,
lets suppose the process granularity is as described in figure2.a. In this case it is
necessary to define one or more goals that refer to the entire process P=(p) and one or
more goals for each deliverable djeD=(d0,d3). If, on the other hand, the process is
defined at a lower granularity level as in figure2.b, then it’s necessary to define one or
more goals for each process p,eP=(p,p,p,) and one or more goals for each
deliverable djeD=(d0,d1,d2,d3) exchanged between processes. Therefore, the more
detailed the processes within the organization are, the more detailed and large the
measurement plan will be. If we go into further detail, as in figure2.c., the set of
processes include P=(p,,, Piy» Pois Py Pos» P3)s and the deliverables are D=(d,,, d,;, d,,,
d,, d,, d,) The number of views increases proportionally to the granularity with which
the processes are defined.

« — T

(a)
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Fig. 2. Different granularity of views

Also, the goals have to be defined keeping in mind the time points when the
metrics are to be collected. Therefore goals should include concurrent metrics,
collected in the same time point, that relate to the view and quality factor being
measured.

Based on what has been mentioned in the proposed approach, it is possible to have
the following views within the measurement plan:

= aview for every p,eP, including all the goals that refer to a specific process p;.
With refer to the template for goal definition, each view includes all the goals in
which the Analyze section contains a specific p,eP.

* aview for every d,eD, including all the goals that refer to a specific process dj.
With refer to the template for goal definition, each view includes all the goals in
which the Analyze section contains a specific d,eD.

s aview for all the goals related to Project management. With refer to the template
for goal definition, the Analyze section can contain any process p,€P or product
d,eD. What allows to distinguish these goals from the others is the With respect
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to section in which the quality factors evaluated relate to aspects such as: work
progress, control of process execution, management of human or instrumental
resources.

= a view for all the goals related to Fitness of Investment. With refer to the
template for goal definition, the Analyze section can contain any process p,eP or
product d,€D. The With respect to section evaluates quality factors related to
aspects such as: cost-benefit ratio, risks, coherence of execution times, costs of
personnel and computer resources, project budget etc.

Note that applying the MF approach doesn’t reduce the number of goals that make
up the measurement plan. At a first glance size may seem to represent a problem for
managing the measurement plan itself, but this is not the case. In fact, the “structured”
organization of the measurement plan allows to identify which goals and therefore
measures refer to each view (processes, products, project management, fitness of
investment). So, the quality manager and GQM team may focus on a subset of goals
related to the view they are interested in evaluating according to the organization or
project needs in a specific time point.

Also, being the goals divided into views, it is easier to understand the relationship
between the entities’ attributes and the metrics used to measure them. This allows to
identify the most appropriate persons for each measurement activity. The measurers
clearly see the connection between the measures to collect and the problems they
allow to overcome, understand the need for metrics, are motivated in providing
accurate data and avoid hiding shortcomings. Such a measurement plan takes into
account the set of success factors presented and discussed in [11] and [20] from both
an anecdotal and empirical point of view.

Step 3: CROSS-VALIDATION

The measurement plan structure is validated by tracing the goals in a Goal-View cross
reference table. It is defined by placing the goals on the rows, and the views on the
columns (tablel). So, for example, each “X” entry in an (i,j) cell of the table means
that the i-th goal has metrics that relate to the j-th view.

Table 1. Goal-view cross reference table

PROCESS | PRODUCT PROI. FITNESS
MANAG | OF INV

pilp2|paldo|d|da|ds
G| X X
Ga X
Gy X
Gy X X
Gs X X

The best resulting matrix is a diagonal one. In fact this means that there is one goal
for each object of study forecasted by the model’s granularity.

This means that each of the goals focus on the quality of a single object of study
included in the project model, independently from the other objects in the process
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itself. The aim of the table is to point out dependencies between goals. An objective
evaluation of such measures is given by the following two indicators:

#Dependencies:

Points out the dependencies. Dependencies within the model are present when a goal
takes into account more than one view, because it considers multiple processes and/or
products, business or management issues measured at different time points. It is
calculated with the following formula:

k
# Dependencies = Z (Ni-1)
i=]
where k=total number of rows of the cross-reference table;
N, = number of X in the cross-reference table, with refer to the i-th row;

The ideal condition is a dependence of, or very close to, zero. This means that each
goal considers only one view and that the resulting table is a diagonal matrix. A high
dependence implies a high complexity in that, on one end, the interpretation must
consider such dependencies, on the other, a change introduced on a quality factor of a
goal impacts on all the other quality factors and views that depend from the goal
itself.

Density of Dependencies
Gives and idea of how strong the dependencies are. It is calculated with the following
formula:

#D ]
DensityofD ependencie s = ependenci es

(# columns *# rows )—# goals

Considering that, in an ideal situation, each goal should consider one view, the
resulting value of this indicator depends from the number of extra “X” for each goal
in the cross-reference table. The indicator increases when the number of “X” for each
goal increases. The fixed threshold for the indicator depends from the organization
adopting the metric plan for accessing its processes. In other words, if the
organization requires a very accurate quality model, a low threshold such as 0.1
should be assessed. In other cases, where the aims are less restrictive the fixed
threshold may be higher, for example, 0.3. To this moment these values have been
decided heuristically and have not yet been empirically validated.

According to the values of the two indicators, there are guidelines related to if and
how to continue to structure the measurement plan. They consist of a goal analysis
first, and then of a view analysis. The analyses involve the rows and columns of the
cross reference table respectively. These guidelines are described as follows:

Goal Review
After calculating the two indicators it is necessary to consider if it is the case to
redefine some of the goals. In particular, one of the following cases may occur:

1. there are no dependencies, therefore the density of dependencies is zero or not
significant. So, measurement plan doesn’t need to be improved.
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2. there are dependencies and the density of dependencies is higher than the fixed
threshold. In this case the structure of those goals that consider more than one
view must be restructured. In other words, those goals that have more than one
“X” per row in the cross reference table. Such goals must be restructured so that
they consider only one viewpoint. This means that the questions and the metrics
of the original goal must be adequately distributed among the new goals. The
new structure of the metric plan can then be represented in a new cross reference
table which will have a greater number of rows.

View Review

The previous step involves a row analysis which results in a set of goals, each
considering one view. Nevertheless there may be numerous goals that evaluate the
same view. Therefore, it is necessary to analyze the structure of the measurement plan
according to the views. One of the following cases may occur for each view:

1. the goals of a view consider the same quality factors. In this case it is advisable to
define only one goal for that view;

2. the goal related to a view includes many quality factors. In this case it is
advisable to divide the goal in multiple ones, for each quality factor considered.

Once the view analysis has been carried out, the goals that make up the metrics
plan can then be represented in the cross reference table.

Step 4: VERIFICATION OF INTERPRETATION COMPLEXITY
The interpretation of the measures is a critical issue. In this approach, decision tables
[21, 22] are used to represent the interpretation of a goal.

A decision table is defined for each goal of the measurement plan. It can be seen as
a tabular representation of a decision situation, where the state of a number of
conditions determines the execution of a set of actions. Not just any representation,
however, but one in which all distinct situations are shown as columns in a table, such
that every possible case is included in only one column. A description of how
decision tables are used for the interpretation is presented in figure?2.

< 04 poronihours » 1.4 purstnmairs |

A0k

Fig. 3. Decision table

A decision table is composed of four parts: condition stub contains the metrics
used for the interpreting the goal (A); the condition entries correspond to the metric
baselines (B); the action stub is the set of improvement actions that must be applied if
the metrics do not reach the fixed baseline values (C); the action entries are the result
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of the combination of condition entries of the metrics involved and the possible
actions (D). We convey in defining each action entry as a rule. Moreover, every table
column of the decision table, from here on called rule, indicates which actions should
(or should not) be executed for a specific combination of condition entries [21].

The complexity of the interpretation is equal to the total number of rules, or action
entries that make up the decision table. The structure of the measurement plan
resulting from the MF approach, consists of many specific goals each related to a
single view, having a limited number of metrics, possibly homogeneous, concurrent
and scarcely dependent. This reduces the overall complexity of the interpretation.
Thanks to the decision tables, the interpretation results more comprehensible in that it
clearly points out how metrics, condition entries and improvement actions are linked
[27]. In other words, it is easier to understand the relationship between the attributes
and the metrics used to measure them. Ideally the approach assures that each decision
table interprets one goal, and in this way, avoids dependencies.

More precisely, decision tables point out dependencies among goal interpretations.
If the condition stub of a goal, lets say G, not only includes metrics but also other
goals, such as G,, necessary for interpretation, then G, can be interpreted only after G,.
Furthermore, if G, and G, have metrics collected at different time points,
dependencies may lead to error prone interpretations. For example, suppose that G;’s
metrics are collected at time t,, and it uses G, for interpretation. If G,’s metrics were
collected during a previous time point (t,), interpretation conclusions would most
likely be different than if G, had been interpreted with metrics collected at time t,.
Consequently, G, interpretation is inevitably influenced. When decision tables point
out dependencies between goals, Goal Review must be carried out again to remove or
minimize such relations.

4 Validation

In the following, approach validation is presented and results are discussed.

4.1 Legacy Data Method

A first validation of the model has been done through a legacy aged study [26]. It is
classified as a historical method because it collects data from projects that have
already been completed. For this reason, we considered an existing measurement
plan, defined within an executed project, and applied the proposed approach to it. The
validation was based on analysis of how the structure of the measurement plan would
have been if the MF approach presented in this work had been used to design it. Data
was then collected and compared among the two measurement plans.

The industrial project considered for the study consisted in reengineering a legacy
system in order to migrate the operative environment from monolithic centralized to
client-server architecture, and the language from assembler to Cobol and C++. A
measurement plan was defined in order to monitor project execution according to the
ISO9001 standard. The goals were defined according to the GQM approach, as
known in literature. They measure quality factors, such as reliability, efficiency,



Multiview Framework for Goal Oriented Measurement Plan Design 169

maintainability, portability, process quality, project conformance, risks, usability.
Being the project finished, a large amount of data was available for analysis.

In order to validate the proposed model, the four steps of the MF were applied to
the previous measurement plan.

The original measurement plan will be identified from here on with “NS-GQM”
(non structured). The measurement plan resulting from the application of the
multiview framework will be referred to as “S-GQM?” (structured).

Step1: Process Definition/Identification
In stepl the project (PRJ) was defined. A graphical representation of the high level
process used is given in figure 3 and detailed as follows:

e | -
IRequirements ,._SLX*_"P_"J ______ - - Test Case
I Definition 1 Requirements Design
T ,
System; Test ;
Requiréments Casef
) i
: v
‘.""! """" i Developed S T—
EDevelopmem}--ﬁ-}‘-‘H‘&m ------- > y Tested » Execution
: _® : Test System
........ x :
i H System |[in
Corrected I Defects
i iDefects :
Defects | : Executign
H h 4
Defect
Correction
Project Management l Fitness of Investment J

Fig. 4. Graphical representation of the project

PRI:

= P = {Requirements Definition, Test Case Design, Development, System Test,
Execution, Defect Correction};

= D = {System Requirements, Developed System, Test Cases, Corrected System,
Defects, Tested System, System in Execution};

=  PM = project management;

=  FI = fitness of investment;

This step gives an overall view of what is being assessed in the project.

Step2: Goal Setting

Goals were defined for each view by using the GQM template. In this step the goals
of the new measurement plan are defined according to the project definition PRIJ.
Athough figure3 represents the entire project, only part of the processes (Test Case
Design, System Test, Defect Correction, Execution) and products (Defects, Tested
System, System in Execution) were involved in the monitoring process.
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For this reason the processes and products that weren’t involved in the monitoring
activities are reported in dotted lines. Note that, when we applied the approach and
analyzed in detail all of the quality factors and metrics, we assessed that the metrics
used to measure the product Defect were actually related to Tested System. For this
reason, in the S-GQM the metrics were included in this view, and the Defect product
is no longer present in table3.

Goal definition according to the PRJ characterization assures that goals measure
different views and that the metrics chosen are significant for the views being
evaluated. Moreover, metrics identified and included also depend from the process
granularity and from the time points when measurement activities occur.

Step3: Cross Validation

Cross-validation was carried out. To this end, the comparison between the goal-view
cross reference tables of the NS-GQM and the S-GQM before and after applying the
approach is interesting. They are presented respectively in table 2 and 3.

Table 2. NS-GQM goal-view cross reference table

Process Product IProj | Fit.
T.Cse Syst. [Def [Exec Def | Test | Syst Mng | Inv
Des Test  Corr Syst | Exe.

Gy X X X X X

G, X

G X X

G | X X X

Gs X X

Gy X X X

Gy X X X

Gy X X

Table 3. S-GQM goal-view cross reference table

Process Product Proj Mng [Fit Inv
[TCse Des [Syst Test [Def Corr [Exec. [Test Syst [Syst
[Exe

G TesiCaselesign X

GSyslcmTcsl X
GDs!’::rl{.nrfc,c X

G Exec; I X
GExec, z X
GTcslS)-sl X
GSyH{!'!xec.l X

GSyst.Excc. i X

GPm jectManag X

GFlmcssOﬂnv. T X

GFlmcxiOﬂ]w. 2 X
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In the first case, since the model had not been applied, the goals considered many
views, and therefore inevitably clustered more than one purpose, quality focus, or
viewpoint. This effect is visibly identified by the fact that the matrix is sparse,
differently from the S-GQM, where the resulting matrix is close to a diagonal one.
For example, for measuring the process System Test and the product Tested System,
the NS-GQM required seven goals: three process (G,, G,, G,) and five product (G,, G,,
G;, G,, Gy) goals. In particular G, considered both process and product aspects. On the
contrary, the S-GQM required only two goals: one process (G™*"™ and one product
(G ‘est! ys!).

Step4: Verification of Interpretation Complexity
Finally interpretation complexity was verified. In other words, for each goal, decision
tables were defined and complexity was calculated as the number of rules. The overall
complexity of the S-GQM ranged from 6 to 32 rules. Not only decision tables reduce
effort interpreting collected measures, but they allow to identify improvement actions
more accurately. This is assured by the structure of the decision table itself, in that it
considers all combinations of conditional states, and explicates the relation between
attributes and entities’ attributes and the measures used to assess them.

After applying the model, we analyzed and compared data related to the NS-GQM
and S-GQM. A synthesis of the results obtained is presented in table 4.

Table 4. Comparison of NS-GQM and S-GQM

Data collected NS-GQM | S-GQM
Nr. Goals 8 11
Nr. Metrics 168 168
Nr. Metrics per goal (min) 21 11
Nr. Metrics per goal (max) 46 34
Nr. Metrics per goal (average) 32,75 20,18
Interpretation Complexity (min) 32 6
Interpretation Complexity (max) 63 32
Interpretation Complexity (average) | 44,87 18,45
# Dependencies 24 0
Density of Dependencies 0,27 0

As it can be seen, although the overall number of goals is greater in the S-GQM,
the average interpretation complexity is less. This is due to the lower number of
metrics for each goal, achieved as a consequence to applying the Multiview
Framework to the NS-GQM.

5 Conclusions

This paper proposes a GQM-based approach for managing company wide quality
models that require many goals and involve many quality factors: technical,
functional, economical, managerial and so on. The approach provides:
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a. guidelines for designing a GQM so that each time point involves a
limited number of goals to measure and interpret;

b. guidelines for controlling and improving the quality model’s complexity;

c. guidelines for controlling and improving interpretation;

d. support for making goal interpretation more comprehensible

The proposed approach has been applied to a goal oriented quality model defined
within a real industrial project many years ago. Application of the previous points a),
b), and c) through the MF approach have proven the method’s efficacy. Point d) has
been assessed in a previous study [27] through a controlled experiment. In particular,
it has proven that MF requires less effort for interpretation. In other words, less effort
for identifying the metrics to measure and interpret, according to the specific process
or product being evaluated. At the moment, the empirical data available relates to the
usability of the GQM defined with MF in terms of comprehensibility and efficiency
[27].

The experimentation and method application carried out to this moment are surely
not enough to generalize the proposed approach to wider contexts. For this reason the
authors aim in extending and executing further empirical investigation on other
industrial projects.
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Abstract. Previous studies show that software development projects strongly
underestimate the uncertainty of their effort estimates. This overconfidence in
estimation accuracy may lead to poor project planning and execution. In this
paper, we investigate whether the use of estimation error information from
previous projects improves the realism of uncertainty assessments. As far as we
know, there have been no empirical software studies on this topic before.
Nineteen realistically composed estimation teams provided minimum-
maximum effort intervals for the same software project. Ten of the teams
(Group A) received no instructions about how to complete the uncertainty
assessment process. The remaining nine teams (Group B) were instructed to
apply a history-based uncertainty assessment process. The main results is that
software professionals seem to willing to consider the error of previous effort
estimates as relevant information when assessing the minimum effort of a new
project, but not so much when assessing the maximum effort!

1 Introduction

Assume that you are a project manager and ask one of the software developers to
estimate the development effort for a task. The software developer believes that the
task requires about 40 work-hours. You want to plan the project task with a low risk
of over-run and therefore ask the developer to assess the minimum and maximum
effort for the task. You instruct the developer to be “almost certain” that the actual
effort will be included in his/her minimum-maximum intervals. The developer
assesses the minimum to be about 35 and the maximum to be about 60 work-hours.
How confident should you be in the accuracy of that minimum-maximum effort
interval? A good guess, supported by the studies presented in Section 2, is that the
actual probability of including the actual effort in the minimum-maximum interval is
only about 60%, i.e., far from the desired confidence level of “almost certain”. If you
base your contingency buffer on the provided maximum effort there is, therefore, a
high risk that your plan is too optimistic.

What should we do about this tendency to provide over-optimistic minimum-
maximum effort intervals? This paper describes an attempt to improve the accuracy of
the judgment-based minimum-maximum effort intervals through the use of historical
uncertainty information. The background for our attempt is described in Section 3.
The study itself is described in Section 4, discussed in Section 5, and, concluded in
Section 6.

F. Bomarius and H. Iida (Eds.): PROFES 2004, LNCS 3009, pp. 174-184, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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2 Studies on Over-Confidence

The accuracy of software development minimum-maximum effort intervals has only
been studied by researchers in the last few years (the first study was published, as far
as we know, in 1997). Nevertheless, there is strong evidence to suggest that there is a
systematic tendency towards too narrow minimum-maximum intervals, e.g.:

e Connolly and Dean [1] report that the actual effort used by student programmers
to solve programming tasks fell inside their 98% confidence minimum-maximum
effort intervals only in about 60% of the cases, i.e., the intervals were much too
narrow to reflect 98% confidence. Explicit attention to, and training in,
establishing good minimum and maximum effort values increased the proportion
inside the intervals to about 70%, which was still far from the required 98%.

e Jgrgensen and Teigen [2] conducted an experiment in which 12 software
professional were asked to provide 90% confidence minimum-maximum effort
intervals on 30 previously completed maintenance tasks. In total, 360 minimum-
maximum effort intervals were provided. The software professionals had access
to a small experience database for similar projects and were informed about the
actual effort of a task after each minimum-maximum effort interval assessment.
Although “90% confident”, the professionals included, on average, only 64% of
the actual effort values on the first 10 tasks (Task 1-10), 70% on the next 10 task
(Task 11-20), and, 81% on the last 10 tasks (Task 21-30). In other words, even
after 20 tasks with feedback after each task, there was a systematic bias towards
intervals that were too narrow.

e Jgrgensen, Teigen and Molgkken [3] studied the software development
minimum-maximum effort intervals of 195 student project activities and 49
industry project activities. The minimum-maximum effort intervals of the
activities of the student projects were based on a 90% confidence level, and
included only 62% of the actual effort values. The effort intervals of the activities
of the industrial projects were based on a confidence level of being “almost
certain”, and included only 35% of the actual effort values, i.e., a strong
underestimation of uncertainty.

e Jgrgensen [4] studied the effort estimation intervals provided by seven
realistically composed estimation teams. The teams assessed the uncertainty of
the effort estimate for the same two projects, i.e., in total fourteen project
minimum-maximum effort intervals. The actual projects had been completed in
the same organization as the software professionals participating in the study.
Only 43% of the teams’ effort prediction intervals included the actual effort.

In addition to these studies, there are results about uncertainty assessment in other
domains. Most studies from other domains seem to report levels of overconfidence
similar to that in the software domain; see, for example, the studies described in [5-
8]. Lichtenstein and Fischhoff [9] report that the level of over-confidence seems to be
unaffected by differences in intelligence and expertise, i.e., we should not expect the
level of over-confidence to be reduced with more experience. Arkes [10] provides a
recent overview of studies on over-confidence that strongly supports the
overconfidence claim.
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3 Background

The focus of this paper is to investigate whether greater explicit use of the distribution
of the estimation error for similar projects improves the minimum-maximum effort
intervals. The idea behind of our distributional-based approach can be illustrated by
the real-life case described in [11]:

A team that was concerned with the development of a high school curriculum on
thinking under uncertainty was conducting a planning session. The question was
raised of the time that would be required to complete the first version of a textbook.
The participants in the discussion were asked to estimate this value as realistically as
possible; the seven estimates rangedfrom 18 months to 3 years. The team leader then
turned to one of the participants, an educator with considerable expertise in the
problems of curriculum development, with the following question: ‘What has been the
experience of other teams that have tried to write a textbook and develop a
curriculum in a new area where no previous course of study existed? How long did it
take them to complete a textbook, from a stage comparable to the present state of our
project?’ The chilling implications ofthe answer appeared to surprise the expert who
gave it, as much as they surprised the other participants: ‘Most teams I could think of
failed and never completed a textbook. For those who succeeded, completion times
have rangedfrom five to nine years, with a median of seven.’

Kahnemann and Tversky [11] comment on this case: A notable aspect of this
anecdote is that the relevant distributional information was not spontaneously used,
although it was available to one expertfrom personal knowledge and could have been
estimated quite accurately by several other participants. Their comment suggests that
if we do not remind the estimators to use the historical performance as an indicator of
future performance, it may not be used at all.

When viewed in the context of our software estimation uncertainty assessment, the
above case suggests that accuracy may be increased when estimators are forced to
focus explicitly on the distribution of estimation error of similar projects. Assume, for
example, that an estimator is informed that about 50% of the projects similar to the
one to be estimated have been subject to effort estimation overruns of more than 30%.
This information should, given rational behavior, reduce the probability that the
project leader provides strongly over-optimistic maximum values. In other words, it
may be harder to remain over-optimistic about the estimation accuracy when
possessed of explicit (pessimistic) historical information about previous estimation
inaccuracy.

The outcome of explicit use of historical performance is, however, not obvious.
There are examples suggesting that people may remain over-optimistic even in the
light of historical performance data. The amusing study described in [12] exemplifies
resistance to the application of historical data: Canadians expecting an income-tax
refund were asked to predict when they would complete and mail in their tax forms.
These respondents had indicated that they typically completed this chore about 2
weeks before the due rate; however, when asked about the current year, they
predicted that they would finish, on average, about 1 month in advance of the due
date. Infact, only 30% of the respondents were finished by their predicted date - on
average they finished, as usual, about 2 weeks before the deadline. It is possible that
the same tendency to neglect the relevance of historical data is present in the context
of software development effort estimation uncertainty assessment.
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A potential reason for over-optimism, despite the availability of relevant
information about historical estimation error performance, is that people tend to apply
an “inside view” when planning and estimating work instead of a history-based
“outside view” [13]. People typically divide the work into phases and activities (the
“inside” of a project) and estimate each of these phases, instead of comparing the
current project as a whole (the “outside” of the project) with other projects. As
suggested in the high school curriculum case described earlier this section, thinking
based on the “inside view” can easily lead to estimates that are too low and views on
the uncertainty that are too optimistic, while an “outside view” may increase realism.
It is, consequently, not obvious when awareness of previous estimation error on
similar projects does improve the realism. A first attempt to study the effect of
information about previous estimation errors is described in Section 4.

4 A Study on Use of Estimation Error Distribution

4.1 The Participants

Nineteen estimation teams, all from a medium-large Norwegian company that
develops, among other things, web solutions, participated in the study. The company
manager in charge of all projects ensured that each team was realistically composed
for the estimation work to be performed, i.e., that each team possessed the necessary
skill and experience. The participants knew they were part of an experiment, but were
instructed to behave as similarly as possible to the way in which they would have
done in real estimation work. An important incentive for serious estimation work was
that all the teams should present their estimation work in the presence of the other
teams and the company’s management.

4.2 The Estimation Task

The estimation teams were instructed to estimate the effort of a real project, which
was to implement a web-based system for storing and retrieving research studies at
our research laboratory (Simula Research Laboratory). Earlier we had received
project bids from other web-development companies based on the same twelve-page
requirement specification. The lowest bid reflected a use of effort of about 30 work-
hours, the highest about 800 work-hours. The high variation in estimates was partly
due to the flexibility in how the requirements could be implemented and partly to
differences in development performance. Based on previous project bids we expected
a high variation in the most likely estimates among the estimation teams.

4.3 The Study Design

The nineteen estimation teams were separated at random into two groups. The Group
A teams received the estimation instructions:
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a) Estimate the most likely effort of the project, assuming the normal
productivity level of your company.

b) Assess the uncertainty of the estimate as % of most likely effort (most
likely effort = 100%).

The format of the uncertainty assessment was as follows:
We are “almost sure” that the actual effort is between:
Minimum: ____ % ofmost likely effort
Maximum: ____ % of most likely effort

The Group B teams received the instructions:

a) Estimate the most likely effort of the project, assuming the normal
productivity level of your company.

b) Recall what you believe is the “historical estimation error distribution”
of similar projects in your company. Use the table below. (The table
instructed the estimation team to assess the frequency (in %) of projects
with: More then 100% effort overrun, 50-100% effort overrun, 25-49%
effort overrun, 10-25% effort overrun, +/- 10% effort estimation error,
10-25% too high effort estimates, 26-50% too high effort estimates, and,
more than 50% too high effort estimates. )

c) Assess the uncertainty of the estimate as % of most likely effort (most
likely effort = 100%).

The only difference in the instructions was step b) for the Group B teams.

The teams spent between 1 and 1.5 hours on the estimation work, i.e., less than in a
normal estimation situation. From a statistical point of view, the effect of spending
less than the usual amount of time on estimation should be a widening of the
minimum-maximum effort intervals, i.e., that the minimum-maximum intervals
would indicate a higher uncertainty in the effort estimates.

The hypothesis that we tested in this study is that information about the distribution
of estimation error for similar projects leads to minimum-maximum effort intervals
that more accurately reflect the actual uncertainty of the effort estimates.

There is no obvious test of the accuracy of individual minimum-maximum effort
intervals. “Almost sure” does not imply that every minimum-maximum effort interval
should include the actual effort. Assume, for example, that the actual effort turns out
to be higher than the maximum effort in a project where the estimator was ‘“‘almost
sure” to include the effort in the minimum-maximum effort interval. The estimator
may still have provided a proper uncertainty assessment. It may, for example, be the
case that the project experienced an unusual amount of bad luck and that the actual
effort in 99 out of 100 similar project executions would have fallen inside the interval.
In other words, the optimal evaluation of minimum-maximum intervals would be
based on a large set of effort minimum-maximum intervals. This type of evaluation is
not possible in the current study. Instead, we had to base our evaluation of the
minimum-maximum intervals on the assumption that the actual uncertainty of the
team’s effort estimates is close to or higher! than that reflected in the estimation error

Reflecting the limitations regarding time spent on the estimation task.



Eliminating Over-Confidence in Software Development Effort Estimates 179

for previous, similar projects. For example, if among similar projects there had been a
10% frequency of projects with more than 100% effort over-runs, a 90% confidence
maximum value should be 200% of the estimated most likely effort. The study [11]
described in Section 3, and the results reported in study [14], suggest that the
empirical error distribution is, in many cases, a good indicator of future effort
estimation uncertainty. Even if the assumption were not true in our experimental
context, the results from the study could be useful for analyzing how the uncertainty
assessments are impacted by information about previous estimation error, e.g., to
analyze differences in how the error distribution information is applied in the
minimum and maximum assessment situations.

4.4 The Results

Table 1 shows the estimates of most likely effort, minimum effort, and maximum
effort (minimum and maximum in % of most likely effort). Table 2 shows the
estimation error distributions provided by the estimation teams in Group B.

The large difference in estimates indicates that the estimation teams interpreted,
and intended to provide solutions for, the requirements quite differently. This high
variation in interpretation of the requirement specification also means that we should
analyze the estimates carefully. In principle, we should treat the data as the estimation
of 19 different projects, i.e., we should only compare the minimum-maximum effort
values of one team with the same team’s distribution of error for similar projects.
However, since the variation of effort estimates is similar in Groups A and B, we
assume that the “average interpretation” in Group A and Group B is similar, i.e., that
it is meaningful to compare the mean minimum and maximum values of the Group A
and Group B estimation teams.

We instructed the estimators to be “almost certain” to include the actual effort in
their minimum-maximum intervals. It is not clear how to translate the concept of
being “almost certain” into a statement of probability. However, we believe it is safe
to state that being “almost certain” should correspond to there being at least an 80%
probability that the actual effort is included in a minimum-maximum effort interval.
We further assume a symmetric error distribution and base our interpretation of
“almost certain” on a 10% probability of actual effort higher than the maximum effort
and a 10% probability of actual effort lower than the minimum effort. These
assumptions are open to discussion, but it makes no great difference to the results
when changing the “almost certain” interpretation to, for example, a 5% probability of
actual effort higher than the maximum and lower than minimum effort. Table 3
applies the above interpretation of “almost certain” and shows the minimum and
maximum effort values we would expect if the estimation teams had based their
uncertainty assessments on the historical distribution of estimation errors for similar
projects. An example to illustrate the calculations is this. Estimation team 13 assessed
that 10% of similar projects had more than 100% effort overrun, (see Table 2.) We
therefore calculated the maximum effort to be 200% of the most likely effort.

The wide uncertainty categories of the estimation error distribution, e.g., +/-10%
error, means that it is not always obvious which value to choose as a history-based
minimum and maximum. Minor deviations between our interpretation of the history-
based and the actual minimum and maximum effort values do not, therefore,
necessarily reflect little use of the estimation error distributions.
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Table 1. Estimated, Minimum and Maximum Effort

Team Group Estimate Minimum (% of | Maximum (% of
(work-hours) Estimate) Estimate)

1 A 800 90 150
2 A 413 75 130
3 A 750 50 200
4 A 5200 50 120
5 A 136 66 150
6 A 1543 65 130
7 A 192 90 115
8 A 149 a0 150
9 A 310 60 200
10 A 152 70 150

Mean values — A 965 71 150
11 B 484 70 120
12 B 2280 90 160
13 B 2080 100 150
14 B 752 90 200
15 B 456 75 150
16 B 2640 110° 150
17 B 800 90 125
18 B 88 90 140
19 B 820 90 120

Mean values - B 1160 88 146

Table 2. Distribution of Estimation Error of Similar Projects
Teams (Group B only)

Estimation Error | 11 12 13 14 15 16 17 18 19 Mean
Category value
>100% overrun 45 18 10 10 10 5 10 0 18 14
50-100% overrun | 20 |40 |35 [20 |10 |5 20 |5 25 20
25-49% overrun 15 22 25 30 30 35 40 20 30 27
10-24% overrun 10 15 25 20 30 45 20 4() 15 24
+/- 10% of error 7 4 0 5 10 10 10 20 12 10
10-25% too high | 3 1 0 10 5 0 0 10 0 3
estimates
24-50% too high | O 0 0 0 5 0 0 5 0 1
estimates
>50% too high [0 [0 |O [0 [0 [o [o [o |o 0
estimates

Statistically, a minimum of 110% of most likely effort is meaningless and should lead to an
increase of most likely effort. Estimation team 16 defended the minimum value by pointing
to the fact that they never had observed any similar project that used less than 110% of the
estimated most likely effort. This viewpoint is, to some extent, valid when not separating
estimates of most likely effort and planned effort. See the discussion in Jgrgensen, M. and
D.LK. Sjgberg, Impact of effort estimates on software project work. Information and
Software Technology, 2001, 43(15), p. 939-948.
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Table 3. History-Based and Estimated Minimum and Maximum

Teams (Group B only)

Teams 11 12 13 14 15 16 17 18 19
History-Based 90% 100% | 100% | 90% | 90% 100% | 90% | 90% | 90
Minimum %
Estimated 70% | 90% 100% | 90% | 75% 110% | 90% | 90% | 90
Minimum %

Correspondence | Close | Close | OK OK Close | OK OK OK | OK
minimum?
History-Based 200% | 200% | 200% | 200% | 200% | 175% | 200% | 140 | 200

Maximum T %
Estimated 120% | 160% | 150% | 200% | 150% | 150% | 125% | 140 120
Maximum %o %

Correspondence | No No No OK No Close | No OK | No
maximum?

Table 3 suggests that all the Group B teams achieved a correspondence between
the history-based and their actually estimated minimum effort. Comparing the mean
minimum effort values of the two groups of estimation teams, see Table 1, shows that
the teams in Group B have a minimum that is higher (mean value 88% of most likely
effort) than that of the teams in Group A (mean value 71% of most likely effort). The
difference in mean values, combined with the results in Table 3, suggests that the
minimum values of the estimation teams in Group B were influenced by the error
distribution for similar projects. For example, being aware that no similar project ever
had been over-estimated by more than 10% (teams 16 and 17) seems to have made it
difficult to argue that the minimum effort should be lower than 90% of most likely
effort. We interpret this as meaning that the minimum values of the Group B teams
were more accurate than those of the Group A teams.

Surprisingly, the same impact from the historical error distribution was not present
when estimating the maximum effort. Only three of the Group B teams estimated
maximum effort values close to the history-based maximum. Comparing the mean
maximum effort the two groups of estimation teams shows that the teams in Group B
had a mean maximum value similar (mean value of 146%) to that of the teams in
Group A (mean value of 150%). In other words, while the estimation teams seemed to
have applied the distribution of estimation of similar projects when estimating the
minimum effort, only a few of them applied the same information when estimating
the maximum effort. We discuss reasons for, and threats to the validity of, these
results in Section 5.

5 Discussion of the Results

There are several potential reasons explaining the problems of applying historical
error data when providing realistic minimum-maximum effort intervals:

e Conflicting goals: A potentially important reason for resistance towards
providing sufficiently wide minimum-maximum effort intervals is reported in [3].
One of the software professionals participating in that study stated: “I feel that if
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I estimate very wide effort minimum-maximum intervals, this indicates a total
lack of competence and has no informative value for the project manager. I'd
rather have fewer actual values inside the minimum-maximum interval, than
providing meaningless, wide effort intervals”. In the same study it was evaluated
how project managers actually assessed the skill of software developers and it
was found that they did, indeed, evaluate those software developers as more
skilled who provided narrower intervals and exhibited higher confidence.
Interestingly, the evaluation of skill based on the width of the interval persisted
even in situations when the managers received the information that the
assessments were strongly over-confident. In other words, there seems to be an
immediate and assured reward for over-confidence. It follows, therefore, that
over-confidence does not necessarily lead to punishment (one may be lucky or
the management may choose not evaluate the minimum-maximum intervals). In
addition, potential punishment is in most cased delayed until the project is
completed. The use of historical data to increasing the accuracy of uncertainty
assessments may therefore be hindered by the goal of appearing skilled.

o The “better-than-average”-bias: Assume that the estimation teams accepted that
previously completed similar projects had an error distribution that suggested a
higher maximum value than the one they provided. The estimation teams may
nevertheless believe that the estimation error history is not relevant for the
uncertainty assessment of their effort estimate. In some cases this may be a valid
belief. The organization may, for example, have learned from previous
experience how to improve the estimates or reduce the project uncertainty.
Another possibility is, however, that the estimation teams are subject to the well-
known “I-am-better-than-average”-bias [16], i.e., that most teams believe that
their effort estimates are better than those of other teams.

o The lack of statistical skill: The minimum-maximum assessment instructions
given to the Group B estimation teams did not explicitly state how to apply the
distribution of previous estimation error. It is, therefore, possible that some of the
teams had problems understanding how to link the estimation error distribution to
minimum and maximum effort values. A lack of statistical skill does, however,
not explain the difference in the impact of the historical information about error
distribution on the assessments of minimum and maximum effort and can only
explain a minor portion of the problem.

In this study we have used software professionals, realistically composed
estimation teams, and a real-life requirement specification. However, there are at least
two important limitations to the validity of the results, both related to the artificiality
of the estimation context:

e  Unrealistic time restrictions mean that we cannot automatically generalize the
findings into contexts in which the teams spend much more effort on the
estimation tasks. Based on the results in [4], however, we would expect greater
knowledge about how to solve a task to lead to more, not less, over-confidence.

e The experimental context may have led to a greaterfocus on appearing skilled
than in a realistic minimum-maximum assessment context. The estimation teams
knew that they would not have to implement the project and may therefore have
focused more on appearing skilled when presenting the results to the other teams
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and the management. This limitation does, however, not explain the difference in
use of the historical distribution of estimation error when deriving the minimum
and the maximum effort.

Taking into consideration the potential explanations and major limitations of our
study, we believe that our most robust finding is the difference in the use of historical
information when providing minimum and maximum effort, i.e., that it seems to be
more difficult to accept the relevance of historical estimation performance when
assessing maximum (worst case) compared with minimum (best case) use of effort. A
potential consequence of that finding is described in Section 6.

6 Conclusion and Further Work

The experiment described in this paper is a first step towards better processes for
effort estimation uncertainty. Our results indicate that in the attempt to ensure history-
based maximum effort values, it is not sufficient to be aware of the estimation error
distribution of similar projects. Based on the identification of potential reasons for not
applying the estimation error distribution we recommend that the uncertainty
assessment process be extended with the following two elements:

*  More detailed instructions on how to apply the distribution of previous estimation
error to determine minimum and maximum effort for a given confidence level.

e The presence of an uncertainty assessment process facilitator who ensures that
the distribution of previous estimation error is properly applied. The facilitator
should be statistically trained in uncertainty distributions and require that
deviations from the history-based minimum and maximum are based on sound
argumentation.

We intend to introduce and evaluate the extended history-based uncertainty
assessment process in a software organization.
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Abstract. This paper discusses about the results of using OO (Object-Oriented)
measures for the small-sized programs in C++. The metric values for the class
level Object-Oriented properties: inheritance, coupling and cohesion are
computed and compared with the existing study results for medium sized
programs. Among the three properties, inheritance is used widely in the
programs. The effective use of the three properties for the proper abstraction of
the class design is investigated using six hypotheses proposed. The result of the
investigation shows that inheritance and cohesion are used well for the design
of attribute level abstraction in the classes.

1 Introduction

The (OO) technologies (programming languages, tools, methods and processes) claim
improvement in the quality of software product deliverables. A large amount of work
in this domain focuses on how the quality of OO artifacts (eg. design and code) can be
assessed. One direction in the empirical research involve with the development and
evaluation of quality models. The immediate goal of this research is to relate the
structural attribute measures (for encapsulation, polymorphism, inheritance, coupling
and cohesion) to the quality indicators (such as fault proneness, development effort,
test effort, rework effort, reusability and maintainability).

Many measures have been proposed in the literature for OO code and design [2],
[6], [8-9], [10-15] & [18], which provide the way to automate the measurement and
assess the quality of software. Only empirical studies can give tangible answers for,
which of them are really suitable. The existing studies have investigated the impact of
these measures on the quality attributes such as fault-proneness [7], productivity or
effort or the amount of maintenance modifications [19].

The application domain is usually seen as a major factor determining the
usefulness of measures or the effectiveness of technologies. The existing studies were
made on the systems developed in the industrial environment or on heavy / medium
sized projects. Shift of research effort also required, from defining new measures, to
investigate their properties and applications on different domain. This is to understand
what these measures are really capturing, whether they are really different and
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whether they are useful indicators of quality or productivity properties of interest in
that domain. In this paper, we apply the OO measures on the small-sized programs
(having 500 LOC-Lines of code at the maximum) and study their implications.

The following section introduces about the empirical study in detail. Section 3
discusses the descriptive statistics of the measures and compares with the results of
the previous study. Section 4 gives the correlation results obtained by evaluating the
measures against the number of attributes/methods with the six hypotheses proposed.
Section 5 discusses about the results obtained and section 6 concludes the paper.

2 Empirical Study

The empirical study follows the framework suggested by Briand et al [19] and
includes the phases of definition, planning, operation and interpretation as follows.

2.1 Study Definition
The motivation of this study is formulated with four key questions.

1. What is the range of values for each of the metric in small-size OO
programs? Do the values justify the familiarity and use of the concepts by
the developers?

2. How far the metric values obtained by this study are comparable with the
values obtained in other domains?

3. How far the designed classes use Object-Oriented properties — coupling,
cohesion and inheritance? (as C++ does not compel the developer to have it
s0) — Which of them are exploited in the design of proper class abstraction?

4. Does the Object-Oriented measures suit for measuring these lower level
users’ programs?

The programs considered in this study were developed by a class of (60) UG
students in the Department of Computer Science and Engineering at Pondicherry
Engineering College. These programs were developed during their study period of the
laboratory course on OO programming with C++ for 7 weeks. Each week they were
given 3 hours of time to program the given problem and to test. They were given
Turbo C++ environment with all standard libraries to develop the programs. The
students did not have prior knowledge in OO but were already trained in procedural
paradigm (PASCAL and C). The course had been framed such that experiments were
offered by introducing the OO features gradually.

2.2 Study Planning and Operation
Many measures have been proposed in the literature to capture the structural

properties of OO code and design. They are applied on attributes, methods, classes,
subsystems and system. In this study, only the class level measures for the OO
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properties coupling, cohesion and inheritance are considered (refer Tables 7,8 and 9
for the list of measures).

For metric collection, we used the static analysis tool named OOMC [20] — Object
Oriented Metric Calculator to automatically collect metrics data for each of the
classes in the program. It is an automated tool developed in C++ programming
language to collect the OO design metrics. It assumes that the given source program is
syntactically correct. It locates the following statements and collects the measures.

The class derivation/definition statement
The class attributes declaration statement
The class method signature

The class method definition statement
Friend class definition statement

This tool cannot collect the measures, which need the statements of the method to
be parsed. They are computed manually (eg: metrics computed with method
invocations).

The metric values computed are compared with the values obtained in the existing
study results. The varying values show the varying phenomena used (high or low) in
the two systems. This comparison brings out the reasons for the varying values.

A correlation study is carried out to identify the properties (inheritance, coupling,
cohesion), which are exploited properly by these programmers in the class
abstraction. Six hypotheses proposed are used for this study.

2.3 Study Limitations

This study only examines the programs developed by the students and tested by the
teacher during their study of the laboratory course. No attempt is made to control for
other variables that may affect the result such as the skill/experience level of the
student or the process by which the individuals developed their modules (classes).

3  Metric Results and Comparison

The results of the metric computation are given in this section. The values obtained in
this study (referred as System 1) small sized programs (2 to 85 LOC in a class) are
compared with the values obtained by the study made previously [7] (referred as
System 2). The study in System 2 was carried out at the University of Maryland with
PG (Post Graduate) students grouped in to eight teams of three students each. Each
team was asked to develop a medium sized (2 to 554 LOC in a class) management
information system to support video rental business in C++ using GNU environment
and OSF/MOTIF during the implementation.

3.1 Coupling Measures

A good quality software design should obey the principle of low coupling. Coupling
is the measure of the strength of association established by a connection from one
module to other. Therefore stronger the couplings between modules more difficult to
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understand, change and correct these modules. This results in more complex software
system. The various mechanisms that constitute coupling are categorized [4] as
follows. (Assuming c and ¢’ are the classes having the implemented methods m and
m’ respectively)

m and m’ share a global data (public attributes etc)

m references an attribute in ¢’

m invokes m’

m receives pointer to m’

c is the type of a class c’s attribute

c is the type of a methods(m’) parameter or return type
c is type of a methods’ local variable

class is type of a parameter of a method invoked from within another
method

Other variations are found by introducing inheritance, friendship or no relationship
between the classes ¢ and ¢’. The list of validated coupling measures considered in
this study is given in Table 8.

Table 1 presents the descriptive statistics for coupling measures in the two systems.
For each measure, the maximum, minimum, median, mean values and the standard
deviation are given in the respective columns.

Coupling measures are measured only with non-library classes (classes defined
only in the program in both the systems). From Table 1 the following observations are
made from system 1 results

¢ RFC and RFC1 are almost equal because of very few indirect method
invocations found in the classes.

e Compared to CBO’, CBO is high because it also adds inheritance based
coupling.

e  Similarly in ICP measures Inheritance based coupling is found to be high
(IH-ICP > NIH-ICP)

¢ DAC shows that maximum of 6 classes used in the (class) attribute
declaration and 4 are the maximum distinct classes used.

The Class-Attribute coupling and Class-method coupling between the classes
related by inheritance is not present in System 1. This shows that most of the
attributes and methods in the ancestors are declared in the public section and can be
assessed directly without an explicit instantiation. In addition, the method-method
coupling between classes related through friendship not found. This shows that
friends are declared only for attribute interactions. The rest of the measures carry non-
zero values even though quantitatively they are less compared to system 2. However,
in both the systems the attribute based coupling measures have relatively equal
values. Only the method level coupling measures have poor values in system 1. It is
due to the less number of methods defined in the class definitions. Comparatively
system 1 uses more inheritance based coupling (AMMIC, DMMEC and IH-ICP).

In summary, among the independent classes attribute level coupling are more than
method level coupling. Also with the classes related with friendship relation.
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However, in the classes related with inheritance, method coupling is found more than
attribute coupling.

Table 1. Descriptive statistics for coupling measures

System 1 results System 2 results
M T | s | St | s | e | St
minimu median minimum median
m

ACAIC 0,0 0,0 0 3,0 0.02,0 0.28
ACMIC 0,0 0,0 0 13,0 0.12,0 1.22

AMMIC 10,0 0.96,0 1.66 7.0 0.2.0 1.15
CBO 4.0 1.3.1 1.03 12,0 2.02,2 216
CBO" 4,0 0.29,0 0.73 12,0 1.97,2 2,14
DAC 6,0 0.32,0 113 10,0 0.86,0 1.57
DAC’ 4,0 0.16,0 0.65 6,0 0.59,0 0.96
DCAEC 0,0 0,0 0 3.0 0.03.0 0.28
DCMEC 0.0 0,0 0 13,0 0.12,0 122
DMMEC 6.0 0.96,0 1.56 21,0 0.21,0 1.98
FCAEC 1.0 0.0 0.19 20 0.07,0 0.32
FCMEC 4.0 0.1.0 0.53 9,0 0.28,0 1.39
FMMEC 0,0 0,0 0 16,0 0.56,0 2.14
(& 4.0 0.5,0 0.76 Not considered in the study
ICP 10,0 1.11,0 1.72 97.0 7.4.0 1513
IFCAIC 1,0 0,0 0.12 2,0 0.07.0 0.32
IFCMIC 4,0 0.11,0 0.55 9,0 0.28,0 1.37
IFMMIC 0,0 0,0 0 13,0 0.56,0 2.07
THICP 10,0 1.04,0 | 12,0 0.37,0 1.96
MPC 10,0 1.05,0 1.68 58,0 440 9.05
NIHICP 2,0 0,0 0.37 97,0 7.1,0 14.99
OCAEC 1,0 0.14,0 35 27,0 0.73.0 274
OCAIC 4,0 0.11,0 0.62 8.0 0.73.0 1.4
OCMEC 1.0 0,0 0.13 95,0 24,0 116
OCMIC 1,0 0,0 0.13 38,0 2430 5.54
OMMEC 2,0 0,0 0.34 36,0 3.64.0 7.05
OMMIC 3,0 0,0 0.48 56,0 3640 8.37
RFC 13,0 v 2.50 138,2 19.5,13 20.53
RFC-1 13,0 282,25 2.09 86,2 16.94,13 13.72
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3.2 Cohesion Measures

A good quality software design should obey the principle of high cohesion. Cohesion
is defined as a measure of the degree to which the elements of a module belong
together. In highly cohesive module, all elements are related to the performance of a
single function. Therefore, higher the cohesion of a module easier the module to
develop, maintain, reuse and less fault prone. The different mechanisms those
constitute cohesion are categorized as follows [5] (assuming m and m’ are the two
methods of a same class ¢ and a is an attribute defined in the class c)

m references a

m invokes m’

m and m’ directly reference an attribute a of class ¢ in common

m and m’ directly or indirectly reference an attribute a of class ¢ in common

Table 2. Descriptive statistics for cohesion measures

System 1 results System 2 results
Metric | Maximum& | Mean& | Standard | Maximum& | Mean& | Standard
minimum median Deviation minimum median Deviation
1.0,0 .800,1 422 1,0 0.36,0.33 0.28
COH 1.0,0 8701 .289 0.82,0 0.34,0.31 0.19
1,0 11,0 .32 72,0 6.36,2 11.35
LCC 1,0 80,1 .30 1,0 0.5,0.52 0.38
LCOM1 30 22,0 66 819,0 62.1,24.5 115.20
LCOM2 3,0 10,0 .55 818,0 431,11 105.80
LCOM3 3,1 1:13,1 42 40,1 524 4.8
LCOM4 2.1 1.09,1 .30 40,1 514 49
LCOMS5 1.5,0 .135,0 360 2,0 0.78,0.77 0.28
TCC 1,0 90,1 .30 1,0 0.4,0.36 0.35

Table 7 shows the list of cohesion measures considered in this study. Table 2
presents the descriptive statistics obtained for cohesion measures in both the systems.
The following observations are made from the results of the system 1.

LCC and TCC have exactly the same value because the indirect connection
between the methods is not found at all (i.e. method invocation in more than
one level). The median value of LCC and TCC shows that most of the
classes are connected.

The value of ICH is found to be very less because in some cases number of
parameters used in the method definition is 1(at the maximum) and in
others, method call inside another method of the same class is not present.
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e LCOMI, LCOM2 have very poor value because the number of method pairs
assessing no common attributes is less.

e Relatively high values (minimum =1) obtained for LCOM4, LCOMS
because of good number of method pairs assessing common attribute.

e (COH and CO have values between 0 and 1. However, CO becomes invalid
in some of the classes because the number of methods is not greater than 2.
Hence, the denominator of CO computation becomes 0.

Comparing the results of the two systems, system 2 has more number of methods
in each class resulting in very high numeric values for each of the metric. But system
1 even though it has very poor number of methods (refer appendix Table 11), they are
much cohesive (from the low values of the negative cohesion measures — LCOMs and
high median values for the positive cohesion measures CO, LCC and TCC whose
minimum and maximum range is O to 1).

In summary, less number of methods in the classes and very few numbers of
parameter in the method definition resulted in low range of non-zero values. This
result in confusion to decide, whether low value (eg. zero) refers good (negative)
correlation or poor use of concepts.

3.3 Inheritance Measures

Inheritance is the practice of defining object types that are specializations or
extensions of existing object types. By inheritance, generic behaviors are inherited to
the objects from the parent type and specific behaviors are added additionally. This
encourages code reuse, minimizes duplication of effort and promotes consistency of
behavior between similar modules. The following are the possible mechanisms used
for the inheritance measures

¢  Measuring position of the class with respect to the hierarchy
¢ Measuring the inherited components (methods and attributes)

Other variations are found by applying different types of polymorphism [1] (static,
dynamic). Table 9 gives the list of inheritance measures considered in the study.

Table 3 presents the descriptive statistics of each inheritance measure. The
following observations are made from system 1 results.

e The median value for the measures NOA, DIT, AID, NOD and NOP (=1)
shows that inheritance is used commonly in most of the classes.

¢  Static polymorphism is not present in the system. In addition, the students do
not use the overloading feature.

The inheritance measures show a good range of values in each metric in general,
except at method level measures. In comparison with system 2, system 1 uses a good
amount of inheritance features in all respect.
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Table 3. Descriptive statistics for inheritance related measures

Metric System 1 results System 2 results
Maximum& Mean& Standard Maximum& Mean & Standard
ini di Deviation minimum di Deviation
AID 3.0 0.91.1 0.75 4.0 0.85.0 1.19
CLD 3,0 0.61,0 0.82 20 0.08,0 0.33
DIT 3,0 0.931 0.78 4.0 0.85,0 1.19
DPA 3.0 0.36,0 0.67 Mot considered in the study
DPD 2,0 20,0 0.55 Not considered in the study
NMA 50 1.61,2 1.3 411 11.38,9 7.89
NMI 10,0 1.73.1 222 104,0 6.97,0 16.13
NMO 3,0 27,0 0.65 10,0 0.61,0 1.566
NOA 4,0 0.89,1 0.95 4.0 0.87,0 1.23
NOC 6,0 0.77,0 1.14 5,0 0.18,0 Q.77
NOD 6,0 11 1.29 9,0 0.23,0 1.10
NOP 2,0 Al 0.57 1,0 0.42,0 0.5
ovOo 0,0 0,0 0 Mot considered in the study
SIX 3,0 0.9,0 0.56 0.52,0 | 0.04,0 | 0.1
SPA 0,0 0,0 0 Not considered in the study
SPD 0,0 0,0 0 Not considered in the study

4 Empirical Evaluation

In order to study the effective use of the OO features in the class abstraction, an
investigation into a correlation with the metric values and the number of
attributes/methods defined in the class has been carried out with the following six
hypotheses (since most of the measures use the attributes / methods as basic elements
in their computation).

e HI1: The more inheritance in the class, less attributes defined in that class.
This hypothesis is made on the assumption that inheritance derives
additional attributes required for the class (attributes added through
inheritance).

e H2: The more coupling in the class, less attributes defined in that class. This
hypothesis is made on the assumption that coupling gets required attributes
from outside the class (attributes imported by coupling).

e H3: The more cohesion in the class, more attributes defined in that class.
This hypothesis is made on the assumption that defining cohesive classes
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(self-dependent) require all attributes defined in the class (cohesion by
additional attributes).

e H4: The more inheritance in the class, less methods defined in that class.
This hypothesis is made on the assumption that inheritance derives
additional methods to the class (method added through inheritance).

e HS5: The more coupling in the class, fewer methods defined in that class. This
hypothesis is made on the assumption that coupling gets required methods
used from outside the class (methods imported by coupling).

e H6: The more cohesion in the class, more methods defined in that class. This
hypothesis is made on the assumption that defining cohesive classes (self-
dependent) require all methods defined in the class (cohesion by additional
attributes).

The metric values serve as the independent variable. The dependent variable used
is the number of implemented attributes (NA) and number of implemented methods
(NM) in the class for the first and last three hypotheses respectively. The Pearson
correlation coefficients for each of the metrics against the attributes and methods are
computed. This coefficient is a measure of the degree of linear relationship between
the two variables.

The results of the correlation are given in the Tables 4, 5 and 6 with the coefficient
value and the significance level. The correlation coefficients, which are in the
expected trend, are given in ltalics. Table 4 shows the correlation results with the
cohesion measures. The negative cohesion measures (Lack of cohesion among
methods — LCOM) have negative values with attributes and the positive cohesion
measures Co, Coh, ICH, LCC and TCC have positive values, which show that
cohesion increases in the program with the increase of the attribute declaration.
However, the trend changes with the correlation of methods. Only the positive
cohesion measures Co, Coh & ICH have expected correlation with high significance.

Table 5 shows the correlation results with the inheritance measures and attributes.
Low correlation results found with attributes (in high significance) for all of the
measures (except the unrelated method level counts — NMI, NMA, NMO, DPA, DPD
& SIX). The hierarchy level measures with negative values (AID, DIT, NOA &
NOP) show that increase in inheritance level reduces the number of attribute
definition. CLD has a negative value since it is inversely proportional to DIT-
hierarchy depth. Same trend follows for the measures CLD & NOP with method
correlation, but changes for others. However, the significance level is poor for all the
measures with methods.

Table 6 presents the results arrived at the correlation with coupling measures and
attributes/methods. Among the measures the attribute level interaction are collected
by DAC, DAC’, **CAIC (all Class-Attribute Import Coupling), **CMIC (all Class-
Method Import Coupling) & IC. In these measures IFCAIC, IC & OCMIC show the
negative trend, which mean that coupling reduces the attributes to be defined. The
paired measures of [FCAIC and OCMIC — FCAEC & OCMEC have the positive
correlation (the classes, which export to other classes, have increase in attribute with
increase in number of export relationship to satisfy more number of classes’
requirement). Among the measures, which capture method level interaction, AMMIC
& DMMEC pair shows a good trend. Others are not showing any influence.
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Table 4. Correlation results of cohesion measures

Metric With attributes With methods

Co-eff p-value Co-eff p-value

co 0.241 0.001 0.310 0.000

COH 0.200 0.000 0.159 0.000

ICH 0.110 0.006 0.258 0.000

LCC 0.114 0.006 0.029 0.488

LCOM1 -0.095 0.022 0.100 0.016

LCOM2 -0.167 0.000 0.110 0.011

LCOM3 -0.162 0.000 0.011 0.785

LCOM4 -0.135 0.001 -0.053 0.208

LCOMs -0.027 0.512 0.102 0.014

TCC 0.114 0.006 0.029 0.488

Table 5. Correlation results of inheritance related measures
With attributes With methods
Metric
Co-eff p-value Co-eff p-value

AID -0.193 0.000 0.075 0.585
CLD 0.266 0.000 0.137 0.319
DIT -0.193 0.000 0.096 0.488
DPA -0.174 0.000 -0.140 0.307
DPD -0.139 0.000 -0.101 0.461
NMI -0.194 0.000 0.160 0.243
NMO -0.035 0.263 -0.029 0.834
NOA -0.052 0.100 0.179 0.191
NOC 0.100 0.000 0.033 0.812
NOD 0.200 0.000 0.087 0.529
NOP -0.337 0.000 -0.033 0.812
SiX -0.209 0.000 0.169 0.217
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Table 6. Correlation results of coupling measures

With attributes With methods
Metric
Co-eff p-value Co-eff P-value

AMMIC -0.123 0.000 -0.203 0.000
CBO 0.461 0.000 0.296 0.000
CBO’ 0.341 0.000 -0.179 0.000
DAC 0.245 0.000 0.265 0.000
DAC' 0.485 0.000 -0.29 0.369
DMMEC 0.366 0.000 0.457 0.000
FCAEC 0.318 0.000 -0,400 0.000
FCMEC 0.223 0.000 -0.280 0.000
ic -0.117 0.000 0.148 0.000
icp -0.075 0.018 0.240 0.000
[FCAIC -0.028 0.379 0.499 0.000
IFCMIC 0.035 0.263 0.341 0.000
IHICP -0.143 0.000 0.217 0.000
MPC -0.014 0.000 0.213 0.000
NIHICP 0.318 0.000 0.100 0.002
OCAEC -0.059 0.062 0.318 0.000
OCAIC 0.491 0.000 -0.091 0.004
OCMEC -0.019 0.537 0.000 1.000
OCMIC -0.019 0.537 0.280 0.000
OMMEC -0.178 0.000 -0.163 0.000
OMMIC 0.379 0.000 0.039 0.218
RFC -0.022 0.482 0.526 0.000
RFC-1 0.144 0.000 0.595 0.000

5 Discussion

The data collected by this study shows that except few of the coupling measures all
others have non-zero values, which proves that all the mechanisms used in the metric
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definition exist in the small-scale programs also. Among the three OO features
inheritance, coupling and cohesion — inheritance is more commonly used equivalent
to system 2. This shows that the students feel comfortable to design classes with
decomposition (inheritance relationship). However, the reasons for the low values in
the coupling and cohesion measures are identified as follows.

e Less number of method definitions (improper decomposition of methods or
improper class behavior implementation)
- due to the definition of all functionalities in few methods
- due to the implementation of the part of the operations of the methods in
the main program

e Most of the attribute/method definitions of the classes are in public visibility.
Hence, interaction is possible without explicit coupling. (eg. no ancestor
class instantiation in descendant, resulting zero values in ACAIC, DCAEC,
ACMIC & DCMEC)

¢ Instantiation of classes in global visibility (some of the objects are available
in open assess)

e  Cohesion measures focus on method pairs or group of methods assessing
common attributes — the applicability of these measures for all of the
following types of classes is a question mark

- classes with no attributes but with multiple methods (utilizes
inherited attributes)

- classes with attributes but no methods (class defined for attribute
abstraction—used in the top of the hierarchy)

- classes with multiple attributes and multiple methods

- classes with multiple attributes but one method (with all
functionalities)

- classes with no attribute but with one method (utilizes inherited
attributes)

Only for the category 3, all of the measures can be employed, but for the rest one
or two measures are found. This may also be the reason for the poor values

e As the programs are for 7 different problems, enforcement of a solution
method may also be the reason for the poor values.

In the correlation study only few of the measures show a medium correlation with
the attributes and methods, which may be due to the above-discussed reasons.
However, however, the inheritance and cohesion measures show the expected trend
with the number of attributes defined. It reveals that the inheritance and cohesion are
properly exploited among the programs in the design of the class level attributes.

6 Conclusion

In this paper, an investigation into the use of Object-Oriented features in the class
design of small-sized programs has been carried out. The results arrived at this study
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shows that low range of metric values for the OO features result in low correlation.
The main reason for the values is found to be the poor design of methods in the class.
As the classes are designed by sharing the OO features and as the OO features are
non-mutually exclusive, results are not predominant in satisfying all of the six
hypotheses. However, inheritance and cohesion are utilized among the programs to
properly design the class level attributes. Future work can be carried out with
replicating the study with students of varying knowledge levels and varying the
programming language. Studies can also be carried out to identify the small set of
measures, which could evaluate the program design during the training course of
varying levels.
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Appendix:

Table 7. Cohesion measures
Name Definition Source
LCOMl(l.aCk of The number of pairs of methods in the class
cohesion in . . . [8] & [9]
methods) using no attribute in common
LCOM2 is the number of pairs of methods in
the class using no attributes in common, minus
LCOM2 the number of pairs of methods that do. If this 1]
difference is negative LCOM2 is set to zero.
Consider an undirected graph G, where the
vertices are the methods of a class, and there is
LCOM3 an edge between two vertices if the T
corresponding methods use at least an attribute [11]
in common. LCOM3 is then defined as the
number of connected components of G.
Like LCOM3 where graph G additionally has an
LCOM4 edge between vertices representing methods m [11]
and n, if m invokes n or vice versa.
Let V be the number of vertices of graph G from
measure LCOM4, and E the number of its
Co(Connectivity) E |—(V.I-1 11
edges. Then Co =2 | < (| °| ) ]
AR ARR)
Consider a set of methods {M,}@i=1,...m)
accessing a set of attributes {A;} (=1,...,). Let
LCOM>S K(A))be the number of methods, which reference L10]
attribute A,
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l(Za:pt(Aj)J—m
a3

1-m

Then LCOMS =

2 HA)

A variation on LCOMS5. Coh = a S [5]
1-m

Coh

Besides methods using attributes directly (by
referencing them) this measure considers
attributes  “indirectly” used by a method.
Method m uses attribute a directly, if m directly
or indirectly invokes a method m” which directly
TCC(Tight class uses attribute a. Two methods are called ”
cohesion) connected if they directly or indirectly use [2]
common attributes. TCC is defined as the
percentage of pairs of public methods of the
class which are connected, i.e. pairs of methods
which directly or indirectly use common
attributes

Same as TCC, except that this measure also
considers pairs of “indirectly connected”
methods. If there are methods m,,...m, such that
LCC(Loose class m,and m,,, are connected for i=1,...n-1 then m, ”
cohesion) and m, are indirectly connected. Measure LCC [2]
is the percentage of pairs of public methods of

the class which are directly or indirectly

connected

ICH for a method is defined as the number of
ICH(Information invocations of other methods of the same class,
flow based weighted by the number of parameters of the [13]
cohesion) invoked method. The ICH of a class is the sum

of the ICH values of its methods.

Table 8. Coupling measures

Name Definition Source

According to the definition of this measure a class is

Sﬁg(gco coupleq to another, if methO(_is of one class use methods
between or attrlbqtes of the other or vice versa. CBO for a‘clas.s is (]
object then defined as the number .of other classes to which it is
classes) coupled. This includes inheritance based coupling

(coupling between classes related via inheritance)
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Same as CBO, except that inheritance based coupling

CBO is not counted. [8]
Response set for class. The response set of a class
consists of the set M of methods of the class, and the set
of methods directly or indirectly invoked by methods in
RFC M. In other words the response set is the set of methods [8]
that can potentially be executed in response to message
received by an object of that class. RFC is the number of
methods in the response set of the class.
Same as RFC, except that methods indirectly invoked by
RFC1 methods in M are not included in the response set. [9]
Message passing coupling. The number of method
MPC invocations in a class. [15]
Data abstraction coupling. The number of attributes in a
DAC class that have another class as their type [15]
The number of different classes that are used as types of
DAC’ attributes in a class [15]
Information flow based coupling. The number of method
ICP invocations in a class weighted by the number of 3]
parameters of the invoked methods.
As ICP, but counts invocations of methods of ancestors
IH-ICP of classes (i.e. inheritance — based coupling) only [13]
As ICP, but counts invocations to classes not related
NIH-ICP | through inheritance [13]
IFCAIC These coupling measures are counts of interactions
ACAIC between classes. The measures distinguish the
OCAIC relationship between classes (friendship, inheritance,
FCAEC none) different types of interactions and the locus of
DCAEC | impact of the interaction. The acronym for the measures
OCAEC | indicates what interactions are counted: The first or first
IFCMIC | two letters indicate the relationship (A: coupling to
ACMIC ancestor classes, D: Descendants, F: Friend classes, IF: [6]
OCMIC Inverse friends (classes that declare a given class c as
FCMEC their friend) O: others, i.e. none of the other
DCMEC | relationships). The next two letters indicate the type of
OCMEC | interaction: CA: There is a Class-Attribute interaction
IFMMIC | between classes ¢ and d if ¢ has an attribute of type d.
AMMIC | CM: There is a class-Method interaction between classes
OMMIC ¢ and d, if ¢ invokes a method of d, or if a method of
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FMMEC | class d is passed as parameter (function pointer) to a
DMMEC | method of class c. The last two letters indicate the locus
OMMEC | of impact: IC: Import coupling, the measure counts for a
class c all interactions where c is using another class. EC:
Export coupling count interactions where class d is the
used class.
Inheritance coupling. Number of parent classes to
IC which a class is coupled.
Table 9. Inheritance related measures
Name Definition Source
Depth of inheritance tree. The DIT of a class is the
DIT length of the longest path from the class to the root in the [8]
inheritance hierarchy.
Average inheritance depth of a class. AID of a class
AID without any ancestors is zero. For all other classes AID of [10]
a class is the average AID of its parent classes increased by
one.
CLD Class to leaf depth. CLD of a class is the maximum (18]
number of levels in the hierarchy that are below the class.
Number of children. The number of classes that directly
NOC | . . . [8]
inherit from a given class.
NOP Number of parents. The number of classes that a given [14]
class directly inherits from.
Number of Descendants. The number of classes that
NOD | directly or indirectly inherit from a class (i.e. its children, [18]
grand children and so on)
NOA _Number qf ancestors. The 1_1umb.er of classes that a (18]
given class directly or indirectly inherits from.
Number of methods overridden. The number of
NMO | methods in a class that override a method inherited from [14]
an ancestor class.
Number of methods inherited. The number of methods
NMI | in a class that the class inherits from its ancestors and does [14]
not override.
NMA Numb;r of methqu z.idded. The gumber of new [14]
methods in a class not inherited, not overriding
SIX Specialization index. [14]
SIX is NMO*DIT/(NMO+NMA-+NMI)
ovo Overloading in stand-alone classes. (1]
DPA Dynamic polymorphism in ancestors [1]
DPD Dynamic polymorphism in descendants (1]
SPA Static polymorphism in ancestors (1]
SPD Static polymorphism in descendants [1]
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Table 10. Size measures
Name Definition
S The number of declaration and executable statements in the
tmts
method of a class
NM (Number of The number of all methods (inherited, overriding and non-
methods) inherited) methods of a class
NAI (Number of The number of attr}butes in a glass (excluding 1nhepted
. ones). Includes attributes of basic types such as strings,
attributes) .
integers..
NMpub (Number The number of public methods implemented in a class
of public methods)
NMNpub (Number | The number of non-public (i.e. protected or private)
of non-public methods implemented in a class
methods)
Table 11. Size measures-results
System 1 results System 2 results
Metric Maximum | Mean and | Standard | Maximum | Mean  and | Standard
Minimum | median Deviation | Minimum | median Deviation
NAI 50 1.14,1.00 110 22,0 545 430
NM 130 3.79.4.00 251 462 133,11 9.33
NMNpub 30 0.05,0 040 100 1580 2.76
NMpub 5,0 191,20 1.01 46,0 11.89 10.16
Stmts 82,3 17.52,15 12.01 5542 112.05,100 84.5
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Abstract. Software inspection is often seen as a technique to produce quality
software. It has been claimed that expertise is a key determinant in inspection
performance particularly in individual detection and group meetings [33].
Uncertainty, among reviewers during the group meetings due to lack of
expertise is seen as a weakness in inspection performance. One aspect of
achieving expertise is through education or formal training. Recent theoretical
frameworks in software inspection also support the idea of possible effects of
training on inspection performance [33]. A laboratory experiment was
conducted to test the effects of training by examples on requirements
inspection. Our findings show that the trained group performs significantly
better than the group which received no training. However, the ‘experienced’
reviewers did not outperform those with no experience. The results have
implications the use of a repository of defect examples for training reviewers.

1 Introduction

Software inspection or review has emerged as a popular technique for the
development of quality software [13],[16],[19]. Research shows that inspection
applied to the early stages of the software development life cycle incurs significant
savings in terms of cost and time [4]. Therefore it is worthwhile to try and understand
ways to improve the performance of requirements inspection.

There are various factors that have a significant impact on the number of defects
detected [21]. The impact of inspector’s expertise/experience on inspection
performance is an area in which limited empirical work has been done. In fact, most
empirical studies have focused on other factors such as reading techniques (Ad-hoc,
Checklist, Scenario Based Reading, Usage Based Reading and Perspective Based
Reading ) [1],[29] and group meetings [22],[31]. Nevertheless Sauer et al’s work [33]
suggests that most important factor in determining the effectiveness of software
inspection is the level of expertise of individual reviewers. They suggest that work in
this area may highlight ways to improve inspection performance via the selection of
reviewers.

A majority of the defects are detected during individual detection and group
meetings. Group and individual reviewers fail to make any decisive decisions as to
whether or not a defect should be carried forward to the overall list as well as not
knowing whether to discuss a potential defect. This could be due to many possible
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factors such as lack of confidence, lack of time, production blocking, free riding (see
[22]), and inadequate expertise and experience [22]. If such losses can be minimized
if not eliminated, then collectively there is a possibility a more complete quality
software product produced. This leads to the question of how we can increase the
level of individual task expertise or develop ways to improve individuals’ expertise.
Thus expertise is a key area that needs more attention such that individual and groups
can make better decisions with an increased degree of confidence.

One aspect of expertise is the technical education or training of inspectors. In the
field of education, training can be used to increase individual’s expertise level and
improve learning [36],[38]. The inspection literature claims that training is crucial to
improve individual’s expertise [15], however the nature or type of training required
has not been formally tested. Training in the inspection literature commonly refers to
high level teaching about the “what” and “why” regarding inspections. “How” the
defect detection task should be executed is usually embedded in the various
inspection aids recommended (e.g. perspectives, scenarios, checklists). We argue in
this paper that inspectors’ training in defect detection needs to be more explicit and
comprehensive. Proper task training may likely contribute to the “expertise” level of
inspectors and thus improve inspection outcome.

The focus of this paper then is to test the impact of training by (defect) examples
on inspection performance. The main motivation for this paper comes from the
extended behavioral theory of performance for software inspections where it has been
proposed that characteristics of inspectors such as technical and non-technical factors
have an impact on inspection performance [23]. This paper will empirically test part
of this framework via a formal inspection experiment conducted on a piece of
requirements document. The impact of such training in software practices may have
possible affects on how reviewers can be trained for the review task. We speculate
that appropriate reviewer training may help improve review performance particularly
where reviewers lack appropriate expertise to perform the task.

Section 2 summarizes the literature relevant to this research. It includes the
theoretical and empirical work in the inspection literature, and also presents work
done in the field of training in education. Section 3 explains the research questions
and Section 4 presents the experimental study in detail. Section 5 reports the results of
the experiment, followed by the discussion and conclusion in Sections 6 and 7,
respectively.

2 Literature Review

2.1 Inspector’s Experience

Fagan (1976), initially raised the issue that people needed to be taught or prompted to
find errors effectively. It was suggested that one approach to getting started was to
make a preliminary inspection of a design or a code that is representative of the actual
program to be inspected. However, not enough empirical research has been conducted
or been tested to prove the theory that experience result in better defect detection.
Researchers have suggested that the selection of inspectors based on their
characteristics for examples software development experience and domain experience
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can impact the defects found during the inspection process [28],[30],[33]. In fact a
study conducted by NASA engineers showed that there were some indications that
inspector’s experience had an impact on number of defects detected [1]. Some of the
characteristics that have been investigated in the past concern the experience of the
inspectors in different tasks such as writing requirements, using requirements, testing
software and writing uses cases to name a few.

One proposed method for gaining process experience is to have subjects work in
pairs and gain experience through observation [5]. Carver et al (2003), believes that
subjects could gain inspection experience by observing another subject performing an
inspection as previous study showed that observers were able to gain useful insight
into the execution of a technique [35]. Carver et al (2003), executed an experiment in
training students how to use Perspective Based Reading (PBR) technique. Training
was done through the observation medium. The results indicated that the observation
was beneficial to students in terms of gaining understanding and confidence.
Furthermore, it demonstrated that inspectors who observed performed better than non-
observant subjects in low experience group for one requirements document. However
in another requirements document the result was contradictory. Thus the results are
not conclusive and further experiments need to be carried out to allow researchers to
have confidence that observation is an appropriate method of training.

It must be noted that there is no definition of what constitutes an expertise
particularly in relation to software inspection. Is expertise defined as programming
experience, number of years in software inspection or expertise in reading
requirements specification and code? Or are there any other aspects to it? This key
determinant needs to be addressed so it can provide valuable practical guidelines on
the selection of inspectors in the software industry.

Biffl (2002), measured inspector capability factors as inspector development skills,
quality assurance experience and ability to conduct inspection with a particular
reading technique on different document with known defects. Surprisingly their
empirical research indicated that number of years of experience has no significant
influence on inspection performance. One would think that individuals with plenty of
experience would be able to perform better in defect detection than individuals with
little or limited experience. Other studies indicated that different types of experience
with inspection such as comfort level, experience with reviewing requirements and
experience in software inspection techniques could be important factors in the
effectiveness of an inspection [6]. However a more substantial research and
experiments need to be carried out regarding the effect of experience in inspection
performance.

While the effects of expertise on software reviews have not been directly studied,
there are substantial theory that indicates the importance of expertise in review
performance. One of the reasons that such effect cannot be studied is because it is not
easy to control for expertise level where subjects are not experienced software
practitioners. Initially subjects start at different experience level and needs to be
balanced up in order to correctly manipulate expertise. Otherwise contradictory
results will form and the true effect of expertise will not be recognized. We see
training by worked examples of different defect types as a method to balance the
expertise variable between the subjects as it will provide less experienced members to
gain the additional skills required and knowledge to perform the inspection with the
more experience reviewers.
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We need an underlying theory that emphasizes the importance of individual task
expertise in the performance of a review. Thus a behaviorally motivated theoretical
framework is needed which will assist in directing this research in a more focused
manner.

2.2 The Extended Behavioral Theory of Performance for Software Inspections

Sauer et al (2000), formulated a behavioral theory on software technical reviews,
based on the 2-staged defect detection task. The 2-staged task model includes the
individual defect detection (preparation) stage, followed by the group meeting (defect
collation) stage. Recently, this theory has been extended by [23] to address the
limitations posed in the original theory (depicted in Figure 1).

The original theory highlights the performance of a group can be closely modeled
by the performance of individual members and combining it to give a greater weight
to the performance of the most expert individual in the group [33]. This acknowledges
that group performance is determined by expertise. A group’s decision based on
majority of responses may not guarantee that the correct decision was made, but an
expertise influence on the decision making is likely to produce a more accurate
decision.

The extended theory addresses a number of limitations posed in the original theory.
Given the recent argument against inspection meetings, the extension focuses on the
additional factors impacting individual defect detection, which includes the inspection
process, software artifact type and the individual characteristics of inspectors [23].

This model as shown in Figure 1 below states that a relationship exists between
characteristics of inspectors (technical and non-technical) and inspection
performance; performance is maximized when inspectors of the right expertise are
selected for the task. The type of artifact inspected also affects both the characteristics
of inspectors as well as the inspection process, and hence the final performance
outcome [23]. There is scarce evidence of the impact of technical factors on
inspection performance, especially in a controlled laboratory setting. Both the original
and extended theory maintains that expertise as exhibited by individuals is a key
determinant of performance.

Land et al (2003), model shows that there is a relationship between individual
characteristics and inspection performance. Boehm (1981), in the COCOMO model
which can predict the cost of a software system being developed included Analyst
capability, Programmer capability, Application experience, Platform experience,
Language and tool experience and Personal continuity as factors that influence the
effort estimate produced by the model. Boehm (1981), also highlighted that
application specific experience are also vital issues to consider. It is thus interesting to
see what other variables in software engineering in individual characteristics play a
part in inspection performance. A better understanding of this knowledge will enable
us to determine what specific characteristics of individuals have significant impact on
inspection performance. Some of the characteristics of individuals that have been
studied are Application Domain Knowledge, Software Development Experience and
Inspection Process Experience.

We argue in this research that individual’s defect detection performance can be
improved by increasing task expertise through education and training. In the next
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section, we review the relevant literature in this area to find supporting evidence for
this idea.

Software arte-fact type Inspection process
T Selection of inspectors (team
| Z25 » membership, role assignment)
Inspection aids (eg tool
Characteristics of Inspectors support)
Technical Factors: Defect-detection methods:
1. Technical skills and 1. Ad Hoc
knowledge 2. Checklist-based
2. Experience 3. Scenario-based (e.g.
Non-Technical Factors: F--=9 | defect-based, perspective-based,
1. Personality usage-based, traceability-based)
2. Values and beliefs
3. A private agenda e.g. personal !
issues such as relationship with [~~~ 1 i Condugt Bt
product author | ASpeeon
I

Conduct of ——pr

H Inspection + v

Group Expertise ¥ P Inspection
T Performance

Group Process

Social decision
scheme

Fig. 1. The extended behavioral theory of performance for software inspections [23]

2.3 Education and Training

Education and training are most effective when high quality instruction is presented
under conditions that are conducive to learning [27]. One approach to facilitate the
effectiveness of education and training programs is to help students develop better
learning strategies. Effective learning strategies results in less time consuming in
practice, enhance self esteem for the learner and fewer demands on the instructor’s
time [27]. Activities student engage in when encountering learning task can be
modified through instruction and training to make them more effective and efficient.

Empirical study has been executed in evaluating the impact of training in terms of
learning performance. Dansereau (1978), used training materials such as short
lectures, practical exercises and discussions which showed that training improved the
student’s learning behaviour and attitude. On a more recent note [17] investigated the
impact of the type of training and the duration of training on a transfer task. The
results indicated that length of training and type of training had bearing on improving
student’s learning performance.

2.3.1 Worked Examples as a Training Method

Most researchers are aware of the importance of worked examples to students
assimilating new material. The ability to process worked examples correctly is an
essential part of training [37]. Worked examples provide additional information as
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they entail schema acquisition (ability to recognize appropriate circumstances and
actions required by those circumstance) and rule automation (information being
processed with minimal conscious). This was evident in the experiment conducted by
[36] using algebra equations which exhibited that groups with worked examples made
significantly less errors up to nine times less than the groups without any worked
examples. This encompasses the notion that worked examples are a more efficient
mode of learning than solving conventional problems. However when faced with a
different problem type, students will not be able to recall with what’s been learnt in
the worked examples due to being immersed with a schema. Furthermore
experimental results by [11] showed that 75% of worked examples group, but none of
the conventional problem groups were able to solve the transfer problems, clearly
highlighting worked examples can facilitate transfer performance.

On the contrary [8] results indicated that problem solving is superior to worked
examples. One major disadvantage of using worked examples is student’s inability to
learn how to solve other problems apart from the ones shown in the example. A heavy
use of worked examples can provide learners with solution patterns such that they fail
to solve new or different types of problems. As a result mechanisms need to be
implemented to ensure individuals fully process the contents of an example.

It is quite convincing that the use of worked examples may be beneficial to
learning outcomes and the transfer of the knowledge gained into solving new
problems. This is due to learners viewing worked examples as the primary and natural
source of learning material [24]. Numerous empirical studies in the education field
have focused on worked examples and instruction. These studies have shown that
such practices produces better performance in learning. This type of work has not
been done yet in software inspection. While the inspection task is vastly different to
those task specified in the education literature, especially in terms of the task
complexity, it is still an open question whether similar performance improvements
can be achieved through the use of worked examples as a training method. Inspection
training [15],[16] is typically targeted at a high level (e.g. explaining what and why,
process variables), “how” to execute defect detection is usually explained via the use
of inspection aids such as checklist and scenarios. The possibility of improving defect
detection through an alternative way via training poses an interesting option. As a
result, this paper will particularly address the impact of training by examples on
inspection performance.

3 Research Model and Hypothesis

In Figure 2, we present the research model of this study. It is important to note that
this model is an elaboration of a part of Land et al’s model. This model purports that
training using worked examples of various defect types affect individual’s
characteristics (inspector’s technical knowledge, skills, and experience), which in turn
can affect inspection performance. Our focus in this study is on the importance of
individual’s characteristics as a determinant of performance, rather than inspection
process. This does not mean that process is not an important determinant of
performance.
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Training by Worked Examples

l Inspection

Process

Individual Characteristics

1. Technical knowledge/skills

2. Experience of inspectors

- roles of reviewers (developer, programmer)
- reading or using software documents (e.g.
requirements document, design, code)

- Ezgséi;rl:?)l;iremegts documem\ | Inspection

= K pracllcal experience Performance

Fig. 2. Research Model

Individual characteristics are composed of technical skills and experience of
inspectors. Experience of inspectors is accumulated through individuals working in an
IT environment such as a programmer, analyst, developer, tester or manager; reading
or using software documents such as requirements, design or code; writing
requirements document; practical experience to aspects of inspection task and any
involvement in industry projects relating to software development.

Training by worked examples may enhance the existing experience of inspectors
and learning outcomes due to the transfer of knowledge acquired through training to
the new task at hand. Experience in various roles and practical experience in software
development could possibly add another dimension to the inspector’s ability to
perform the task. Being equipped with technical skills and knowledge through
training by examples, it is expected that there will be an improvement in inspection
performance. Inspection performance is determined by the number of true defects
detected (defects that need to be repaired for the software to work), classification of
defects in the correct category and number of false positives reported (non-true
defects).

This leads to the following research questions that will be addressed in this
experimental study.

Research Hypothesis 1

(H,,) — There is no difference in finding the number of true defects between an
inspector who has been trained with worked examples of defect classes and an
inspector who has not been trained.

(H,,) - An inspector who has been trained with worked examples of defect classes
finds more true defects than the one with no training.

An inspector who has been trained with how to look for defects and what defects to
look for, using concrete examples will increase in the knowledge and skill of defect
detection. Worked examples are realistic defect instances, and thus will likely
improve familiarity and confidence when inspectors actually performance the task
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themselves afterwards. By contrast, an inspector who has no such exposure to
concrete examples may find it hard to visualize how to look for defects, where they
may occur, or what defect descriptions look like.

Research Hypothesis 2

(H,,) - There is no difference in classification of true defects in the correct category
between an inspector who has been trained with worked examples of defect classes
and an inspector who has not been trained.

(H,,) - An inspector who has been trained with worked examples of defect classes is
able to classify more true defects in the correct category than the one with no
training.

Concrete defect examples are better illustrators of what defect look like than defect
class descriptions. Therefore, an inspector who has been trained will get a better
insight into the different types of defects that exist, compared with an untrained
inspector. Trained inspectors will be able to better classify defects perhaps by
simulating or applying the new expertise learnt. An untrained inspector may resort to
making irrational classifications or random guessing due to insufficient knowledge
about defect classifications.

Research Hypothesis 3

(H,;) - There is no difference in reporting of false positives between an inspector
who has been trained with worked examples of defect classes and an inspector who
has not been trained.

(H,,) - An inspector who has been trained with worked examples of defect classes
finds fewer false positives than the one with no training.

Since worked examples during training illustrate cases of true defects, we do not
expect that training will impact false positive identifications. False positive raised are
most likely due to incorrect knowledge or understanding of the artifact. Training is
unlikely to affect faulty understanding, and thus we hypothesize no difference in false
positive detections when training is applied.

Research Hypothesis 4

(H,,) — There is no difference in finding true defects between an experienced
inspector and a non-experienced inspector.

(H,,) - An inspector who is experienced finds more true defects than the one with no
training.

Research Hypothesis 5

(H,;) —There is no difference in classification of true defects in the correct category
between an experienced inspector and a non-experienced inspector.

(H,,) - An inspector who is experienced can classify more true defects in the correct
category than a non-experience inspector.
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Research Hypothesis 6

(H,,) —There is no difference in reporting of false positives between an experienced
inspector and a non-experienced inspector.

(H,,) - An inspector who is experienced reports fewer false positives than a non-
experienced inspector

An expert’s skill and knowledge is most likely acquired through past experience,
after many years of experience in their domain [9]. Inspectors who have acquired
significant knowledge through practical IT experience as a programmer, developer,
tester or analyst would collectively be able to recall all the tasks that they have been
associated with and use this past occurrence to positively impact their inspection
performance. Skill acquisition is due to gradual improvement during extended
experience in a domain [32] and because experience inspectors have acquired such
skills through continuous involvement in numerous projects over a period of time,
they would be more attentive and make more accurate judgments in defect detection
and in classifying defects correctly.

4 A Controlled Laboratory Experiment

A controlled experiment was conducted in an academic environment to test the
hypotheses posed in the previous section. The main purpose of this study is to test the
impact of training on inspection performance.

4.1 Experiment Context

The experiment was part of a university postgraduate students studying Master of
Commerce specialising in various disciplines such as Information Systems
Management (ISM), Accounting, Finance and Information Science.

There were 44 students who participated in this experiment. The students had a
varying degree of IT experience in which some had practical experience in roles such
as a programmer, analyst and a developer for a significant number of years. The
inspection task was integrated into the course structure. Student consent,
confidentiality agreement, etc were obtained prior to the experiment, in order to fulfill
the requirements of the ethics committee of the university.

4.2 Experiment Variables

The experiment uses one treatment variable — training of subjects. There are three
dependent variables:

1) number of true defects detected correctly
2) number of defect types classified correctly
3) number of false positives reported
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4.3 Experimental Material

The inspected material is a requirements document describing an Automatic Teller
Machine (ATM)', which has been used widely in other inspection experiments
worldwide. The document is broken down into introduction, general description and
specific requirements that consist of functional and performing requirements. There is
also graphical diagram to aid the student in understanding the document. The size of
the document is 16 pages with 30 seeded defects. The document was also reviewed by
two experienced reviewers prior to the experiment, to validate the instrument, and to
check that the size of the artifact was not too large for the inspection duration.

A defect in the requirement document is classified as Ambiguous, Incorrect Fact,
Extraneous, Inconsistent, Omission and Miscellaneous. Each student was given a
definition of the defect types to help them identify the types of errors detected. The
distribution of defect types in the list of seeded defects is as follows: 9 Ambiguous, 1
Extraneous, 3 Inconsistent, 8 Incorrect Fact, 1 Omission and 10 Miscellaneous. In
addition a questionnaire was created that recorded the level of experience students
had in practical IT, Software Development Life Cycle (SDLC) as well as any
experience in using, reading or writing requirements document. The questionnaire
also recorded their background such as what course they are undertaking at university.

4.4 Experiment Procedure

There were three lectures conducted each on a different day and location. The
experiment consisted of a half an hour lecture that included background information
about inspection, two stage phases of defect detection and defect collection, definition
of a defect and concluded with definition of different defect types (omission, incorrect
fact, inconsistent, ambiguous, miscellaneous and extraneous). This lecture was given
to every student who participated in the experiment. The training session itself took
place immediately after the lecture. A questionnaire was first filled out by the
students. The training session involved students reading a short general description of
a video system with samples functional description that consisted of seeded defects.
The defects were explained to the students in relation to the requirements document as
part of the training process.

The inspection task itself was conducted one week after the training session. Each
student was issued with a requirements document on Automatic Teller Machine
(ATM), a defect form to record their individual findings and a definition of the
different defect type. Each of the three inspection sessions went for one hour.
Immediately after the inspection task, all experiment materials were collected.

It must be noted that this training of students with worked examples of different
defect types was provided to students in the 1* lecture. The students in the 2™ lecture
did not receive any training at all. In the third lecture, the class was required to be
divided up to make the total number of students in both trained and not trained groups
equal. This division of the class was totally volunteered by the students themselves
without the knowledge of why they were being divided up to create a balanced
treatment. In total there were 16 students in the first lecture that were trained, 11 in
the second lecture with no training and 6 trained and 11 not trained students in the

! http://www.cs.umd.edu/projects/SoftEng/ESEG/manual/pbr_package/manual.html
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third lecture respectively. This training of how to identify defects was only given to
randomly selected students and this was the difference among students participating
in this experiment.

4.5 Data Collection and Analysis

To investigate the influence of training by examples on the number of defects
detected, the type of defect class detected correctly and number of false positives
reported, all subjects recorded their findings in a defect form. Each student’s data was
compared with a master defect form from which a tabular result is created consisting
of each student’s defect performance in addition to their background to requirements
documents. From this data, it was calculated the impact of training by examples on
the number of defects detected, the type of defect class detected correctly and number
of false positives. In evaluating using and writing requirements document, firstly two
groups were established with one group consisting of subjects with less than or equal
to 2 years of experience and the other with more than 2 years of experience
respectively. In addition, when assessing Software Development Life Cycle (SDLC)
impact on inspection performance, three groups were formed. One group had no
experience in SDLC at all, second group with theoretical experience only and the
third with practical experience. Reported syntax errors and unclear description were
not included in the data collection and analysis. It must also be noted that an outlier
was present in the data collected in the training group and was removed in the final
analysis.

Different tests were used depending on whether the variables have normal
distribution or not. The normality of data distributed using Shapiro-Wilk statistic due
to the sample being below one hundred. In normal distribution, independent t-test was
used and non parametric test such as Mann Whitney and Kruskal Wallis test were
used if the distribution was not normal. The significant criterion is set at 0.05 as
recommended for empirical research in Software Engineering [26].

4.6 Threats to Validity

This section exhibits a number of internal and external validity threats in this
experiment.

4.6.1 Threats to Internal Validity

Selection refers to any pre-existing differences between individuals in the different
experimental condition that can influence the dependent variable. However the
subjects in our experiment had a varying degree of development IT experience. It was
not determine whether this pre-existing difference had any impact on the results
obtained as students were not divided o classified according to their skill level. In this
experiment, we minimized such occurrences by randomly assigning students to the
trained and not trained group. The questionnaire is also included in the analysis to
reduce this pre-existing difference. Thus it is believed that the likelihood of selection
threat in this experiment is minimized.
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Maturation involves any naturally occurring process within persons that could cause
a change in their behaviour. Changes may occur due to boredom, tiredness or
learning. The experimental lectures were held late in the afternoon and evening where
the students already attended few other classes on the day. Due to the length of the
questionnaire and the requirements document, slight maturation effects could occur
during the once-only test. This may include fatigue or boredom, which may induce
some participants to look for defects without as much thought or motivation as earlier
ones. However the grading of students such as awarding a small percentage of mark
as a motivation tool may have reduced the impact of this threat.

History refers to any event that coincides with the independent variable and could
affect the dependent variable. Since the experiment was carried over 7 days in three
different locations with various experimental environment or conditions will form a
threat to validity. In addition major historical event such as the war in Iraq was taking
place at that time such that subjects could have affected by it. However this is not
seen as a threat as no relationship exists between the subjects attitude to external
events with inspecting a requirements document. Furthermore there were no noise
disruptions, power failures or any other unwanted interruptions during the
experiment.

Mortality threat arises when some subjects do not continue through the experiment.
Because the subjects were highly motivated by grading, there were not many cases of
subject drop-outs. In fact three people dropped out of the training group and six in the
no training group before the inspection task began, not during the task. It was decided
to use only data of subjects who completed the entire inspection.

Finally there was no instrumentation effect as each group was given same
experimental materials.

4.6.2 Threats to External Validity

Representative subjects. The students participated in the experiment may not be
representative of the population of software professionals. Since the subjects are
university students, the skill level will differ significantly in comparison to software
professionals. All subjects have a university degree of various disciplines prior to
their current degree which will result in a large variance in level of expertise.
However a report on estimation task showed that there is no significant difference
between student and professional subjects [18].

Artifact. The requirements document inspected in the experiment may not be a true
representation of industrial requirements document. In this experiment the document
was simpler and less complex than industrial ones. However the artifact has been
widely used in other empirical study particularly in examining reading techniques [1].

All these threats are liable in conducting classroom experiments and can be
overcome by conducting replication with people that are representative of software
professionals, artifact and process that represent industrial practice.
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5 Results

Research Hypothesis 1 and 4

A trained inspector finds more true defects than one with no training (means 2.21 vs.
1.00, p=0.037). Thus null hypothesis 1 is rejected, alternate hypothesis is supported.
Null Hypothesis 4 is not rejected based on the results obtained (independent sample t-
test, using requirements document p=0.983>0.05, means 1.50 vs. 1.69, independent
sample t-test, writing requirements document p=0.822>0.05, means 1.50 vs. 1.68).
Thus there is no difference in finding true defects between an experienced and a non
experienced inspector.

Research Hypothesis 2 and 5

Null Hypothesis 2 is rejected based on the significance value obtained through Mann
Whitney test (p=0.043<0.05, means 1.16 vs. 0.38). Thus inspector who has been
trained is able to classify more true defects in the correct category than the one with
no training, alternative hypothesis 2 is supported. Null Hypothesis 5 is not rejected
(Mann Whitney test, using requirements document p=0.949>0.05, means 0.50 vs.
0.86, Mann Whitney test, writing requirements document p=0.437>0.05, means 0.25
vs. 0.87 respectively). Thus the null hypothesis 5 cannot be rejected highlighting that
there is no difference in classification of defects correctly between an experienced
inspector and a non-experienced inspector

Research Hypothesis 3 and 6

There was no difference in terms of which group identified more false positives. In
fact the training group had a slightly higher mean than the no training group, but the
value is negligible. Null Hypothesis 3 is not rejected based on t-test result
(p=0.619>0.05, means 11.5789 vs. 11.0000). There is no difference in reporting of
false positives between training and no training group.

On a different note, experienced subjects had a slightly fewer mean than no
experienced subjects (independent sample t-test, using requirements document
p=0.796>0.05, means 10.8333 vs., 11.4138, independent sample t-test, writing
requirements document p=0.504>0.05, means 9.750 vs. 11.560 respectively). Thus
the null hypothesis 6 cannot be rejected, that there is no difference between
experienced and non experienced subjects in reporting of false positives.

On a further note, Friedman test was carried out to see whether theoretical,
practical or no experience in SDLC have any impact on inspection performance. The
result indicated that significant difference did exist in inspection performance
(0.01<0.05) across the three groups and that theoretical experience appeared to have a
lesser impact.

6 Discussion

It was initially proposed those individuals with training and individuals with
experience in SDLC, requirements document and any practical technical experience
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would perform better in terms of defect detection, classification of defects correctly
and reporting fewer false positives.

It has been shown that training by examples had made a positive difference in
individual’s performance regardless of being experienced or not. We believe the
reasons of why individuals with training performed significantly better is due to a few
explanations. Firstly, training enabled individuals to be familiar with requirements
document such as the structure and what to expect in such an artifact. This may have
increased their confidence level and minimized any certainty or confusion that
positively affected their inspection performance. Secondly, during the lecture and
training phase, the notion of false positives was not explained to the subjects at all nor
was any examples shown. This may be the central reason as to why there was no
significant difference between trained and non-trained inspectors in reporting false
positives. Finally, subjects did not have enough practical or theoretical technical
experience to be able to review a requirements document. In fact the subjects in this
experiment were a combination of disciplines from Accounting, Information Systems
and Information Science. However, the majority of students were undertaking a
Information Technology subject for the first time in which they had very little
exposure to programming, developing applications or even being part of a computing
environment. As a result the selection of subjects accounts to why experience in
SDLC and requirements document did not have significant impact on individual’s
inspection performance. Furthermore this is reflected in the low means obtained
across all levels. This is seen as a limitation of this experiment.

7  Conclusion

Inspections have become an imperative tool in achieving high quality software. Much
of the inspection research has been done on evaluating the performance of reading
techniques. Interestingly the impact of experience of inspectors has received
considerable less attention. As a result an empirical research was carried out in
examining the impact of training by worked examples of defect types on inspection
performance.

From our analysis of the experimental data, several conclusions were drawn. As
with any experiment, these conclusions apply only to the experimental settings from
what they were drawn. Threats to external and internal validity must be considered
carefully before generalizing these results. The findings of the experiment are the
following:

1) An inspector who has been trained finds more true defects than the one with no
training.

2) An inspector who has been trained is able to classify more true defects in the
correct category than the one with no training.

3) There is no difference in reporting of false positives between a trained inspector
and a non-trained inspector.

4) There is no difference in finding true defects between an experienced inspector and
a non-experienced inspector.

5) There is no difference in classification of true defects in the correct category
between an experienced inspector and a non-experience