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Software engineering is not only about writing code. Software engineering
requires different kinds of competences, among them interpersonal skills.
This is evident when the activities aimed a planning software
implementation are considered. Software engineering activities such as
system analysis, architecture design and interface design require extensive
human interaction. However, the support for human interaction is currently
not sufficient to address the interpersonal nature of software engineering.

Furthermore, the traditional approach for the planning activities has not
reached its goals. Creating understanding efficiently and sharing information
is time consuming and prone to errors. Actors mostly work alone and quality
assurance occurs late in the development processin the form of inspections.

To address the issues referred to above, a method called RaPiD7 (rapid
production of documentation, 7 steps) was developed at Nokia. RaPiD7
describes how human interaction is planned in software projects and how
documents are to be created in facilitated workshops.

The method is evaluated using the results from industrial experiments at
Nokia Networks. In the presented use survey data RaPiD7 is shown to speed
up the planning work, improve the quality of the results and to enable more
efficient information sharing. Moreover, metrics from a case study show how
RaPiD7 has reduced significantly the number of fatal findingsin inspections.

To conclude, this study provides a method that amends the planning activities
in software engineering. The method can be utilized systematicaly in
software engineering projects and the experiences show evidence of the
improvements.



PREFACE

| started the journey with this study half-accidentally. Earlier | was more
interested in object-oriented methods, but | could not avoid the issues related
to this study in the software projects | was involved with. | saw how
inspections did not serve their purpose and how documentation sometimes
took months to get finished. Inspections were often specification meetings,
people did not show up to the inspections or if they did, they often came
unprepared. Personally, there was a lot of frustration even involved and | am
sure | was not alone in my feelings.

This was all back in 1997-1998. To compensate the frustration, | came up
with an improved model for specification work, which | later found to
include six steps. These steps were not about steps in a workshop, but rather
something that explained the whole process that is now covered in RaPiD7
layers. During the next year | sent the ideas forward in our quality
organization and elaborated them further with my brother, senior quality
manager, Riku Kylmakoski.

In 2000, | became responsible for the software process development in the
organization developing network management systems in Nokia. That time
gave me an opportunity to try out my ideas in practice. Soon the first real
drafts of the method were sketched and the name RaPiD7 saw the light of
day. During 2000 the first teams were introduced to the method and the first
trials took place.

The first real deployment project for the method started on year 2001. At this
time quality manager Oula Heikkinen strengthened our team of two and
helped us to develop RaPiD7 even further. Oula brought into RaPiD7 the
idea of writing the actual documents in the workshops. We trained tens of
change agents for the method, and the results from the individual cases we
became aware of, were often really encouraging. Already back then the idea
of writing my doctoral dissertation on RaPiD7 came up. This realized more
concretely in Portland USA in ICSE 2001 in discussion about the method
with Professor Kai Koskimies, my supervisor-to-be.

In 2002, we started a huge endeavor to take RaPiD7 into use in Nokia
Networks with the support of Sari Baldauf, the then Executive President of
Nokia Networks. In this scope there were several thousand potential users.
This provided me with a good chance to get material for my study as well as
develop the method even further. Naturaly, this delayed writing the
dissertation, but the experiences were well worth the delay. At this time,
senior quality engineer Hanna Turunen, and senior quality engineer Elina
Ahonen, came to the rescue, supporting our limited resources. The
deployment project lasted two years and we ended up having change agents
throughout our organization, in China, Hungary, Germany and Finland.

At ICSE 2003 | published my first paper on RaPiD7. There | aso got to
know Dr. Pekka Abrahamsson. He quickly accepted the idea of RaPiD7, and



he has since then been supporting me in the journey’s later important steps.
Meeting Pekka had a great influence in getting my research included in an
ITEA labeled project called ITEA AGILE and this way disseminating the
messages further and outside Nokia.

The last part of the journey has been putting together all the issues learned
during these years. There are more experiences that | can write about and
many of them are not necessarily fulfilling the standards needed for a
dissertation. However, from my personal perspective these experiences and
the fact the method is still in use are probably the greatest reward. | hope this
dissertation provides enough information that others can take on similar
journeys with lesser efforts. | do not believe RaPiD7 is a tool for every
situation, but the relative simplicity of it combined with the possibilities, can
provide significant help in software projects. Thisiswhat the dissertation sets
out to prove.
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1 INTRODUCTION
1.1 Motivation

In engineering disciplines, immature in their nature, it is often required to
test the results of earlier work in order to guarantee their quality (for
example [Grunenwald 1989]). In software engineering testing and
inspections [Fagan 1976] can be seen as a result of this. Indeed, it is
commonly recommended to inspect the documents in software projects (for
example [Sommerville 1996 p.484-488). Moreover, inspections, for
example, have been regarded in the literature as a key element in achieving
document quality and productivity increases [Gilb and Graham 1993, p.24].

The cost of change, however, is often said to be dramatically higher later in
the project development stream (for example [Jalote 1984 p.16]) indicating
that early quality assurance is essential. On the other hand, there are claims
that the cost of change could be made constant rather than linear or
logarithmic using the right kind of approach for software development
[Beck 2000 p.21-25]. In any case, without going to the argumentation of
whether the cost of change is logarithmic, linear or even constant, there is
always a cost for change [Vonderembse et al. 1996 p.82].

Business Process Improvement (hereafter BPI) (for example [Andersen
1999] or [Harrington 1991]) is one of the approaches that address this issue.
BPI includes practices for process improvement work that aim at improving
the quality of work. There are streamlining activities, for example, that go
by the names bureaucracy elimination, redundancy elimination, value-added
analysis and process cycle time reduction [Andersen 1999]. The value added
analysis activity is presented in Figure 1.

Activity
Yes Necessary to No
produce output
A
Contributesto No Contributesto
customer P organization
satisfaction needs
Yes
# Yes / No
Real value Organizational Non value
adding value adding adding
* Order handling * Planning * Storing
* Manufacturing * Maintenance * Inspection
* Packaging * Hour registration * Rework
Activitiesthat must be Activitiesthat do not contributeto
performed to satisfy the satisfying customer requirements and
customer requirements that should be optimized or eliminated

Figure 1 Value added-analysisin BPI [Harrington 1991] (reproduced)



Although the terms in the figure are not tailored for software engineering the
elements of software development can be identified from the figure®. In fact,
a similar approach to BPI is also applied in Lean Software Development
[Poppendieck 2003] by discussing reducing waste from the process.

First, according to BPI, planning a software system can bee seen as an
organizational value-adding activity. Planning should be understood here as
awider concept than what istypical in software engineering. In other words,
planning is not only about planning projects, but also about all activities that
am at defining the way implementation is carried out (to plan: to make
preparation for something that is expected to happen [Oxford dictionary
1995 p.881]). Therefore, in this context planning is used as a common name
for project planning, analysis and design activities.

Secondly, software implementation is clearly a real value-adding activity,
and on the other hand the inspections can be seen as non vaue-adding
activities according to BPl. Consequently, all activities before
implementation should be either optimized or even eliminated. At least the
focus should be directed at the organizational value-adding and real value
adding activities that aim at planning or implementing the product rather
then verifying that something has been done correctly. A simplified example
of this division is illustrated in Figure 2. In the figure value-adding work
covers the planning activities such as anaysis and design and the
implementation itself.

Hence, according to the above discussion, the quality assurance in the
planning activities in software engineering should be addressed even earlier
than in the inspections.

‘ Value Adding Software Engineering ‘

— — —
\ Analyze | [Inspect| | Design | [Inspect| | Implement | [Test]

- - -

‘ Non Value Adding Software Engineering ‘

>

Figure 2 Division to value adding and non-value softwar e engineering

! The analysis here should be seen independent and not be confused with Boehm’'s Value
Based Software Engineering [Boehm and Jain 2005] despite the apparent similarity in their
names.



Automation could be one possibility to optimize the process. However,
despite al the efforts for automating software engineering, the goal of
automation has not been reached to the level long desired and promised (for
example [Gregory 1977]). Software engineering still requires substantial
amount of individua efforts and in large-scale projects, tens or even
hundreds of people are involved in the work. This results in substantial
amounts of human interaction, too (for example [Cockburn 2002]). Hence, it
is justified to say software engineering is craft and interpersonal activity.
Logically, this would suggest that software engineering processes, methods,
conventions, techniques and tools address these issues comprehensively.
The following analyzes briefly the existing conventions, methods and
processes when it comes to the help they provide for software engineers.

First, let us look at the support individuals carrying out various tasks in
software engineering receive from the existing conventions, methods and
processes. For analysis and design on different levels, whether it be
architecture design or lower level design, numerous books are written in the
field (for example [Fowler 1997], [Barclay and Savage 2004], [Bass et al.
1998], [Dennis et al. 2002] and [George et a. 2003] to mention a few).
Similarly, there are numerous books written about implementation (for
example [Stroustrup 2002], [Horstmann 1997] and [Schildt 2002]). Even
with avery brief ook, it appears that individuals carrying out different tasks
in software engineering are getting aid in various forms from the literature.

Secondly, let us consider the support from the human interaction point of
view. There are afew well-known existing practices described for collective
activities within the software development teams that involve human
interaction, for example, inspections [Gilb and Graham 1993], quality
reviews [Sommerville 1996, p.616-619] and periodic status assessments
[Royce 1998, p.133-134]. However, using the principles of value added
analysis none of these practices are addressing value adding software
engineering, but are rather ways to verify that something has been done
correctly.

On the other hand, agile methods [Agile Manifesto 2004] have addressed
the field of human interaction in recent years by providing approaches that
value communication and individuals over process descriptions or tools.
They provide methods for collective ownership of the code [Beck 2000], or
focus on keeping the development team members in proximity to each other
[Cockburn 2002 p.77-99], to mention a few practices. Furthermore, Team
Software Process (TSP) described by Humphrey [Humphrey 1999] realizes
that software development is a team-based activity. Individual approaches
exist also to tackle the collaborative nature of software engineering (for
example [Coughlan and Macredie 2002], [Wood and Silver 1995],
[Macaulay 1999] and [Carmel et al. 1993]).

The lack of support for human interaction has been noticed in recent studies
as well. Ochs and Van Solingen state as conclusions in their study on



meeting efficiency the following: “Software engineering is more than just
writing code. It is a multi-disciplinary job, largely depending on peoples
social skills and socia interaction. We emphasize the need for more
thorough research on how software engineers interact, and how this
interaction can be made more effective” [Ochs and Van Solingen 2004].

Apparently the need for having more support for interpersona planning
activities in software engineering has been recognized. Hence, as a
conclusion, the lack of support for human interaction in software
engineering should be addressed and the quality assurance in the planning
activities should be focused in earlier phases than inspections.

1.2 Context of the study

This study emerges from the findings in Nokia's software engineering
processes that have roots in the considerations mentioned in the previous
section. In fact, the findings were often related to inspections. People were
not prepared well enough for the inspections or they did not even participate
in them. In addition, the inspections often turned into specification
meetings, because documents were either incomplete or people simply had
opinions and knowledge that should have been taken into account when
writing the documents. In number of cases these problems were tracked
down to missing interaction between software designers. All this sometimes
resulted in less than ideal compromises or in substantial rework, and hence
delayed the projects. In some cases, the caendar time used to write a
document was substantial, but the quality was not guaranteed even in these
cases. Furthermore, people reported that they simply did not have enough
time to study the work of others resulting in a lack of common
understanding.

Before any study was put forward in Nokia, the problems were tackled by
developing a collaborative approach during 1999-2000 to address the
challenges in documentation work. The new approach developed is called
RaPiD7. RaPiD7 name is an abbreviation of the words ‘rapid production of
documentation, 7 steps. Although the problems realizing in inspections
were the initiative for developing RaPiD7, the aim was to understand the
root causes of the problems and address these. The method was devel oped
to enable better and earlier creation of understanding, to share the
understanding effectively and to speed up all this work.

RaPiD7 was deployed by two consecutive projects at Nokia Networks
during 2001-2004. Currently the method is used by hundreds of people in
Nokia, and thousands are influenced by the use of the method. What is
characteristic for the method is the environment where it is being used, in
other words, in large-scale projects (hundreds of people) developing
extremely complicated systems (several millions of lines of code). On the
other hand, there are small independent teams utilizing the method as well.



The method has also been taken into use in other organizations recently,
such as Philips and Hantro as part of a EU project caled ITEA AGILE
[ITEA AGILE 2005]. However, the results from these later developments
outside Nokia are not under scrutiny in this dissertation.

1.3 Theresearch problem and the research methods

The research problem of the study has its roots in the lack of support for
human interaction in software engineering and in late quality assurance for
the planning work. The research problem is presented in the following and
further elaborated by opening up the research problem for three viewpoints.

The research problem. How does emphasis on human interaction based
methods improve the planning activities in software engineering?

The three viewpoints for the research problem are:

a) How can the process of creating understanding be improved in terms
of speed and quality?

b) How can the perceived quality of information sharing and
communication be improved?

c) How can the perceived quality of co-operation be improved?

Research methods. The study has been organized in a form of an action
research [Lewin 1946] as the study has been part of an improvement project
and a person belonging to the organization in question has carried out the
study (for example [Avison 2002] or [Kock 2003]).

According to Susman and Evered the action research approach includes the
following steps. diagnosing, action planning, action taking, evaluating and
specifying learning [Susman and Evered 1978]. The diagnosing step means
identifying or defining the problem. In this study the problem was defined
as lack of support for human interaction and as late quality assurance for the
planning work. The action planning phase covers the considerations for an
aternative approach. For this study this means the collaborative method
developed at Nokia for the planning activities. Action taking then means
selecting the course of an action, and for this study it means deploying the
method at Nokia. According to Susman and Evered, in action research
Evaluating is used to study the consequences of the actions. In this study
this refers to evaluating the deployment results. Specifying learning
analyzes what was learned in the evaluation step. Here this refers to
understanding how the method improves the planning activities in software
engineering based on the results.



Table 1 Action resear ch cycles and resear ch methods

Early deployment Large scale deployment
Use survey Detailed project study

To get initial feedback
from the users of the |To seethe benefitsof |To measure the

Target method about the the method based on  |benefits of the
possible benefitsof  |users evaluation method
the method

Research

method Survey Survey Case study

The cycle defined by Susman and Evered was carried out in this study twice
by two separate deployment projects. In these cycles the evaluation steps
have been carried out by surveys and by a case study (see Table 1). The
results of these are presented and analyzed in Chapter 7.

The role of the first early deployment project was to get initial feedback on
the benefits of the method. The second deployment project covers more of
the benefits of the method and is carried out in alarger unit. The surveys are
used to capture the opinions of people [Hirgarvi et al. 2000 p.184] that were
using the method in Nokia. The results are compared against the expected
benefits for the method. These results among discussions with the users
have been used in developing the method further. However, the main driver
has been in understanding how human interaction based methods improve
the planning activities.

Finally, the role of the case study in the second deployment project was to
analyze a software project using RaPiD7 in order to see how the benefits
appear in a software project. The case study includes also experimental
research elements in form of metrics to make the evaluation of the benefits
explicit.

Neither the surveys nor the case study were addressing whether the method
itself and its structure appears valid. Indeed, the aim of the study has beenin
evauating the possible benefits of the method rather than validating the
structure of the method itself. This approach was selected as the method was
implemented in the industry to answer recognized problems in the planning
activities.

1.4 Contributions

The contributions of this study are twofold and are summarized as follows.
First, the study identifies problems in the planning activities in software
engineering, provides a solution for the problems and implementation of the
solution in form of a method. Second contribution is the evaluation of the
method against the industrial experiments and showing evidence of the
expected benefits of the method. The contributions are elaborated in the
following.



The method. RaPiD7 addresses the lack of support for human interaction in
software engineering. Although similar approaches exist the focus of these
methods has not been in ingtitutionalizing the practices into software
engineering. RaPiD7 is a method intended to be integrated into software
processes and projects. It can be applied in both large-scale and small-scale
projects as a systematic approach to ensure the speed and quality of the
planning activities in software engineering. As a conclusion, the
contributions from the method point of view are:

» Addressing the lack of human interaction by providing a method that
can be

0 institutionalized in the software processes and
0 used in both small and large scale.

* Providing an approach to enable continuous quality assurance for the
planning activities in software engineering.

* Providing a way to speed up as well as improve the quality of the
planning activities in software engineering.

Evaluation of the method against the industrial experiments. The study
provides results to validate the expected benefits of the method and to give
better understanding of the possibilities human interaction based methods
provide for software engineering. To make explicit, the contribution from
the industrial experimentsis:

* Providing evauation of industria experiments that support the
expected benefits of the RaPiD7 approach for the planning activities
in software engineering.

1.5 Organization of thisdissertation

The following presents briefly each of the chapters in the dissertation to
help the reader in understanding how the dissertation is constructed, why
certain issues are covered and finally to help in selective reading of this
dissertation.

Chapter 1 (this chapter) introduces the whole study for the reader with a
short discussion of the problems and theories in the background. The lack of
support for interpersonal activities and the late quality assurance in the
planning activities are mentioned as key problems. The research problems,
research methods and contributions of the dissertation are presented.

Chapter 2 discusses more deeply the planning activities in software
engineering. This is done in order to understand the goals of the planning
activities and to understand the purpose the collaborative approach was
developed for. The traditional approach for the planning activities is



presented, and the problems of the traditional approach for the planning
activities are covered, too.

Chapter 3 presents group processes from the field of social psychology and
analyzes their relation to software engineering and to software development
teams. This chapter identifies possible challenges in human interaction
based software methods related to group processes, and provides
suggestions to overcome these risks. These are for example, related to the
risks in decision-making in groups and to the efficiency of groups.
However, no new theories, terms or results are presented from the field of
socia psychology.

Chapter 4 presents a collaborative approach for the planning activities in
software engineering based on the discussions in the first three chapters of
the dissertation. It aso presents other similar approaches to support the
collaborative approach introduced and also explains how they differ from
each other. A comparison to the traditional approach for the planning
activitiesis aso covered.

Chapter 5 introduces the implementation of the collaborative approach
realizing as RaPiD7 method at Nokia. The implementation of the method
based on three layers is presented with key activities, roles and best
practices identified by the usersin Nokia

Chapter 6 compares the implementations of the related approaches with
RaPiD7. The comparison is done based on the structure of RaPiD7.

Chapter 7 presents the results gained from the industrial experiments in
Nokia. The results are analyzed and discussed, and mapped to the expected
benefits of the method. First, experiences from an early experiment are
covered. Then experiences from a larger scale experiments are discussed
and analyzed, and finaly a detailed analysis of a software project is
presented using selected metrics.

Chapter 8 concludes the study by explaining how the research problems are
answered in form of the contributions of the study. The limitations of the
study are aso discussed, and finaly implications, future work and
concluding remarks are presented.



2 THE PLANNING ACTIVITIESIN SOFTWARE ENGINEERING

This chapter provides explanations why the lack of support for human
interaction and late quality assurance realizes as problems in the planning
activities. This chapter has its roots in [Kylmakoski 2003] and develops the
ideas in it further. This is done by elaborating on the origins of the study
discussed in Chapter 1. First, a connection between software product
development and the planning activities is developed and the goals for this
work are identified. The traditional approach for the planning activities
(presented also originaly in [Kylmé&koski 2003]) is developed further and
problemsin it are discussed. Moreover, inspection practices are presented as
part of the traditional approach and the limitations of these practices are
discussed.

2.1 “Objects’ and models of software product development

To better understand what are the planning activities in software
engineering, it is important to understand the objects® of software product
development. While the end goal in software product development is
naturally the software itself, an important part of software product
development is the process with its intermediate outputs, which contribute
to achieving the end goal. What are these objects of software product
development? A view of the different objects is presented in Figure 3 by
adopting the approach in [Bevan 1999]. These objects are context of use,
external product view and internal product view.

Context of use means the complete environment where the software product
will be used. This includes other software systems, other non-software
systems, people performing the tasks, the goals of the people and the social
environment.

The why

Context

Internal

of use side

Figure 3 Objects of software product development (adapted from [Bevan 1999))

2 Objects here do not refer to objects as they are used in object-oriented programming, but refer to the use of the
word as the target of an action.



In short, the context of use tells us why we produce the software in the first
place and hence how it should meet the user requirements. In practice, this
means how the use of the software will be integrated with the other software
or non-software systems in the user environment, and what the value of the
software will be for its users as part of their big picture.

The external side of the product tells us what functionality the software will
provide, and for example what the software will look like. It aso tells us
how the system relates to other systems. The internal side of the product
tells us what software constructs will implement the functionality, in other
words how one can do the actual coding. The code itself is part of the
internal side of the product as well.

How are these different aspects or objects of software product development
then approached? The needed understanding of the different objects can be
visualized using modeling languages such as UML [UML 2005] and then
stored into documents. Different software processes have their own views
about how to model and what should be modeled (for example [Jacobson et.
al 1999] or [Adto et a. 1999 ]). An example of the different kinds of
models that could be used in modeling the objects of software devel opment
is presented in Figure 4. The process or task model explains how the
software integrates into the environment where it is being used, while the
domain model [Scott 2002 p.22] explains the concepts used in the target
environment. Use cases [Jacobson et. a 1992 p.128-132] explain through
stories how the reasons for developing the software can be fulfilled with
software functionality. The use cases are accompanied with requirement
statements expressing aspects the use cases cannot cover (for example non-
functional requirements[Aalto et a. 1999 p.9]).

- Use cases - Interfaces (external)

- Use case model

- User interfaces

v
Produ
External Internal
side side /"

- Requirements
Context
of use

Figure 4 Modeling the obj ects of software product development

-Architecture
(components,
internal interfaces,
data model)

- Component design

-Code

- Task model
- Domain model -1+
- Datadictionary
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The externa side of the product is described with user interface
specifications and interface specifications towards other systems (for
example [Jaaks 1997]). The internal side of the product is modeled by
realizing the software components from the use cases. The components will
be further modeled and finally the coding can start.

To conclude, the planning activities in software engineering concern the
different objects of software product development and use different models
to depict the results of this work. The planning activities can be understood
to cover also software project management related issues as well.

2.2 Goalsfor the planning activities in software engineering

To address the possible improvements for the planning activities in software
engineering correctly, it is best to first identify the goals for this work. The
relation between the planning activities in software engineering and the
objects of software product development isillustrated in Figure 5.

‘ Analyze ‘ ‘ ‘ ‘ Design ‘ ‘ ‘ ‘ Implement ‘ ‘ ‘
N — - - "
Implementation activities

Product
Context of Use =
External side ‘

Internal side

‘ Objects of software product development ‘
I

Figure 5 The planning activitiesin softwar e engineering

The objects of software product development help us in identifying the
goals. First, the planning activities are carried out to be able to take the next
steps in work [Van Deursen and Kuipers 1999 p.40], in other words, we
need to understand the existing elements of a system and at the same time
we need to create new understanding for the new yet undeveloped elements
of a system. On the other hand, this information needs to be shared with the
development team [Cockburn 2002 p.31] and stored to enable later use of
the information. Hence, the goals for the planning activities in software
engineering can be defined as follows:

1. creating understanding,
2. sharing understanding, and
3. storing the created understanding.

Taking a concrete example of planning software architecture, for example,
these three goals could mean the following:
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1. Creating understanding of the architecture for the system to be
developed (what is the genera architectural approach, what are the
components of the system, interfaces between the components and
so forth).

2. Sharing the knowledge about the architecture with all the related
stakeholders.

3. Storing the decisions about the architecture somewhere (normally in
an architecture specification document).

To verify that the goas are complete, let us consider different scenarios.
Firstly, it is relatively easy to create some understanding, even quite
quickly, but it is not necessarily at the same time easy to create flawless
understanding with common agreement while also ensuring effective
information sharing. Similarly, it is relatively easy to come up with, at least
close to, flawless decisions given enough time and good sharing of
information with al the stakeholders. However, obvioudly this approach
does not guarantee quick results. This allows us to realize that the activity
goals need to be accompanied with supporting quality attribute goals:

1. flawlessdecisions,
2. timely decisions, and
3. common agreement on decisions.

Despite the relative simplicity behind the goals, ensuring these goals are
reached does not appear to be straightforward in software projects. In fact,
there are amost always challenges in reaching each of the goals.

2.3 Traditional approach for the planning activitiesin software
engineering

How then are the planning activities in software engineering traditionally
carried out? The following elaborates on this by developing the concept of
the “traditional approach” presented in [Kylméakoski 2003] for planning
activities in software engineering.

2.3.1 Definition of the traditional approach

In the traditional approach creating understanding is mostly the task of a
single individual. At an early point, the responsibilities are divided among
the project members, for example, based on architecture structure. This is
illustrated in Figure 6. Furthermore, information sharing takes place mostly
by reading the documents of others albeit discussions and meetings take
place on ad-hoc basis.
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Phase starts Phase ends/new phase starts

H Process described
. Process not usually explicitly described
PersonAﬁ‘ Document authoring: Document A | [ Inspection phase |
Person B%‘ Document authoring: Document B | [ Inspection phase | |+
Person C{E \ Document authoring: Document C | | [ Inspection phase |
| S
Persons A,B,C... :

Figure 6 Thetraditional approach for the planning activitiesin software engineering

The individuals having their own responsibility area ask questions from
others when needed, but this is not done according to any plan nor is it
systematic. Although the process for creating understanding jointly and
sharing the understanding is not described, the applied software process may
describe the kind of documents required.

Therefore, the characteristics of the traditional approach are:

» Each singleindividua is usually responsible for document authoring
and creating understanding of their own work within the project
organization.

* Understanding of other's work is mostly achieved by reading the
documents authored by others.

* The process for creating understanding and authoring the related
documents s not a described process and is not repeatable.

* Quality assurance and acceptance of other’s work is achieved by
inspecting the documents.

Using these characteristics as the starting point, we can continue by looking
at how they may realize as problems in the planning activities in software
engineering.

2.3.2 How thetraditional approach failsin reaching its goals?

Let us first consider why the traditional approach does not necessarily
succeed in creating understanding. Sometimes the context of use is not
known well enough, and this may result in problems when defining the
external side of the product as well. At other times, even if the reasons for
developing the software are known, there are challenges in implementation
decisions due to new technologies or entering new domains without
experiences of similar systems. A third chalenge in creating the
understanding correctly is the continuously changing environment be it from
the context of use or internal product development point of view. Yet
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another challenge for creating proper understanding comes from not
knowing what others know or what decisions they have made. [Curtis et. a
1988]

To elaborate and make explicit, the typica challenges in creating
understanding are:

* Not having enough domain knowledge, which results in defective
decisions and lengthens the time needed for the work.

* Not knowing the decisions, other team members make, which results
in defective decisions and lengthens the time needed for the work.
Reaching common agreement is also difficult.

* Not knowing if the created understanding is correct, which resultsin
defective decisions and lengthens the time needed for the work.

* Not knowing when all the needed understanding is reached delaying
the work unnecessarily.

What are the challenges in sharing the understanding then? The traditional
approach is not enforcing and not always even explicitly encouraging
human interaction. Information sharing happens often with delay, as the
information possessed by othersistypically only available when inspections
take place. Thisis illustrated in Figure 7. Moreover, reading the documents
of others is the usua method of information sharing. However,
documentation is often regarded as an ineffective way to ensure
communication. One of the reasons for communicational inefficiency of
documentation is the lack of nonverbal clues [Redmond 1995 p.6], and thus
documentation and computer mediated communication should not be
regarded as the main form of communication [Hirokawa and Poole 1996
p.437] in the planning activities. In fact, emphasizing human interaction is,
for example, one of the key messages in the agile approaches [Agile
Manifesto 2004]. Furthermore, people often talk about documentation, and
for example, design separately asif the two were unrelated.

Documentation is the task that makes sure the decisions are stored
somewhere. However, the distinction between documentation and the
related primary activity can aso lead to the misunderstanding that
documentation is a self-purposeful task that is needed without tasks such as
architectural design, test planning and so on [Ambler 2002 p.90]. This
happens when documentation is carried out only after the related work is
already carried out. Of course, documentation can also be carried out for
business reasons or simply to help to make explicit the brainwork needed in
planning, and thus helping individuas in their own tasks [Ambler 2002
p.144-145]. In any case, documentation should not be considered the best
nor the only way to ensure efficient planning activities in software
engineering.
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Figure 7 Information sharing in the traditional approach

As a conclusion, the typical challenges in information sharing in the
traditional approach can be listed as follows:

* Information sharing is mostly dependent on reading documents of
others and this requires substantial amount of reading in a short time.
This is time consuming and common agreement on decisions is
difficult to reach.

* The information sharing takes place briefly, late during the
development process. Information is also often incomplete or
imperfect because al of the relevant information holders do not or
are unable to contribute. These result in defective decisions and
lengthen the time needed for the work.

The third goal, storing the created understanding, is easier to reach, at least
in principle. In fact, in the traditional approach the focus has often been on
writing the documents, in other words, storing the created understanding.
However, if people fail in creating the understanding, storing it does not
help too much and may actually even be harmful as the information sharing
takes place by reading defect-injected documents.

To conclude, it appears that in the traditional approach the goals for the
planning activities in software engineering are not reached.

2.4 Quality assurance for the traditional approach

In the traditional approach the quality assurance for the planning activitiesis
left to individuals. Therefore, to understand the quality assurance in the
traditional approach, the verification activities need to be considered as well.
In practice the quality assurance is addressed by the inspections. The
inspections, their relation to the traditional approach and the challenges of
inspections are covered in this section.
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2.4.1 Definition of inspections

Manual defect detection activities go by various names such as Fagan
inspection [Fagan 1976], inspections [Gilb and Graham 1993], and peer
reviews (for example [Patton 2001]), for example. In general, al these
practices refer to an approach where individuals other than the author of the
work product try to identify possible defects in it. While there are
differences in the approaches, in-depth analysis of the differences is not
carried out here. Inspections are the general term used here for all of these
different manual defect detection practices, which cover a phase where
reviewers of the work product study the material, and a meeting to record
the findingsis held. Rework carried out to correct the found defects is not as
such part of the inspections practice, but a natural consequence of it, and
hence of interest here.

2.4.2 Problemsin the inspection practices

Document authoring is amost solely dependent on the skills and
competence of people. There is no automated tool to be used in inspections
expressing whether a document is or is not ready [Parnas 2003]. This does
not change from one approach to another, be it the traditional approach or
something else. Verifying the quality of a document is simply up to people,
and this verification takes place during inspections in the traditional
approach.

Although inspections clearly help in finding defects in documents (for
example [Gilb 1988 p.214-215]), there are problems in the inspections, too.
The traditional approach enforces the involvement of the people, and thus
the quality assurance, late in the process. In fact, the quality assurance takes
place only when everything should be ready. This leads to realizing that
some aspects of inspections are contradictory.

First, it isillogical that inspections should be focusing on major faults while
the documents to be inspected should be ready without any major issues in
them [Gilb and Graham 1993 p.63]. How can a document that is almost
ready still have major findings in it? This is most likely because the
document is not in fact “amost ready”, athough the author believesit to be
0.

Secondly, an inspection should only be focusing on logging the possible
defects, not defining the possible answers for the findings [Gilb and Graham
1993 p.81-83]. If a person has been trying his or her best to come up with a
faultless document, and nevertheless has not been successful in this, how is
this person going to be able to solve the defects later? Is this simply because
this person was told about the defects? If this was the case, the defects found
could hardly be classified as major findings but rather as trivia. Consider,
for example, the following case:
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An architect is writing an architectural plan and then sends the document
for an inspection. Others then inspect the document, and the architecture is
found to have a major problem in it. No discussion takes place about the
nature of the problem in detail nor does any discussion take place about the
possible improved solution, as this is not the intention of inspections. The
architect simply corrects the major finding based on the inspection log.

Should the solution be easy to recognize for the architect and at the same
time be a major issue, the architect had probably realized the defect even
before the inspection. On the other hand, if the defect indeed was a major
one, it is very unlikely to have a smple solution that can just be swapped to
replace the origina solution. However, the case just described is not truly
reaistic. The following example describes the case in a more realistic form:

An architect is writing an architectural plan and then sends the document
for an inspection. Others then inspect the document, and the architecture is
found to cause a lot of discussion. It appears the architect has not covered
all the required aspects in the architecture. Discussion does not appear to
conclude quickly enough and the moderator decides that a finding should be
recorded; a finding about the very essence of the document. No solution or
way to find a solution to the problem is defined. However, a follow-up
inspection is agreed on with the same people.

Someone defending inspections could say that the document was not ready
for the inspection in the first place as it had a major fault in it. However,
how was anyone to realize this before all the related people sat together for
the first time? It is possible that the architect had discussed with al the
relevant people about the architecture. However, the conversations would
probably have been held separately, and athough the architect thought he
understood everyone’'s viewpoints, this was obviously not the case.
Similarly, the people the architect was in contact with thought their ideas
would end up in the document the way they had intended, which is also not
always the case. Naturally, someone may suggest in the inspection meeting
that a workshop should be organized about the matter. If this were a regular
occurrence, would it not make sense to agree on such a workshop earlier in
the development cycle and even make it a standard practice?

The help that inspection practices can bring to the aforementioned problems
is limited. Inspections themselves do not help to get the documents
produced any faster. In fact, they tend to make the process of authoring
documentation last longer, athough often for a proper reason. In addition,
inspections neither help in forming common understanding or common
agreement on the contents. As common understanding and agreement is
missing, it is probable that commitment will be missing, too.

Based on the discussion and reasoning above, the key problems identified in
the inspection practices were:
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* There is a contradiction in the whole concept of inspections;
documents entering inspections should be nearly ready, but major
findings are expected.

» Inspection meetings do not provide help to solve the problems
identified in them.

* The late involvement of people results in a poor ability to make
decisions and to reach common understanding.

Based on the experiences in Nokia, other problems are found in inspection
practices, too. These are more related to how well the inspection practices
are carried out: First, people do not often prepare well enough or do not
even attend inspections. They do not have the time or do not see the benefits
of the inspections. Moreover, inspections tend to have negative nature, as
they are for finding defects, and inspections may hinder document
acceptance as people try to polish documents to perfection before
inspections.
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3 GROUPPROCESSESIN SOFTWARE ENGINEERING

Software development is an interpersonal activity as recent approaches for
software engineering have also recognized. Therefore, any improvement
work especialy on the joint efforts in software engineering cannot neglect
the field studies about the behavior of individuals in teams and the behavior
of teams as a whole. The efficiency of teamwork has caused a lot of
discussion over time in both business environment and in the research. In
business environment teamwork appears to be often seen in a positive light
(for example in [Wood and Silver 1995 p.176] and [Chesla 2000]) whereas
research provides more criticism about the efficiency of teamwork (for
example, [Brown 1988], [Frey et a.1999], [Helkama et al. 1998],
[Hewstone and Stroebe (ed) 1996)). In fact, the different studies even appear
to conflict on the results, and the results seem to be dependent on the
research methods used. Even the analyses of the same results appear to vary
depending on the viewpoints.

This chapter presents related theories from social psychology (more
precisely from group processes), and discusses how they relate to software
engineering and the interpersonal nature of software engineering. The
objective is not to cover all aspects from socia psychology. Neither is the
idea to cover al the studies and literature in the pertinent field. It has to be
realized that the field studies and the literature in the domain of group
process are diverse, and therefore it is not even possible to cover briefly all
the possible interpretations of these studies. Hence, the aim is rather to
cover the commonly identified and agreed aspects from group process that
clearly relate to the joint work in software engineering and provide
suggestions for software engineering practices based on the related findings.
Few sources ([Brown 1988], [Hewstone and Stroebe (ed) 1996]) are used
specifically for identifying the common aspects of group processes,
although similar issues and results are also discussed in other sources (for
example [Burr 1988], [Collier et a. 1991] and [Helkama et al. 1998]).

3.1 Teamsversusgroups

Socia psychology literature discusses often groups (for example in [Collier
et a. 1991]) rather than teams. It appears that the term team is more often
used in business environment (for example marketing team, business team,
development team and so forth), and the term group is used in more
generalized form. Groups can be defined in business environment in the
following way: “Having profession quite often implies working with others.
For these groups the common denominator is interaction and this interaction
is assumed to give certain outcomes for each of the group members’
[Hewstone and Stroebe (ed) 1996 p.440]. Another approach is to define
when a person is acting as a member of a group. Three aspects can verify
this [Brown 1988 p.5]. First, the presence or absence of two clearly
identifiably social categories (for example, man and woman and worker and
employer) needs to be identified. In other words, these two social categories
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exist in groups. In practice, software developers that work in a certain
company form a group from this perspective. Secondly, it needs to be
identified if there is low or high variability between persons in their
attitudes or behavior. In groups, the variability in attitudes is typically
lower. The third aspect is the variability in person’s attitude and behavior
towards other group members, that is, does the person react differently to
different members of the group? In a group, a person’s behavior towards
other group membersis similar.

It is easy to see software development teams as groups using the first
definition of groups by Hewstone and Stroebe. The definition in [Brown
1988] requires more analysis. First, the social categories can be identified
rather easily in software development teams. The second aspect is more
difficult to evaluate and actually results in understanding that some software
development teams do not hold necessarily similar attitudes or even
behavior making them actually less group like. Similar problems are of
concern with the third aspect as well. However, it appears that at least
ideally a typical software development team member should be able to be
defined as belonging to a group.

3.2 Teamwork versus group work

If software development teams can be defined as groups, the next important
guestion is how to define teamwork. Intuitively teamwork means activities
such as different kinds of meetings or workshops. Studies organized about
group efficiency also suggest that this is the case [Brown 1988]. In other
words, these studies observe groups that have been working together
temporally and physically, and have been trying to reach a certain goal by
interacting with each other. Hence, the term teamwork can be defined using
the following statements:

» Theteam isworking towards a common goal with defined schedule.
* Theteam membersinteract with each other.

* The team is physically located in the same place (such as meeting
room) or is possible to communicate with each other by
technological solutions (such as voice conference tools).

However, socia psychology often also refers to groups that do not conform
to al the previous statements. These groups may only clearly conform to the
first statement. These groups can be called nominal groups where the efforts
of individuals are added together after a certain period of individual work.
These summed up results of individuals form the nomina group. As the
results of the studies present comparisons between nominal groups and real
groups, the differences in the results between these different groups are also
discussed in this chapter. This is especially interesting as nominal groups
are closer to the way the planning activities in software engineering are
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carried out in their traditional form, in other words, the writing of a
document individually and then inspecting the documents.

3.3 Elementary and structural aspects of groups

Having some of the basic terminology defined, we can have alook at some
elementary and structural aspects of groups. The elementary and structural
aspects of groups can be seen as the foundations that will influence how the
group dynamics can and will evolve, and on the other hand, these are also
something the processesin agroup will change.

3.3.1 Becoming a member of a group

First, let us consider how becoming a member of a group affects the new
member and the group itself. In this process there are a few related
phenomena. First, the person becoming a member of a group will go
through an influential process that will define how a person sees himself or
herself, and this has consequences on the self-esteem of the person. On the
other hand, the group will undergo a process when accepting a new member
for a group influencing how the group and thus its individuas see
themselves as well. A strong person will most likely have an effect on the
group as a whole while someone else may be more influenced by the group
than vice versa. In any case, the new members will most likely undergo
some sort of “a ritual” before they can be accepted as part of the group.
These rituals vary in different organizations and groups, and these rituals
may be anything from unpleasant to warm welcome. [Brown 1988 p.20-29]

3.3.2 Group norms

Groups form rules that everyone is expected to conform to without explicit
notification. These rules are referred to as group norms. The group does not
explicitly define the norms, but these are automatically formed in a group.
(for example [Brown 1988 p.42-48] or [Hewstone and Stroebe (ed) 1996
p.478])

The norms are based on the commonly accepted behavior of individualsin a
team, and hence the kind of people forming the group and the cultura
backgrounds of people, have an influence on the norms. The norms are
restricting the behavior of individuas, but on the other hand the norms give
us the feeling of comfortableness because they give us the behavioral frame
of reference [Burr 1988 p.42].

Furthermore, studies have shown that in more complex tasks it is not only
crucial to agree on the goals of the group, but also on the way reaching the
goals [Brown 1988 p.98]. This implies that in groups that work with
complex issues, it is not enough to rely on the “automatically” defined
norms, but to make these norms explicit.

21



3.3.3 How becoming a member of a group and norms relate to software
development teams?

Becoming a member of a new group is something that will be faced
frequently in an organization. As the process of becoming a member of a
group influences the way a person sees himself or herself, this should be
considered in the software devel opment teams.

In a case when a new member joins an existing team, “the rituals’ influence
how welcomed a new person joining the team will feel. On the other hand,
the norms that a team possesses should be made clear to the new member.
The process of becoming a team member and the time of uncertainty will
probably be shorter if the new member can adopt the team norms quickly.

Furthermore, while a new member of a team may hold new valuable ideas,
the team may not accept these from a new member, unless this is a
commonly accepted procedure.

3.34 Roalesingroups

In addition to the norms, the group ranks its members to different
hierarchical statuses. These statuses can be also referred to as roles. Again,
this ranking happens automatically and is a result of various factors. The
different roles, as the word ranking suggests, hold different value in the
group. As the group members hold different statuses by their roles, they
define the way we see ourselves in the group. Hence, the roles need to be
clearly defined in order to keep people motivated. ([Brown 1988 p.51-52]
and [Burr 1988 p.66-69])

The roles do not only define the way we see ourselves, but they may give us
authority within group. The people that are leaders by nature may acquire
authority by their behavior in the group. These people tend to be verbally
talented, and gain the authority in the group by their verbal skills. [Brown
1988 p.52-59]

3.3.5 How group rolesrelate to software development teams?

An evident finding of structural aspects in groups in their relation to
software development teams is that roles are clearly important. This is
because the people in the groups are all affected by their views of their own
identity in the different roles within the groups. In addition, people have
expectations of the different roles. The team leader is expected to give
directions for the team and an expert is expected to give answers for
technical problems.

Roles are evident in the groups even if they are not explicitly defined and
the different roles hold different values. Therefore, it is only natural that the
motivation of people in software development teams is related to how well
their roles are expressed. The expectations people have may be wrong
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unless the roles are explicitly assigned. Consider, for example, if someone
has been acting in the role of an expert in a previous project. People may
automatically assign the same role for the person in the forthcoming project
unlessthisissueis addressed. Thisindicates that even in arelatively familiar
team the definition of roles of all participants should be addressed.

Furthermore, the roles should emphasize the knowledge people possess
more than their organizational status. In fact, it may be a good idea to
exclude all discussion related to the organizational roles if these are not the
subject of the work. In teams where the members are familiar with one and
other, there will evidently be knowledge of the organizational statuses and
the previous approach may not help. In these situations, the team leader
should try to empower all members of the team with equal influence
irrespective of the organizational position.

3.4 Social influencein groups

People do not behave in groups the same way as they would individually.
Socia factors influence how people behave in the presence of others. At
least two categories for socia influence can be identified; influence by
majority and influence by minority. These aspects can have an effect in
software development teams, too.

3.4.1 Influence by majority

Studies show that people in groups tend to be swayed towards the opinions
of the mgority [Brown 1988 p.90]. Brown discusses studies that have
shown that a coherent mgjority can affect the opinions of people even in the
cases when individually the solution would be obvious to find out. It is said
that people conform to majority and the larger the mgjority the easier we
conformtoit.

Why do people conform then? As was explained before, the group we
belong to, defines something of how we see ourselves, therefore our
opinions also reflect how the group sees us. It has been shown that before
the communication in a group starts the opinions show greater variety than
after the communication has begun in the group. Again, studies have shown
that deviants from mgjority are often less liked than the ones agreeing with
the majority. This alone explains greatly the way majority influences on our
own opinions. It is often seen as more important to be socially accepted than
to hold to our own opinions. In fact, the deviates are often neglected in
groups or even expelled from the group. ([Brown 1988 91-106] and
[Helkama et a. 1998 p.279-282])

3.4.2 Influence by minority

The possibility of the minority to influence in groups has been an interest of
later studies (for example [Brown 1988 p.106] or [Hewstone and Stroebe
(ed) 1996 p.498]). It was first thought that only the majority could have an
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influence in a group. However, there is evidence in real life and in the
studies showing that minority can influence, too. The way the minority
influences is by being consistent, convincing and persistent. This way the
minority can persuade some people to change their opinion. This sort of
behavior may change the norms in the group finally changing the opinions
of majority aswell.

3.4.3 Therelation between social influence and software devel opment
teams

The influence the majority and minority may exert can be seen as arisk or
as a positive aspect in software development teams. This depends on the
case. These advantages and risks should be recognized and considered in
planning the work.

In some teams a strong manager may be a risk. In other teams, a coherent
majority favoring a new technology without proper reasoning, for example,
may be the risk in form of influence by majority. On the other hand, a team
can benefit from the cohesiveness the conformance offers. In other words,
the project team may have better commitment to the decisions made.
However, this scenario can also present risks. Thisis where the influence by
minority can help. Someone may possess crucial information, for example,
on a technical solution that the majority is overlooking. Whether the
message of the minority gets through is highly dependent on the
characteristics of the persons in the minority.

How can the influence of majority be made less risky? First, it would be
beneficia to enable the team to express their opinions individualy and
silently first. With this approach, the ideas and opinions of individuas are
expressed before they are influenced by the social factors. The influence of
the majority can also take place later and therefore the team leader should
take care that all the ideas presented earlier are analyzed carefully and
equally against similar criteria.

The possible influence by minority is not necessarily that great risk in a
software team, although a strong person with a great influence (high rank in
status) may very well influence the majority and the whole group during the
decision-making process. Consequently, this sort of behavior should be
recognized by the team leader in order to prevent the opinions of one person
overruling the decisions. However, it could aso be that some team members
are introverts or simply hold lower status in the group, but still possess
innovative or crucia information. Again the team leader should identify the
experts on each problem and ensure all the viewpoints are recognized
adequately.
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3.5 Problem typesin software engineering

Groups face different types of problems. The different problem types have
an influence on various aspects of group work and team efficiency.
Therefore, understanding the different problem types in general and the
specific problem types in software engineering, provides basis for analyzing
the influence of different problem types people face in the joint work in
software engineering.

3.5.1 Definition of problem types

Steiner has defined the different problem types that a group can face and
which group then needs to solve [Steiner 1972]. These problem types are
frequently referred to in social psychology studies in the field of group
processes (for example [Helkama et al. 1998]). These are listed in Table 2.
In principle, there are three different questions to be asked to identify a
problem type. These are can the problem be divided into subtasks, does
guality or quantity matter and what is the relation of individual effortsto the
results of the team. The original division by Steiner has been often adjusted
according to needs, but the basic division usually remains rather intact.

3.5.2 Problem typesin software engineering

The problem types put forward by Steiner are used here to be able to
understand the nature of problems in software engineering and especially in
software engineering activities. Thisisimportant in being able to understand
the kind of problem types that appear in joint software engineering work.

The software engineering tasks are clearly divisible, that is, the work can be
divided into subtasks by dividing the system into subsystems with defined
interfaces. This relates to the specification of the system as well as to the
implementation of the system. With implementation tasks, the divisibility is
even more apparent. However, in the analysis of the system and in the very
high-level technical specification of the system, the divisibility is not that
clear. Certainly, subtasks can be identified even before dividing the system
into subsystems. Certain people can concentrate on hardware constructs
while others concentrate on software structures, for example. On the other
hand, the evident connections these tasks have make them not so easy to
partition. However, overall, the software engineering tasks generally appear
to be divisible rather than non-divisible. After all, software engineering is
not a tug-of-war kind of task where al the efforts are needed
simultaneously.
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Table 2 Different problem types ([Steiner 1972] reproduced)

Question Answer Type Examples
Cantheproblembe |[Yes Divisible Basketball,
divided into organizing a party
subtasks?
No Non-divisible |Tug-of-war
Which matters most, |Quantity Maximizing Rowing-race,
guantity or quality? brainstorming
Quality Optimizing Accounting, working on thesis
What istherelation |Individual efforts [Additive Tug-of-war

of individual efforts |are summed up
to the results of the
team?

The team selects [Disunctive Mathematical problems, quizes
from suggestions
of individuals
All members Conjunctive Mountaineering, relay race
affect

the results
The team can Discretionary  |Voting the result, leader decides
decide how
individua efforts
affect team resultg

Are software engineering tasks then maximizing or optimizing? It appears
the answer depends very much on the situation. Sometimes it may be that
new features are needed quickly to penetrate a market and the quality can be
compromised. However, probably a more common situation is to select the
features carefully so that they can be implemented in the given time with
good quality. Moreover, software engineering, whether it be planning or
implementation, is by nature more about getting issues right than
maximizing the results in volume. Therefore, software engineering tasks can
be said to be typically optimizing.

Furthermore, software engineering tasks like implementation are clearly
conjunctive, that is, the software is a result of all the developers working on
the whole system and the system is not complete until all the members have
finished their work. On the other hand, when people are working on
specifications the answer is not as simple. The work can be described as
digunctive, conjunctive and even discretionary, but perhaps not additive. I
people are specifying certain parts of the system individually and the results
are put together as the system specification, it can be concluded that these
tasks are conjunctive. This is evident when software designers are
specifying different parts of a system and the whole system does not “work”
unless all the elements work, that is, the weakest developer defines the
speed of the whole group. However, depending on the abstraction level at
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which the system is looked at, this is not necessarily the case. In the case of
a system that has different functions working independently the separate
parts of the system can be ready even if the whole system is not. It can be
argued that such a system does not meet its desired requirements and thus
even this case could be understood as conjunctive. On other hand, when the
team is working to define the overall architecture of the system or an
architect is individually carrying out the work, the work can be defined as
digunctive, that is, the team selects the best possible solution from the
candidates represented. The previous case can be discretionary, too. This
can be the casg, if the architect decides the result or the decision is voted
somehow.

To conclude, typical software engineering tasks appear to have elements of
amost all kinds of problem types. On the other hand, the problem types are
presented at such a general level that probably almost any engineering
discipline would cover al the different types when considered as whole.
Therefore, the key is in understanding the kinds of problems that need to be
faced in order to decide the best approach; should one use team working at
all or what is the right approach when working in teams? It also has to be
realized that even the organizational culture can define how a problem is
solved despite its nature. In some organizations, the team selects from the
suggestions of individuals and in other organizations the leader may decide.

3.6 Efficiency of teamwork

Socia psychologists have been studying the efficiency of individuals
compared to the efficiency of groups for some time. One of the approaches
has been to first identify the potential the group members hold individually
and then compare this to the actual group efficiency. Often it is said that the
result of a team is more than the sum of the results of the individual
members. However, the studies have shown that the groups are often not as
efficient as the individua members and their potential would indicate (for
example [Hewstone and Stroebe (ed) 1996 p.447-467]). For example, a
famous study on a tug-of-war competition resulted in lower on average pulls
for same people in groups than they were capable of individually [Brown
1988 p.125-130]. These results have lead to defining the possible reasons
for the losses in potential that the groups are facing. Among others the
following reasons have been identified:

1. Loss of motivation. In a group its member may feel that his or her
efforts are not clearly visible, and hence this person may be “guilty”
of social loafing. On the other hand, the members may be guilty of
free riding which is a result of feeling that their efforts are not
meaningful enough to the results [Helkama et al. 1998 p.258-259].

2. Loss of coordination. Evidently the group looses some of its
potential in the process of putting the efforts together. In a tug-of-
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war competition, someone may be pulling a little bit too early or
may be stepping into the toes of someone and so forth.

These losses have led to the equation of group work efficiency ([Steiner
1972 p.9)):

Group efficiency = potential —loss of motivation —loss of coordination

By looking at this equation it appears clear that no group could ever exceed
the potential of its individual members, and thus groups could never be
more than the sum of its individuals. This would be the case in redlity if
there were only potential losses in the equation. However, there are also
studies showing that process gains can be identified. Furthermore, the
validity of how the studies that showed only process losses were performed
has been challenged. Brown, for example, criticizes the studies for including
only groups that have comprised solely of randomly selected people [Brown
1988 p.139-142]. This is not the typica case, for example, in business
environment. Certainly, new teams are established occasionally, but other
teams have been in place for years and teams are generally not put together
randomly. These teams or groups benefit from what is caled social
labouring [Brown 1988 p.142]. They have refined their ways of working,
the roles have been clarified, and thus the teams have been able to minimize
the loss of coordination. Moreover, the loss of motivation is reduced by
clarified role definition and feeling of responsibility by social bonding. In
fact, it is claimed that the loss of motivation is not only reduced, but the
motivation is actually improved in comparison to that of individuals. In
addition, Brown criticizes some studies due to their limitations of involving
limited, if any, group facilitation and claims that facilitation would also |ead
to improvements in the results of the groups [Brown 1988 p.140]. These
effects, increased motivation and facilitation efficiency improvements are
called process gains. Therefore, the original equation for group efficiency
can be reformulated as:

Group efficiency = potential —/+ loss or improvement of motivation —loss of coordination
+ gains by facilitation

Overal, the results on the efficiency of group work are numerous, and it
appears the results depend on who is analyzing group work. On one hand,
the results appear to be very negative with respect to group working, and on
the other hand, they appear to show possible gains compared to the
individual approaches. Thus it appears probable, that both the process |osses
and gains exist, but their significance may very well be case dependent.

How do the studies of group efficiency then reflect on software
development teams? In the light of the negative results, the use of joint work
initially do not appear justified. Indeed, this is something to consider and
leads to the redlization that the use of teamwork is not always a definite
improvement over individual approaches.
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However, the problem types and their relation to the efficiency of teamwork
should be considered when the applicability of joint work is analyzed. As
was mentioned the approach in social psychology has often been to measure
the efficiency of group work by looking at the combined strength of the
group or number of ideas generated. These indicate that the problem types
have either been non-divisible or divisible and maximizing. Other types of
studies have been carried out as well, and since the software development
tasks were recognized as often being divisible and optimizing, the results of
these studies should be given the greatest value.

One concrete example of how the problem types play an important role is
concretized in [Helkama et al. 1998 p.264-265]. The so called eureka tasks
(optimizing and disjunctive and having one correct answer) may require the
whole team’ s input in order to be able to come up with the correct result, as
no one in the group can solve the problem alone. The group members can
solve pieces of the total solution and in this way they may provide the total
solution. In designing software, the tasks can rarely be defined as eureka
tasks, in other words having only one correct solution (although these do
exist, too), but the same logic applies for many design issues. The whole
team can come up with a close to idea solution, as the different members
are able to solve different pieces of the problem.

In addition, in tasks that are more difficult, it has been shown that it is
important for teams not only to identify the goals, but aso the way of
working [Brown 1988 p.98]. This speaks on behalf of structured approach
for the joint work. Furthermore, the social groups are clearly more effective
if the team isreally involved in working together.

3.7 Group decision making

Group decision making has been addressed by several studiesin the field of
social psychology. The very early assumptions and results of the early
studies in the 20™ century stated that the teams make more conservative
decisions than individuals (for example discussed in Brown 1988 p.142-
143)). Intuitively, this makes sense as teams can discuss various viewpoints
and then select the best alternative with lesser risk to choose a defective
solution. However, later studies showed that teams would actually make
more risky decisions than individuals do (for example discussed in [Brown
1988 p.142]). Again, these results can be justified relatively easily. In
groups no one has to take responsibility: “the team decided; not me”, and on
the other hand, no one needs to face accusations alone. Even these results
have been challenged, in the more recent studies. These studies indicate that
the groups decide on whatever the magjority of the group initialy favored
[Helkama et al. 1998 p.283-284]. This phenomenon is known as group
polarization (for example [Brown 1988 p.144] or [Hewstone and Stroebe
(ed) 1996 p.513-515]).
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3.7.1 Group polarization and groupthink

Group polarization is a realization of the dominance of majority’ s viewpoint
and clearly has its roots in the influence by majority that was discussed
earlier in this chapter. This again is not difficult to understand as people
may easily feel the peer pressure of the majority. Contradicting with the
majority could lead into being disliked by the majority and this is something
people are rarely aiming for. In fact, the influence of the majority has been
studied and the results indicate that even with an easily identifiable correct
answer the majority would be able to influence the results of the minority
[Brown 1988 p.142-147].

In its extreme manifestation, group polarization may lead to what is called
groupthink. In groupthink, the group is cohesive and originally biased to a
certain direction. Therefore, the group can come up with a decision
following the patterns of group polarization that could be even easily proven
wrong by someone outside the team. However, the cohesiveness of the team
does not provide, enough chances for anyone in the team to intervene with
the decisions and the decisions made this way can be catastrophic. There are
a few well-known cases of groupthink, for example, the explosion of space
shuttle Challenger in 1986 due to making the obviously wrong decision to
launch the shuttle [Hewstone and Stroebe (ed) 1996].

Studies have been carried out to identify possibilities to avoid groupthink.
Brown discusses these and lists five key elements that can potentially lead
to groupthink that are identified in different studies [Brown 1988 p.158].
These are:

1. very cohesive group,

2. isolation from information outside the group,

3. no systematic search for alternatives in decision making,
4. stress caused by urgency to reach the decision, and

5. domination by avery directive leader.

Brown concludes that the domination of a very directive leader is the most
important of these whereas cohesiveness is not necessarily a key factor.
Nevertheless, this list provides an important checklist for any decision
making body and hence for joint software engineering work, too.

3.7.2 How decision-making relates to software devel opment teams?

Group polarization and groupthink may have a similar influence in software
development teams as well. That is, the team originally being relatively
biased easily comes up with a decision, and being satisfied with their
efficiency, ssimply accepts the decision. How decision making in teams is
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carried out can have an influence on how big a role group polarization, for
example, can have in software development teams.

There are at least three ways to address these problems. The first relates to
selecting the team. The team should not be selected so that it only contains
members that are known to work well together at least when the reason
behind this is that they appear to agree on everything. Secondly, the team
should identify beforehand the decision-making criteria that the decisions
should meet. It should be also ensured this criterion is met. Thirdly, the
leader or facilitator of the team should be selected so that he or sheis not a
member of a potentially biased group and is therefore able to act as an
independent referee.

3.8 Summary

The first conclusion is that group processes do not provide any dramatic
single finding in favor or oppose for joint work in software development
teams. However, socia psychology provides a number of observations that
are either something that should be considered when working in teams or
considered to identify when teamwork is not the best approach at all. The
following lists the key findings put forward from the evaluation in this
chapter:

1. The factors related to becoming a member of a group and to
conforming to the group norms should be considered in the software
devel opment teams.

2. The roles are important in groups and thus in the software
development teams, too. The roles in the software development
teams and the different values that they hold are important elements
of the interpersona activities. Everyone in the team should be able
to fed important due to their given role, although some roles by
nature may have higher value in people’s mind.

3. The possible negative influence of maority should be minimized in
software development teams at least before al the options are
understood.

4. The group process losses are evident in software development teams,
and therefore one has to minimize the process losses and focus on
activitiesthat aim at producing process gains. These are:

a. adequate planning of activities minimizing the coordination
and the motivation losses,

b. enabling motivation gains by enabling social groups to
evolve,
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c. enabling motivation gains by using proper techniques for
higher activation levels,

d. using facilitation, and
e. agreeing the ways of working.

5. Decison-making in software development teams could experience
polarization and even groupthink. Therefore, the risks for groupthink
should be minimized by:

a. not enforcing decisions by the (organizational) manager of
the group, but rather letting the group to make the decision,

b. ensuring, for example by effective idea gathering and idea
anaysis, that al of the different solution candidates are
considered, and

c. by careful selection of the team reducing the risks of being
separated from opinions outside the team, and hence having
negative cohesivenessin the team.

Overal, athough social psychology does not appear to provide unarguable
facts, it provides an interesting and important viewpoint for teamwork-based
software engineering approaches that the implementation of such should not
overlook.
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4 DEVELOPING A COLLABORATIVE APPROACH

This chapter explains how the interpersonal nature of software engineering
and the problems of the traditional approach can be addressed. This is done
by developing key principles for a collaborative approach for the planning
activities. The key principles are derived from the discussions in the first
three chapters of the dissertation. These principles are then explained briefly
in practical terms. However, the actual implementation of the collaborative
approach is presented in Chapter 5. The essentia existing related
approaches are then covered to support the ideas presented here. This is
followed by a comparison between the existing related approaches and the
key principles of the collaborative approach. This is done to show the
contribution of the collaborative approach presented here. The traditional
approach for the planning activities and the collaborative approach are
compared to identify their key differences. This provides better
understanding on the possible benefits of the collaborative approach. The
expected benefits are presented at the end of this chapter.

4.1 Thekey principles of the collaborative approach

Based on the discussions in Chapters 1 and 2, the collaborative approach
should address the lack of support for human interaction and address human
interaction and quality assurance earlier than in the inspections. In addition,
the collaborative approach needs to address the goals for the planning
activities in software engineering. The work should also be planned to
minimize motivation and process losses. These issues give us the key
principles of the collaborative approach:

1. Creating understanding is done principally as ajoint activity in order
to reduce the need for inspections.

2. Information sharing is done continuously in order to address the goal
of information sharing of the planning activities.

3. Document writing is done as a joint activity as far as feasible in
order to reduce the need for inspections.

4. Quality assurance in the planning activities in software engineering
is addressed continuously by the project team in the project life
cycle.

5. The joint activities are planned, as any other project activities are
planned in order to reduce the process and motivation losses and in
order to ensure common rules and defined roles for the joint work.
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Figure 8 The collabor ative approach visualized
4.2 Using workshops for realizing the key principles

Based on the above listed key principles, the collaborative approach can be
seen as an approach for enabling planning the human interaction and joint
creation of understanding in software projects. The joint creation of
understanding has been often approached in software engineering in the
form of facilitated workshops (for example [Macaulay 1999] and
[Gottesdiener 2002]). Similarly the joint efforts in the collaborative
approach presented here can be organized around workshops. The facilitated
workshops can be used to define solutions and to come up with decisions for
various issues in the planning activities. The approach based on the key
principles and workshops is illustrated in a simplified form in Figure 8 (see
Figure 6, page 13, for differences with the traditional approach). Instead of
the individual document writing the work culminates around the workshops
where relevant people (here as examples A, B and C) participate and the
documents (here as examples A, B and C) are partially already written in the
workshops. Inspections will take place as before if deemed necessary.
Quality assurance and information sharing are integral elements of these
workshops. Furthermore, the workshops are planned as part of the project
planning activities to ensure their effectiveness.

4.3 Existing related approaches

The key ideas of the collaborative approach are relatively straightforward,
for example, bringing people together as early as possible to effectively
communicate and to design various issues. Therefore, understandably
similar approaches already exist. There are, for example, complete software
development methods, such as DSDM (Dynamic Systems Development
Method) [DSDM 2004], that include facilitated workshops. The scope of
DSDM is much wider covering amost the whole lifecycle of software
development On the other hand, there are approaches to facilitated
workshops for software related issues. The scope of these approaches is
usually about very specific cases (for example [Gottesdiener 2002],
[Schalken et. al 2004] and [Coughlan and Macredie 2002] for requirements
work) or their scope is generic fitting to amost any type of workshops or
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collaborative way of working outside the scope of software engineering (for
example [Klatt 1999], [Facilitation 2004] and [ Taxen 2004]).

The approaches discussed here in detail do not provide a complete view of
al the related approaches existing, but are the ones that appear the most
similar to the key ideas of the collaborative approach presented here. These
two approaches are Joint Application Development (hereafter JAD) [Wood
and Silver 1995] and Agile Modeling (hereafter AM) [Ambler 2002]. JAD is
probably the best-known method in the field of facilitated workshops for
software related issues. The other approach, AM is arealization of the latest
movement in software engineering, namely agile processes and
methodologies. This section first briefly presents JAD and AM and then
provides a comparison to the key principles of the collaborative approach to
point out the key differences of the approaches.

4.3.1 JAD (Joint Application Devel opment)

JAD is defined in [McConnell 1996] as a requirements-definition and user-
interface design methodology. As this was the original aim of JAD, it has
been used to address the efficient production of the early documents in
software projects, such as product definition related matters. However users
of JAD have later realized the potential in the approach and widened the
scope of the method. In fact, it is claimed that thousands of JAD meetings
have been organized [Wood and Silver 1995 p.16].

In JAD, the idea is to have a set of workshops for a specific and selected
matter rather than plan the workshops in a project to cover all the planning
activities. In fact, JAD use appears to be a project itself. Moreover, JAD
workshops always appear to be somewhat formal. JAD covers roles for the
workshops such as facilitator and scribe. In addition, brainstorming and
other techniques are used and facilitator’s role is clearly crucial. JAD was
not originally based on phases but in [Wood and Silver 1995] five steps
were introduced. The phases are listed in the following:

JAD project definition. In this phase, the whole case is planned including
who belongs to the JAD team, and the actual session is scheduled.

Research. This phase covers the research work that needs to be done in
order to have all the material in place for the session.

Preparation. In the preparation phase all the details of the workshops are
planned such as agenda, meeting rooms and other meeting facilities.

The session. Thisisthe phase when the workshop or session is actually run.

Thefinal document. In the last phase the final document is being inspected
and distributed to the different people involved.
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4.3.2 AM (Agile Modeling)

AM is more like an ideology or methodology than a method. Ambler, the
developer of AM, introduces AM as a practice based process in [Ambler
2002] and in [Agile modeling 2005] he refersto AM as a methodol ogy.

AM provides a set of values, principles and practices describing how to
perform effective modeling and documentation of software-based systems.
Although AM provides a set of practices, it leaves a great freedom for the
practitioner.

The applicability of AM is also explicitly restricted. Ambler mentionsin his
book Agile Modeling [Ambler 2002] that AM does not work best in large
companies such as telecommunications firms, nor in environments where,
what he calls, descriptive processes, such as RUP [Rationa Corporation
2002], are used.

In addition, AM does not provide ways to plan the modeling sessions in
software projects. On the other hand, AM provides a number of pragmatic
ideas how to perform AM sessions in order to produce certain kind of
models. The values, principles and practices of AM will be discussed in the
following to give an outline of AM.

AM Values:

AM vaues define the basic ideology, or foundation as Ambler states
[Ambler 2002], behind the methodology. These are listed in the following.

Communication. Communication with the different stakeholders is seen
important in AM, asis the case with agile approaches in general.

Simplicity. AM is, as the name suggests, modeling focused approach, and
discusses a lot about the models being just accurate enough — not more.

Feedback. The direct feedback about one’swork is seen important in AM.

Courage. AM states that people doing agile modeling have to have the
courage to work together.

Humility. Humility is similar value to courage in the sense that it has to do
with peopl€'s characteristics. In practice, this means according to Ambler
that developers realize they do not know everything [Ambler 2002 p.25-26].

AM Core Principles:

AM core principles define the basic rule set for applying the methodology.
These are not really that different to the values, but according to Ambler the
principles are more concrete than the values. The principles along with the
values should give a playground for the practitioners of AM. The core
principles are listed in a similar manner to the values in the following. In
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addition to the core principles, there are aso supplementary principles
provided in AM. These are not covered here.

Software is your primary goal. Agile approaches in genera have the
principle of software being the primary goal. This principle is also included
in AM, although AM itself is not about writing software.

Enabling the next effort is your secondary goal. In AM it is seen as
important to inform the practitioners that one important reason to model is
to be able to take the next step in the work.

Trave light. In AM it is seen that you are ready when you do not have
anything to remove from your models. This meanstraveling light.

Embrace change. Asin agile approachesin general, it is seen as important
in AM to allow and even expect changes even late in devel opment.

Incremental change. This is a principle closely related to embracing
change. When the work is done in increments then changes can be taken
into account. Incremental work also allows rapid feedback.

Model with a purpose. In AM it is noted that one should always be aware
of the reason the modeling is performed.

Multiple models. AM states that one should do multiple models to cover
the different aspects of whatever is being modeled.

Assume simplicity. This principle is a derivative of the value ‘simplicity’,
that is, it does only whatever enables the next effort — nothing more.

Quality work. To explain the principle quality work Ambler writes “Agile
developers understand that they should invest effort to make permanent
artifacts, such as source code, user documentation, and technical system
documentation of sufficient quality” [Ambler 2002].

Rapid feedback. The feedback of ideas and development decisions is
intended to be immediate in AM.

AM Core Practices

While the values and principles of AM are somewhat abstract, the practices
are said to be the heart of AM: “It's the practices that you will actually
apply on your projects, practices that are guided by AM’s values and
principles” [Ambler 2002]. The practices are derived from the principles,
similarly as many of the principles were derivatives of the values. AM core
practices are categorized and listed in the following.

Artifacts. Apply theright artifacts and iterate to another artifact.
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Modeling. Model in small increments, depict models simply, display
models publicly and create simple content.

Interpersonal aspects. Have active stakeholder participation, model with
others and have collective ownership.

Tools. Use the ssimplest tool possible.
Implementation and testing. Consider testability and prove it with code.

In brief, the practices emphasize working together in an incremental mode
with al the relevant stakeholders and focuses on appropriate simplicity.
Furthermore, the practices emphasize that the models are created for coding
purposes and need to be able to be tested as well.

4.3.3 Comparison of the approaches

In the following the key principles of the collaborative approach are
compared to JAD and AM (summary presented in Table 3) in order to
understand the contribution of the new approach.

Creating understanding. Clearly al the approaches promote the idea of
joint creation of understanding. However, the scope of creating
understanding is different. JAD is most limited in this respect, at least
originally, and focuses on the early phases in software projects. AM
excludes project level planning issues out, although gives freedom for the
applicability of the approach.

In addition, AM does not address the problems of teamwork explicitly. JAD
discusses them on a practical level, but addresses the theory in rather a
limited way.

Information sharing. Information sharing is an important matter in the case
of both JAD and AM. AM even states communication is one of its values.
However, the continuity of the matter is only guaranteed in the collaborative
approach presented here by the planned and continuous workshops. JAD
typically covers the first phases of a software project and in AM thisiis left
up to the practitioners.

Document writing. In JAD and in AM the idea is not to write anything of
the actual final document like it is in the collaborative approach presented
here.

Quality assurance. In JAD quality assurance is implemented to a certain
extent for requirements work, however, JAD has no clearly recognizable
impact on reducing the need for inspections. In AM there are no explicitly
stated intentions in this area.
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Table 3 How JAD and AM conform to the key principles of the collaborative
approach

Key element of the collaborative approach JAD AM
Creating understanding is done principally as ajoint activity Partially | Partialy
Information sharing is done continuously Partially | Canbe
Document writing is done as ajoint activity asfar asfeasible No No

Quiality assurance in the planning activities in software
engineering is addressed continuously by the project team from | Partialy | Partially
early on in the project life cycle

Thejoint activities are planned, as any other project activities
are planned.

Partially No

Thejoint activities are planned. JAD covers only this type of planning for
requirements work and AM explicitly excludes this type of approach as was
already mentioned.

434 Summary

Clearly all the approaches are addressing the same issues, in other words all
the approaches are trying to address the planning activities in software
engineering. On the other hand, their starting points are different.

The key difference in the presented collaborative approach to the existing
approaches is in their comprehensiveness for software engineering. The
collaborative approach covers al the planning activities and addresses
planning of these activities to ensure continuity for information sharing and
quality assurance. This approach is also believed to have an impact on the
needed rework and inspection efforts. The other two approaches leave more
room for their application and are not aimed to be institutionalized into
software engineering.

4.4 Comparing the collaborative approach with the traditional approach

This section elaborates on the differences between the traditional approach,
as defined in section 2.3, and the collaborative approach. This is done by
first looking at the key differences of the approaches and by then identifying
the tasks of the two approaches. The tasks are then used in recognizing the
differences of the two approaches.

4.4.1 The key differences between the approaches

Planned versus non-described way of working jointly. In the
collaborative approach the joint effort for the planning activities in software
engineering are planned. In the traditional approach, the way of working
jointly is up to the responsible persons albeit the software process followed
may describe the needed artifacts with their contents.

Creating under standing jointly in workshops versus individually. In the
collaborative approach creating understanding and making the majority of
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decisions is done collectively in the workshops. In the traditional approach,
individuals make the majority of the decisions.

Understanding other’s work by learning in the workshops versus
reading documents. In the collaborative approach reaching common
understanding happens by participating in the workshops and in this way
learning about the decisions outside one's primal responsibility area. In the
traditional approach, reading the documents of others is the primary way of
achieving this.

Early sharing versus late sharing of information. In the collaborative
approach the information is shared while it is being created. In the
traditional approach, this takes place mostly by reading documents of others
by preparing for inspections and during the inspections themselves.

Quality assurance built in to the way of working versus achieved by
inspecting the documents. The traditional approach relies mostly on the
inspections to ensure the quality of the documentation. In the collaborative
approach, the comparable quality assurance is built into the process of
writing the documents, although inspections can be used, too.

4.4.2 ldentifying the tasks of the approaches

In order to compare the two approaches one has to first understand what are
the planning activities. These can be derived from the goals for the planning
activities presented in section 2.2. One needs to gather the required
information, create new understanding based on the information and the
store the information. The results are inspected and possible rework or
follow-up work is carried out. Once the activities are identified, one has to
identify which activities remain the same despite which approach is used.
Similarly, one must also identify the activities that are not shared by both
techniques.

Common tasks. Let us first identify the tasks that are universal for both of
the approaches. In Figure 9 the universal tasks for an individual working on
his or her primal responsibility area are listed. As both approaches share
these activities, these tasks may result in efforts in the workshops or outside
the workshops. Figure 9 illustrates how the tasks may be divided between
the individual and workshop tasks when the collaborative approach is
applied. In other words, majority of the efforts for creating understanding is
carried out in the workshops whereas writing the document still takes place
partialy outside the workshops, as was suggested by the key principles of
the collaborative approach. The division is case dependent and therefore the
division presented is only directive. When ad-hoc planning meetings are not
considered all the tasks would be outside the workshops in the traditional
approach.

40



Writing the
document
Inspecting the
results/document

Workshop efforts Efforts outside the workshops

Figure 9 Effortsfor individual responsibilitiesin the collabor ative approach

Similarly, Figure 10 illustrates the universal tasks that an individual carries
out to support his or her team. Again, an estimate on the division of the
efforts between workshops and individual work is given. In practice, this
means that the team members support each other by sharing information in
the workshops, jointly create understanding and even inspect the documents
in the workshops. The support team members give for each other is assumed
to mostly take place in the workshops. The follow-up work for inspections,
however, is carried out outside the workshops. The following describes the
universal tasksin more detail and gives rationales for the illustrations.

Information
Sharing
Creating
understanding
Inspecting the
results/document

Workshop efforts Efforts outside the workshops

Figure 10 Effortsfor team support in the collabor ative approach



Gathering information/Information sharing: No matter whether the
collaborative approach is used or not, the relevant facts need to be acquired.
Such information can be, for example, standards that need to be understood
before the work can continue or information coming from outside the team.
While this kind of work can be included in the workshops, it is not the
intention in the collaborative approach to do the research type of work in
teams. On the other hand, other members of a team may possess the
required information for someone else’'s responsibility area. In addition,
there is typically a need to understand the areas of the design that other
people are working on.

Creating understanding: Unless new understanding is created the planning
activities have not much value. In an experienced team that is working with
familiar subjects, creating understanding plays a less important role, but
even in these cases the possessed knowledge needs to be applied to the
situation at hand. Creating understanding in the traditional approach is
mostly left to individuals whereas in the collaborative approach the majority
of thiswork can be done together.

Writing a document: If a document needs to be written, it has to be written
in one way or another. This does not change from one approach to the other.
The difference between the two approaches is, however, the amount of
writing done individually. In the collaborative approach, part of the writing
is carried out in the workshops while in the traditional approach the person
responsible for the document at hand performs all the writing alone.

Inspections. Here inspections are understood widely to cover both
preparation work and the actual meetings. Inspections are something that
could be left out from both of the practicesin principle, but in the traditional
approach inspections are basically the only quality assurance activity, and
are hence more important.

Rework and Follow-up: Rework after the inspections is typicaly needed.
The task is universal similarly to inspections. Follow-up activities are a
consequence of rework.

Tasks specific to the traditional approach. If we then consider the tasks
specific to the traditional approach, it turns out that all traditional approach
tasks are universal to both approaches. Consequently, the collaborative
approach actually only adds new tasks to the way of working.

Tasks specific to the collabor ative approach. The efforts that are put into
running a workshop are about gathering information, creating understanding
and inspecting the created understanding. Hence, workshop implementation
itself is not anew task, it is just another way of performing the same tasks as
before. In the workshop approach, however, the team can waste or save time
compared to the traditional approach.
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Workshop planning and preparation: All the activities that are required to
run a successful workshop are new tasks related to the collaborative
approach. Naturally, the scheduling of the workshops is coordinately part of
this.

4.4.3 Comparison of the approaches

The comparison of the two approaches is a multidimensional matter and
modeling perfectly how people perform the activities is relatively difficult.
Therefore the following analysis makes a few assumptions.

Firstly, the people are expected to work only for one project, and secondly
their efforts are considered to only consist of the ones described just earlier.
This means that no one has activities outside the planning activities. In
practice, this means that for a certain period of time the work is going to
result in exactly the same efforts in both of the approaches. For example, if
the planning activities and inspections take two months and 10 people are
working in the project, both of the approaches result in 20 man-months
worth of efforts. These assumptions, although not exactly true in rea life,
actually reveal two key principles of the comparison.

First, the calendar time efficiency of the work is important as this defines
aso the efforts. This means that if people are not participating the
workshops they are still gathering information or creating understanding
individually. Hence, joining a workshop does not yet save any time, as the
project members use this time anyway, but the real differences come from
the effectiveness of the approaches.

Secondly, and quite self-evidently, the quality of the work is essential asthis
defines the rework required in the later phases.

The following analyses the tasks one at the time and introduces the possible
differences that can be identified between the two approaches.

Gathering information. Let us first consider gathering information. From
the individual point of view this means reading documents that were
previously written, asking questions from the project members (or someone
outside the project) and in the workshop approach asking questions in the
workshops. The more the person knows the less information gathering
efforts are needed. For an individua there appears to be no differences
between the individual approach and the collaborative approach. The person
needs to gather the same information in both of the approaches. The more
knowledge acquired individualy the less needs to be acquired in the
workshops and vice versa. Naturally, this view is limited as only the efforts
of single individual are considered, and thus the efforts of the team are
discussed later. It aso assumed that the person knows whom to ask. If
people are well aware from whom to ask, there are no extra efforts required.
On the other hand, if people do not know from whom to ask, workshops
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provide a better chance of reaching the right people and may result in lesser
efforts. This gives usthefirst finding:

1. The less people know the expertise of other people the more efforts can
be potentially saved with the workshop approach.

The finding indicates, but does not ensure, that a project with people new to
each other may benefit more from using the collaborative approach.

Additionally, it is expected that people really do ask. In other words, people
are not introverts in this sense or ignorant of the knowledge of other people.
However, it is not so clear how the socia aspects could influence these
efforts, and whether asking individually or in workshopsiis preferred.

In addition, the former does not take into account which approach is more
efficient in information gathering, reading or asking. This may cause some
differences between the two approaches as in the traditional approach
reading plays a typically more important role than in the collaborative
approach.

Sharing information. Information sharing can be planned or it can happen
on ad hoc basis. The workshops can be used for information sharing
purposes, although sometimes a specific information sharing session is
needed to cover wider audiences.

If we then consider information sharing as a support function, answering the
guestions people are asking from other members in teams, take almost the
same time required for asking the questions. In workshops, the same
applies, however, now the same issues need not be asked severa times.
Hence, the more overlapping issues there are, the less time is required for
answering the questions. This aspect gives us the second finding:

2. The more people need the same information the more time and effort it is
possible to save in information sharing through the workshop approach.

Naturally, this works vice versa. If people generally do not require the same
information and workshops are used for information sharing purposes, this
means extra efforts for all the people that the information does not concern.
This, in fact, indicates that selecting the right participants and subjects for
the workshops is crucial.

Creating under standing. Let us then consider creating understanding. Both
individually and in teams the complexity of a problem is a factor for
influencing the efforts required. Additionally, the efforts are dependent on
the competences of people. In both of the approaches there is a chance that
the problem is too complex resulting in principle in infinite efforts.
However, in a business environment, this does not really occur. A decision
is made anyway, athough it is not necessarily correct. It may also be that
the original problem is avoided with an aternative approach.



Nevertheless, the differences for the individual approach and the workshop
approach are based on the competence levels of people and complexity
levels of the problems. When individuals are highly skilled there is a chance
that workshop approach provides no added value. The team may actually
require more time to come up with a decision, as the coordination of the
team requirestime. This gives us the third finding:

3. The more skilled the individuals are, the less benefit is to be gained from
the workshops.

On the other hand, there is a chance that even highly skilled individuals are
still only expertsin their own areas. This gives us the fourth finding:

4. In tasks that require several fields of expertise the workshop approach can
provide answers for issues that individually are extremely difficult or even
impossible to solve.

Moreover, creating understanding can also serve the purpose of information
sharing in the workshop approach. This gives us the fifth finding:

5. The more creating understanding serves the purpose of information
sharing the more time it is possible to save from information sharing tasks
(seeasofinding 2).

Writing the documents. For writing the documents there are no clear
differences between the two approaches. The documents need to be written
in one way or another. However, if the document is written in a workshop,
efforts are potentially lost as several people may be waiting for someone to
write the decisions. The size of the team is consequently afactor as well. On
the other hand, part of this work can be seen as quality assurance work in
form of inspections. Hence, there is a trade off between the waiting around
while the document is written and the quality benefit that is added by the
participation of the additional people during the writing process. Therefore,
we get the findings:

6. The more efficient writing the document is in the workshop the less
efforts are wasted.

7. The larger the workshop team the more efforts are possibly wasted in
writing the documents.

8. The more the results are inspected during the workshops the less time is
required in preparing for inspections and in the inspections themsel ves.

Inspections, rework and follow-up. Inspections are a quality assurance
activity that takes place after the work is finished. Preparation efforts are the
same in both of the approaches in principle, but in the workshop approach
some of the preparation efforts already take place as part of the workshops.
Actual inspection meeting efforts are dependent on the size of the material
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to be inspected and the quantity of defects found. Rework and follow-up
efforts are consequences of the defects and thus the efforts reflect the
number of defects found. These aspects give us the next finding:

9. The inspection, rework and follow-up efforts are dependent on the
guantity of defects and their severity. If the use of workshops reduces the
number of defects found the related efforts are reduced accordingly.

Workshop efforts. The workshop related efforts that cannot be defined as
universal tasks are additional to the traditional approach. These are all the
tasks required for planning the workshops. Hence, we get the last finding:

10. The workshop planning, preparation and implementation tasks are
additional efforts to the traditional approach. Hence, these efforts are
deducted from the possible benefits.

Therefore, there is a threshold for the amount of effort that should be
invested in planning the workshops beyond which there is no additional
benefit. This is when the planning efforts out weigh the potential gains they
bring. In practice identifying this threshold is often not straightforward and
thisisa.common problem in any planning activity.

444 Other issues

For a whole software project to really benefit from the use of the
collaborative approach there must be savings gained throughout the whole
project. The savings may be gained in two phases: first they may be gained
in the actual phase when the collaborative approach is used, during the
planning activities, or they can be gained later during the implementation,
the testing or the maintenance phases, for example. Therefore, analyzing
only the planning activities for software engineering is not sufficient as the
defects may be manifesting in the implementation phase or testing phase.
Hence, one should be looking at issues such as the timetable of the whole
project and specification faults identified in implementation and testing, to
really be able to compare the two approaches.

445 Conclusions

The findings presented above are based on simplified views of redlity.
Furthermore, as mentioned earlier a thorough analysis would also require
examining the time spent in implementation. Additionally the specification
defects realized in implementation and the findings in testing phase should
be analyzed. Nevertheless, the analysis and findings provided in this section
already point out some crucial factors differentiating the two approaches.

First of all, the calendar time efficiency for the whole planning period is an
important factor asit plays an important role in saving efforts. Secondly and
quite self-evidently, the quality of the work is a crucia factor, and this may
result in savingsin later phases of development also.
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In addition, an important matter is the divisibility of the problem (see
section 3.5.1 for the definition of problem types). This could mean for
example, if a system can be divided easily into subsystems without major
dependencies between the subsystems. The less divisible the problem is the
more is potentially gained with the joint efforts. This is at least true for
findings 2 and 5.

To conclude, the comparison does not provide an answer if one approach is
better or worse from the perspective of effort or defects. It merely identifies
some factors influencing the differences between the efforts required for the
two approaches. The rea life approach to the planning activities is a
relatively complex and multidimensional process, and hence the
simplifications provided here do not provide complete enough answers to
fully analyze the differences.

4.5 Applicability of the collaborative approach

The collaborative approach as presented does not explicitly state restrictions
for its use. Hence, the applicability in software engineering work is possibly
wide too. However, at least the way the approach is applied varies from one
artifact or document to another. Probably the key factor in the differencesin
using the approach is in the purpose of the artifacts. Some artifacts are
products themselves, others are internal artifacts supporting the later
development phases and some documents are only back-of-the-napkin
sketches supporting a relatively small team with very low requirements for
the visual form of the artifact. The difference is usualy about how much of
the finished artifact can be achieved in the workshops. Product artifacts are,
for example, customer documents, agreement documents and interface
definitions for wide audiences. These artifacts most likely cannot be created
in the workshops. Non-product artifacts, and the more typica in software
projects, are documents like subsystem specifications, user interface
specifications and requirements specifications. When a small team (2-3) is
making their internal decisions, which the process does not require to be
documented, we can talk about back-of-the-napkin sketches. In these cases
thereis hardly any documentation work |eft outside the workshops.

4.6 Expected benefits of the collaborative approach

The following discusses the expected benefits of the method. Reaching
these expected benefits is discussed in the empirical evaluation section of
the dissertation (in Chapter 7). In short, all the mentioned benefits seem to
have some sort of support from the experiment results.

Reducing calendar time used for document authoring. The collaborative
approach is expected to improve the calendar time efficiency for document
authoring. This can only happen if all the needed information is at hand.
However, even if the needed information is not a hand using the
collaborative approach is expected to speed up the process of acquiring it.
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Improving team co-operation. By providing a systematic practice for
human interaction in software projects the approach is also believed to help
building team co-operation.

Enabling more efficient information sharing and communication. By
providing a continuous approach for creating understanding jointly as well
as sharing it, the information sharing is expected to be improved. The
overall communication of the project is also expected to improve with this
approach.

Improving common understanding. With the improved information
sharing and the early involvement in decision-making, the approach is
believed to improve and balance the general understanding level of the
stakeholders.

Ensuring better commitment to project work. With the improved
common agreement and earlier involvement in decision making the
approach is believed to improve the commitment of different stakeholders.

Decreasing inspection time and effort. By getting people to familiarize
themselves earlier with material in question the approach is believed in
general to decrease the time needed for inspections. The risk that inspections
turn out to be specification meetings is expected to be reduced by the earlier
involvement of participants.

Improving inspection efficiency. Similarly to the previous benefit, by
getting people to familiarize themselves earlier with the different matters of
concern, the inspections are believed to be more efficient in terms of finding
defects.

Reducing rework resulting from document authoring. Assuming the
process of using the collaborative approach reduces the number of problems
or their severity identified in documents during inspections (or later), the
related rework should also be lower.

Improving the overall quality of documentation. This goa is quite
similar to the goal of reducing rework. If there are less defects or the defects
are of less significance, the overal quality has probably improved too.
Furthermore, the quality perceived by the different stakeholders is expected
to improve, that is, by participating more in the decision making process
people are generally happier with the resuilts.

Reducing the efforts used in producing documents. The belief is that by
improving the information sharing, the communication and the inspections
while at the same time reducing the rework, the efforts used in producing
documents would lower too.
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5 IMPLEMENTING THE COLLABORATIVE APPROACH IN
NOKIA —THE RaPiD7 METHOD

This chapter elaborates on the key principles of the collaborative approach
presented in Chapter 4 and explains its redlization in Nokia as a method
called RaPiD7 (rapid production of documentation, 7 steps). Layers for the
method as defined in Nokia are presented and then covered in detail with
related key activities, roles, tools and best practices.

5.1 Layersof RaPiD7

RaPiD7 has been described in Nokia through layers that have different
concerns. These are visualized in Figure 11. The reasoning for the layersis
twofold. First, the layers give the approach structure that helps the
implementation by separating the viewpoints of the method. This is
important since the method is trying to be a pragmatic approach for the
identified problem. Secondly, the layers separate the different activities for
the different users of the method.

The first layer describes how the method is applied in software projects
using the software processes applied in Nokia. Hence the project layer is
targeted to ensure that as a part of project planning all the needed human
interaction and joint decision-making is planned, too.

The next layer describes how the method is applied for asingle case, such as
one document. Thisis because the different artifacts are tangible elements of
software development. For this layer the method provides help on deciding
how many workshops are needed for a case, and who to involve in the
planning work.

Srof SN Sunf Sl S el o

Project layer

Figure 11 Thethreelayers of RaPiD7
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Finally the last layer describes how to have workshops and how to answer

the challenges in the workshops in software engineering context. In the
workshop layer, a single workshop is planned and carried out according to
the ideas of RaPiD7. This is where the steps, as suggested by the name,
appear in the method implementation.

5.2 Implementation of project layer

Systematic benefits are expected if the method is used in software projects
instead of using it for individual cases only. However, before the project
level can be addressed the used software process needs to be analyzed.
Software processes have received an increasingly important role as process
focus has been emphasized during the 1990s [Zahran 1998]. Many
organizations have tailored their own processes (an example of such in the
target organization of this study is OMT++ [Jaaks 1997] or [Adto et al.
1999 ]). As was described in Chapter 2 the different processes define the
models or artifacts produced in developing the objects of software
development. Hence, the used process needs to be taken into account when
using RaPiD7. The following defines steps of integrating RaPiD7 into a
general software process and thus giving the starting point for project layer
work:

a ldentify the planning activities.

b. Identify the activities that require and benefit from the joint
decision-making and information sharing.

c. ldentify the outputs (artifacts) of the activities benefiting
from the joint decision-making and information sharing.

d. Identify the typica number of workshops required for a
document, people participating in the workshops and issues
for the workshops.

e. ldentify workshop approaches for the most common
workshop types.

In brief, the key matter in integrating RaPiD7 into a software process is in
identifying how the different software processes are addressing the planning
activities. The planning activities need then to be addressed in the different
layers of RaPiD7 and initially in the project layer. The expected benefits of
integrating RaPiD7 with software processes are enabling systematic and
efficient use of the method in the projects, providing information on the
required workshops, enabling shorter planning times for workshops, and
enabling more efficient workshops due to usage of known viable
approaches.
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Figure 12 Planning RaPiD7 workshopsin projects

Once the process integration is done the planning can be done on the project
level. This means in practice that the whole project is initiated by a
workshop to initiate the workshop planning process, and from this point on
the project comprises of workshops concentrating on different aspects of the
project. An example of thisisillustrated in Figure 12.

In practice, the whole idea is about moving from individual specification
work towards working in teams for most of the decision-making and
document authoring activities within the project. This does not mean that
there would not be any individual tasks left. Some study work is better done
alone and some detailed technical solutions are still left for individual
designers. However, the idea is to realize that software development is
really a joint activity right from the beginning as was discussed already in
section 1.1.

5.2.1 Roalesinthe project layer

Project manager. The project manager is the person typically responsible
for making sure the first initialization workshop takes place. This is one of
the new tasks for the project manager when using RaPiD7. When the first
workshop is held the people owning the cases should take the responsibility
for the related workshops. However, the project manager can utilize his
workshop participation to track the progress of the project. Often, project
meetings are the way progress is tracked, and the progress evaluated by
analyzing the feedback from the different members of the project. The
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workshop approach allows the project manager to track the progress of the
project more easily than in the traditional approach. Furthermore, the project
managers need to react to the possible problems or changes in the initial
workshop plan and to make sure adequate workshop planning sessions are
planned for the future, too (unless the first session covers the whole project).

Case owners. Once the initiation workshop has been carried out
successfully, the case owners should take the responsibility for the different
cases. The audience for the first workshop should be wide, as several case
owners will be identified in the first workshop. The actual planning of the
cases isthen carried out at the case layer.

5.2.2 Key activities
The key activities identified for the project layer are:
» organizing project planning workshop (project manager),

» (re-)scheduling the workshops (project manager with case owners),
and

» initial planning of the cases (case owners).
5.2.3 Toolsinthe project layer

Artifact list. The roots of this tool are in the process descriptions as the
candidates for the issues to be solved can be identified from these. The
artifact list includes the cases, the related workshops with tentative goals,
case owners, case-planning teams and the timetable for the cases. These
issues are then assigned to certain workshops and this list acts as a plan for
solving them. The project manager can use this tool when planning the
workshops. In practice the artifact list can be implemented by a spreadsheet
application, for example.

5.2.4 Best practicesfor the project layer

Planning the workshop schedule. In the first workshop the overal layout
is planned, in other words, roughly how many workshops will be needed (or
can be held), when the workshops are going to be held and who should
participate in the workshops. The idea is not to plan the whole set of
workshops in detail early on, as changes may happen. The idea is rather to
allow people to reserve time for the workshops, to get the initial
commitment, and to roughly understand the number of workshops needed.
After the initialization workshop the workshops continue according to the
plan, but changes are made as needed. There can be certain checkpoints
when the plan is subject to a closer study in order to see whether the original
plan needs to be changed more dramatically (see in Figure 12 the workshops
two and three). Another approach for the project layer is to agree on certain
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workshop dates every week similar to regular project meetings. The risk in
this approach is to have the planning of the workshops overlooked.

Organizing inspections. In principle, inspections hold the same value as
before. However, inspections are not necessarily needed when applying
RaPiD7 rigorously as the feedback from the different stakeholders is
received several times. On the other hand, there are a few clear exceptions
tothis:

* The document has not been completely authored in the workshops
for example, because of its product like n