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Abstract

English

Motivation is the key word of this paper. By it, people can master the biggest prob-
lems, accept a lot of pressure, find solutions for so far unsolved problems and it creates
a challenging atmosphere. To motivate their people, managers have to accept them as
human beings and create a relation to them instead of using them only as an expedient.
Only, if companies and their managers understand that people are the most important
factor, they will get the best out of them. Therefore, this paper tries to give you an
introduction into the basics of motivation and the respective methods.

Deutsch

Motivation von Softwareentwicklern ist das Hauptthema dieser Arbeit. Durch Moti-
vation können Menschen dazu angespornt werden, die schwierigsten Aufgaben zu be-
wältigen, großem Druck zu widerstehen, Lösungen für bislang ungelöste Probleme zu
finden und eine herausfordernde Arbeitsatmosphäre zu kreiren. Um ihre Angestellten
bestmöglich zu motivieren, haben Manager sie als menschliche Wesen zu akzeptieren
und müssen eine Beziehung zu ihnen aufbauen, anstatt sie nur als Arbeitsmittel anzuse-
hen. Nur wenn Unternehmen und ihre Manager verstehen, dass die Angestellten den
wichtigsten Faktor im täglichen Arbeitsprozess darstellen, können sie das Beste von
ihnen erwarten. Dazu versucht diese Arbeit einen Einblick in die Grundlagen der Mo-
tivation und die damit verbundenen Anwendungsmethoden zu geben.
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Summary in German - Zusammenfassung in Deutsch

Motivation ist ein wichtiger Bestandteil heutiger Managementaufgaben. Manager müssen Mit-
tel und Methoden finden um ihre Angestellten möglichst effektiv zu motivieren und sie auf die
steigenden Arbeitsaufgaben vorzubereiten.

In dieser Arbeit befasse ich mich im ersten Teil mit allgemeinen Methoden zur Motivation
von Menschen und insbesondere von Softwareentwicklern. Im zweiten Teil wird die Motivation
in Beziehung zu drei Modellen betrachtet. Diese sind das Process Maturity Modell, der Personal
Software Process und der Team Software Process.

0.1 Motivation im Software-Entwicklungsprozess

Im allgemeinen Teil werden u.a. allgemeine Gesichtspunkte der Motivation betrachtet (Teil 2.1),
Auswirkungen verschiedener Methoden auf einzelne Individuen und Teams verglichen (Teile 2.2 und
2.3), theoretische Modelle eingeführt und vorgestellt (Teil 2.5), das Verhalten von Führungskräften
und Managementteams besprochen (Teile 2.4 und 2.6), der Einfluss von Belohnungen erläutert (Teil
2.7) und zwei Beispiele gegeben, wie Softwarefirmen diese Methoden umsetzen (Teil 2.8).
So umfasst die Motivation (Teil 2.1) die technischen und die zwischenmenschlichen Bereiche des
Arbeitslebens. Zu den technischen Bereichen zählt die Bereitstellung von Hardware, Software und
den richtigen Arbeitsmaterialien, damit die Entwickler sich rein um ihre Aufgabe kümmern kön-
nen und nicht durch bürokratische Hürden (z.B. Anträge zur Beschaffung von Materialien) belastet
werden oder in ihrem Rhythmus gestört sind.
Die zwischenmenschlichen Bereiche handeln von der Zusammenarbeit untereinander, den einzelnen
Träumen und Zielen der Arbeitnehmer und von den individuellen Bedürfnissen, die jeden Men-
schen einzigartig machen. Diese unterschiedlichen Gesichtspunkte machen es notwendig sich auf
jeden einzelnen Mitarbeiter einzustellen und sich um ihn persönlich zu kümmern. Man muss die
feinen Unterschiede herausfinden und jedem Mitarbeiter das Gefühl geben, dass er genauso wichtig
ist, wie jeder andere in der Firma.

Über die Jahrzehnte hinweg hat das Management verstanden, dass man Menschen nicht wie
Maschinen behandeln kann. Es sind Individuen (Teil 2.2), um die man sich im Einzelnen kümmern
muss und die, jeder für sich, ganz unterschiedlich auf den Interaktionsprozess reagieren. So muss
man den persönlichen Kontakt waren (Teil 2.2.1), die Unterschiede in der Altersstruktur der Mitar-
beiter berücksichtigen (Teil 2.2.2), Veränderungen und Veränderungsprozesse im Betrieb behutsam
einführen (Teil 2.2.3), jedem Einzelnen den ihm zustehenden Respekt entgegenbringen (Teil 2.2.4)
und sich über Arbeitszeiten (Teil 2.2.5) und Arbeitsumgebungen (Teil 2.2.6) Gedanken machen.
Selbstverständlich muss man sich auch darüber klar werden das Druck (Teil 2.2.9) nicht das All-
heilmittel sein kann, um Entwickler zu besserer Leistung anzuspornen und welche Konsequenzen
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(Teil 2.2.8) in den Beziehungen zwischen der Managementebene und den einzelnen Individuen
auftreten können, wenn es zu Fehlentscheidungen im Leitungsprozess kommt.
Wenn die Aufgaben komplexer werden, dann können einzelne Individuen sie nicht mehr alleine
bewältigen. Dann ist es wichtig schlagkräftige Teams (Teil 2.3) zusammenzustellen, die mit ver-
schiedenen Fähigkeiten ausgestattet sind. Es ist nicht einfach richtige Teams aufzubauen, die ein
inspirierendes und motivierendes Teamwork (Teil 2.3.1) kreieren. Man muss die Grösse (Teil 2.3.2)
des Teams berücksichtigen und die einzelnen Mitglieder des Teams dazu bringen, sich den anderen
Mitgliedern offen (Teil 2.3.3) zu zeigen und sie zu akzeptieren.

Wenn man die Methoden der Motivation wirklich verstehen will, muss man sich auch mit theo-
retischen Modellen (Teil 2.5) auseinandersetzen, welche die einzelnen Vorgehensweisen in den Indi-
viduen untersuchen. Zu diesen gehören unteranderem die Theorie X, Theorie Y, die Hawthorne Ex-
perimente, Maslow’s Pyramide der Bedürfnisse, die ERG Theorie, das Job-Characteristics-Model
und die Mix-Match Methode (Teile 2.5.1 bis 2.5.7).
Nicht nur theoretische Modelle sind wichtig um Auswirkungen auf die Entwickler zu verstehen.
Desweiteren gibt es noch verschiedene Formen von Führungsstilen (Teil 2.6), die bewusst oder unbe-
wusst von Führungskräften eingesetzt werden. Darunter zählen u.a. der transformale Führungsstil
(Teil 2.6.1), der autokratische (Teil 2.6.4) und der demokratische (Teil 2.6.5) Stil zu den bekan-
ntesten.

Nicht nur zwischenmenschliche Interaktionen können einen Menschen motivieren. Darüberhin-
aus gibt es auch noch den Weg der Belohnungen (Teil 2.7), die den einzelnen Personen oder Teams
zukommen können. Sie stellen eine Art Anreiz dar, den es geht zu erlangen und der dazu führen
soll, das die Leistung zum Erreichen der Belohnung erhöht wird.

0.2 PML, PSP und TSP

Das Process Maturity Modell (Teil 4), oder auch Capability Maturity Model, ist entwickelt
worden, um Software Firmen in verschiedene Kategorien einzuteilen, die eine Art evolutionäre
Entwicklung darstellen. Es gibt 5 Level (Teil 4.1) die unterschiedliche Entwicklungsstände der
Softwarefirmen darstellen. Vom ersten bis hin zum fünften Level verbessern die Firmen ihre Meth-
oden zur Softwareentwicklung, ihre sozialen Kompetenzen und ihre Managementmethoden.
Auf der untersten Ebene, also Level 1 (Teil 4.1.1), ist die Handhabung in der Firma noch sehr
chaotisch und schlecht organisiert. Hier ist es dringend notwendig, verbesserte Arbeitsbedingun-
gen zu schaffen und klare Strukturen aufzubauen, die den Mitarbeitern ein stärkendes Gefühl für
ihre tägliche Arbeit geben. Im zweiten Level (Teil 4.1.2) herrscht noch keine klare Vorgabe, wie
Softwareprojekte gehandhabt werden. So werden hier Methoden eingeführt, die helfen sollen, Soft-
wareprojekte mit stets gleichen Qualitätsstandarts hervorzubringen.
Die dritte Stufe, Level 3 (Teil 4.1.3), hat die neuen Prozessmodelle gut umgesetzt und gefestigt.
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Die Mitarbeiter werden sicherer in ihrer Arbeit und neue Methoden und Vorgehensweisen werden
leichter übernommen. So eine aufstrebende erfolgshungrige Umgebung spornt an und die Entwick-
ler fühlen sich wohl.
Die beiden abschliessenden Level 4 und 5 (Teile 4.1.4 und 4.1.5) sind vorallem durch optimisierende
Prozesse gekennzeichnet. Hier haben die Unternehmen schon genug Informationen und Daten aus
vorangegangenen Projekten gesammelt, um zukünftige Aufträge optimal abzuwickeln und auftre-
tende Schwachstellen zu identifizieren und zu lösen.

Natürlich werden nicht nur die Prozesse und Methoden in den einzelnen Stufen verbessert.
Auch das Zusammenspiel zwischen den Führungsschichten und den Angestellten wird optimiert.
Dazu wurde das People - Capability Maturity Model entwickelt, welches die Qualität und Effizienz
der Entwickler in den einzelnen Stufen verbessern soll. Darum wird in Teil 4.4 ein Blick auf die
einzelnen Stufen geworfen und sich mit Methoden und Vorgehensweisen auseinandergesetzt, die
helfen können, Menschen in optimaler Weise zu stimulieren und motivieren.

PSP

Der Personal Software Process (Teil 5) wurde entwickelt, um Entwicklern die Möglichkeit zu
geben, ihre persönlichen Fähigkeiten zu verbessern und zu besseren Programmierern zu werden.
Dabei haben sie in ein persönliches Notizbuch (Teil 5.2) zu schreiben, in dem ihre Fortschritte
während eines Projektes festgehalten werden und das es ihnen ermöglicht Daten über die eigene
Arbeitsweise zu sammeln. Dadurch erhält man Informationen über Probleme während des Pro-
jektes und welche Zeitaufwände man bei den unterschiedlichen Abschnitten hatte.
Diese Daten ermöglichen es dann, Schwachstellen in der eigenen Arbeit aufzudecken und die eigene
Arbeitsweise besser kennen zu lernen.

Im PSP werden meist allgemeine Motivationsmethoden angewandt, wie sie schon im ersten Teil
(siehe auch Abschnitt 2) dieser Arbeit angesprochen wurden.

TSP

Aufbauend auf den Personal Software Process wurde der Team Software Process (Teil 6) en-
twickelt. Er ermöglicht Unternehmen Software Projekte optimal in Teams zu bearbeiten und die
Teamarbeit zu verbessern. Hier werden neben den allgemeinen Motivationsgesichtspunkten für
Teams aus Abschnitt 2.3 auch spezielle Motivationsverfahren eingeführt, die für TSP Teams rele-
vant sind.

Ein Anhaltspunkt ist der Aufbau eines erfolgreichen TSP Teams (Teil 6.4). Hier werden Punkte
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wie der Team Zusammenhalt, herausfordernde Ziele, Rücksprachen und eine gemeinsame Arbeit-
sumgebung und -grundlage erläutert (Teile 6.4.1 bis 6.4.4).
Der TSP besteht aus 8 aufeinander aufbauenden Stufen (Teil 6.5). Diese sind der Einführungsprozess,
die Entwicklungsstrategie, der Entwicklungsplan, der Anforderungsprozess, der Entwurfsprozess,
der Durchführungsprozess, der Testplan und das Postmortem (Teile 6.5.1 bis 6.5.8).
Hier gibt es verschhiedene Methoden und Mittel die Mitarbeiter je nach Entwicklungsstand der
Unternehmung zu motivieren. Die Manager müssen sich über den eigenen Stand der Firma im
klaren sein (siehe auch das PML Modell aus Teil 4) und dann die richtigen Wege finden ihre Un-
tergebenen für die bevorstehenden Aufgaben vorzubereiten.

Das TSP Modell stuft die Entwickler in den TSP Teams in verschiedene Typen ein. So gibt
es Teamführer, Entwicklungsmanager, Planungsmanager, Qualitäts- und Prozess Manager und
Unterstützungsmanager. Diese verschiedenen Mitarbeitergruppen leisten einen unterschiedlichen
Beitrag zum Team Erfolg und können je nach ihrer Position motivierend auf die restlichen Team-
mitglieder wirken.

Um die Vorzüge und Stärken eines Teams besser ausnutzen zu können, muss man sich weiterge-
hend mit Teams beschäftigen. Dazu können Manager sich die schon erwähnten Methoden aus Teil
2.3 zu Nutze machen oder zusätzliche Merkmale von TSP Teams berücksichtigen, die ab Teil 6.7
erwähnt werden. Dazu gehören eine verbesserte Kommunikation untereinander, Verpflichtungen
zwischen den Teammitgliedern, die verschiedenen Mitarbeiterrollen und die Unterstützung jedes
Teammitgliedes.
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1 INTRODUCTION

1 Introduction

The motivation of technical people is an important point in todays management function.
Through the decades, the managers learned that people are not like machines and that it is possi-
ble to increase their morale, engagement and motivation by working in a close relation with them
instead of separated from them.
Motivation is a large field that can be looked at in a psychological view which is more theoretic
and constructed on models, or like in this paper in a project-management view that tries to give
practical examples and describes the real working process.

This paper is subdivided into two main parts. In part one, the motivation is described in gen-
eral. This part contains partially psychological models which give a theoretical background. This
is important, if we want to understand the reactions and feelings which occur in human beings
in different situations. Furthermore, there are descriptions of the individuals who are working
for the companies and the teams they form. It is important to separate the individual and the
teams. Even if many rules are working for individuals and for teams, it is necessary to handle
them separately. Every good manager should not only see the whole team. It is the essential point
to understand the individual in the team and to see his dreams, feelings, aims and motivational
factors. If the manager can break the ice and creates a relation to his subordinates, he can lead
them in a better way and in the end he can form a stronger and more successful team.
The end of part one describes the management level and the methods which are available to mo-
tivate the professionals. The managers can influence the productivity of their people in various
ways. Different situations and people require different methods and approaches. The managers
should be aware of their possibilities to get the best out of their subordinates.

Part two is about the motivation in PML (Process Maturity Levels), PSP (Personal Software
Process) and the TSP (Team Software Process) models. It starts with the PML model that gives
the basis for the following two (PSP and TSP). The PML model separates the development of
a company into 5 phases. These can be seen as evolutionary steps and the higher a company is
arranged in this model, the better are its capabilities.
PSP and the TSP are ongoing models which describe the individual and the teams in the software
development and try to give advice how to improve their skills and project results.

To put it in a nutshell, I want to quote the following sentences.

"Motivation, obviously, makes the place run because it makes the people run. Highly
motivated people drive themselves to overachieve, while many of their brighter and
more capable associates accomplish far less. The basic reason is the difference in their
motivation." [Hum99b, page 63]
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2 MOTIVATION IN THE SOFTWARE DEVELOPMENT PROCESS

2 Motivation in the software development process

The following sections deal with the concept of the motivation in general. If you want to talk
about motivation of engineers, you have to separate different elements and look at every single of
them. These are the individuals (see 2.2) who work in a company and form the basis of the organi-
zation. Moreover, these individuals will form teams (see 2.3) which make it possible to distribute
bigger projects and get the increasing amount of work done.

The other part of an organization is the management level (see 2.4) that leads the manpower
and provides them with all necessary technical and nontechnical material for their work. The
managers have to motivate their subordinates and support them in doing the best they can do.

To get the best out of the employees, the management level can use several theoretical methods
and models, different forms of leadership and special rewards for reached aims. The theoretical
approaches (see 2.5) give the background knowledge for the managers to understand the behavior
of their people and to react suitable in different situations of their cooperation. The different forms
of the leadership (see 2.6) depend on the type of the project, the relation of the manager to the
team and the personality of the manager. Sometimes, another style of leadership can decide about
success or failure of a project.
The rewards (see 2.7) which a manager can assign to his subordinates are another method of
increasing the motivation and satisfaction. But like with all other aspects of this section, it can
motivate people or, when the worst comes to the worst, unmotivate them. The right mixture
decides about the atmosphere in an organization and how successful the management level could
make a contribution to it.

Every manager should understand what motivated employees will mean for his work and for
the company. Once, James MacGregor Burns hit the nail squarely on the head as he said the
following about the motivation of people:

"People need appreciation, recognition and a feeling of accomplishment, and the confi-
dence that people who are important to them believe in them" [Hum99b, page 71]
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2 MOTIVATION IN THE SOFTWARE DEVELOPMENT PROCESS

2.1 Motivation

"It is not as important to have the right ideas as it is to have the drive and motivation to make
your ideas right" [Hum99b, page 64]

Motivation is a complex matter. It is not only depending on the management to motivate their
employees. It is also depending in the employee himself and how he’s in relation to the task, the
environment where he works and his workmates.
In motivating engineers, there are technical (like Hardware, Software, Information, etc.) and
nontechnical (dreams, aims, feelings) elements which have to be taken into account. "The key
point, however, is that almost all the nontechnical elements of employee motivation are directly
controllable by the professional’s immediate manager." [Hum99b, page 65]

"While most people behave in reasonably predictable ways, software people are unique,
both in their creative abilities and in the nature of the work they do." [Hum03]

2.1.1 The evolution of motivation in the management process

In 1911, Frederick Winslow Taylor published his book Principles of Scientific Management
where he proposed that the work should be sub-divided into smaller parts. His theory managed
human beings like machines and assumed that people would not have feelings, aims or a motivation.
His model has been called ’Theory X’ (see 2.5.1).
In 1924, Elton Mayo made his famous studies at the Western Electric’s Hawthorne plants (see 2.5.3).
His experiments were revolutionary. Now the management realized that it was possible to improve
the productivity when they payed attention to their workers and maintained the communication
with them. This was the first time that leaders understood that it was important to deal with
their people in a fair and motivational way.
Douglas McGregor found a new approach in 1960. His famous theory was called ’Theory Y’ (see
2.5.2) and said "people are psychologically motivated to work, and management should help and
support them rather than coerce them." [Hum99b, page 66/67] This model is the core of many
modern opinions.
In our modern time, the motivation of people is a very important and profitable matter.

2.1.2 The motivation of programmers by Watts S. Humphrey

Watts S. Humphrey developed the Capability Maturity Model2 (see section 4), the Personal
Software Process (see section 5) and the Team Software Process (see section 6). These models deal
with the improvement of software processes and how engineers can improve their productivity. The
following statements are discoveries of Humphrey about the motivation of software developers.

2also known as PML (Process Maturity Modell)

7



2 MOTIVATION IN THE SOFTWARE DEVELOPMENT PROCESS

"If the programmers do not understand the job they are to do, they will not do it very well."
[Hum03] The management has to provide their professionals with the required materials and knowl-
edge which they’ll need to complete their work.

"Superior software work is done by highly motivated developers." [Hum03] Not only the single
individual has to be motivated. The manager has to motivate the individuals and the whole team
and give them all the support that is necessary.

Some factors that motivate people are [Hum03]:

• "A personal sense of being involved and making a contribution"

• "Frequent celebrations where the team and management complemented them on their achieve-
ments and milestones"

• "Positive feedback from marketing and senior management"

• "The autonomy to do the job the way that they thought was best"

2.1.3 Pride counts more than anything

You should never underestimate the power of pride for the motivation of developers. "Because
engineers and scientists have professional pride, most are anxious to do a good job even if it is not
exciting." [Hum99b, page 7]
A nice example is a product manager who was not all right with his engineers. The engineers had
to create a new printer for a replacement project. The developer team had problems to realize
the expected features and wanted to give up. He told them that they should finish the project
and create a better work than they had done up to now. Furthermore, they should convince the
financial people of their work. Thereafter, the engineers went back to work and finished the project.
What was the reason for this surprising change?
The product manager used a simple trick, "he did not threaten, offer reward, or asserted authority.
He did not even appeal to his employees’ loyalty or suggested a better way to do the job. What he
did was to point out that they had not tried as hard as they might. [..] Dedicated professionals feel
ashamed when it is clear they have failed to perform as they know they should, and a challenge to
try again can be a great stimulus. [..] Managers should guide , support, and help, but above all,
they must not let their people quit to soon." [Hum99b, page 7]

2.1.4 You have to remind them

Like in the previous section 2.1.3, it is sometimes important to remind your engineers of the
importance of their work. That lies in the nature of human beings that "most people need periodic
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2 MOTIVATION IN THE SOFTWARE DEVELOPMENT PROCESS

encouragement3 to do their best. They need to be charged up and reminded that the goal is
important and achievable." [Hum99b, page 7]
In reality, it is surprising that technical people mostly always find a way to solve a problem after
their boss has provoked them. If you want to compare that with sports, there is a nice phrase by
James J. Corbett4:

"Fight one more round. When your feet are so tired that you have to shuffle back
to the center of the ring, fight one more round. When your arms are so tired that you
can hardly lift your hands to come on guard, fight one more round. When your nose is
bleeding and your eyes are black and your are so tired you wish your opponent would
crack you one in the jaw and put you to sleep, fight one more round - remembering
that the man who always fights one more round is never whipped." [Hum99b, page 10]

2.1.5 Setting specific goals

Goals are very important to motivate the professionals. Goals have a very effective impact on
engineers. They let people understand their work and the aims of the company. Furthermore, the
professionals try to achieve the goals and work harder on them, if they accept them. Like mentioned
in section 2.2.3 about changes, subgoals can help to gain the agreement of the workers. They are
easier to motivate for smaller goals and steps than for one big goal that seems to be unreachable in
the beginning. If professionals reach these smaller goals, they are much more motivated to reach
the overall goal.

"The art of motivation is not in giving orders, but strong objectives." [Klu04]

2.1.6 Let them work

Programmers can only be good programmers if they can work on the code and think about
the problem. Therefore, the manager should let the programmer work on his tasks and should
minimize the number of meetings where the programmer has to participate. Rewards should have
something to do with their work. For example a programmers conference or a work shop about
new techniques.
Programmers have another rhythm. They like to experiment and if the work is very difficult, they
sometimes need a little break to think about it. "The real key is to let them decide when they get
away from the screen." [Moo01]

3"Developers who give up too easily will never complete a product, and their manager must sense this and urge
them to try harder." [Hum99b, page 7]

4Championship fighter in boxing
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2 MOTIVATION IN THE SOFTWARE DEVELOPMENT PROCESS

2.2 Individuals

Individuals are the basis of every company. If you want to get highly motivated and dedicated
workers, you should not only work with them, you should rather respond to them and try to create
an atmosphere of fair partnership.

2.2.1 Hold the contact

Engineers need the contact to their managers. If they don’t get enough attention, they will
wonder whether they are no longer important for the company or whether they got a bad name. If
so, they will think about the whole situation and their work will suffer. And in the end, they will
think of problems which not exist, but which will prevent them from working and destroy their
creativity.
To avoid these self-made situations, the leaders should have daily contact with their subordinates.
During these short get-togethers, they should on the one hand talk about the engineers work and
on the other hand about their fears, dreams and personal goals.

2.2.2 See the change

Professionals learn from their mistakes and can become better during the years of their work-
ing experience. Mistakes are important to learn new methods and to improve individual skills.
Furthermore, these successes create self-confidence and motivate to make new experiences.
As first, the management has to view every professional as an individual who has different aims
and characteristic peculiarities. In a next step, it could be useful to see carrier stages which lead
to an evolutionary process of the single professionals.

20s and early 30s: During these years, great achievements are very important for profes-
sionals. But they first have to learn all the required skills. This can be very disappointing
when the first jobs are not so exciting and interesting and they have to do a lot of basic work
for the other professionals. If the management supports these young professionals in a way
that they gain more self-confidence, they can improve their skills and learn to manage things
on their own.

the 30s: Now, the professionals have no longer doubt about their own skills and experiences.
They could gain a lot of experience and make their own mistakes which were a good lesson
to improve their own abilities.
The professionals see their own achievements and think about their position. If they could
not achieve the position they dreamed of, they try to improve their situation and make a
better career. In their situation, they need "a sympathetic and helpful manager who can
assist them to reassess their own ambitions." [Hum99b, page 53]
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2 MOTIVATION IN THE SOFTWARE DEVELOPMENT PROCESS

the 40s and 50s: The professionals accept what they are and what they reached. "While
they may still think fondly of what might have been, they find comfort in their position as
respected elders." [Hum99b, page 53] They like to help the younger professionals and express
their own thoughts freely. The managers should learn to hear what they say and accept their
opinion.

2.2.3 Why do individuals fight against management changes

Normally, individuals like to improve things and see the effect of these changes. But in reality
the most engineers are against these changes and will not accept them.
Mostly, the management staff is responsible for this situation. They make some important mistakes
in dealing with their subordinates. Firstly, the management level should include the engineers in
the beginning of the change process. They should inform them about the most important facts
and rearrangements5. Moreover, if there are decisions to make, the management team should in-
clude the subordinates and ask them for their opinion. That avoids misunderstandings from the
beginning of the process and enlightens the workers.
Another important method is to divide the change process into smaller single steps. So the sub-
ordinate is sooner willing to accept the change because every small step is easier to handle and
understand than one big step.

There is a famous change formula that expresses the probability that a change will be a success.

C = AxBxD > X [Boy99, page 73]

where:

C = the probability that a change will be a success

A = the dissatisfaction with the current situation

B = a clear statement of the expected condition after the change

D = the concrete first step

X = the expenditure of the change

"The formula says, if you want to win the organization and the employees for the change, (A)
the professionals have to be convinced that the change is necessary, (B) construct a picture of the
better condition after the change and (D) show that you know what you do while you get some
successes in the beginning of the change process." [Boy99, page 74] The may be most important
factor is A. Like already mentioned before, the management should include the professionals in the
change process and motivate them by involving them in the decisions.

5Douglas Sherwin: "Change is great when you are its agent; it is only bad when you are its object."[Hum99b,
page 261]
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2.2.4 Respect the individual

You have to respect your engineers and their work if you want to get motivated and informed
professionals. Such employees won’t give up if there are problems or insoluble tasks. They are
willing to do a thorough job and won’t start back if there’s a high pressure. They will try to find
a solution no matter how long it takes or how much work that would mean.6

The management level has to respect their employees. That means to respect the employees need
for personal values. Employees have own dreams and personal aims which they want to reach.
Furthermore, the employee has to be sure about his position in the company and should not have
personal concerns about his job or his work.
To get such professionals, the management has to create a familiar atmosphere where the employees
trust them. "If managers do not demonstrably respect their people, these people will not trust
their managers. [..] This means that workers should have clearly defined goals and a manager who
respects their role in achieving them." [Hum99b, page 34]
This sign of respect has to be in every single decision in the company. Therefore, the company has
to treat every engineer as an individual and pay attention to his personal dreams and needs (see
2.7). If the employees realize that their boss tries to get the best for them, they will be motivated
to do their best for the company.

2.2.5 Working hours

Programmers have another working rhythm than the normal office employee. "Many program-
mers do their best work between 10 p.m. and 4 a.m. so if you force them to come in from 9 a.m. to
6 p.m. you’ll ruin the art." [Moo01] Give them the opportunity to decide when to come and when
to go. The only rule should be that they have to fulfill their task but how they do that should be
up to them.

2.2.6 Create an inspiring environment

Because of the fact that programmers are like artists, they need an environment that inspires
them and where they feel good. "Microsoft gives its software artists an office with a door." [Moo01]
There are no cubes where the programmers are encircled. Like artists, programmers have to create
their own environment where they like to work and where it is like home.

"Offices work; cubicles don’t. Forget the trends and provide a working environment
that maximizes privacy and allows for uninterrupted time to accomplish goals. Cubicles
do not inspire an atmosphere of open communication; leadership does." [Whi94]

6H.L. Mencken: "For every complex question there is a simple answer, and it is wrong." [Hum99b, page 33]
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2.2.7 Inform them as good as possible

Information is a powerful motivator that the management can use. If the professionals are
perfectly informed about the conditions of the company, the project tasks, their efficiency and the
future changes, they are much more willing to accept and support changes and feel considered by
the management.

"If you really want to improve the performance of the professionals, Gilbert wrote, you
should improve the flow of informations." [Boy99, page 266]

After Gilbert, better information is the best factor to improve the competence and motivation
of the professionals. So, uninformed professionals are an important reason for most of the problems
in a company.

2.2.8 Typification of consequences

There are four types of consequences which can occur when managers react in different situa-
tions. Two of them will rise the probability that professionals will repeat a behavior and the other
two will reduce this probability.

consequence 1: The positive reinforcement

This consequence will strengthen the expected probability. (see figure 1 [Boy99, page 287])
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Figure 1: Positive Reinforcement

consequence 2: The punishment

This consequence will lead to the fact, that the professional won’t repeat the undesirable be-
havior in the future. "Here the unpleasant consequences will be used." [Boy99, page 290] (see
figure 2 [Boy99, page 288])

consequence 3: The deletion

This consequence will prevent a professional to repeat an undesirable behavior. This conse-
quence is an alternative to the punishment. (see figure 3 [Boy99, page 288])
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Figure 2: Punishment
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Figure 3: Deletion

consequence 4: The negative reinforcement

This fourth consequence is a little bit confusing. If a professional won’t do a task, different
results can happen. People who are confronted with such consequences will only do what is
necessary to fulfill the task. The management will get what they want - but not more. (see figure
4 [Boy99, page 289])
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Figure 4: Negative Reinforcement
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2 MOTIVATION IN THE SOFTWARE DEVELOPMENT PROCESS

2.2.9 Pressure blocks up thinking

Very often, managers use pressure to increase the productivity of their sub-ordinates. But this
can have the the opposite results. People who are under pressure are not automatically faster or
dedicated.
The productivity of people can be increased, but only, in a very limited way. Like you can see in
figure 5 [DeM98, page 164], DeMarco creates a curve which compares the pressure to the time.
If managers increase the pressure, people will increase their productivity. But this intensification
will not be more than six per cent. You can come to the conclusion that a little bit of pressure will
have a little effect on the productivity. More pressure will stop any effect and too much pressure
will have the opposite effect to the productivity. The quality and the productivity will decrease
and the product will lose its possibility to be finished in time.
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Figure 5: Relation between pressure and work

Therefore:

"People, who are under pressure, don’t think faster." [DeM98, page 170]

Managers should keep this in mind. More work and pressure for a short period of time can
increase the productivity of their professionals. It concentrates the knowledge and the efforts of
the professionals and creates a feeling of importance. But pressure over a longer period of time
will decrease the concentration and the professionals will be unmotivated.
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2.3 Teams

Teams are another important factor the management has to pay attention to. They are neces-
sary to fulfill the projects which are much more gigantic and complex in todays software develop-
ment.
The modern opinions about software teams have specific characteristics of how effective teams
should act and be. These conditions were set up by professionals like Cummings, DeMarco, Dyer,
Katzenbach, Mohrman, Shaw and Stevens. They are as follows [Hum00c]:

• "The team members establish common goals and defined roles."

• "The team develops an agreed-upon strategy."

• "The team members define a common process for their work."

• "All team members participate in producing the plan, and each member knows his or her
personal role in that plan."

• "The team negotiates the plan with management."

• "Management reviews and accepts the negotiated plan."

• "The team members do the job in the way that they have planned to do it."

• "The team members communicate freely and often."

• "The team forms a cohesive group: the members cooperate, and they are all committed to
meeting the goal."

• "The engineers know their status, get feedback on their work, and have leadership that
sustains their motivation."

If projects become more and more complex, teams are the only answer to master the amount
of work. The intensified amount of work needs additional skills. Therefore, "in any situation re-
quiring the real-time combination of multiple skills, experiences, and judgments, a team inevitably
gets better results than a collection of individuals operating within confined job roles and respon-
sibilities." [Kat99, page 15]
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2.3.1 Teamwork is the key

The biggest advantage of teams is the association of different skills and experiences. Therefore,
the single team members can support each other and provide help if necessary. "Teamwork rep-
resents a set of values that encourages behaviors such as listening and constructively responding
to points of view expressed by others, giving others the benefit of the doubt, providing support to
those who need it, and recognizing the interests and achievements of others. When practiced, such
values help all of us communicate and work more effectively with one another and, therefore, are
good and valuable behaviors." [Kat99, page 21]
The management should support all attempts to create an atmosphere where teamwork will arise
within the team. This will lead to contented team members and create a motivated and effective
team.

2.3.2 Define the size of the team

The size of team is mostly preferred to be ’small’. ’Small’ is a very vague value. Some authors
say 5, 8 or 12 members are the best size for a team. "A larger number of people, say fifty or more,
can theoretically become a team. But groups of such size more likely will break into sub-teams
rather than function as a single team." [Kat99, page 45]
The management should break the project tasks into defined sub-tasks and assign them to specified
teams which can master the work. It is better to create such sub-teams manually than to give
all the work to overpopulated teams. Such sub-teams have an own working atmosphere and the
members are much more constructive than single individuals under these circumstances. The
members of such created teams will be motivated by the other individuals and the work will have
a much higher quality.

2.3.3 Support the members to be open

In the beginning of the team building process, the most members are shy and adopt a wait-
and-see-policy. Especially in new teams, the manager should try to create an atmosphere of trust
and understanding. The individuals have to feel good. Katzenbach describes it as follows:

"If people in the group, for example, are alert to a shy person’s initial efforts to speak
up and contribute, they can give him or her the positive reinforcement that encourages
continued contributions. Similarly, when someone risks opening up a sensitive, conflict-
ridden issue, the others on the team and especially the leader can use positive feedback
to powerfully signal their openness to further such challenges." [Kat99, page 126]
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2.4 Leaders and the management team

The management team of an organization has to fulfill several tasks to support the employees in
the best possible way. If the management team appears motivated and engaged, it will be possible
to gain the attention of the employees and to motivate them in the expected direction.

Therefore, the management has to provide the employees with the required equipment, infor-
mation and assistance. Additionally, it has to determine the enterprise goals and adjust them with
the personal aims of the employees to promote them in the best possible way. But not only the
material part of the collaboration is important. Also the interpersonal part is of big relevance. This
means that "leaders must also care about their followers. Caring is more than just practicing what
the personal manual preaches; it is thinking about the people, their needs, and their aspirations."
[Hum99b, page 5] The best examples were people like Napoleon who "knows the names of his
gunners or a Tom Watson remembers the wives and children of his factory employees." [Hum99b,
page 5] If the management level can reach the employees directly it will be possible to motivate
them in various ways and get the best out of every single person.

2.4.1 Open Door policy

Like section 2.2.4 mentioned is respect a very important factor. But the respect has to start at
the top of the organization and should be followed in every separate level of the hierarchy. That’s
why the management has to be fair to their employees and the Open Door policy can help to
achieve that.
This model practices "the right to communicate with senior management through a channel that
is independent of the immediate supervisor." [Hum99b, page 36] So the employees have the right
to speak to every single person of the company, even a talk to the chairman of the board would be
possible. As result, the employees can be sure that their personal meaning and views will 100%
be heard. That creates an atmosphere of safety and acknowledgement where the employees can
concentrate themselves on their work. Nevertheless, the company has to react on every single
complaint to create an atmosphere of trust and consideration.
Here are some of the guidelines which IBM follows in their Open Door policy [Hum99b, page 37]:

1. "Individual employees who have a problem are encouraged to first resolve it with their (re-
spective) immediate managers. If they cannot do so to their satisfaction or if they do not
want to discuss it with their managers, they may go to higher management. [..] ... or go all
the way to the chairman of the board."

2. "In the case of appeals to senior executives, an impartial investigator is promptly assigned
who is relatively senior manager and is organizationally separated from the employee. [..]"

3. "The investigator contacts the employee within 24 hours of being assigned and meets with
the employee before talking with anyone else. This ensures that the investigator starts with
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an open mind. [..]"

4. "... the investigator explains the Open Door process, listens to the employee’s concerns, and
asks questions about the issues and the people involved. [..]"

5. "The investigation is kept confidential and strictly confined to the issues raised. I, how-
ever, the investigator finds other topics that should be addressed, he or she can expand the
investigation at his or her discretion or initiate a separate investigation."

6. "... the investigator prepares a final report, then reviews his or her findings, including the
recommendations, with the employee."

7. "The investigator reviews this report with the executive who received the original complaint.
The executive makes the final decision and writes a letter to the employee thanking him or
her for using the Open Door and summarizing the conclusions."

8. "Management must never take any action that could appear as retaliation for an employee’s
Open Door appeal, and all records of the appeal are kept in a separate file that is not available
to line management. This file is retained for a maximum of three years. In no case is any
mention of the Open Door or any material relating to it put in the employee’s personnel file."

To create a trustful environment where the Open Door policy works, the organization should
follow some of the next suggestions:

• Explain the reason for a necessary decision so that the employees know why it had to be.

• The management should be interested in their employees and show that to them.

• It should be possible for the employees to explain their concerns in several ways.

• Thank the employees that they used the Open Door policy and for their trust.

2.4.2 What leaders should do

Not every person is the born leader. Leadership can be learned and the personal skills to be a
good leader can be improved. The manager has to motivate his team and provide the team with
all necessary materials which are important to fulfill the work and create a pleasant atmosphere.
"Some of these leaders are good motivators, but some couldn’t motivate a dog to chase cats. Some
are excellent organizers, but some can’t find a matching pair of socks in the morning. All of the
most consistently successful technical leaders empower people by the value they place on innova-
tion, on doing things in a better way." [Wei86, page 21]

There are three basic characteristics which are helpful for managers to emphasize innovation.
These are [Wei86, page 21]:
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1. "understanding the problem"

2. "managing the flow of ideas"

3. "maintaining quality"

If a leader has to criticize an idea of his professionals, he should pay attention to the fact that
people don’t like to be criticized. The manager has to make clear that he only criticizes the idea
and not the person.

2.4.3 Managers have to care about their people

There are several processes in a company that can directly be influenced by the management
to improve the motivation and feelings of their professionals.7

"Leaders who don’t care about people don’t have anyone to lead, unless their followers
don’t have a choice" [Wei86, page 123]

The managers should offer several choices to the employees. That creates an atmosphere of
trust where the professional feels free to decide about his own work and the way he solves problems.
Furthermore, the professional feels important and realizes the consideration of his manager.

"When survival is concerned, there’s no choice but to put people first." [Wei86, page
122]

The management should confirm the professionals in their work. The professionals shouldn’t
be afraid to make mistakes or to change a method. "People in fear for their lives can’t do any task
well, except a task devoted to their personal safety." [Wei86, page 122]

"To be a successful problem-solving leader, you must keep everybody’s humanness at
the forefront." [Wei86, page 126]

The manager should always see the people and not the task as the most important factor of
the company. Behind every task is a person who solved many problems to fulfill the task. "So, if
you deny the human reality behind your work, you’ll never be a very successful problem-solving
leader." [Wei86, page 126]

And finally, the manager should always follow one simple rule if he wants to be a successful
motivator.

"If you are a leader, the people are your work. There’s no other work worth doing."
[Wei86, page 127]

7"Without care and affection, you cannot make people act differently as before. To achieve a behavioral change,
you have to understand from where they are and why they are how they are." [DeM98, page 157]
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2.5 Theoretical models

The most motivational theories are based on specific models. The following sections will give
an overview of the most important models.

2.5.1 Theory X

There are two theories which are dissimilar except the fact that "each theory assumes that man-
agement’s role is to organize resources, including people, to best benefit the company". [Env04a]
These theories are called ’Theory X’ and ’Theory Y’.
The assumptions of Theory X are:

• People don’t like to work and they will attempt to avoid work whenever possible.

• The people are not ambitious and don’t want to get responsibility.

• "Motivation occurs only at the physiological and security levels of Maslow’s Needs Hierarchy"
[Env04a]

• The management has to control the employees to reach the aims of the company.

The theory assumes that the primary motivation of the employees is money. To motivate the
employees, the managers have to create an "environment of command and control" or an environ-
ment that seeks "harmony in the hopes that, in return, employees will cooperate when asked."
[Env04a]

The problem with Theory X is that it only satisfies the lower level needs (see 2.5.4 about
Maslow’s Hierarchy of Needs) and if they are fulfilled, the managers get problems to motivate their
employees because "people use work to satisfy their lower needs, and seek to satisfy their higher
needs during their leisure time. Unfortunately, employees can be most productive when their work
goals align with their higher level needs." [Env04a]

2.5.2 Theory Y

In contrast to Theory X, Theory Y has the following assumptions:

• "People will be self-directed and creative to meet their work and organizational objectives if
they are committed to them." [Env04a]

• People can handle responsibility.

"Under these assumptions, there is an opportunity to align personal goals with organizational
goals by using the employee’s own need for fulfillment as the motivator." [Env04a]
The organization can intensify the motivation by consulting the employees in the decision making
process, delegate responsibility and decision making to them and help the employee to reach his
own objectives in connection with the objectives of the company.
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2.5.3 Hawthorne Studies

The Hawthorne Study analyzed productivity and work conditions of employees in relation to
"physical and environmental influences of the workplace" [Env04d]. As result, the scientists found
out that people work more effectively and engaged when they felt important. Additionally, the
individuals increased their work intensity when they got less pressure.

If a manager provides additional courses in programming skills, the programmer will work
harder and more effectively, because "you’ve given [..]" him "the feeling that" he or "she is so
valuable to the organization that you’ll spend time and money to develop" his or "her skills"
[Env04d]
"This effect has been described as the reward you reap when you pay attention to people. The
mere act of showing people that you’re concerned about them usually spurs them to better job
performance." [Env04d]

2.5.4 Maslow’s Hierarchy of Needs

Abraham Maslow created a system of hierarchical needs which are ordered in pyramidical form.
The theory says that people are motivated by their unsatisfied needs. First, people have to satisfy
their lower needs before they can satisfy the higher needs.
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Figure 6: Maslow’s Hierarchy of Needs
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The various people in an organization have different needs and they are differently important
for them. So the managers have to find out the needs of their engineers. "When a need is satisfied
it no longer motivates and the next higher need takes place" [Env04c]. So it will be possible to
motivate the employees if the managers pay attention to the different levels of the pyramid and
the different expectations of their employees.

2.5.5 ERG Theory

The ERG theory reduces the number of levels in Maslow’s Hierarchy of Needs to three (see
figure 7 [Env04b]). Studies have shown that the middle levels overlap and therefore, the levels can
be deleted. The letters of the theory are explained in the following way:

Existence: "Existence refers to occur with basic material existence requirements." [Env04b]

Relatedness: "Relatedness refers to the desire we have for maintaining interpersonal rela-
tionships" [Env04b]

Growth: "Growth refers to an intrinsic desire for personal development." [Env04b]

%���
�

*��	
������

+���
����

,�
��������	��-����

.	��

�-����

.���	��-����

#�
���	��+�
����-����

+�
���	��+�
����-����

.����)���
�	��/	
���

Figure 7: ERG Theory

Like in the pyramid of Maslow, the ERG model creates different levels which are one on top of
the other. "Existence needs motivate at a more fundamental level than relatedness needs, which,
in turn supersedes growth needs." [Env04b]

The difference to the model of Maslow is that "more than one need can be motivational at
the same time. A lower motivation not be substantially satisfied before one can move onto higher
motivators." [Env04b] Additionally, the "order of needs can be different for different people."
[Env04b]
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The model makes clear that "managers must recognize that an employee has multiple needs to
satisfy simultaneously. According to the ERG theory, focusing exclusively on one need at a time
will not effectively motivate." [Env04b]

2.5.6 Job - Characteristics - Model

This model combines the incentives of the work (the content of the work) with the experiences of
the persons (critical psychological conditions). It was developed by Hackman and Oldman in 1980
(see figure 8 [Zim99, page 723]) and subdivides the content of the work into 5 core characteristics
and determines 3 critical psychological conditions which are positive for an intrinsic motivation8.
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Figure 8: Job Characteristics Model

The potential of the motivation can be calculated by the following formula. (see figure 9 [Zim99,
page 723])
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Figure 9: Job Characteristics Model Formula

8The intrinsic motivation says that the content of the work directly motivates the employee.
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2.5.7 Mix Match Method

The Mix Match Method is mostly used in matrix organizations for programming teams. Each
programmer is involved in at least two projects over a year. One is an internal and the other an
external project. The programmers rotate among the projects and the managers have to motivate
always different groups.

"One of the greatest benefits for programmers was the exposure and skills they
would gain by working on different types of projects. [..] In general, we’ve found that
the matrix model is great for high performers because it allows them to stay challenged
without getting bored. On the other hand, it puts more pressure on poor performers,
who can no longer hide under a maintenance function or a single project." [Fie02]
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2.6 Leadership

There are different management forms which can influence in various ways the motivation and
rate of work of people. Different companies need different models and types of guidance.

2.6.1 Transformational Leadership

If a company uses the transformational model, it tries to reach the developers ambitions and
dreams. The management will signalize the engineer that he got one of the most interesting,
important and exciting tasks he ever was confronted with. So the management teams will try
to take advantage of the fact that "most engineers and scientists aspire to greatness and long to
participate in the excitement of some grand venture." [Hum99b, page 6] As a result, the developers
will gain immense personal satisfaction and are highly motivated. It creates an atmosphere of
perfection who everybody wants to create the perfect product. But you have to be careful. Not
every project is made to be handled in this way. For example, if you have a normal scientist, he
will need months or years of preparation to make a single discovery. There will be periods during
his project which are very frustrating but nevertheless, the work has to be done very exactly if you
want to get the best results.

As an example you could see the team of Tom West9 who worked for Data General in the
Eagle computer project. "He portrayed his project as an effort ’to try to build the unattainable,
the perfect computer. West talked for weeks to engineers about his plans and how important they
were to Data General. [..] West put together a dedicated technical team that worked incredibly
long hours to design the best computer they could imagine." [Hum99b, page6]

2.6.2 Transactional Leadership

The transactional way has to do with the manager himself. In this model the legitimate power
of the management level can motivate or unmotivate the employees. Every member of the man-

agement level has the official power his or her position provides him. That can be the possibility
to increase the salaries, provide special job promotions or assign important and interesting tasks.

The developers "know that their manager’s opinion is important, and they work hard to earn
and to keep their manager’s favor." [Hum99b, page 6] So the extra effort to gain the managers
attention can motivate to work harder and better or it can unmotivate the employee. How can
that be?
For instance, "employees with worries about their salaries or the next promotion are more likely
to focus on what the boss wants rather than what the job needs. They are thus unlikely to be as
creative or to hotly debate a controversial technical issue." [Hum99b, page 7]

9Current position (2005): Senior vice-president of advanced development, Data General Corp.
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2.6.3 Leading from below

Not only the top-management has to lead all others or can motivate others. Nearly every man-
ager can agitate as a leader and create an atmosphere that motivates others.
Additionally, every level of the management team has to work very hard and motivate their sub-
ordinates. "In fact, no technical organization can do superior work unless its junior managers take
charge of their jobs and energize their people." [Hum99b, page 8]
The big difference between the top management and the lower management is that the lower
management has to fight against a lot of bureaucratic attitudes. The top management can react
and order something to the lower management. That means, that they can act. In contrast, the
lower management has to accept the orders of the top management and find out, whether there
are bureaucratic barriers that first have to be overcome. These barriers can unmotivate the lower
management and that will be transfered to their subordinates.

2.6.4 Autocratic style

The manager has the only power and holds distance to his subordinates. All the decisions will
only be made by him and he tells everybody what he has to do.

2.6.5 Democratic style

The manager includes his subordinates in the decision making process. Here the cooperation
of the employees with the management is very important.

2.6.6 Laissez-faire style

Here the employees are free in their decisions and the management will not introduce too many
rules.
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2.7 The meaning of rewards in motivational reasoning

Rewards are important to hold the motivation of the engineers up10. From time to time, they
make it possible to praise some engineers for their excellent work or achievements. The engineers
will be honored and notice that the company rewards good work what will motivate them to
continue their efforts. But, there is one important rule that every manager has to follow. The
reward has to be immediately after the success of the engineer. Otherwise, the employee can’t
associate the reward with the situation that has been chosen for the reward.11

2.7.1 What you have to take into account

Rewards should be clearly specified and independent of other rewards. Everybody should be
informed about the existence of the rewards and it has to be possible for everybody to achieve
them. Nothing is more unmotivating than to find out, that there are rewards but only the top
management is in the position to get them.
Over and above that, it is important to realize that the subordinates do the work. If the top man-
agement honors a manager, they have to honor the subordinates of this manager, too. Otherwise,
the employees think that their work will not be acknowledged and won’t give all their energy and
enthusiasm during the next projects for the honored manager.

2.7.2 Recognize their work

People like to be honored for their work. One of the best ways to honor the work of an engineer
is the recognition that can be given to him. To recognize the work of professionals, the manager
can send mails with the mention of the respective developer. The developers can be mentioned
during project meetings and their work can be emphasized. Additionally, the specific developers
could get special awards for the excellent work.

"Nothing can motivate the developers to a great extent as recognizing the great
piece of work done by them. When you recognize their work, they feel honoured and
important. It also brings in a feeling of belongingness and great satisfaction to the
developers." [Jay04]

2.7.3 Publicity is the key

If you want to honor someone, you should do it in public. Public rewards are just more powerful
than private rewards. The reward is not only given by the manager, it is also the extra recognition

10Some experts say that a reward of 10 to 15 per cent of the basic salary will work motivational to the professionals.
11One of the may be most curious examples is the ’golden banana’ of the Foxboro Corporation. Once, a scientist

of this company solved a very complex problem and drove to the president’s office to show him his solution. The
president was very thankful and wanted to reward the scientist. He searched for something on his desk, but could
not find something. The only thing was a banana which he handed to the scientist. Although this wasn’t very special
or expensive, it was enough. The engineer feeled honored and noticed. From this day on, the ’golden banana’ pin
is awarded to the most successful scientist.
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of the other employees which honors the selected person.
Once, Charlie Beacham used the following words to express it: "If you want to give a man credit,
put it in writing. If you want to give him hell, do it on the phone." [Hum99b, page 192]

2.7.4 Honor Team and Individual rewards

If there are important individual achievements to a team success, the manager should reward
the whole team and the individual contributions, too. Honor the whole team during a dinner and
give money awards to the individual achievements of the employees.

2.7.5 The job is the most important fact

Managers should be careful with the rewards. If the engineer only sees the reward as the aim,
he will not be very creative. "As soon as the reward becomes the objective, some employees will
stop striving to do a better job and will start viewing the the reward as the goal." [Hum99b, page
194]
Another important fact is the repetition of the rewards in connection with reduction of the incen-
tive. This can lead to ignorance and make out of the reward a disincentive. A nice example of how
a reward becomes uninteresting for persons illustrates the following story from the Kansas City
Star:

"An elderly man, harassed for weeks by the taunts of neighborhood children, devises
a scheme. He offers to pay the children a dollar each if they’ll return the next day and
yell their insults again. They do so eagerly and he pays them as promised. ’If you
come back tomorrow Ill give you 25 cents,’ he tells them. They do and collect their
quarters. ’From now on I’ll pay you a penny,’ the old man announces. The children
are contemptuous. ’A penny? Forget it!’ they reply, and they never return."[Hum99b,
page 194]

This is an excellent example how rewards can go down in value.

2.7.6 Let them make their work public

One of the biggest honoring for engineers is the possibility to make their work visible. Profes-
sionals want that their work will be public. Even if no one honors their work, they hope that the
visible paper will change that. But can this extra work have influence in the result?
Yes it has! Visibility motivates a professionals to deliver a really perfect work. "He thinks more
logically about the alternatives and makes an extra effort to find the key references. [..] Everyone
likes to be recognized, and people who have published know the thrill of seeing their names in
print." [Hum99b, page 28/29]
Additionally, it generates pride (see section 2.1.3) and self-confidence12. Professional people who’s

12John W. Gardner: ’Excellence is not an achievement of demoralized or hopeless individuals’ [Hum99b, page 30]

29



2 MOTIVATION IN THE SOFTWARE DEVELOPMENT PROCESS

work will be recognized and honored "are more willing to fight for their beliefs and to take the
risks of creative work." [Hum99b, page 29]

2.7.7 Ask them what they want

The different professionals have different dreams and expectations. Sometimes it is not very
useful to offer everybody the same rewards. "All of this leads to a very simple concept: communi-
cation. Simply put, ask the your shining stars what they really want." [Rus04] The answers can
be very different like the persons who are standing behind these answers. "You may be surprised
by the answers you hear. In fact, your employees may be surprised, as well, to learn that you are
actually giving them a say in determining the reward for their efforts." [Rus04]

This way to reward the engineers has two very important effects. Firstly, it really gives the
professional what he wants. This has something to do with Maslow’s Hierarchy of Needs (see
section 2.5.4). Second, the professionals feel important and see that the management cares about
them. This type of motivation is shown in section 2.5.3 where the Hawthorne Studies are described.
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2.8 Company example

2.8.1 Cisco

Cisco uses different integrated systems to inform their engineers. That are e.g.:

Cisco Newscast and Archives: "A multilayered method of filtering, publishing, and
broadcasting internal and external news to employees globally." [Sys99, page 4]

Cisco My Yahoo: "A partnership with Yahoo creating a Cisco version of the popular ’My
Yahoo’ service that integrates key Cisco information with an employee’s personalized news,
stocks, sport, and weather information." [Sys99, page 4]

Specialized Dashboards: "A series of sites with Web links to existing information and
applications relevant to employees globally." [Sys99, page 4]

Additionally, Cisco creates an environment of trust and understanding by giving every em-
ployee access to a platform which distributes information. Furthermore, an intranet solution was
developed which is the starting point for every employee.

"Cisco maintains an interactive intranet Web site called CEC. This information-
and transaction-rich solution allows the firm’s 15,000-plus employees to get information
when they need it [..]" [Sys99, page 7] "This focus on developing a new employee’s time
to productivity not only maximizes the company’s efficiency, but the quick integration
also helps to build and maintain a close employee community." [Sys99, page 8] "Cisco
uses the Web to build interactive, knowledge-based relationships with its employees.
[..] ,all employees are connected to all aspects of the HR department [..] The result is
increased productivity and higher employee satisfaction, [..]" [Sys99, page 9]

The intranet solution will also be used for training programs. It provides a simple way to inform
the employees about training schedules and the management about the registered engineers.

"Several training issues were solved by the Cisco workforce optimization solution.
Cisco employees are now able to view up-to-date information on available training
courses through the web. [..] can view additional information [..] individual course
history [..] When employees register for a course, their manager is automatically notified
[..] the system automatically reminds the manager and the enrolee [..]" [Sys99, page
12]

To gain the trust of the employees and to create an open atmosphere, Cisco placed its policy
into the intranet.

"Cisco choose to place its policy manual on its intranet, providing employees with
immediate access to policy information [..] One of the best ways that a company can
establish relationships with its employees is to be open with them. [..] there are very
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few doors that the company is trying to keep employees from opening." [Sys99, page
12]

2.8.2 Microsoft

All available information like revisions, problems, proposals, concepts, architectures, etc. will
be send around via E-Mail. The contacted persons can react and tell their comments.
Microsoft hires only the best professionals for their teams. They were the best in school and at the
university. Therefore, the competition is very strong and the professionals are forced to improve
their skills.

The managers have to inform their subordinates about all important facts of the respective
projects. If there are bigger changes of policy, the management has to ask the professionals about
their opinion and the agreement to the change. That creates confidence between the management
and the professionals and the managers can more likely expect the full dedication of the profes-
sionals.

Microsoft has three important factors which motivate their professionals [Thi01, page 99]:

Interesting job: The work is very interesting at Microsoft. People are easier to motivate
for a work which is exciting and innovative.

Success is the only standard: The professionals will be measured on their success. They
know that their value will grow if they have success and deliver perfect work. This strive for
success is a big motivator which let the professionals work very hard for the company.

Pressure of the team: Microsoft has surely some of the best professionals in the market.
Therefore, all team members expect the best from the other individuals. It is an atmosphere
of pressure where all try their best for the team and the success of the project.

All professionals are only assigned to one project. Never a professional will work on two or
more projects at the same time. So, the professionals can concentrate themselves completely on
their project and won’t be diverted.
Meetings are like an entertainment show. The managers try to amuse the professionals during end-
less meetings. That raises the moral and the participants don’t fall asleep during boring reports.
Very often, the mistakes of the higher management will be discussed and made fun of.

Fun is an important component of the work. Sometimes it can happen that the professionals
play ball in the corridors. That creates an atmosphere where the people have fun during their
work. They like the working place because it is a place where they have a good feeling. Here they
can do things which would be impossible in other companies. "That is the cement which welds
the people together." [Thi01, page 149]
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The professionals have offices instead of cubicles. They can furnish the rooms and decide which
equipment will be installed. "At Microsoft, the office is the property of the professionals and not
of the company." [Thi01, page 170] The professionals feel happy in their own empire, and where
could you work better than within your own four walls.

Microsoft has no dress regulations for the employees. So the professionals know that their value
will be calculated by their work and not by their outfit. They can concentrate themselves on their
work and not on the perfect outfit which is expected. Another free concession are free drinks and
that Microsoft provides all materials which are necessary for the work without any limitations.
Paper, printer or computer are free available and for everybody accessible.
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3 PML, PSP and TSP

The second part of this paper deals about PML13, the Process Maturity Levels, PSP, the Per-
sonal Software Process and TSP, the Team Software Process. These models have been developed
by Watts S. Humphrey who was a senior software-development executive at IBM and is now at
the Software Engineering Institute, Carnegie Mellon University.

The Process Maturity Levels form the basis for the Personal and the Team Software Process. It
was developed by Watts S. Humphrey and is also known as CMM, the Capability Maturity Model.
The PML divides companies into levels of improvement. The companies are differently evolved in
the single levels and use different methods and processes to fulfill their contracts. Every higher level
is an improvement in the development capability of the company. Therefore, the companies have
to correct their mistakes on the single levels and learn new skills to rise in the hierarchy of the levels.

The two other methods are the Personal and the Team Software Process which were also de-
veloped by Watts S. Humphrey. The Personal Software Process is a guideline for students and
professionals how they can improve their programming and working skills. It has several steps
which make it easier for the individual programmer to plan his work, write his code, reduce his
errors and get data about his own coding behavior. The produced data from current or former
projects can be evaluated and give a clue where the professional can improve his skills.

On the other hand, the Team Software Process is a guideline for software development teams
that helps to "improve the process management in an organization" [Uni04c]. The process de-
scribes, how managers can improve the quality and the reliability of their teams in the software
development process. Furthermore, the teams learn to "plan and track their work, establish goals,
and own their processes and plans." [Uni04c]

History
The PML (or CMM) model was developed to organize the software development process within
organizations in the late 1980s and early 1990s. "Watts S. Humphrey decided to apply the under-
lying principles of the CMM to the software development practices of a single developer." [Uni04e]
As result, Humphrey developed the Personal Software Process which is "a CMM level 5 process
for individual software developers." [Uni04e]
As it became clear that software companies would need additional methods for small units of
teams, Humphrey developed the Team Software Process. The "TSP was designed to be a CMM
level 5 process for project teams." [Uni04e]

13Also known as CMM (Capability Maturity Model)

34



4 PML
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4.1 Process Maturity Levels

This model14 is based on 5 levels (see figure 10 [Hum89, page 6]) which "reasonably represent
the actual historical phases of evolutionary improvement of real software organizations.15" [Hum89,
page 5] Additionally, they "represent a measure of improvement that is reasonable to achieve from
the prior level, suggest interim improvement goals and progress measures and make obvious a set
of immediate improvement priorities, once an organization’s status in this framework is known"
[Hum89, page 5].
The five levels are:

1. Initial

2. Repeatable

3. Defined

4. Managed

5. Optimizing

If a company is clear about its current maturity level16, it is possible to establish the structure
for the next higher level. Therefore, it is important to find the right methods for the motivation
of the employees in the different levels of the model.
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Figure 10: Process Maturity Levels

14Also known as CMM (Capability Maturity Model)
15"A CMM describes an evolutionary improvement path from an ad hoc, immature process to a disciplined,

mature process with improved quality and effectiveness." [Cur02]
16The current maturity level can be measured with the help of additional assessment methods.
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4.1.1 Initial Maturity Level

This level is marked by chaotic software development projects which are not well planed and
formalized. The management behavior is rather unstructured and not very resolute. There are
no specific methods to improve the efficiency of the employees or to increase the quality of the
work. All these basic mistakes produce a very frustrating atmosphere. The first improvements
in the motivation process would be the "effective control of commitments ." [Hum89, page 7] To
achieve a better work atmosphere and quality, the company has to introduce clear responsibilities.
Additionally, the company has to improve the project development in every single phase of the
process.

4.1.2 Repeatable Maturity Level

In the Repeatable Maturity Level, the company could establish one big advantage in contrast to
the Initial Maturity Level (see 4.1.1): "It provides control over the way the organization establishes
its plans and commitments." [Hum89, page 8] This makes it easier for the employees to repeat their
work and to achieve better results. They are motivated by their experience from earlier projects
and the certainness to achieve the same results again. To achieve the next level, the company has
to "establish a development process architecture, and introduce a family of software engineering
methods and technologies." [Hum89, page 8] These steps bring additional sureness for the employees
in the development process and make it easier to fulfill the required tasks.

4.1.3 Defined Maturity Level

At this moment, the company could achieve "the foundation for major and continuing progress.
For example, the software teams, when faced with a crisis, will likely continue to use the process
that has been defined." [Hum89, page 9] The advantage of the defined structure makes it easier
for the management level to introduce new methods to the employees and gain their agreement.

4.1.4 Managed Maturity Level

Here the company uses the collected data from the former projects to get a strong basis for
further projects. That makes it possible to improve the process.

4.1.5 Optimizing Maturity Level

In the former levels, the analyzed data was used to improve the product. Here "the data is
available to tune the process itself." [Hum89, page 11]
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4.2 The human factor within the levels

The different levels provide enough room for the management team to "enhance the talents of
quality people in several ways. It helps managers understand where help is needed and how best
to provide people with the support they require." [Hum89, page 12] Furthermore, the quality and
the teamwork in the software development process will be improved in a manner that the working
atmosphere between the different teams and individuals will be optimized. But, how to realize the
single improvement steps? How to motivate the people on the different levels? How to gain the
full support of your teams?
The key to realize the different innovations is information . You have to inform and involve every
single member of your group, team and company. Everybody has to get the feeling to be a member
of the optimizing process. "In the software process, people are the most important ingredient. It
is essential to recognize their desire to do good work." [Hum89, page 20] And a second very
important fact is the time. Don’t overstrain your people with the whole bundle of methods in an
unexpected manner. "Process changes should be made in small steps, and even then they must
be tested and adjusted before wide-spread implementation. Unless process improvements have
the wholehearted participation and support of the people most directly involved, and unless they
are carefully planned, thoroughly tested, and introduced in phased steps, they will probably be
disappointing." [Hum89, page24] In the end, the process optimization hopefully brings the following
effect: "With proper leadership and support, most people can do much better work than they are
currently doing." [Hum89, page 18]

4.3 Software Process Assessment

The Software Process Assessment can be used within the different levels of the Process Maturity
Model 4.1. It "is not an audit but a review of a software organization to advise its management
and professionals on how they can improve their operation." [Hum89, page 36] The process will be
managed by software professionals which are out of the same organization or especially hired for the
examination. In the end, the "assessment is to identify the highest-priority areas for improvement
and to provide guidance on how to make those improvements." [Hum89, page 36]
The process assessment process can cause a lot of problems for the company between the employees.
People could think that the so called experts are superficial and talk about things they only partly
understand. So they get the impression that "a group of remote ’experts’ reviews a large and
complex organization and in a few days tells them what they are doing wrong and what they
should do to improve. Generally the local people work hard, are dedicated to doing a good job,
and are trying to improve." [Hum89, page 39] The employees feel misunderstood and think that
their work was not enough appreciated. That can make the whole assessment unsuccessful because
the employees will work against the assessment team and won’t support them with the information
and assistance they would need to make a good job.
To get the support of the employees and their agreement, the company has to convince them
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that the whole process will be made in a cooperation. So you have to convince them to share
their knowledge and that the assessment can also be a way to improve their own quality. "The
professionals will be willing to share, however, only when they see the assessment as a way to get
help rather than as a threat of exposure." [Hum89, page 40]
Moreover, if the assessment discovers that somebody in the company already found a solution
for a problem or discovered a new idea, they should make this public. "Surprisingly, for each
software problem there is often someone in the organization who has already solved it. Making
this capability visible can be one of the greatest and most immediate benefits of the assessment."
[Hum89, page 40] Because, if you get the recognition for your work, you will be motivated to
continue your extra work and realize that the company not only recognizes the expected results.

4.4 P-CMM

The P-CMM was developed to improve the quality and effectiveness of the people of an orga-
nization. The people are the heart of the organization. If the people are motivated, skilled and
experienced, they can solve nearly every problem and bring a lot of success for the company.
The model was developed by Bill Curtis and other scientists who wanted "to improve the way
your organization deals with its people." [Hum99b, page 298] Mainly, the model was developed
for the management of the professionals and increase their value for the organization. So, the
P-CMM delivers methods and suggestions to change the management behavior with the change of
the company in its PML evolution.

4.4.1 From Level 1 to Level 2

The management has to create an environment that supports the demanded goals. The pro-
fessionals should get the necessary resources, to do their best to achieve the required goals. The
motivation will increase, if the professionals can develop their potentials without having trouble to
get the necessary materials. The communication with the individuals should be strengthened. This
will create a trustful atmosphere where the creativity can shoot up. Rewards should be provided
for outstanding achievements. This will lead to self-motivated professionals who know that their
work has a value.
As final remark, individual or group training should be available to develop new skills. These train-
ing courses indicate the individuals that their personal improvement is important for the company
and that the organization is interested in their development.

4.4.2 From Level 2 to Level 3

At this point, the organization has to extend the core competencies which are necessary for
the fulfillment of the projects. The engineers have to be trained in these skills and make their
own experiences. "Without a competitive workforce, it is hard for organizations to be superior,
regardless of anything else they do." [Hum99b, page 299]
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This in-door training has two main effects. First, you get the workforce you need to master the
projects and second, your engineers realize that their development is important for the organization.
They feel important and supported by their managers. This is the basis for a harmonic cooperation.
Besides, the organization has to support each individual goals and career plans. This is another
step to win the trust of the professionals.

4.4.3 From Level 3 to Level 4

Now, the organization has to develop team skills. Very often, a lot of scientists and engineers are
necessary to manage all the required work. Therefore, the company has to support team building
processes which produce an effective teamwork. (see section 2.3 about teams and section 6 about
the TSP model)
In the steps before, the organization had to support the individual goals of their engineers. Now,
the company should merge the individual goals with the goals of the organization itself. In the
following, the engineers get the feeling that they can reach their personal dreams with the help of
the company.

4.4.4 From Level 4 to Level 5

To reach the uppermost level, the focus should be on coaching the entire organization and
improving all single steps to get the most effective engineers and best results. So, the managers
should support their subordinates and let them improve their personal skills. This coaching process
should be seen as assistance. The engineers get the required help to make their own experience
and beyond it, they get attention which strengthened the self-esteem.
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PSP17 is a method that allows engineers to plan their work more effectively and get data during
their work which they can use to improve their results. The collected data make it possible to
improve their work and effectiveness in future projects.

Furthermore, the person who uses PSP is in a position to produce higher quality products. They
use effective methods to remove defects in their code before they test or compile their programs.
This makes it possible to work more effective and predictable what leads to more accurate time
plans.

"It is about collecting your data, to understand your performance, so you can
improve what you are doing, and to strive to reach your personal best." [Dav03b]

In his book ’Introduction to the Personal Software Process’, Watts S. Humphrey describes the
methods and procedures used. The following subsections contain the basic statements considering
the relation to the motivation of engineers.

5.1 Introduce the new model

New models or processes are always hard to introduce in software companies. The developers
have their own habit in writing code and doing their work. "Engineers are understandably skeptical
about changes to their work habits; although they may be willing to make a few minor changes,
they will generally stick fairly closely to what has worked for them in the past until they are
convinced a new method will be more effective." [Hum98a]
This leads to a problem. How to convince and motivate the engineers that the new method is
better than the old ones? Because, "engineers only believe new methods work after they use them
and see the results, but they will not use the methods until they believe they work." [Hum98a] As a
solution for this problem, the company could "remove them from their day-to-day environment and
put them through a rigorous training course." [Hum98a] There the programmers learn in defined
training levels (see figure 11) to write little exercise programs and with each new level they will be
introduced into some features of the new method.

5.2 Write an Engineering Notebook

The first step in improving the quality of the programming process will be the using of an
engineering notebook. This book is necessary to track the time which the professional needs
for the different tasks and to get an overview of how long each task has taken. Furthermore,
other things like "recording assignments, tracking commitments, [..] design ideas and calculations"

17"The Personal Software Process (PSP) was designed to help software engineers do good work. It shows them
how to apply advanced engineering methods to their daily tasks. It provides detailed estimating and planning
methods, shows engineers how to track their performance against these plans, and explains how defined processes
can guide their work."[Hum99a, page 2]
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Figure 11: Training levels

[Hum99a, page 12] can be listed. The book provides the desired data to make evaluations (see
figure 12 [Hum99a, page 21] as an example of a how many minutes engineers have uninterrupted
worked).
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Figure 12: Work periods

Such a book can help the professional to track his work and develop his skills. The engineer can
measure his working hours for specific tasks and see improvements for coming projects. Addition-
ally, the engineer can discover the useful and the useless methods. That helps him to improve his
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personal skills for future projects. If persons realize their success and the resulting improvements
during their work and in coming projects, it will motivate them to go on working and to believe
in the chosen methods.
To be aware of your skills and how they become better can be a big motivator.

5.3 Making product plans

Every professional should make his individual plan to get a summary about his tasks. The
plan gives an overview of how much work he already has done and how much time it has taken.
Besides, the engineers can track progress while he is doing his work.

Such personal plans provide a lot of clearness. The engineer can coordinate his tasks and make
suitable project schedules. If the management accepts these more realistic plans, the professional
is much more motivated to achieve the work. "With reasonably detailed and accurate plans they
can judge where a project stands against the plan." [Hum99a, page 46] He personally knows that
the schedule is possible to reach and so he will do his best to prove himself. Naturally, the engineer
will may be not get a last minute crisis because he can organize his work according to his personal
skills and working preferences.

5.4 How to handle commitments

There are some basic points which are very important if persons make commitments. The
management should pay attention to them if they saddle their professionals with them.

"Analyze the job before agreeing to the commitment." [Hum99a, page 89] The two parties who
are making the commitment should completely understand the state of affairs and have a good
feeling in the commitment. For an engineer it would mean that he really wants to do the job and
that "the other party intends to provide suitable compensation in return." [Hum99a, page 89] That
guarantees that both parties are really interested to finish the job and will do their best to get it.

"Support the commitment with a plan." [Hum99a, page 89] A plan improves the security to
reach the aim and gives an overview of the important milestones. The parties can track the
progress of the commitment and intervene if help is necessary.

"Document the agreement." [Hum99a, page 89] The two parties should document their agree-
ment to avoid misunderstandings in later meetings. This is a kind of precaution to make sure that
both understood it in the right way and are on the same level. It helps to avoid disputes and gives
a feeling of security for both parties.
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The Team Software Process was designed for industrial teams who develop software systems.
Teams are defined to have the following characteristics after Dyer: "A team consists of (a) at least
two people, who (b) are working toward a common goal / objective / mission, where (c) each
person has been assigned specific roles or functions to perform, and where (d) completion of the
mission requires some form of dependency among the group members." [Hum00a, page 19]

6.1 Participation

The single members of a team have different skills, abilities and personal motivations. So the
professionals will perform different contributions to the project and "the variation among the mem-
bers contributions generally increases with increasing group size." [Hum00a, page 18]
If there are team members who not contribute an acceptable amount of work, the others will re-
alize it and this is fatal for the team spirit. The management has to supervise the performance of
the team and of the individuals. If there are some who obviously not work like they should, the
management has to step in.

"If everybody is suffering equally, you can move a mountain. But the first time you
find someone goofing off or not carrying his share of the load, the whole thing can come
unraveled." [Hum00a, page 18]

6.2 The size is important

The size of the development team can vary from two to twenty or even hundreds of engineers.
The most effective teams are small and have close relationships among the team members. These
teams create an atmosphere of unity where every member of the team is proud to be a part of the
whole.
Normally, even bigger projects create subgroups of teams who are supervised by a manager. Watts
S. Humphrey prefers the following team size.

"... my experience has been that teams of four to eight engineers are likely to be the
most effective. With fewer than four members, there are not enough people to properly
handle all the team role assignments. With teams of more than eight members, it is
harder for the team to develop the close relationships needed for teams to jell."[Hum00a,
page 19]

If the group is successfully transformed into a team, the manager has to realize some basic
conditions. These make it possible for the team to operate successfully as a team and get the right
motivation for the forthcoming projects. [Hum00a, page 20]:
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1. "The tasks to be done are clear and distinct; that is, the job for the team is explicitly defined,
the work is meaningful to the team, and the group knows what it must do."

2. "The team is clearly identified, the members know the scope of the group, who is in it, and
who is not. Everyone on the team is known to the others, everyone’s work is visible, and
everyone knows everyone else’s team role."

3. "The team has control over its tasks; members know what to do, how to do it, when to do
it, and when they are finished. The members know that they are responsible for the work,
and they control the process they use. They also have the capability to do the job, and they
know that no one else is charged with doing it."

6.3 How to handle the pressure

Very often, pressure is one of the main problems in big software projects. The software team
can’t handle the pressure and the project will fail in the end. Especially an aggressive time schedule
will change their work routine. Changes can be the use of poor or easier methods, choosing new
or unknown programming languages, experimenting with new tools and techniques or trying to
reduce and simplify the functions of the final product.
So, pressure can have a destructive effect to the engineers. "It causes people to worry and to imag-
ine problems and difficulties that may not be real." [Hum00a, page 16] This can lead to negative
consequences for the company and reduce the chances of success of the project.
That’s why managers should teach their individuals and teams how to deal with pressure. That’s
why managers should make detailed plans and job descriptions which they discuss with their pro-
fessionals. Without this information, the professionals have to handle unknown factors. They only
see the big project but can’t overlook it. But if they get a plan and can see the single steps, it will
be possible to talk about eventual problems. Additionally, the professionals "are now dealing with
a known problem rather than an unknown worry." [Hum00a, page 16]

Pressure is something that every individual creates in himself. The individual can feel the
pressure and if this person has doubts about his abilities, the pressure will become bigger and
bigger. To master the pressure, the person has to find out the source of the pressure and find a
way to handle it.
In software projects, the frequent source of pressure are the tight schedules. These schedules are
made by the management. If a team cannot finish the product within the given schedule, the
previously explained problems can occur. Therefore, the management has to make the schedules
together with their teams to create realistic time schedules. If the team is involved in the planning
process, they will be able to analyze the project and give professional suggestions how to achieve
a quality product. And, the professionals will not be surprised by unrealistic preconditions. They
can judge their time plan and don’t have to be afraid of unrealistic orders.
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6.4 Building an effective team

The may be most important step in working with teams is the beginning. The management
has to satisfy the special needs of the teams which are necessary for the perfect environment. The
additional types of support are:

• Team Cohesion

• Challenging Goals

• Feedback

• Common Working Framework

6.4.1 Team cohesion

"Cohesion refers to the tight knitting of the team members into a unified working group that
physically and emotionally acts as a unit. "[Hum00a, page 21] The members of such teams freely
communicate with each other and have a respectful relationship. Cohesive team members act
more like friends compared with non-cohesive teams where the team members work as individuals.
"Cohesive teams, however, share a common physical space, spend a lot of time together, and
supportively cooperate and interact during these times together." [Hum00a, page 21]

6.4.2 Create challenging goals

The goals are another important element for effective teams. The management team has to
make these goals measurable and clearly understandable. Examples are "detailed plans, perfor-
mance targets, quality objectives, schedule milestones" [Hum00a, page 21]. Furthermore, the goals
have to be a real challenge for the team. Such goals let the team fight together against all other
trouble.
That challenging goals can have this positive effect to the team members, the success of the goals
has to be tracked and made visible. Because of that, the team members can register their progress
toward their goals.

6.4.3 Why feedback ?

The team has to be aware of its performance and the single team members have to distinguish
between their personal performance and the performance of the whole team. If there’s only one
member who’s performance is shrinking, the performance of the whole team can shrink and the
success of the project is in danger. Therefore, the management has to supervise the performance
measurement and spur on every single member. Because, in the most successful teams, every team
member equally brings in its contribution for the team.
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6.4.4 Creating a Common Working Framework

"Team members need to see how to achieve the goal and know what is expected of them".
[Hum00a, page 22] This means that the single team members must understand their role in the
team and realize that the single steps of the goals are achievable. Therefore, they should know
[Hum00a, page 22]:

• "What tasks must be done?"

• "When?"

• "In what order?"

• "By whom?"

The previously mentioned elements for building successful teams are important tasks for the
manager. They have to work with the teams and lead them to be successful and create their own
individual team structure.
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6.5 The project progress

A TSP project is subdivided into eight different steps or processes which are necessary to develop
an effective team project. These processes can be seen like the phases of a software development
model.

1. The launching process

2. The development strategy

3. The development plan

4. The requirement process

5. The design process

6. The implementation process

7. The test plan

8. The postmortem

6.5.1 The launching process

In the beginning of the project, the team manager has to inform the team about some impor-
tant decisions. "This is also a chance for management to motivate the team. The team has the
opportunity to ask any questions they might have about the product or business needs." [Dav03b]
Then, the members of the TSP team have to get their roles in the team and understand the tasks
which they have to handle. Because of that, the single individuals feel responsible for their tasks
and see themselves as a part of the team. Professionals who know what they have to do and get a
feeling of their importance for the team are much more motivated than individuals without defined
responsibilities. This is the first step of building a team in the TSP model.

The second important element of the launching process is the setting of goals. There are some
important points about goals for teams which the manager has to absolutely take into account.
On the one hand, "if the goal is too easy, there will likely be little motivation to strive. On the
other hand, a goal that is clearly unachievable also provides little or no motivation." [Hum00a,
page 30] The manager has to make realistic goals. They can be aggressive and challenging but
they have to be realistic. The team has to get the feeling that they can reach the goal if they work
hard enough.
Another important point is the valuation of the goals. "Teams should not be measured on whether
or not they actually meet their goals. Instead, they should be evaluated on their willingness to
set measurable and aggressive goals and on their efforts to meet them." [Hum00a, page 30] If the
managers are only interested in the attainment of goals, it will be counterproductive for the teams
because they will set goals of which they are sure that they can meet them.
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6.5.2 The development strategy

In the development strategy, the team will "devise a strategy for doing the work, create a
conceptual product design, and make a preliminary estimate of the product’s size and development
time." [Hum00a, page 49]
The team has to plan the whole strategy. The most important things are the coordination of the
required materials and the personal. If the team does not get a clear overview of the project, they
cannot contradict the management. But if they know that a proposed plan is not achievable, they
can make a new plan which is much more realistic.

6.5.3 The development plan

A plan let the teams work more efficiently. The single members of the team will know what
they have to do and when to do it. So, the team can start the project in a more composed feeling.

The best possible plan will be a balanced plan. In such a plan, the "engineers complete their
planned tasks in the proper order and at roughly the same time. With a balanced plan, no one
needs to wait for anyone else, and everyone is fully utilized." [Hum00a, page 66] Additionally, Envy
plays no role in such plans. Everyone has the same amount of work and the team members feel
equally involved.

6.5.4 The requirement process

The requirements of the software product will be described in this phase. Here it is very
important to get a common team agreement about the product that they have to make. Another
step to weld the team together.

6.5.5 The design process

"The principle objective of the design process is to produce a precise, complete, high-quality
foundation for product implementation." [Hum00a, page 122] In a team, the manager can subdivide
the entire product into little parts. That makes it possible to work faster and break a complex big
project into smaller steps which are easier to handle. So the engineers are much more motivated
to finish their parts very precisely to deliver a correct design.

6.5.6 The implementation process

During the implementation of the product, the team should use common standards like cod-
ing standards. This makes the reviewing of the code easier and the team members can easier
understand the code of the other engineers. So communication problems will appear less often.
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6.5.7 The test plan

This phase contains the testing and the documentation. If there are poor quality modules, the
manager has to send them back to the responsible engineer and give him the time to improve his
work. Mostly, the engineers are able to produce high quality software, but short time schedules
make things difficult for them. With a little bit of extra time, even the biggest problems should
be solvable and the professionals have confidence in the management team.

6.5.8 The postmortem

The postmortem18 is the last phase of the TSP processes. The manager reviews together with
the team all the required tasks to be sure that everything is completed. It is a kind of final stock-
taking.
Here the manager and the team members can examine the work "to learn what went right and
wrong and to see how to do the job better the next time." [Hum00a, page 185]
Not only the used methods and processes can be reviewed. Also the relations between the team
members and the management can be examined. If there are differences between them, the man-
agement should try to think about them and find solutions for a better cooperation in coming
projects.
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Figure 13: TSP structure

18"Perhaps the best way to describe the principle behind the postmortem is with a definition: ’Insanity is doing
the same thing over and over and expecting a different result’. This definition captures the spirit of the postmortem
process. If we do not change the way we work, we continue to perform much as we have in the past. The postmortem
provides an orderly way to identify areas that need to be improved and to make the needed changes." [Hum00a,
page 185]
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6.6 Team roles

TSP teams consist of different roles for the single team members. Such roles can be a team
leader, development manager, planning manager, quality/process manager, support manager, etc.
There can be some more roles, depending on the team size and the necessity for the project.

The company should think about the engineers who are assigned with the following positions.
Because not every position is suitable for the different individuals. The better the company fills
the necessary positions with the perfect engineers, the better the cooperation within the group will
be.

6.6.1 Team leader

The team leader has to be very cooperative and accessible. He has to combine the different
individuals into a productive team. Therefore, he has to motivate the single members and make
sure that everybody does his best to achieve the required aims. If there are problems within
the team, the leader should try to solve them and find an agreement between the professionals.
Furthermore, if there are team members who have questions or problems, the team leader should
quickly try to find a way to help them.

The management should be informed by the team leader about the progress of the project
and all other relevant questions. So, the other team members are undisturbed and can do their
work. Professionals like to work on their parts of the project instead of being disturbed by the
management.

To find the best engineer for this position, every company can pay attention to the following
characteristics which are helpful for a team leader:

• He should have fun to act as a leader.

• He should be able to make objective decisions.

• He should urge on his team members and try to get the best out of them.

• The team leader has to respect the other people.

These characteristics are maybe helpful to fulfill the position as a team leader in the best
possible way. On the one hand, the other team members are more willing to follow a fair leader
and are more motivated to work for him and the project and on the other hand, the company has
less problems to let him lead the team like he wants to lead them.

6.6.2 Development Manager

The development manager has to guide the rest of the team to produce the required software
product. He should try to spur on the others to produce a high quality software product.

Useful skills for a development manager are:
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• He should like to create things.

• He must be willing to lead the development work and spur on the other engineers to do their
best.

• The development manager should collect the ideas of the other team members and try to
find the best possible way to fulfill the required tasks.

6.6.3 Planning Manager

The planning manager has to "help and support the team in producing a complete, precise,
and accurate project plan." [Hum00a, page 248] Additionally, he has to track the progress of the
team and make weekly reports for the team leader.

The planning manager has to remind his team members to track their work and measure their
progress. These data are necessary to create the required reports and get a realistic overview of the
project status. For this, the planning manager should have "an aptitude and interest in helping
people." [Hum00a, page 249]

6.6.4 Quality/Process Manager

"A quality/process manger should be interested in and concerned about quality and should have
an interest in progress and process measurement." [Hum00a, page 264] Therefore, this manager
has an eye on the quality of the product and that the team keeps the quality plan. If there are
problems with the quality of the code or the documentation, this manager should talk with the
responsible developer and find a solution. A good documented code is much easier to read for the
other developers and prevents disturbing interposed questions.

6.6.5 Support Manager

The support manager has to make sure that the team gets the suitable tools and materials
which are necessary to complete the required work. For that, the support manager should be able
to learn new tools and development environments in a short period of time. After that, he should
be able to get it across to the other team members. This care is important to hold the motivation
up within the group.
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6.7 Team attributes

There are several characteristics of teams which managers should take into account. Most of
the following attributes already occurred in one of the former sections but will be examined under
TSP viewpoints.

The jelled team: The most effective teams are those where the team members support
each other without intervention of the management and see whether someone is in trouble
and try to help him. These Teams are called ’Jelled Teams’ by Tom DeMarco. In those
teams, the single member think as a team and not as individuals. They have become a unit
where the success of the whole team is much more important than the individual.
The most important point to create such a team is the "full commitment of all the team
members to their team." [Hum00a, page 294] With this commitment, teams can break records
and reach the toughest aims.

The communication is important: To create jelled teams, the communication between
the single team members is highly desired. Communication holds the single team mem-
bers informed about the progress of the others and let them know if someone needs help.
Furthermore, the professionals will become familiar with their colleagues.

Commitments: Trust is one of the key attributes in jelled teams. If there are commitments
between single team members or between a team member and the rest of the team, the person
who made the commitments should strive to meet them. Every team member must rely on
the work of the others and be sure that everybody does his best for the group.

Participate: The single team members should participate in the team activities. If there are
special team activities like extra work, free time activities or celebrations, all team members
should try to participate and contribute something to the event.

Roles: The team members have different roles in the team. Each member should accept his
role and identify himself with his position. If so, he can do his best and fulfill his duties in
the best possible way. That guarantees an effective team where the team members recognize
their tasks within their scope of duties.

Support: The members of jelled teams help each other. That means, that in addition to
their official work, the single members have to find time and leisure to support the other
team members if they have any problems. So they have to "participate in inspections, give
advice, and contribute to design sessions." [Hum00a, page 306]
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7 Conclusion

Motivation is an important aspect of todays management activities. The managers have to
consider inner and outer factors which appear in their scope of duties.

The Personal Software Process helps every individual software developer to increase its pro-
ductivity and to find out something about his personal strengths and weaknesses. It helps to
understand the personal working behaviors and delivers data which can be used to get statistical
evaluations.
The PSP can increase the motivation of the professional by providing helpful methods and proce-
dures which increase the quality of the developer. The professional sees his personal development
and will be motivated by his own evolution.
PSP is especially for the individual development and provides only a few clues for the managers
to increase the motivation of their subordinates. PSP alone is more a productivity improvement
program than a motivation increase process. But it can be supported by general motivation meth-
ods like mentioned in section 2 about the general motivation of people.

The Team Software Process was developed for software development teams to increase their
productivity and internal cooperation. There are several ways to better the motivation of profes-
sionals by the TSP.
The management can use general methods to build up the TSP teams and different procedures in
the 8 TSP levels to motivate the team and the single team members.
Although the TSP, like the PSP, is more a productivity improvement program, it does combine
methods to motivate whole teams or individual members of a team. The managers can directly
take influence and support their subordinates during their daily work.
It is a perfect teamwork between motivation and productivity, because motivated people are more
productive and productive people are mostly motivated by experienced and engaged managers.

All in all, motivational methods can increase the productivity and working satisfaction of pro-
fessionals. Experienced managers are able to create a productive atmosphere where each individual
can develop the necessary skills for his/her work. They are much more engaged to bring in their
abilities and to follow the management in stressful situations.
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